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In this paper up-to-date information on the known introductions of non-native fish species in Slovenia
are summarized. Since the last report of list of alien fish species in Slovenia, two new introduced species
has been recorded, which makes 22 new fish species in total. New species was introduced accidentally,
by natural range expansion and by aquaculture. The date of introduction to Slovenia, the reason for the
introduction, the mode of recent expansion, the degree of acclimatization and potential impacts on newly
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introduced non-native fishes were presented. Moreover, measures for the prevention of the uncontrolled

restocking and further dispersal of alien freshwater fish species are proposed.

INTRODUCTION

Biological invasions are recognized as a major threat
to biodiversity and their impacts in freshwater
environments are a of particular concern (Dudgeon et al.,
2006). Introductions of invasive freshwater alien species
(IAS) are a significant and growing problem worldwide,
including in Slovenia. The ichthyofauna of Slovenian
inland waters is represented by 97 fish species, of which
28% are endemic (Povz et al., 2015). Recent data show
that alien fish introductions are a major threat to the native
ichthyofauna in the region (Mrakov¢i¢ et al., 2006),
particulary to the endemic species (Caleta et al., 2015).
Until 2005, in Slovenia, 16 fish species was
introduced and, between them, 10 have already established
in the inland waters of Slovenia (Povz and Sumer, 2005).
The introductions of non-native fish species in Slovenia
were performed mainly by fishermen either intentionally
(angling and aquaculture), or accidentally while restocking
rivers with native species (Povz and Sumer, 2005) and
many introductions in Slovenia have been carried out on a
repeated basis (Povz and Ocvirk, 1988; Piria et al., 2016a).
Protection of ichthyofauna is provided under the
National Freshwater Fisheries Act, Nature Conservation
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Act and related decrees, but they are practically ineffective
(Povz and Sumer, 2005), and measures to effectively
control the introductions or translocations of non-native
fish species in Slovenia are still lacking even after the
recent EC Regulation 1143/2014 on Invasive Alien Species
(EU, 2014) came into force.

To date, there has been only two studies on history
of introductions in Slovenia (Povz and Sumer, 2005;
Povz, 2017), and since then, several new records of non-
native fish species occured in inland waters of Slovenia (
Simonovi¢ et al., 2017; Piria et al., 2018). Thus, the aim
of this paper was to: (i) update the checklist of known
introduced freshwater species in Slovenia, (ii) register
and evaluate the vectors and pathways of the recent
introductions, and (iii) determine the recent expansion of
non-native fish species in Slovenia. Also, potential impact
of the newly introduced fish species are discussed.

MATERIALS AND METHODS

Study area

Slovenia’s dense river network (river density of 1.33
km?) is extensive (26989 km) and consists of 59 rivers,
which are divided hydrologically into the Black Sea and the
Adriatic drainages. The majority of the inland waters fall
within the Black Sea drainage (16423 km? or 81%); while
a smaller part (3850 km? or 19%) belongs to the Adriatic
Sea Basin. The Black Sea drainage is dominated by the
transboundary Sava River, with its tributaries the Kolpa/
Kupa bordering with Croatia and with the transboundary
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of'the Drava River (and its tributary Mura) also shared with
Croatia. The Soca/Isonzo (139 km) flows through Slovenia
draining into the Adriatic at the northeastern Italian coast.
However, unlike the large Danube tributaries, most of the
rivers of the Adriatic Sea basin form small and isolated
catchments, most with a seasonal regime and often drying
out during summer. Slovenia has several natural lakes,
mostly in alpine region, either of glacial origin, such as
the Triglav Lakes (Triglavska jezera), Lake Bled and
Lake Bohinj, the deepest and largest permanent natural
lake in Slovenia (3.13 km?), or of karst origin, which
are intermittent, such as Cerknica Lake or the numerous
smaller polje (karst field) lakes in the Notranjska region.

Data collection and data processing

Historical data were derived from Povz and Sumer
(2005) and Povz (2017) and recent data from various
published and ‘grey’ literature sources (e.g. books and
manuscripts). The degree of acclimatization, suspected
impacts on native species and the pathways and vectors
of introduction was assessed according to Copp et al.
(2005), Povz and Sumer (2005) and Piria e al. (2018),
respectively. The area of recent distribution was estimated
as a proportion of the total area of Slovenia, which
encompasses 266 squares (Krystufek et al., 2001), using
the UTM Grid zones of the world, converted to classes: (i)
<1%, (ii) 1-5%, (iii) 6-20%, (iv) 21-50% and (v) >51%
(Table I).

RESULTS AND DISCUSSION

By the end 0f 2017, a total of 97 fish species had been
recorded in Slovenian inland waters, 75 indigenous and 22
introduced (Povz and Ocvirk, 1988; Sumer et al., 2003;
Povz and Sumer, 2005; Piria ef al., 2016a). At the end of
19" century, five alien fish species (i.e. nearly 30% of all
registered releases) had been introduced (Table I) which
represents the beginning of all future ichthyotransfers. The
second wave of introductions occured between the 1960s
and 1970s with four new species recorded (Povz, 1986;
Povz and Sumer, 2005). However, the most intensive
introductions occured in the last 45 years (from 1970s
until 2015) when 11 new fish species were recorded in
Slovenian inland waters (Table I). Furthermore, since the
last reported list of alien fish species (Povz and Sumer,
2005; Povz, 2017), two new introduced species has been
recorded (No 17-22, Table I).

Most of the introduced species originated from North
America (ten species), followed by Asia (seven species),
Europe (three species) and two from Africa (Table I)
with 18 species now naturalized or acclimatized (Copp
et al., 2005) in Slovenian inland waters. Self-sustaining
populations in nature 11 of the introduced species have

already established (Table I; Povz and Sumer 2005).
European whitefish Coregonus lavaretus (Linnaeus,
1758), which drift in from Austria (Kristofi¢, 1992), are
casuals without natural reproduction in Slovenia (Povz
and Sket, 1990).

Coho salmon Oncorhynchus kisutch (Walbaum, 1792)
disappeared within 10 years after introduction (Povz and
Sket, 1990) due unknown reasons, and the North African
catfish Clarias gariepinus (Burchell, 1822) disappeared
within a year of introduction from Slovenian inland waters
(Povz et al., 2015) due to cold water temperatures during
winter (De Graaf et al., 1996). The North African catfish
was first reported in two gravel pits of the River Mura basin
(Slovenia) in 1997, having been introduced for angling
purposes without legal consent. Although not naturalized,
North African catfish is still present in Slovenia at fish farms
located near Mura River system. This species is widely
tolerant of extreme environmental conditions (Froese and
Pauly, 2016), but it is unable to survive winter conditions in
the Black Sea Basin of Slovenia where water temperatures
are < 10°C. Nevertheless, a threat of establishment does
still exist due to potential translocations to thermal spring
habitats, as demonstrated by the adaptation of Nile tilapia
Oreochromis niloticus, and to the Adriatic Sea basin in
Slovenia (Piria et al., 2016a). This alien fish species could
represent a significant risk for the local fish community
and other aquatic animals (Muhammad et al., 2017). Nile
tilapia was first introduced 2007 to the thermal spring Topla
struga near CateZ town, tributary of the Sava River, from
where the species is transported downstream by the river
currents every summer (Povz et al., 2015), entering the
downstream to the Sava River tributaries (D. Zanella, pers.
Comm). Black carp Mylopharyngodon piceus (Richardson,
1845) was first introduced in 2004 near Slovenska Bistrica
at an aquaculture facility and was thereafter occasionally
released into surronding inland waters for sportfishing
purposes (Povz, 2009). Similarly, Mississippi paddlefish
Polyodon spathula (Walbaum, 1792) was for the first time
introduced at an aquaculture facility near Rogaska Slatina
in 2012 (Povz, 2012). Although there are no confirmed
observations of the species in Slovenian inland waters yet,
existence of naturalized populations of this species cannot
be excluded.

One of the newest records of introduced species are
those of bighead goby Ponticola kessleri (Giinther, 1861)
in 2015 (Simonovi¢ et al., 2017) in the Sava River near
Catez town. Recently, four of the Ponto-Caspian (P-C)
gobies (Pisces, Gobiidae) have been reported in the Danube
River Basin in Croatia (bordering country with Slovenia):
bighead goby, monkey goby Neogobius fluviatilis (Pallas,
1814), round goby Neogobius melanostomus (Pallas,
1814), and racer goby Babka gymnotrachelus (Kessler,
1857) (Jakovli¢ et al., 2015).
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Native distributions of P-C gobies were mostly confined
to the lower reaches of the Danube River and to the littoral
zone of the Black Sea (Vassilev et al., 2012), while the
Djerdap Gorge represented the uppermost range boundary
(Miller, 2003). Due their natural dispersal from the native
habitat, and their presence near the Slovenain border,
bighead goby occurence was not unexpected in Slovenian
inland waters. Monkey goby, round goby and racer goby
may occur in near future in the Sava, Mura or Drava Rivers
in Slovenia.

The last record of Siberian sturgeon Acipenser baerii
Brandt, 1869 in 2016 (M. Povz personal observation)
represents typical example of insufficient knowledge
and lack of expertise. Namely, Siberian sturgeon was
released into the Sava and Mura Rivers in Slovenia, due
to misidentification of the species with sterlet Acipenser
ruthenus Linnaeus, 1758, native species for this region.

Still is not known time of introduction of black
bullhead Ameiurus melas (Rafinesque, 1820) in Slovenia
and its recent distribution. Recent research in Croatia has
confirmed the dominant presence of black bullhead in
both basins (Adriatic and Black Seas), while the brown
bullhead Ameiurus nebulosus (LeSueur, 1819) is restricted
only to the Neretva River and its tributaries (Piria ef al.,
2018). In Slovenia, most reports refer to brown bullhead
(Povz and Sumer, 2005), thus indicating ambiguities and
possible misidentifications of these two species.

The major motive for the introduction of non-native
fishes to Slovene inland waters was sportfishing (Table I).
Other reasons are referred to fill a perceived vacant niche,
introduction an exotic angling element to the water body or
scapee fish from fish farms and ponds. Escapee from fish
farms frequently occuring and probably is responsible for
the large number of rainbow trout Oncorhynchus mykiss
(Walbaum, 1792), and brook trout Salvelinus fontinalis
(Mitchill, 1815) present downstream of the fish farm
outlets (M. Povz personal observation). In most cases,
escapee fish have gone unreported.

Research of the impacts to native fish in Slovenian
inland waters entirely missing. Competition of several
introduced species with native fish species for habitat, food
and other resources, due their wide distributions, elevated
densities in some locations, or trophic role as obligate
or facultative piscivores was only assumed for Slovenia
according researches elsewhere (Povz and Sumer, 2005).
Furthermore, the new finding of bighead goby in Slovenia
was interpreted as a warning of the presence of an yet
undefined stressor (Simonovi¢ et al., 2017). According
to Jurajda et al. (2005) the introduction of bighead goby
could affect the native fish community by competing with
bullhead Cottus gobio, stone loach Barbatula barbatula
and white-finned gudgeon Romanogobio albipinnatus.

Also, their feeding activity can cause a decline in the
abundance of native fish species (Piria et al., 2016b).
Thus, research on impacts in inland waters of Slovenia are
strongly recommended.

Assessment of the proportional area of recent
distribution (Table I) revealed that eight species (lake
charr Salvelinus umbla (Linnaeus, 1758), coho salmon,
eastern mosquitofish Gambusia holbrooki  Girard,
1859, North African catfish, bighead goby, Nile tilapia,
paddlefish, black carp) cover <1% of the Slovenian
territory. Six species (European whitefish, largemouth bass
Micropterus salmoides (Lacepede, 1802), bighead carp
Hypophthalmichthys nobilis (Richardson, 1845), topmouth
gudgeon Pseudorasbora parva (Temminck and Schlegel,
1846) and goldfish Carassius auratus (Linnaeus, 1758)
cover 1-5% of the area (i.e. four to 13 squares). Six species
(brook trout, pumpkinseed Lepomis gibbosus (Linnaeus,
1758), brown bullhead and silver Hypophthalamichthys
molitrix (Valenciennes, 1848), grass Ctenopharyngodon
idella (Valenciennes, 1844) and gibel Carassius gibelio
(Bloch, 1782) carps) inhabit 6-20% (i.e. 18-39 squares).
Still the most abundant and most widely spread is rainbow
trout, occupies more than 51% of Slovene territory (153
squares), which was considered as widely distributed
species (Krystufek ez al., 2001).

Actions to remediate and/or control introduced fishes
are lacking for Slovenia, thus it is neccesary to develop
better conservation measures and management program
and further uncontrolled restocking and dispersal of
alien species should be suppressed. Suggestion for future
aquatic studies and research are assessing and mitigating
impacts of non-native species.
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ABSTRACT

The study was conducted to evaluate the impact of azomite, a natural mineral of volcanic ash, on the growth
performance and body composition of catfish (Pangasius hypophthalmus) for 90 days. Experimental fish
(n=25) was stocked in six fibreglass aquariums (18L capacity) at 25 fish/aquaria. Azomite was added
in the basal diet containing crude protein (CP 38.3%) with three graded levels 0% control, 0.5% T, and
1.0% T, and the fish was fed at 4% of wet body weight. After 90 days of study period, the increase in
weight gain was obtained as 4.3g, 5.9¢ and 6.7 g in control, T, and T,, respectively. The treatments with
azomite supplementation showed significantly higher growth than control group (P < 0.05). The feed
conversion ratio (FCR) was found significantly (P<0.05) better (1.9) in T2 than (2.4) control and (2.2)
T1. Proximate analysis showed that the fish fed azomite supplemented diet has a significant difference
(P<0.05) in fat, moisture, protein and ash contents while non-significant differences observed in fibre
and phosphorus contents as compared to the control group. In conclusion the Pangasius fry showed best
growth performance without any significant increase in biochemical nutrients profile with 1.0% inclusion
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INTRODUCTION

atfish Pangasius hypophthalmus is Asian Catfish

which is mainly produced in Vietnam and Thailand. It
is considered major fish spp. in the Mekong River fishery
and is the largest and most valued inland fisheries in the
world. The Pangasius are prolific spawners and produce
large numbers of larvae which are harvested easily from
the flowing river. The establishment of capture-based
aquaculture for this specie was begun in Vietnam and to
some extent in Thailand and Cambodia (Nguyen, 2009).
Thai Pangasius hypophthalmus becomes an auspicious
species due to its omnivorous nature, rapid growth and good
market. To achieve optimal growth potential Pangasius
requires high protein diet (> 40%) (Ali et al., 2001). The
operating cost mainly feed for cat fish is very high which
accounts for more than 50% of the total production cost
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0030-9923/2018/0013-0008 $ 9.00/0
Copyright 2018 Zoological Society of Pakistan

that is one of the major hindrance in its culture (Sehagal
and Toor, 1991; De Silva and Davy, 1992). The nutritionists
are working to reduce feed cost down so that suitable
feeding strategies are made to improve the husbandry
techniques by improving fish feed utilization. The studies
revealed that an increase of feeding frequency has positive
effect on the growth and production performance of catfish
pangasiid and silver carp culture (Khan ef al., 2009).
Azomite is considered a very useful natural mineral
product found from Utha in USA and also abundantly
used in Asia. It is a certified organic trace mineral booster
and is used as supplement in livestock and aquatic animal
feeds globally for over a decade. It is also used in the feed
of poultry, shrimps, and tilapia as trace mineral mix for
several years and declares to improve the feed quality,
increase weight gain, feed conversion and likability. It has
been reported that azomite supplemented diet improves
growth, intestinal digestive enzymes activity, nutrient
digestibility and serum non-specific immune function in
tilapia (Oreochromis niloticus aureus) (Liu et al., 2009),
grass carp (Ctenopharyngodon idellus) (Liu et al., 2011),
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white shrimp (Litopenaeus vannamei) (Tan et al., 2014),
koi carp (Ciprinus carpio) (Jaleel et al., 2015). The trace
minerals are necessary to incorporate in fish diets because
they participate in biochemical processes required for
normal fish growth and development (Hooge, 2008).
Keeping in view the importance of azomite inclusion in
experimental as well as commercial diets in animal and
poultry feeds and its effects on the growth and survivability;
the present study was therefore planned to test the impact
of various levels of azomite concentration on the growth
performance and body composition of catfish (Pangasius
hypophthalmus) fry.

MATERIALS AND METHODS

Experimental setup

The experimental fish Pangasius hypophthalmus was
imported from Thailand and kept in fiberglass aquariums in
fish hatchery at Fisheries Research and Training Facilities,
Department of Fisheries and Aquaculture, UVAS, Ravi
Campus, Pattoki. The fish was fed with powdered diet
having 38.3% crude protein three times a day at 2% fish
body weight. After four weeks of acclimatization and
quarantine measures, the experimental fish was distributed
into three treatment groups (levels 0% control, 0.5% T,
and 1.0% T,) each having two replicates. Pangasius
hypophthalmus having an average weight of 0.98 g was
stocked at 25 fish/aquaria and the fish was fed at 4% of
wet body weight. The morphometric characters viz. fish
wet body weight (g) and total body length (mm) of each
fish was measured and recorded at the time of stocking.
Aerators were installed in each aquarium for oxygenation
of water. The aquaria water was change 10% daily and
completely on third day. The uneaten feed and feces were
siphoned on daily basis.

Table 1.- Feed formulation and feed ingredients.

Ingredients and CP Percent Crude protein
composition inclusion 5)

Fish meal (50%) 30 15.0
Corn glutton (60%) 22 13.2

Rice polish (12%) 7 0.84
Soybean meal (43%) 10 43
Wheat bran (16.5%) 30 4.95
Vitamins premix and oil 1 0
Azomite 0%, 0.5%, 1%

Total 100 38.3%

Feed formulation and feeding protocol
Three types of experimental feeds control, T, and
T, were prepared using following feed ingredients: fish

meal, maize glutton, rice polish, soybean meal, wheat
bran, minerals mix, vitamins, cooking oil and azomite
as a supplement in different ratios (0.5% and 1.0%) in
feed designated as T, and T,, respectively (Table I). The
proximate composition of experimental feeds are given in
Table II. Pelleted feeds were prepared on local pelleting
machine which were then sun dried and broken down in to
small crumbles and fed to fish at 4% of its wet body weight
twice a day up to six days a week. Feed was adjusted after
fortnightly sampling of fish and its growth increment.

Fish growth parameters

To measure the morphometric records, all the fish
were caught on fortnightly basis using small nylon mesh
hand net and glass beaker to avoid stress. After taking
morphometric measurements fish was released back to
their respective aquaria. Mortality of fish was also recorded
if found. Growth parameters like net weight gain, feed
conversion ratio (FCR) and specific growth rate (SGR)
were also calculated for each tank.

Net WG = Final BW (g) - Initial BW (g)

_ Final BW (g) - Initial BW (g)
B Initial BW (g)

WG X 100
Feed given
WG
In(W1) —In(W2)
T

Where, WG is weight gain, BW is body weight, W1lis
initial weight, W2 is final weight and T is the number of
days in the feeding trial.

FCR =

SGRY% = 100

Table I1.- Proximate composition of fish feed.

Parameters Control (0.0%) T, (0.5%) T,(1.0%)
Moisture (%) 7.3 8.0 7.9
Crude protein (%) 38.3 38.3 38.3
Crude fat (%) 8.7 8.5 8.4
Crude fiber (%) 0.85 0.7 0.7
Ash (%) 15.5 14.3 143

Proximate analysis

On termination of feeding trials, 7-8 fishes from each
aquarium were taken for whole body proximate analysis.
The fish sample and the formulated feed were subjected
to proximate analysis to determine the dry matter, ash,
crude protein, crude lipids and gross energy following
(AOAC, 2003; Mehbood et al., 2017) in the Department
of Fisheries and Aquaculture, University of Veterinary
and Animal Sciences, Ravi Campus, Pattoki and Buffalo
Research Institute (BRI), Pattoki using Near Infrared
Spectrophotometry (NIR) method.
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Physico-chemical parameters

Water quality parameters such as, dissolved oxygen
(DO), pH, water temperature, total dissolved solids (TDS)
and salinity were monitored and recorded on daily basis
by using DO meter (YSI 55 Incorporated, Yellow Springs,
Ohio, 4387, USA), pH meter (LT-Lutron pH-207 Taiwan)
and TDS meter, respectively (APHA, 1998).

Statistical analysis

Data obtained was statistically analyzed using
SAS 9.1 version through one-way ANOVA (Analysis of
Variance Techniques). Means were compared by using
Duncan’s Multiple Range test.

Table IIL.- Fortnightly average growth of fish using
various levels of azomite in artificial feed.

Parameter Control (0%) T1(0.5%) T2 (1.0%)
Initial wt. (g) 0.7°£0.002¢ 0.9+ 0.001° 0.8+0.008"
Final wt. (g) 4.3£0.002¢  5.9+£0.025° 6.7+0.019°
Net wt.gain (g) 3.6+0.028° 5.0+0.34>  5.9+0.23*
Wt. gain (%) 514.28+1.9¢ 555.554+3.89* 737.5+6.03°
Initial length (mm)  53.3+0.14*  53.4+0.57* 53.1+£0.07*
Final length (mm)  69.4+0.14°  82.4+0.07® 85.3+0.07°
Length gain (mm)  16.1+£0.28°  28.9+0.49° 32.1x0°
Initial biomass 18.6£0.07°  21.9+0.04* 20.7 £0.21°
Final biomass 90.7+0.04°  135.1+0.59° 155.2+0.44
FCR 2.4+0.01° 2.2+0° 1.9+£0.007¢
SGR% 1.1+0.01° 1.1+£0.01° 1.2+0.01°

*Figures having different super scripts are significantly different.

RESULTS

Growth

The growth parameters of fish under all the treatments
are presented in Table III. Statistical analysis using one-
way ANOVA revealed significant differences (P<0.05)
among the initial weight, final weight, net weight gain,
and percent weight gain of fish in all the three treatment
groups. The fish in T, exhibited significantly (P<0.05)
higher growth indices compared to T, and control,
respectively (Table IV). Length increment also revealed
same significant difference with higher increase in T,
followed by T, and control, respectively (Table IV).
Results regarding final biomass exhibited significantly
higher increase in T, followed by T, and control. FCR
and SGR% reveals significantly better values in T,, T, and
then control, respectively. SGR% in control and T, showed
non-significant differences compared to T,.

Proximate composition
The detail of proximate composition of Pangasius

hypophthalmus fingerlings is given in Table IV. The fish
was also analyzed for its proximate composition at the
start and post-trial as well. The dry matter, ash content,
crude protein and crude fat contents showed significant
differences (P<0.05) with control group but fiber content
in the fish sample revealed non-significant differences.

Table IV.- Proximate composition pre and post-trial of
Pangasius hypophthalmus.

Parameters Pre- Control T, T,
treatment (0.0%) (0.05%) (1.0%)
Dry matter (%) 7.69 + 9.55t 835+ 8.15+
0.37° 0.35° 0.21° 0.21°
Crude protein (%) 58.15+ 634+ 602+ 63.5+
0.49¢ 0.14° 0.28° 0.28*
Crude lipids (%) 8.2+ 8.55+ 7.7+ 8.35+
0.142 0.212 0.28° 0.35°
Ash (%) 17.4+ 18.55+ 18.35+ 17.65«+
0.14° 0.35° 0.35° 0.07°
Crude fiber (%) 0.78+ 095+ 0.78+ 0.75+

0.09* 0.07* 0.04* 0.08

*Figures having different super scripts are significantly different.

Table V.- Physico-chemical parameters of aquariums
water in different treatments.

Parameters Control (0.0%) T, (0.05% T, (1.0%)

DO (mg/l) 4.96£0.06°  4.52+039" 4.79+0.33°
TDS (mg/1) 1252+3.92° 1262+3.94*  1273+3.64°
Salinity (ppt) ~ 1.08£0.007*  1.12+0.01°  1.14+0.03

Temp. (°C) 25.84+0.09° 25.91+0.31* 25.76+0.16*
pH 7.18+0.04¢ 7.50+0.26"  7.36+0.01°
Physico-chemical parameters

The physico-chemical parameters temperature,

dissolved oxygen (DO), total dissolved solids (TDS),
and salinity shows a non-significant difference in each
treatment but pH shows a significant difference (P<0.05)
in each treatment and was in acceptable range throughout
the study period (Table V).

DISCUSSION

The importance of trace minerals as essential
ingredients in diets, although in small quantities, is also
evident in fish. The results of current study based on the
impact of adding different ratios of azomite i.e., control
(0%), T, (0.5%) and T, (1%) in the diet containing 38.3%
crude protein on the growth, survival and body composition
of Pangasius hypophthalmus fry. The statistical analysis
of growth parameters revealed a significantly higher final
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weight, net weight gain and percent weight gain in T,
followed by T, and then control. The significantly higher
fish biomass and FCR values were also observed in T,
than T, and control group. Our results are comparable
with the findings of Liu et al. (2009) who reported that
addition of 0.25%, 0.50% and 0.75% azomite in the diet
of Oreochromis niloticus increased significant growth
and better FCR. Watanabe et al. (1997) described the
role of trace elements in biological systems in several
animals where macro and micro or trace minerals played
an important role in the growth, survival, cellular and
physiological levels of animals. Investigations of mineral
contents in fish are comparatively difficult and complicated
because both dietary mineral intake and waterborne
mineral uptake have to be considered while calculating the
mineral budgets. Liu et al. (2011) evaluated various levels
of azomite on the growth and body composition of grass
carp (Ctenopharyngodon idella) and found significant
difference in growth and FCR with the addition of 0.2%
azomite compared to control and non-significant changes
in fish body composition. Tan et al. (2014) also supported
our results who fed azomite at 2.0 and 4.0 g kg™' in basal
feed of shrimp and found significant higher growth
compared to control group with Og inclusion of azomite
in the diet. Liu e al. (2011) reported that carps fed with
azomite treatment showed higher growth and lower FCR
than the control group with 0% azomite. Tan ez al. (2014)
also reported that the weight gain of shrimp increased by
14.0% (P<0.05), while feed conversion ratio decreased by
0.11 and 0.09 (P<0.05) in shrimp given feed containing 2.0
and 4.0 g kg-' azomite.

Regarding proximate composition the results
revealed non- significant differences among treated and
control groups and is in line with the findings of Liu ef al.
(2009) who did not found any significant change in fish
body composition.

The physico-chemical parameters were found within
acceptable range accept temperature which showed
fluctuations that might be due to winter season and
addition of freshwater which was exchanged 10% on daily
basis in the culture system. The growth and survival of fish
is affected directly or indirectly by temperature (El-Sayed
et al., 1996). Increase in temperature increases fish growth
while decrease in temperature decreases growth (Hannibal
et al., 2011; Shah et al., 2014). Other water quality
parameters were recorded throughout the study period and
were within the acceptable ranges for Pangas growth.

CONCLUSION

In conclusion supplementation of azomite at 1.0%
in Pangasius fry diet can significantly increase growth

without any significant alteration in the fish biochemical
nutrient profile when fed with high protein 38.3% CP feed.

ACKNOWLEDGEMENTS

The Authors and Principal Investigator Dr. Noor
Khan are thankful to Higher Education Commission
(HEC) Pakistan for providing financial supports of
research project entitle “Growth and breeding potential
of Catfish (Pangaisus pangasius) in Pakistan. The present
study is part of that project conducted in the Department of
Fisheries and Aquaculture, UVAS, Ravi Campus.

Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES

Ali, M.Z., Hossain, M.A. and Mazid, M.A., 2005. Effect
of mixed feeding schedules with varying dietary
protein levels on the growth of sutchi catfish,
Pangasius hypophthalmus (Sauvage) with silver
carp, Hypophthalmichthys molitrix (Valenciennes)
in ponds. Aquacult. Res., 36: 627-634. https://doi.
org/10.1111/5.1365-2109.2005.01262.x

AOAC, 2003. Official methods of analysis, 17" ed.
Association of Official Analytical Chemists,
Washington DC, USA.

APHA, 1998. Standard methods for the examination
of water and wastewater, 20" ed. American Public
Health Association, Washington DC, USA.

De Silva, S.S. and Davy, F.B., 1992. Fish nutrition
research for semi-intensive culture systems in Asia.
Asian Fish. Sci., 5: 129-144.

El-Sayed, A.F.M., El-Ghobashy, A. and Al-Amoudi,
M., 1996. Effects of pond depth and water
temperature on the growth, mortality and body
composition of Nile tilapia, Oreochromis niloticus
(L.). Aquacult. Res., 27: 681-687. https://doi.
org/10.1111/5.1365-2109.1996.tb01303.x

Hannibal, M.C., Amparo, L. F. and Aurelio, A. C., 2011.
Effect of stocking density on growth performance,
survival and production of silver pompano,
Trachinotus blochii (Lacépéde, 1801) in marine
floating cages. Asian Fish. Sci., 24: 321-330.

Hooge, D., 2008. Natural minerals can benefit broiler
diets. Feedstuffs, 80: 24-26.

Jaleel, M.A., Musthafa, M.S., Ali, A.J., Muhammad,
M.J.,Kumar, M.S.A., Natarajan, G. and Thiagarajan,
V., 2015. Studies on the growth performance and
immune response of koi carp fingerlings (Cyprinus
carpio koi) fed with azomite supplemented diet. J.


https://doi.org/10.1111/j.1365-2109.2005.01262.x
https://doi.org/10.1111/j.1365-2109.2005.01262.x
https://doi.org/10.1111/j.1365-2109.1996.tb01303.x
https://doi.org/10.1111/j.1365-2109.1996.tb01303.x

Azomite Supplementation in Pangasius hypophthalmus 12

Biol. Nature, 4: 160-169.

Khan, S., Hossain, M.S. and Haque, M.M., 2009.
Effects of feeding schedule on growth,
production and economics of pangasiid catfish
(Pangasius  hypophthalmus) and silver carp
(Hypophthalmichthys molitrix) polyculture. J.
Bangladesh Agric. Univ., 7: 175-181.

Liu, AJ., Leng, X.J,, Li, X.Q., Wang, L.P., Luo, Y.X.
and Zhu, R.J., 2009. Effects of Azomite on growth,
intestinal structure and non-specific immunity
of tilapia (Oreochromis niloticus % O. aureus).
Chinese J. Anim. Nutr, 21: 1006-1011.

Liu, M.Z., Leng, X.J., Li, X.Q., Chang, X. and
Chen, D.R., 2011. Effects of azomite on growth
performance, intestinal digestive enzyme activities
and serum nonspecific immune of grass carp
(Ctenopharyngodon idellus). J. Zhejiang Univ.
(Agric. Life Sci.), 37: 312-318.

Mehboob, A., Khan, N., Atiq, U., Igbal, K.J., Tayyab,
R., Batool, S.S., Batool, H.S., Amjad, S. and
Tanveer, M., 2017. Effect of fenugreek as a feed
additive on the growth, body composition and
apparent nutrients digestibility of striped catfish
Pangasius hypophthalmus fry. Pakistan J. Zool.,
49: 2037-2042.

Nguyen, T.T., 2009. Patterns of use and exchange
of genetic resources of the striped -catfish
Pangasianodon hypophthalmus (Sauvage 1878).
Rev. Aquacult., 1: 224-231. https://doi.org/10.1111/
j-1753-5131.2009.01016.x

Sehagal, H.S. and Toor, H.S., 1991. Comparison of
feeding strategies based on biomass and biomass-
pond interactions. In: Fish nutrition research in
Asia (ed. S.S. de Silva). Asian Fisheries Society,
Manila, Philippines, pp. 181-192.

Shah, A.S., Malik, A., Kalhoro, H., Kalhoro, I.B.,
Wadhar, G.M. and Maher, G.M., 2014. Growth
performance of exotic catfish Pangas, Pangasius
hypophthalmus. Sindh Univ. Res. J. (Sci. Ser.), 46:
205-208.

Tan, G.C., Li, X.Q., Leng, X.J., Su, X.G., Chen, L., Liu,
B., Ma, F., Cai, X.Q. and Guo, T., 2014. Effect of
supplemental azomite in diets on growth, immune
function and diseases resistance of white shrimp
(Litopenaeus vannamei). Aquacult. Nutr., 20: 324-
331. https://doi.org/10.1111/anu.12081

Watanabe, T., Kiron, V. and Satoh, S., 1997. Trace
minerals in fish nutrition. Aquaculture, 151:
185-207. https://doi.org/10.1016/S0044-
8486(96)01503-7


https://doi.org/10.1111/j.1753-5131.2009.01016.x
https://doi.org/10.1111/j.1753-5131.2009.01016.x
https://doi.org/10.1111/anu.12081
https://doi.org/10.1016/S0044-8486(96)01503-7
https://doi.org/10.1016/S0044-8486(96)01503-7

Pakistan J. Zool. Suppl. Ser., No.13, PP. 13-18, 2018

Effect of Various Levels of Iron on Peroxidase

Activity in the Fish, Cirrhina mrigala

Komal Sabir*, Muhammad Javed, Fariha Latif and Maliha Ayub

Department of Zoology, Wildlife and Fisheries, University of Agriculture, Faisalabad

ABSTRACT

Article Information

Present research work was conducted to evaluate the effect of various levels of iron on peroxidase activity
in the fish, Cirrhina mrigala. For this purpose, four groups of Cirrhina mrigala (one-year old) were
exposed to different treatments viz. 96 h LC, 2/3%, 1/4™and 1/5" of LC,; concentrations of iron for
30 days in the glass aquaria with three replications for each treatment. Activity of peroxidase in the
gills, liver, kidney and brain was assessed by measuring the conversion of guaiacol to tetraguaiacol,
spectrophotometrically, at a wavelength of 470nm. The results reveal that peroxidase activity was
increased significantly (p<0.01) in gills, liver, kidney and brain after exposure of iron as compared to the
control group. Peroxidase activity of 0.697+0.005, 0.584+0.003, 0.456+0.002 and 0.287+0.004UmL"!
was recorded in the metal stressed fish gills, liver, kidney and brain, respectively while in control fish, the
same for all the organs was observed as 0.119+0.003, 0.111£0.005, 0.107+0.005 and 0.024+0.005UmL"",
respectively. Physico-chemical parameters viz. pH, dissolved oxygen, carbon dioxide, total ammonia,
total hardness, calcium and magnesium of the test media were monitored daily. All the physico-chemical
variables of the test media varied significantly at p<0.01. All these variables exerted significantly positive
effect on peroxidase activity except dissolved oxygen in both the organs.
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INTRODUCTION

Production of reactive oxygen species (ROS) is an
inevitable phenomenon in all aerobically respiring
organisms (Nishida, 2011). These reactive oxygen species
(ROS) are produced naturally by mitochondrial respiration
including superoxide, hydrogen peroxide and hydroxyl
radicals. Reactive oxygen species (ROS) result in the
oxidation of proteins, lipids and nucleic acids (Tripathi
and Gaur, 2004). To minimize the hazardous impact
of ROS on cells, there existed an antioxidant defense
system in the animals (Geoffroy et al., 2004). This system
comprises on the enzymes lipid peroxidase, superoxide
dismutase, catalase, glutathione-S-transferase  and
glutathione peroxidase (Tripathi ef al., 2006). Oxidative
stress occurs as a consequence of the imbalance between
reactive oxygen species (ROS) production and antioxidant
enzymes (Nishida, 2011). Peroxidases are antioxidant
enzymes that convert H,O, into water (Pereira et al., 2000).

The fluctuating nature of the environment and human
activities are continuously adding pollutants to the water
bodies causing deleterious effects on the aquatic ecosystem
(Ambreen and Javed, 2016). Metals are distinctive among
various pollutants due to their non-biodegradable nature
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and having carcinogenic effects (Javed, 2012). Metallic
ions can cause increase in the production of reactive
oxygen species (Tripathi and Gaur, 2004). Among these
metals, iron is a vital micro-nutrient necessary to perform
different physiological processes in the living organisms.
Highly toxic levels of iron can induce DNA, lipids and
protein oxidation by increasing the production of ROS
(Valko et al., 2005). Hydroxyl ion is produced by iron ion-
dependent breakdown of hydrogen peroxide by means of
Fenton reaction. In response to iron toxicity, production
of ROS by Fenton reactions increases, leading towards
oxidative stress (Sevcikova et al., 2011). The process of
formation of ROS through Fenton reaction is as follows:
Fe*'+ O, — Fe*+ O,
Fe*'+ H,0,— Fe’*+ HO' + OH
0,+H,0,— OH + OH+ O,

Cirrhina mrigala is one of the most cultured fish
species of Pakistan (Naz and Javed, 2013) as Indian major
carps are fast-growing fish that attain marketable size of
0.8-1.0 kg in less than a year (Jhingran and Pullin, 1988).
Therefore, fish gills, liver, kidney and brain are selected as
organs to measure the effect of various levels of iron on
peroxidase activity in the fish, Cirrhina mrigala.

MATERIALS AND METHODS

The proposed research work was performed in the
laboratories of Fisheries Research Farms, Department of
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Zoology, Wildlife and Fisheries, University of Agriculture,
Faisalabad. For this purpose, fingerlings of Cirrhina
mrigala were brought to the laboratory and acclimatized
to laboratory conditions prior to the experiments. After
acclimatization, the one year old fingerlings of Cirrhina
mrigala, having similar weights and lengths, were
transferred to the glass aquaria of 50L water capacity.
Chemically pure compound of iron chloride was dissolved
in 1000ml deionized water and the metal stock solution
was prepared. Four groups of fish (n=10) were exposed to
sub-lethal concentrations viz. 96 h LC, , 2/3, 1/4" and 1/5"
of LC, values of iron chloride as determined by Abdullah
and Javed (2006). The experiment was conducted with
three replications for each test concentration. Another
group of fish regarded as “control” was kept in the metal
free media. After 30 days of iron exposure, the fish were
dissected and their gills, liver, kidney and brain tissues
were isolated and stored at -4°C for enzyme assay. The
physico-chemical parameters of water viz. pH, dissolved
oxygen, carbon dioxide, total ammonia, total hardness,
calcium and magnesium were monitored on daily basis by
following the methods of APHA (1998).

Fig. 1. Peroxidase activity of the fish organs (gills, liver,
kidney and brain) at different treatments of iron.

For preparation of enzymes extract, the gills, liver,
kidney and brain of the fish were rinsed with phosphate
buffer of pH 6.5 (0.2M) and homogenized in cold buffer
(1:4W/V) by using a blender. This was done for the
removal of red blood cells from the tissues (gills, liver,
kidney and brain). After homogenization, at 10,000 rpm,
the organ homogenate was centrifuged for 15 min at 4°C.
After centrifugation, the clear supernatant was preserved
at -4°C for the enzyme assay. However, the residues were
discarded.

The samples were subjected to enzyme assay as
described by Civello ef al. (1995) for the determination
of peroxidase activity. The enzyme peroxidase activity

was determined spectrophotometrically at a wavelength
of 470nm by measuring the conversion of guaiacol to
tetraguaiacol.

The buffer substrate solution was prepared by adding
750uL of Guaiacol to 0.2 M phosphate buffer pH 6.5 (47
ml) and mixed well. Later 300 pL H,O, was added to
buffer solution. The reaction mixture contained: Buffered
substrate solution (300uL), enzymes extract (60pL) and
the phosphate buffer was used as a blank.

A cuvette containing 3ml of blank solution was
inserted into the Spectrophotometer and set it to zero at
wave length of 470 nm. Then a cuvette containing buffered
substrate was placed in the Spectrophotometer. The
reaction was started by adding 0.06 ml enzyme extract.
The reaction time was 3 min and after that absorbance was
recorded.

AA/3

Activity (UmL™1) =
vity (Um0 = % 60/3000

Statistical analyses

Factorial experiments were performed, with
three replications for each test concentration, to find
out statistical differences among various sub-lethal
concentrations of iron. The means were compared using
LSD and the correlation and regression analyses were
also performed to find out statistical relationships among
different parameters under study.

RESULTS

After exposure to various sub-lethal concentrations
of iron, peroxidase activity was analyzed in the gills,
liver, kidney and brain of the fish, Cirrhina mrigala. In
the gills of Cirrhina mrigala, the activity of peroxidase
was found to be higher as 0.697+0.005UmL" in the 96
h LC,, treatment whereas it was significantly lower as
0.119+0.003UmL"" in the control group (Fig. 1). In the liver
of Cirrhina mrigala, peroxidase activity was significantly
higher as 0.584+0.003UmL" during 96 h LC, exposure
while it was significantly lower as 0.111+0.005UmL" in
control group (Fig. 2A). In the kidney of metal stressed
Cirrhina mrigala, maximum activity of peroxidase was
measured as 0.456+0.002UmL"'at LC,, while it was
significantly minimum (0.107+£0.005UmL") in control
fish (Fig. 2B). In the brain of metal stressed Cirrhina
mrigala, maximum activity of peroxidase was measured
as 0.287+0.004UmL" at LC,, while it was significantly
minimum (0.024+0.005UmL™") in control fish (Fig. 2C).
Among the organs, peroxidase activity was in ascending
order as gills> liver> kidney> brain. Peroxidase enzyme
activity among the treatments followed the order, LC,>
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2/37> 1/4%> 1/5%> control (Fig. 2D). Increased peroxidase
activity in the gills of iron exposed fish revealed that
continuous contact of metal with the gills enhanced its
absorption while the increase in the peroxidase activity
in the liver of iron exposed fish revealed the fact that
hepatocytes respond quickly to protect the tissues from
oxidative damage caused by the enhanced production of
ROS.

DISCUSSION

In the present study, after chronic exposure to iron the
activity of peroxidase enzyme was significantly increased
in the gills, liver, kidney and brain of the fish, Cirrhina
mrigala, as compared to the control fish group (Mushtaq et
al.,2017). In control group, the lower activity of peroxidase
may be attributed to the minimum production of ROS. As
peroxidase belongs to antioxidant enzymes family and
causes the oxidation of a particular substrate at the expense
of hydrogen peroxide (H,0,) it acts to reduce the harmful

effects of ROS (Pereira et al., 2000). Therefore, activity
of this enzyme was significantly increased in the metal
stressed fish to overcome the severe effects of increasingly
produced ROS on biomolecules. The present results are
also in line with the findings of Rajeshkumar et al. (2013)
who reported increased peroxidase activity (1.7+1.0UmL-
) in the iron treated fish, Chanos chanos than that of
control fish (0.7+£0.1UmL"). It was also concluded that
enhanced peroxidase activity in iron exposed fish helped
in the removal of oxyradicals. Sevcikova et al. (2011)
reported that sub-lethal exposure of iron resulted into
increased peroxidase activity in the tissues of the fish,
Carassius auratus. In relation to the iron exposed fish,
the control fish showed minimum values of peroxidase
activity during the whole experimental period. The present
results are in parallel to the findings of Ercal et al. (2001).
They concluded that iron caused significantly higher
production of ROS that lead to the oxidative stress and the
peroxidase activity in iron exposed fish (Labeo rohita) was
significantly increased as compared to the un-exposed fish.

Fig. 2. Peroxidase activity (UmL™) in the gills (A), liver (B), kidney (C) and brain (D) of iron chloride treated and control fish

groups.
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The present results are also in conformity with the findings
of Atli and Canli (2010), who observed that the enzyme
activities in the cichlid fish (Oreochromis niloticus) were
increased with increasing concentration (10uM and 20uM)
of iron in test media, which was also reported by Ruas et
al. (2008).

During the course of this experiment, peroxidase
activity was found to be increased significantly (p<0.05)
in the gills, liver, kidney and brain of the iron exposed
fish, elevating the production of ROS at the cellular level
and ultimately causing cell death. Peroxidase activity was
higher in the gills in relation to other organs as gills directly
encounter the external medium and it was higher in the
liver than kidney because of the fact that liver is the main
detoxification site and has higher affinity to accumulate
the metal because of presence of metallothionins that
are the metal binding proteins (Lushchak et al., 2005).
Increased activity of peroxidase in the organs of metal
stressed Cirrhina mrigala may be explained as a defensive
mechanism against oxidative stress which was similar to
the findings of Farombi et al. (2007) who observed 168%
increase in the peroxidase activity of gills, 177% increase
in the liver while 102% increase in the kidney. In contrast
to our findings, Bagnyukova et al. (2006) reported lower
peroxidase activity in the gills, liver, kidney and brain of
Goldfish, Carassius auratus, when exposed to waterborne
iron because of inactivation of peroxidase enzymes due
to the oxidative stress. Fatima et a/. (2000) also reported
a decreased peroxidase activity in various tissues of the
fish, Carassius auratus, resulting into inefficiency of fish
organs to neutralize the harmful impacts of heavy metals.

Significant difference among peroxidase activity
in the gills, liver, kidney and brain of control and metal
stressed fish, Cirrhina mrigala was observed during
present study. The physico-chemical parameters of the test
media also influenced the toxicity of different metals to the
fish. Therefore, during present experiment, water quality
parameters viz. pH, dissolved oxygen, carbon dioxide,
total ammonia, total hardness, calcium and magnesium
were measured on daily basis. Results revealed that the
concentration of total ammonia and carbon dioxide
increased while dissolved oxygen decreased as a result
of increasing iron concentration in the test media. These
results are in parallel with the findings of Abdullah and
Javed (2006) who also observed that ammonia and carbon
dioxide increased significantly with an increase in metal
concentration. Total hardness of water increased with the
increasing concentrations of iron that showed significantly
direct influence on the peroxidase activity because of
elevation in the production of ROS. Javed and Mahmood
(2001) found that in the treated media, total hardness
increased with increasing concentrations of iron that is

same as of current research results. During present studies,
carbon dioxide, total ammonia and total hardness were
increased with an increase in metal concentration that are
similar to the findings of Correa et al. (2008). Sampaio et
al. (2012) also found that peroxidase activity was increased
with an increase in the carbon dioxide concentrations of
water. Serafim ef al. (2002) reported that heavy metals can
induce oxidative stress due to alterations in the antioxidant
enzyme activity as a result of increase in carbon dioxide
and total ammonia concentrations.

CONCLUSION

Activity of peroxidase enzyme in metal stressed
gills, liver, kidney and brain was reported as 0.697+0.005,
0.584+0.003, 0.456+0.002 and 0.287+0.004UmL",
respectively while in control group these values were
0.111£0.005UmL" (liver) and 0.107UmL" (kidney).
Peroxidase activity was found to be metal concentration
dependent as significantly higher activity was recorded in
the 96 h LC, exposed fish group while significantly lower
activity was observed in control group. In all the treatments,
peroxidase activity was significantly higher in the gills than
that of other liver, kidney and brain. The physico-chemical
variables viz. pH, carbon dioxide, total ammonia, total
hardness, calcium and magnesium exhibited significantly
positive dependence on peroxidase activity in both organs
of fish. However, dissolved oxygen exhibited negative
but significant regression on gills, liver, kidney and brain
peroxidase activities. The partial regression co-efficients
for all the physico-chemical variables were positive except
for dissolved oxygen contents.
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ABSTRACT

Effluents from industries and runoff from agricultural fields contain highly toxic pesticides and their
residues that persist in aquatic environment, posing a serious threat to aquatic fauna and flora. Therefore,
laboratory tests were conducted to assess the DNA damage in peripheral blood erythrocytes of fish,
Ctenopharyngodon idella (Grass carp) by using single cell gel electrophoresis (SCGE). Fish fingerlings
were exposed to four sub-lethal concentrations of binary pesticide mixture (chlorpyrifos+endosulfan) i.e.
1/3%, 1/4%, 1/5" and 1/6" of LC,, along with negative and positive control for the duration of 60-days.
Fish were exposed to these concentrations, separately, in glass aquaria at constant temperature (30°C), pH
(7.75) and total hardness (225mgL™") of water. Peripheral erythrocytes were sampled after 60 day exposure
and slides were prepared and examined under Epi-Fluorescence microscope for the estimation of DNA
damage. DNA damage was examined by using three parameters viz. %age of damaged nuclei, genetic
damage index (GDI) and cumulative tail length of comets (CTL). Pesticide mixture gave significantly
(p<0.05) variable DNA damage in fish erythrocytes at various concentrations. Statistically significant
results were observed at sub-lethal concentrations in-terms of %age of DNA damage, GDI and CTL (um)
of comets. Dose dependent DNA damage in terms of %age of damaged nuclei and GDI were observed,
with highest damage at 1/3* of LC,; as compared to control groups. Incidence of CTL was also higher
(856.23+0.09um) due to 1/3 of LC, while it was significantly lower due to negative control. This study
confirmed that the SCGE is a useful tool for assessing the DNA integrity in fish and might be appropriate
as a part of environmental monitoring programs for estimation of geno-toxicants in aquatic environment.
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INTRODUCTION

Different classes of pesticides used against different
species of pests, to increase crop yields even though
these are highly toxic to other non-target species (Pandey
et al., 2008; Ambreen and Javed, 2018). The aquatic
environment is actually the last receptacle for pesticide
residues (Boithias et al., 2011), finding their way to the
food chain therefore; threatening the ecological balance
and biodiversity (Asita and Makhalemele, 2008). Non-
target organisms are exposed to different combinations
of pesticides which may induce DNA damage in these
organisms (Konen and Cavas, 2008). Exposure of aquatic
organisms to pesticides could pose health hazards to
humans through the food chain (Ambreen and Javed,
2015) and also linked with the induction of transmittable
mutations leading to loss of biodiversity (Bickham et
al., 2000; Jha, 2008). Health status of fish is a suitable
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reflection for the monitoring of aquatic pollutants because;
fish is very sensitive to even minute changes in their
surrounding environment (Boon et al., 2002).

Organochlorine and organophosphate are commonly
detected pesticide classes in freshwater. Endosulfan
belongs to class organochlorine is a very controversial
chemical because of its high acute toxicity, harmful for
the existence of life during its whole run from the time
of spraying till its degradation (Liu et al., 2006). Its
manufacturing and use is internationally banned by the
Stockholm Convention in the year 2011. Unfortunately,
it is still used in more than seventy countries, including
Pakistan (Ahmed and Ahmad, 2006; Parbhu et al., 2009).
Among organophosphate pesticides, chlorpyrifos is one
of the most widely used pesticides. Chlorpyrifos have
potential of high acute toxicity, it also elicit a number of
other effects such as genotoxicity, developmental disorders,
hepatic  dysfunction, teratoginicity, neurotoxicity,
irreversible inhibitor of cholinesterase and neurochemical
changes (Gomes et al., 1999).

Several studies have focused on acute toxicity of
individual pesticides but genotoxic effects of pesticides
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in the form of mixture are scant in the literature (Naz
et al., 2012; Balistrieri and Mebane, 2014). Keeping in
view the toxic nature, genotoxicity of pesticides for non-
target organisms and their influence on ecosystems are of
worldwide concern. Integrity of DNA used as a sensitive
biomarker for the monitoring of environmental pollutants
(Lourenco et al., 2013). Pesticides induce strand breaks
in DNA (single and double strand breaks) representing
a constant threat to the genomic integrity (Nahas et al.,
2017). Therefore, there exists need for rapid and sensitive
assays that can be able to detect DNA damage (Mohanty
et al., 2013). Among different techniques, the Single Cell
Gel Electrophoresis (SCGE) can detect DNA damage at
single cell level (Singh et al., 1988). Therefore, present
study will endeavor to assess the dose dependent DNA
damage in peripheral erythrocytes of Ctenopharyngodon
idella under chronic exposure to binary pesticide mixture
(chlorpyrifos+endosulfan).

MATERIALS AND METHODS

Experimental fish

Fingerlings of Ctenopharyngodon idella (180-day
old) were purchased from local market and transported
to Fisheries Research Farms, University of Agriculture,
Faisalabad, Pakistan. Before start of experiment,
fingerlings of C. idella having similar weight and lengths
were acclimatized in cemented tanks for two weeks under
laboratory conditions.

Pesticides

Pesticides viz. chlorpyrifos and endosulfan were
dissolved, separately, in 95% analytical grade methanol
(J.T Baker) as a carrier solvent to prepare the stock-I
solutions (1g/100ml) while binary mixture of pesticides
was prepared by further mixing of stock solutions.

Determination of sub-lethal concentrations

The 96 h LC,, value of chlorpyrifos+endosulfan
mixture on C. idella was determined previously by
Ambreen and Javed (2015). Based on this 96 h LC,
(4.23£0.02pugL™") value, four sub-lethal concentrations
viz. 1/3% (1.41pgl"), 1/4™ (1.06pgL™), 1/5% (0.85ugl™)
and 1/6™ (0.71ugL") of LC,, were calculated for these
experiments.

Single cell gel electrophoresis (SCGE)

C. idella (n=6) were exposed, separately, to 1/3%, 1/4%,
1/5" and 1/6™ of LC, in glass aquaria (70L capacity) along
with negative and positive control. One group of healthy fish
was kept in tap water, which was considered as “Negative
control” (unstressed group) while 4% saline solution of

cyclophosphamide (CP) was used as “Positive control”.
During 60 days of exposure, C. idella were fed daily small
quantity of food. Water temperature (30°C), pH (7.75)
and hardness (225mgL") were kept constant throughout
the experimental duration. The exposure was continued
for 60 days and peripheral blood slides were prepared
on day 60" of exposure and subjected to SCGE. This
experiment was conducted with three replications for each
sub-lethal concentration. Peripheral blood erythrocytes
were sampled from caudal vein of fish, transferred to
eppendorf and treated with anticoagulant (heparin salt).
SCGE was performed by following the protocols of Singh
et al. (1988) as three layer procedure, followed by lysis,
unwinding, electrophoresis, neutralization and staining.
DNA was stained with ethidium bromide and slides
were examined at 400X magnification by using the Epi-
Fluorescence microscope (N-400M, American Scope;
USA) equipped with light source of mercury and low lux
digital (MD-800, American Scope; USA) camera. For
each sub-lethal concentration/treatment, three slides and
50 cells per slide were randomly scored. Each image was
classified according to the intensity of fluorescence in the
comet tail and designated as following five categories
(measured through TriTek CometScore™): Type-0,
undamaged; Type-I, low level damage; Type-II, medium
level damage; Type-III, high level damage and Type-IV,
complete damage.

DNA damage (%)
The percentage of DNA damage was calculated as the
mean percentage of cells with medium, high and complete

damaged DNA by using following formula:
DNA damage(%) = Type — 11 + 11 + IV

Genetic damage index (GDI)

From the arbitrary values assigned to the different
categories (from Type-0 to Type-IV) a genetic damage
index (GDI) was calculated for each subject by using
following formula:

_ (Type D) + 2(TypeIl) + 3(Type 1) + 4(Type IV)
B Type 0 + Type [+ Type 1[I + Type III + Type IV

GDI

Cumulative tail lengths (CTL)

TriTek CometScore ™ software was used to calculate
the comet tail length of damaged cells (Jose et al., 2011)
and cumulative tail length (um) was obtained by adding
the tail length of all examined cells (n = 50/replicate).

Statistical analyses

Statistical analyses were performed through
MSTATC computer software and results were expressed as
Means+SD. Data means were compared for the statistical
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differences by using Duncan Multiple Range test (DMR)
by following Steel et al. (1996) and a value of p<0.05 was
accepted as statistically significant.

RESULTS

Table 1 shows the variable proportion of Type-0
(undamaged nuclei), Type-I, II, III and IV (damaged
nuclei), %age of damaged nuclei (Type-II+11I+1V), GDI
and CTL (um) observed under sub-lethal concentrations
of pesticide mixture in the peripheral blood erythrocytes of
C. idella along with control groups after 60 days.

Undamaged and damaged nuclei (%)

Under all tested concentrations (1/3%, 1/4%, 1/5% and
1/6™ of LC, ), frequencies of undamaged nuclei (Type-0)
wereobserved higherundernegative control (96.67+2.31%)
while same was lower due to 1/3* of LC, exposure.
However, percentage of Type-I nuclei were significantly
higher under 1/4" of LC, (evident from mean value of
20.00+2.00%) while it was minimum as 2.67£1.15% in
negative control. Regarding other damaged nuclei, Type-
Il damaged nuclei were maximum (32.00+3.46%) at 1/4
and Type-III nuclei were observed higher (36.67+3.06%)
under 1/3" of LC,  exposure as compared to control
groups. However, Type-II nuclei under 1/3% and 1/4" of
LC,, exposure did not vary significantly at p<0.05. The
Type-IV damaged nuclei under sub-lethal concentrations
and control groups in peripheral erythrocytes of C. idella
followed the sequence: positive control > 1/3% > 1/4%h >
1/5% > 1/6" > negative control.

DNA damage (%)

The percentage of DNA damage (Type-II+Type-
[II+Type-IV) under negative control, positive control,
1/39, 1/4% 1/5" and 1/6™ of LC, was significantly
higher (p<0.05) due to 1/3* of LC,, followed by 1/4®,
positive control, 1/5", 1/6" of LC,  and negative control,
representing dose dependent DNA damage.

GDI

C. idella also respond differently towards damage
induction measured in terms of genetic damage indices
(GDI). Maximum (2.32+0.03) GDI was observed at 1/3%
of LC,  mixture exposure while same was least in negative
control samples.

CTL (um)

Cumulative tail length of comets, induced
due to various sub-lethal concentrations of mixture
(chlorpyrifos+endosulafan), and control groups, ranged
between the mean values of 3.384+0.06 to 856.23+0.09um
with statistically significant (p<0.05) differences.

DISCUSSION

Pesticides comprise an extensive range of synthetic
organic compounds (Lazartigues et al., 2013) and these
compounds are among more than 1000 active ingredients
that are marketed as herbicides, insecticides and fungicides
(Mostafalou and Abdollahi, 2013). During present study,
the alkaline version of SCGE was applied to estimate
the DNA damage in the peripheral blood erythrocytes of

Table I.- DNA damage in peripheral erythrocytes of Ctenopharyngodon idella after 60 day exposure to binary

pesticide mixture.

Treatments/ Undamaged Damaged nuclei Damaged GDI CTL (nm)
Concentrations nuclei (%) nuclei (%)

Type-0 Type-1I Type-II Type-II1 Type-1V
Negative control  96.67+2.31a  2.67+1.15¢  0.67+1.15¢  0.00+0.00e  0.00+0.00e  0.67+1.15f 0.04+0.03e 3.38+0.06
(0.00)
Positive control ~ 25.33+1.15d  18.00+2.00bc  20.67+1.15d 16.67+4.16cd 19.33+5.03a 56.67+1.15¢ 1.87+0.06b 124.52+0.11e
(CP: 20pgg™)
1/39of LC,, 8.00+2.00f  12.67+1.15d 30.67+1.15ab 36.67+3.06a 12.00+2.00bc 79.33+1.15a 2.32+0.03a 856.23+0.09a
(1.41pgl™h)
1/4"of LC, 17.33£2.31e  20.00+2.00abc 32.00+£3.46ab 20.00+£2.00b 10.67+1.15¢ 62.67+1.15b 1.87+0.06b 566.20+0.10b
(1.06pgL™)
1/5" of LC,, 27.33£3.06cd  17.33£1.15¢  30.00+£2.00b 16.00+2.00d 9.33+1.15¢ 55.33+3.06d 1.63+0.08c 541.18+0.06¢
(0.85pgL™)
1/6" of LC, 38.00£2.00b  13.33+£1.15d 26.67+4.16c 16.67+3.06cd 5.33+1.15d 48.67+2.31e 1.38+0.03d 408.36+0.05d
(0.71ugL™)

The means with similar letters in a single column for each variable are statistically non-significant at p<0.05.
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C. idella exposed to sub-lethal concentrations of binary
pesticide mixture and compared with negative and
positive control. Pesticides may cause direct DNA damage
due to action of parental compound or their metabolites
or indirectly due to over-production of reactive oxygen
species (Oliveira et al., 2009). During present study,
dose dependent DNA damage was observed under sub-
lethal exposures of chlorpyrifos, endosulfan mixture.
Dose dependent DNA damage associated with pesticide
exposure by using the SCGE in fish erythrocytes is
well documented (Nwani ef al., 2013; Pandey et al.,
2011; Yong et al., 2011; Rani and Kumaraguru, 2013).
However, previously discussed DNA damage was based
on evaluation of acute exposure. Therefore, such approach
fails to provide appropriate information regarding the
long-term effects of pesticide burden on the genome. The
main idea of the present study was to characterize DNA
damage induced by prolonged exposure to mixture.

DNA damage was estimated by measuring the
percentage of damaged nuclei, GDI and CTL. Statistically
significant increase in DNA damage was observed in the
erythrocytes of fish due to exposure of polluted water
(Klobucar et al., 2010) while mixture of pesticides
(chlorpyrifostendosulfan+thiram) has been reported to
cause significantly (p<0.05) higher DNA damage (Tope
and Rogers, 2009). Altinok et al. (2012) also observed
significantly higher DNA damage in terms of comet tail
length, tail intensity, tail moment and tail migration in
erythrocytes of Oncorhynchus mykiss exposed to different
concentrations of carbosulfan for 60 days as compared to
positive control.

Pesticides have higher ability to make variety of
reactive oxygenspecies (H,0,,0* and OH and electrophilic
free radical metabolites) that interact with nucleophilic
sites of DNA, thereby cause strand breakage (Banudevi et
al., 2006). Pesticides can form strong covalent bonds with
DNA resulting in the formation of DNA adducts (Hartwell
et al., 2000), modulate antioxidant defensive systems and
cause oxidative damage in aquatic organisms (Monteiro et
al., 2006). The DNA damage detected in the present study
could have originated from DNA single strand breaks,
DNA double strand breaks, DNA-DNA/DNA-protein
cross linking or inhibition of the enzymes involved in
DNA repair resulting from the interaction of pesticides or
their metabolites with DNA (Guilherme ef al., 2012).

The present study reveals that 1/3 LC, exposure of
pesticide mixture to the fish caused significantly higher
DNA damage while negative control exerted significantly
least damage to the nuclei. Nwani et al. (2010) also observed
dose and time dependent DNA damage in fish erythrocytes
and gill cells under carbosulfan exposure by using SCGE.

Exposure of fish to sub-lethal concentrations viz. 1/4%
LC,, 1/2" LC,, and 3/4" of LC,, of carbosulfan gave
significantly higher DNA damage (p<0.01) in erythrocytes
and gill cells in terms of percentage of tail DNA than that
of control group. Similarly, Ilyas (2015) observed dose-
dependent response of major carps towards waterborne
exposure of individual pesticides viz. endosulfan,
bifenthrin and chlorpyrifos to induce DNA damage in their
peripheral blood erythrocytes by employing SCGE. Naqvi
et al. (2016) also evaluate genotoxic potential of different
pesticides in the peripheral blood erythrocytes of fish by
using micronuclei assay. Genotoxicity of pesticides in fish
found to be in the order of cypermethrin > chlorpyrifos >
malathion > lambda-cyhalothrin > buctril. Cavalcante et al.
(2008) also reported significantly higher DNA damage in
fish, Prochilodus lineatus exposed to 10mgL" of roundup
as compared to negative control.

Tested sub-lethal concentrations in the present
study could be environmentally relevant concentrations,
although repeated applications of the pesticides in most
developing countries may be higher, suggesting the
relevance of test concentrations. Pesticides in sub-lethal
concentration present in water are too low to cause rapid
death directly but may affect the functioning of organisms,
disrupt normal behavior and reduce their survival (Susan
et al., 2010). Present results are also in accordance with
Ambreen and Javed (2016) who also reported concomitant
increase in DNA damage with sub-lethal concentrations of
mixture in erythrocytes of Cyprinus carpio as compared to
control groups.

Similarly, significant increase in DNA damage
under the exposure of pesticides mixture (metolachlor +
isoproturon + chlorotoluron + atrazine + deethylatrazine)
as compared to control group was observed by Polard et al.
(2011). Dose and time dependent response of Oreochromis
niloticus on DNA integrity was also observed by Rani and
Kumaraguru (2013) due to endosulfan exposure. Altinok et
al. (2012) also observed significantly higher DNA damage
in terms of tail length, tail intensity, tail moment and tail
migration in fish, exposed to various concentrations of
carbosulfan for 60 days than that of control group. Exposure
to different concentrations of chlorpyrifos induced higher
DNA damage in fish as compared to controls, indicating
genotoxic potential of this pesticide to aquatic organisms
(Ali et al., 2008; Yong et al., 2011). Present results are
also in accordance with findings of Pandey et al. (2011)
who observed dose dependent DNA damage in fish
(Channa punctatus) under exposure of organophosphate
pesticide. DNA damage induced by mixture of pesticides
recommended a serious health concern towards their
possible danger to the survival of C. idella in their aquatic
environment.
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ABSTRACT

Bifenthrin belongs to class pyrethroid, most commonly used pesticides throughout the world. Their
extensive usage is a threat to the natural environments including aquatic ecosystems. Although bifenthrin
are rapidly degraded in soil and plants, but they are extremely toxic to the fish. Keeping in view the
high sensitivity of fish towards bifenthrin, the present study was conducted to evaluate the genotoxic
effects of dietary bifenthrin in peripheral blood erythrocytes of freshwater fish, Cirrhina mrigala through
comet assay. Fish were exposed to four sub-lethal concentrations viz. 10, 20, 33 and 50% LD, of dietary
bifenthrin along with positive and negative control groups, separately, under controlled laboratory
conditions for 30 days. The DNA damage in terms of percentage of DNA damage, genetic damage index
(GDI) and cumulative tail length of comets (um) in peripheral erythrocytes of Cirrhina mrigala were
determined. The exposure of dietary bifenthrin at 50% LD, caused significantly higher damage to DNA
followed by that of positive control, 33%, 20%, 10% LD, and negative control. However, 33% and 20%
LD, exposures did not show any significant difference in percentage of DNA damaged cells. The GDI of
Cirrhina mrigala showed significant differences due to exposure of various concentrations of bifenthrin.
However, the patterns of DNA damage followed the order: 50% > positive control > 33% > 20% > 10%
LD, > negative control. The dietary exposure of 50% LD, caused significantly higher cumulative tail
length of comets followed by that of 33%, positive control, 20% , 10% LD, and negative control with
statistically significant differences at p<0.05. Significantly dose dependent increase in DNA damage was
also observed during present investigation. This study also reveals that dietary bifenthrin is very toxic to
the fish and comet assay can be used as useful tool for the determination of genotoxic effects of pesticides
on fish.
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INTRODUCTION

quatic pollution has become a severe and mounting

crisis all over the world. The pollution of toxic
chemicals exists in various countries, including Pakistan
(Shoaib et al., 2011) that needs strict legislation to deal
with this problem. Fish and other aquatic organisms
have the tendency to accumulate pollutants directly from
contaminated water and indirectly through the ingestion
of contaminated food (Al-Ghanim, 2012). Genotoxic
pollutants taint not only aquatic organisms but also the
entire ecosystem and ultimately the humans through intake
of contamination of food (Pandey et al., 2011).
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Abasic contributor to the green revolution has been the
expansion in the application of pesticides to control a wide
diversity of insectivorous and herbaceous pests that would
otherwise reduce the quantity and quality of food produced
since the mid 1940s (Zhang et al., 2010; Bolognesi et
al., 2011; Ambreen and Javed, 2018). Unfortunately, the
benefits of chemistry have been decreased when heavily
used pesticides were found in the aquatic habitats. Growth
in industrial, agricultural and many other human activities,
as a result of increasing population pressure, have resulted
in poor environmental management that caused chemical
contamination of important water bodies across the world
(Ali and Kumar, 2012).

Bifenthrin is active insecticide belongs to pyrethroid
group of insecticide and is used in agriculture and public
health control programs (control of mosquitoes) that act
as a contact stomach poison. It affects the central and
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peripheral nervous system and cause synaptic discharge,
depolarization and ultimately cause death and it also act as
ATPase inhibitor in fish (Ponepal et al., 2010). Pyrethroid
compounds are potentially toxic, they can damage the
DNA directly and produce reactive oxygen species that
can in turn damage the DNA (Cachot et al., 2006).
Keeping in view the toxic nature, genotoxicity of
pesticides for non-target organisms and their influence
on ecosystems are of worldwide concern. Integrity of
DNA used as a sensitive biomarker for the monitoring
of environmental pollutants (Lourenco et al., 2013).
Pesticides induce strand breaks in DNA (single and
double strand breaks) representing a constant threat to the
genomic integrity (Nahas ef al., 2017). Therefore, there
exists need for rapid and sensitive assays that can be able
to detect DNA damage (Mohanty et al., 2013). Among
different techniques, comet assay can detect DNA damage
at single cell level (Singh et al., 1988). Therefore, present
study is the investigation of genotoxicity evaluation of
dietary bifenthrin through comet assay in peripheral blood
erythrocytes of fresh water fish, Cirrhina mrigala.

MATERIALS AND METHODS

Experimental fish

Fingerlings of Cirrhina mrigala (150-day old) were
purchased from local market and transported to Fisheries
Research Farms, University of Agriculture, Faisalabad,
Pakistan. Before start of experiment, fingerlings of
Cirrhina mrigala having similar weight and lengths were
acclimatized in cemented tanks for two weeks under
laboratory conditions.

Bifenthrin

Bifenthrin were dissolved, separately, in 95%
analytical grade methanol (J.T. Baker) as a carrier solvent
to prepare the stock-I solution (1g/100ml). Working stock
solutions of pesticide were dissolved in one liter deionized
water and mixed well with the feed ingredients prior to
pelleting according to required sub-lethal concentrations.
Pallets were prepared without heating by using 2 mm
diameter module. After preparation, each diet was placed
in small plastic bags and filled with nitrogen gas and
vacuumed before refrigeration.

Determination of sub-lethal concentrations

The 96 h LD, value of dietary bifenthrin on Cirrhina
mrigala was determined during previous study of Ilyas
(2015). Based on this 96 h LD, (11.97+0.98 pgg™) value,
four sub-lethal concentrations viz. 10% (1.20pgg™), 20%
(2.39ugg™), 33% (3.95ugg™) and 50% (5.99ugg™) of LD,
were calculated for these experiments.

Comet assay

Cirrhina mrigala (n=10) was exposed, separately, to
four dietary treatments viz. 10, 20, 33 and 50% LD, of
dietary bifenthrin for 30 days in glass aquaria. Each test
dose was tested with three replications on fish. One group
of fish (n=10) was used as negative control (un-stressed)
while other as positive control (cyclophosphamide treated
or CP). Fish was fed, separately, the diets containing sub-
lethal concentrations (10, 20, 33 and 50% of LD, ) of
dietary bifenthrin while the fish of both control groups
were fed with pesticide free diet. Water temperature (30°C),
pH (7.5) and hardness (300mgL"') were kept constant
throughout the experimental duration. The peripheral
blood slides were prepared on day 30" of exposure and
subjected to comet assay. This experiment was conducted
with three replications for each sub-lethal concentration.
Peripheral blood erythrocytes were sampled from caudal
vein of fish, transferred to eppendorf and treated with
anticoagulant (heparin salt). Comet assay was performed
by following the protocols of Singh et al. (1988) as
three layer procedure, followed by lysis, unwinding,
electrophoresis, neutralization and staining. DNA was
stained with ethidium bromide and slides were examined
at 400X magnification by using the Epi-Fluorescence
microscope (N-400M, American Scope; USA) equipped
with light source of mercury and low lux digital (MD-
800, American Scope; USA) camera. The DNA damage
was quantified by visual classification of cells into five
categories “comets” corresponding to the tail length, with
three replicates (n = 50), undamaged: Type 0, low-level
damage: Type I, medium-level damage: Type II, high-
level damage: Type III and complete damage: Type IV.
Cells with no DNA damage were intact nucleus without a
tail, whereas cells with DNA damage showed comet like
appearance. The length of DNA migration in the comet
tail is an estimate of DNA damage. The cells with no head
or dispersed head were regarded as apoptotic cells and not
included in the analysis. The extent of DNA damage was
expressed as the mean percentage of cells with medium,
high and complete damaged DNA which were calculated
as the sum of cells with damage Types II, III and IV.
From the values assigned to the different categories (from
Type 0 = 0 to Type IV = 4), %age of damaged cells, a
genetic damage index {GDI: (Typel+2xTypell+ 3xType
I+4xType 1V) / (Type 0+Type I+ Type 11+ Type I+
Type IV)} and cumulative tail length of comets (um) were
calculated for each subject. DNA damage was measured by
using visual counting and cumulative tail length measured
by adding the tail length of all examined cells (n=50 per
replicate) through Tri Tek CometScore™ (Summerduck,
USA) Software (Josea et al., 2011).
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Fig. 1. Dependence of DNA damaged cells (%), genetic damage index (GDI) and tail length of comets (um) on exposed dietary
bifenthrin concentrations. **, significant at p<0.01; SE, standard error; r, correlation coefficient; R?, coefficient of determination.

Table 1.- Effect of dietary bifenthrin on DNA damage in the peripheral blood erythrocytes of Cirrhina mrigala.

Treatments Exposure Un-damaged Proportions of damaged nuclei (%) Damaged GDI CTL (um)
Concent. nuclei (%) cells (%)
Type 0 Type I Typell  Typelll  Typelv (II+II+IV)
Negative 0.00  92.67+1.15a 3.33+3.06e 2.67+1.15¢ 0.67+1.15f 0.67£1.15f 4.00+£3.46e 0.13+0.08f 4.59+2.87f
control
Positive CP (20 36.00£2.00e 14.00+2.00c 13.3343.06d 16.00+4.00c 20.67+3.06a 50.00+£2.00b 1.71+0.07b 486.94+9.21c
control pgg™

10% of LD, 1.20 ugL*' 50.67+3.06 b 16.67+5.03b 13.33+3.06d 10.67+1.15¢ 8.67+1.15¢ 32.67+2.31d 1.10+0.02e 224.64+9.12 ¢
20% of LD, 2.39 pugL" 44.67+5.03 ¢ 8.67+5.03 d 17.33+1.15b 15.33+1.15d 14.00+2.00d 46.67+1.15¢ 1.45+0.08d 414.15+10.35d
33% of LD, 3.95 ugL" 36.67+3.06 d 16.67+1.15b 15.33+3.06¢ 16.67+3.06b 14.67+3.06¢ 46.67+3.06c 1.56+0.11c 761.38+10.49b
50% of LD, 5.99 pgL' 23.33+3.06 f 20.00+2.00a 22.67+1.15a 18.00+2.00a 16.00+£2.00b 56.67+3.06a 1.83+0.08a 887.17+14.46a

The means with similar letters in a single column for each variable are statistically non-significant at p<0.05.

Statistical analyses

Statistical ~analyses were performed through
MSTATC computer software and results were expressed
as MeanstSD. Data means were compared for the
statistical differences by using Duncan Multiple Range
test (DMR) by following Steel et al. (1996) and a value
of p<0.05 was accepted as statistically significant.
Regression and correlation analyses were also performed
to find-out relationships among various parameters under
investigation.

RESULTS

Table 1 shows the variable proportion of Type-0
(undamaged nuclei), Type-I, II, Il and I'V (damaged nuclei),
percentage of damaged nuclei (Type-II+I11I+IV), GDI and
CTL (um) observed under sub-lethal concentrations of
dietary bifenthrin in the peripheral blood erythrocytes of
Cirrhina mrigala along with control groups after 30 days.

Four concentrations of bifenthrin, negative and
positive controls caused significantly variable damage to
the DNA of peripheral erythrocytes of Cirrhina mrigala.
The exposure of dietary bifenthrin at 50% LD, caused
significantly higher damage to DNA as 56.67+3.06%,

followed by that of positive control, 33%,20%, 10% LD,
and negative control with the mean values of 50.00£2.00,
46.67+3.06, 46.67+1.15, 32.67+2.31 and 4.00+3.46%,
respectively. However, 33% and 20% LD, exposures
did not show any significant difference in percentage
of DNA damaged cells. The GDI of Cirrhina mrigala
showed significant differences due to exposure of various
concentrations of bifenthrin. However, the patterns
of DNA damage followed the order: 50% > positive
control > 33% >20%> 10% LD, > negative control. The
dietary exposure of 50% LD, caused significantly higher
cumulative tail length of comets as 887.17£14.46 um
in the peripheral erythrocytes, followed by that of 33%,
positive control, 20%, 10% LD, and negative control with
statistically significant differences at p<0.05.

The data regarding frequency of DNA damage cells,
GDI and cumulative tail length of comets induced due to
various concentrations of dietary bifenthrin are presented
in Table I. This data were statistically analyzed to see the
relationships between frequency of DNA damage and
dietary exposure of bifenthrin to the fish. There existed
significantly positive relationship between exposure
concentrations and frequency of DNA damaged cells,
GDI and cumulative tail length of comets. DNA damage
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in peripheral erythrocytes of fish increased linearly with
the increase of pesticide concentration in the diet (Fig. 1).

DISCUSSION

Insecticides, fungicides and herbicides constitute
major source of potential environmental hazards not
only to fish, birds, mammals and other animals but also
to humans when they become part of food chains (Abd-
Alla et al., 2002). Various chemicals have been used
as insecticides/fungicides/pesticides in public health
programs, veterinary and agriculture. Pyrethroids are
preferred above organophosphates, carbamates and
organochlorines because of their high efficiency, low
toxicity and easy biodegradability (Sharaf et al., 2010).
For more than 30 years, pyrethroids are in use for home
formulations and agricultural purposes, cover nearly one-
fourth of the world market (Ahmad et al., 2012).

During present study, comet assay was applied
to estimate the DNA damage in the peripheral blood
erythrocytes of Cirrhina mrigala exposed to sub-lethal
concentrations of dietary bifenthrin and compared with
negative and positive control. Pesticides may cause
direct DNA damage due to action of parental compound
or their metabolites or indirectly due to over-production
of reactive oxygen species (Oliveira et al., 2009). During
present study, dose dependent DNA damage was observed
under sub-lethal exposures of dietary bifenthrin. Dose
dependent DNA damage associated with pesticide
exposure by using comet assay in fish erythrocytes is well
documented (Pandey ef al., 2011; Yong et al., 2011; Rani
and Kumaraguru, 2013). However, previously discussed
DNA damage was based on evaluation of acute exposure.
Therefore, such approach fails to provide appropriate
information regarding the long-term effects of pesticide.
The main idea of the present study was to characterize
DNA damage induced by prolonged exposure of pesticide
in diet.

Pesticides make variety of reactive oxygen species
(ROS) which interact with nucleophilic sites of DNA,
thereby cause strand breakage. Pesticides can form strong
covalent bonds with DNA resulting in the formation
of DNA adducts (Hartwell ez al., 2000; Banudevi et al.,
20006), and cause oxidative damage in aquatic organisms
(Monteiro et al., 2006). The DNA damage detected in
the present study could have originated from DNA single
strand breaks, DNA double strand breaks, DNA-DNA/
DNA-protein cross linking or inhibition of the enzymes
involved in DNA repair resulting from the interaction of
pesticide or their metabolites with DNA (Guilherme ef al.,
2012).

Similar study conducted by Ali e al. (2008, 2009)

reported genotoxic effect of different concentrations of
chlorpyrifos in freshwater fish, Channa punctatus, by
using comet assay. The fish exhibited significantly higher
DNA damage in their tissues than the control groups.
A concentration and dose dependent increase in DNA
damage were also observed. Kumar ef al. (2010) also
observed genotoxic effect of different concentrations of
malathion in different tissues of freshwater fish, Channa
punctatus by using comet assay. The DNA damage in
kidney, lymphocytes and gills were significantly higher
(p<0.05) in exposed groups as compared to the control.
All the tissues showed significantly linear concentration
dependent increase in DNA damage and non-linear
decrease with time. The genotoxic and mutagenic effects
of different concentrations (6.25, 12.50 and 25.00pgL™")
of Atrazine on Oreochromis niloticus were investigated
by Ventura et al. (2008) by using comet assay. Present
results are also in accordance with findings of Pandey e? al.
(2011), who observed dose dependent DNA damage in fish
(Channa punctatus) under exposure of organophosphate
pesticide. DNA damage induced by dietary bifenthrin
recommended a serious health concern towards their
possible danger to the survival of Cirrhina mrigala in their
aquatic environment.
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ABSTRACT

Untreated run off water from agricultural land and industrial effluents contain toxic pollutants, including
heavy metals, which can accumulate in the aquatic organisms, especially the fish and cause oxidative
stress. The present study was planned to measure the cadmium (Cd) induced oxidative stress in terms of
antioxidant enzyme (peroxidase) activity in fish, Labeo rohita and Catla catla. 120-day old fingerlings
of both fish species were exposed, separately, to 2/3" and 1/3" of their respective 96 h LC, values of Cd
in glass aquaria for 15 days at constant temperature (30°C), pH (8) and total hardness (250mgL™"), along
with a control in which fish remained unexposed to any metal concentration. After 15-day exposure, fish
were sacrificed and their organs (liver, kidney, muscles and gills) separated for enzyme (peroxidase)
assay. Results indicated that Cd exposure induced significant variations in the activity of peroxidase in the
selected organs of L. rohita and C. catla as compared to control. Among fish species, C. catla was more
sensitivity as compared to L. rohita as the variations in peroxidase activity were more pronounced in C.
catla with the mean value of 0.268+0.103 UmL"". Peroxidase activity in the organs followed the order:
liver > kidney > gills > muscles. However, maximum peroxidase activity was measured in 2/3 of LC_, of
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INTRODUCTION

A;remendous increase in the population, urbanization
nd industrialization has led to the degradation of
environment, particularly the aquatic environment, which
is the main receiving end for pollutants. Consequently,
genetic disorders, physiological problems, diseases and
ultimately mortality of various aquatic species may take
place (Isani et al., 2009). The metals such as copper,
mercury, zinc, lead, chromium, iron, cobalt, manganese,
arsenic and cadmium are potentially hazardous pollutants
as they can cause toxicity in aquatic organisms (Javed ef
al.,2016). An important pathway for metallic ions toxicity
is through the production of reactive oxygen species
(ROS) which include the singlet oxygen, superoxide
anion, hydroxyl radical and hydrogen peroxide. Cellular
redox balance favouring pro-oxidants production caused
oxidative stress which can lead to macromolecules
disruptions including cross-links in DNA, degradation of
proteins and peroxidation of membrane fatty acids. These
elevated ROS levels can also act in signal transduction I
messenger pathways (The venod, 2009).

According to Younis ef al. (2013), cadmium (Cd) is
one of the most toxic contaminant in aquatic environments
causing toxicity at each level of the ecological station. Cd
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increases the production of ROS in tissues as well as inhibits
the activity of some antioxidant enzymes (Zikic et al.,
2001). Water-borne Cd can be absorbed through the skin and
gills and then distributed unevenly in different fish tissues.
Unlike Fe and Cu, Cdis notaredox-active metal, but it could
generate free radicals and ultimately oxidative stress, that
may cause lipid peroxidation thus DNA damage (Cuypers
et al., 2010). Therefore, at biochemical levels, antioxidant
systems have great potential to indicate the cellular
responses to the toxic effects of Cd (Cirillo et al., 2012).

Cd interferes with the structure and function of
several molecules with marked endpoints such as
uncontrolled cell proliferation and unprogrammed cell
death. In general, Cd induces both protective as well as
damaging signaling pathways, but the exact underlying
mechanisms remain to be resolved. At the cellular level,
a common mechanism in both Cd-induced damage and
repair processes is oxidative stress. Peroxidases are
broadly present in the microorganisms and animal tissues
(Boeuf et al., 2000). The amino acid (cysteine) and heme
cofactor provides the active site for the enzyme peroxidase.
When oxidative stress increases, peroxidase functions as
first line of defense towards ROS (Kurutas et al., 2009).
Therefore, during present research work, effects of two
different sub-lethal concentrations of Cd on peroxidase
activity has been assessed on different organs of two fish
species. The present research work will help in sustainable
conservation of major carps, Labeo rohita and Catla catla
in the natural aquatic bodies of Pakistan.
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Table I.- Peroxidase activity (UmL™) in the selected organs of Labeo rohita and Catla catla after sub-lethal exposure

F. Latif and M. Javed

of cadmium.
Treatments Fish species Organs
Liver Kidney Muscles Gills

Control Labeo rohita 0.169+0.005 a 0.130+0.004 b 0.078+0.002 ¢ 0.116+0.003 d
Catla catla 0.193+0.004 a 0.182+0.003 0.097+0.002 ¢ 0.142+0.002 d

1/34 Labeo rohita 0.263+0.003 a 0.221+0.005 b 0.190+0.003 ¢ 0.218+0.007 d
Catla catla 0.335+0.005 a 0.302+0.004 b 0.259+0.007 ¢ 0.285+0.004 d

2/31 Labeo rohita 0.313+0.005 a 0.270+0.006 b 0.225+0.004 ¢ 0.236+0.005 d
Catla catla 0.389+0.005 a 0.356+0.005 b 0.329+0.009 ¢ 0.349+0.009 d

MATERIALS AND METHODS wavelength of 470nm. Then a cuvette containing buffered

Fingerlings of Catla catla and Labeo rohita were kept
in cemented tanks for acclimation for two weeks. After this
acclimation period, the healthy group of 120-day old fish
fingerlings of similar weights and lengths were selected
for these experiments. These fingerlings of L. rohita and
C. catla were exposed, separately, to 1/3* and 2/3% of their
respective 96 h LC, | values of Cd determined by Yaqub
and Javed (2012) in glass aquaria for 15 days at constant
temperature (30°C), pH 8 and total hardness (250mgL").
The 96 h LC, value of Cd for L. rohita and C. catla was
153.2342.74 and 155.08+2.63 mgL"!, respectively.

After 15-day exposure, metal stressed fish was
sacrificed and their organs (liver, kidney, muscles and gills)
separated for enzyme (peroxidase) assay. Each test was
conducted with three replications for each concentration/
treatment and activity of antioxidant in the selected organs
was compared with the control group. The activity of
peroxidase was determined by measuring its ability to
reduce the concentration of H,O, at A470nm (Civello et
al., 1995).

Extraction and essay of enzyme

The dissected organs were rinsed with phosphate
buffer of pH 6.5 (0.2M) and homogenized in cold buffer
(1:4W/V) using a blender. After homogenization, organ
homogenate was centrifuged for 15 min at 10,000 rpm (xg)
and 4°C. After centrifugation process, clear supernatants
were stored at -80°C for enzyme assay while the residue
was discarded.

Preparation of buffer substrate solution

Guaiacol (750uL) was added to 47 ml of 0.2M
phosphate buffer pH 6.5 and mixed well on vortex agitator.
After agitation, H,0,(0.3mL) was added to buffer solution.
Reaction mixture contain 300puL buffered substrate
solution 60uL enzyme extract and phosphate buffer used
as a blank. A cuvette containing 3mL of blank solution was
inserted into the spectrophotometer and set it to zero at

substrate solution was put into the spectrophotometer and

initiation of reaction was occurred by adding 0.06mL of

enzyme extract. The reaction time is 3minutes. Activity of

peroxidase was measured by following the formula as:
Activity (Unit/mL)=AA/3/26.60%60/3000

Where, AA is Absorbance at 470nm, 26.60, extinction

coefficient of tetraguaiacol.

RESULTS AND DISCUSSION

Heavy metals can persist in the aquatic environment for
along time and may bio-magnified due to their nature to bio-
accumulate in the tissues of aquatic organisms. Ultimately,
they can cause adverse effects in humans through the food
chain (Luoma and Rainbow, 2008). Despite the presence
of well-developed antioxidant enzymes defense system,
severe oxidative damage may occur in aquatic organisms
exposed to these metals, that increases the production of
ROS and subsequent oxidative damage associated with
metallic ions mediated mechanisms of toxicity in fish
(Livingstone, 2001). According to Sudha and Lall (2013),
metabolic adaptive strategies of fish affected by oxidative
stress can be measured in the form of change in the
activities of antioxidant enzymes. In aquatic environments,
cadmium (Cd) is one of the most toxic metals that cause
toxicity at each level of ecological station (Younis et
al., 2013). Therefore, during present research work, Cd
mediated oxidative stress in term of antioxidant enzyme
(peroxidase) was assessed in the liver, kidney, muscles
and gills of Labeo rohita and Catla catla. Present results
indicated significant increase in the antioxidant enzyme
(peroxidase) activity in the Cd stressed fish as compared
to control (Table I). It has been reported by Dorta et al.
(2003) that Cd increases the concentration of free Fe by
replacing it in many proteins and ultimately enhances the
cellular concentration of free redox active metals like Fe
and Cu. These free redox metals increase the production of
hydroxyl radicals through Fenton reaction and to overcome
these free ions, peroxidase activity increased subsequently
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in metals stressed fish (Raza et al., 2016). Among organs,
maximum peroxidase activity was measured in the liver
of both fish species followed by kidney, gills and muscles
with the mean values of 0.277+0.085, 0.243+0.082,
0.224+0.087 and 0.196+0.096 UmL"', respectively. During
present experiment, enhanced production of antioxidant
enzyme in the liver is revealing important protective and
adaptational responses against toxic stress caused by Cd
which is also observed by Zhang ef al. (2013) and Kumar
and Yadav (2014). Bhanu and Deepak (2015) reported that
increased activity of peroxidase in Cd stressed fish is due
to the enhanced ability of cells to overcome the effects
of ROS. These results are also supported by the findings
of Mamidala (2012) and Soorya ef al. (2013) who have
reported that the induction of antioxidant compounds is a
sensitive preliminary warning signal of oxidative stress.
With increasing concentration of Cd from 1/3% to 2/3% of
LC,,, peroxidase activity enhanced subsequently which
showed concentration dependent increase in peroxidase
activity. Least peroxidase activity was measured in the
control fish groups, which may be attributed to the fact
that in the absence of any external stressor, the level of
ROS and antioxidant enzymes is parallel to each other
which is a normal equilibrium because oxidative stress
mainly occurs either due to increased production of ROS
or decreased production of antioxidant enzymes which
is also reported by Mushtaq et al. (2017). Among fish
species, maximum peroxidase activity was measured in
C. catla as compared to L. rohita with mean values of
0.268+0.103 and 0.202+0.071 UmL", respectively. The
results reported here and in other studies indicate that
antioxidant enzyme responses are variable and transient
for different fish species (Livingstone, 2001). The present
results are concluded as Cd exposure caused significant
increase in peroxidase activity in the organs of both fish
species.
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ABSTRACT

Present study was focused to observe the effect of phytase supplementation in formulated feeds on
Pangasius hypophthalmus to increase the use of cotton seed meal by replacing fish meal. The trial was
conducted in eight aquariums for 75 days. Each treatment was replicated twice and stocked 10 fish per
aquarium with average weight (30g). Four iso-nitrogenous (45% CP) experimental diets were formulated
by gradually replacement of fishmeal 0%, 10%, 20% and 30% with cotton seed meal (CSM) designated
control, T1, T2 and T3, respectively. Statistically significant difference (P<0.05) was observed in net
weight gain of experimental fish among treatments. Higher net weight gain (32.55+0.77g) and highest
length increase (76+0.35mm) was observed in T3 and lowest net weight gain and length increase was
recorded in T1 (25.5+0.70g) and control (38+1.13 mm). The FCR values revealed non-significant
differences (P> 0.05) among treatments. Significantly higher SGR% was observed in T3 (1.0+0) compared
to other treatments. Proximate analyses parameters were found significantly different (P < 0.05) among
treatments. It was concluded that 30% fish meal replaced with cotton seed meal (CSM) along with 750ftu-
k¢ phytase was found better combination for the growth and nutrient composition of P. hypophthalmus.
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INTRODUCTION

Fish always preferred over red meat due to its higher
protein contents, unsaturated fatty acid and small
amount of cholesterol (Arts et al., 2001; Mozaffarian et
al., 2003; Foran et al., 2005; Fawole ef al., 2007). Catfish
(Pangasius) is an important and fastest growing group of
fish in the world aquaculture after tilapia and carps (Phan
et al., 2009; Lakra and Singh, 2010). Among catfishes,
Pangasius hypophthalmus is the most popular candidate
fish due to its fast growth, easy culture, highly resistance to
diseases, and fluctuation of environmental factors (Begum
etal., 2012).
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Aquaculture is a feed based industry and the
preparation of balance fish feed depends on the availability
of good quality feed ingredients. Worldwide fishmeal is
used as a main component in aquaculture feed due to its
palatability and high nutritional value (NRC, 2011). Fish
meal (FM) is the major protein source in a special feed
for fish because they are an excellent source of essential
nutrients (Zhou et al., 2004). Due to high cost of fishmeal,
increasing demand and shortage of supply, fish nutritionists
making efforts to find out alternatives to substitute fish
meal in fish feed (Pham et al., 2008; Lech and Reigh,
2012; Shapawi et al., 2013). Cottonseed meal (CM) due to
its high protein content, availability and low cost has long
been used in diets for both terrestrial animals as well as for
fish (Barros et al., 2002; Pham et al., 2008; Colin-Negrete
et al., 1996). It has been tested in several fish species such
as rainbow trout, channel catfish, tilapia, largemouth bass
and sunshine bass (Cheng and Hardy, 2002; Mabahinzireki
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et al., 2001; Rawles and Gatlin, 2000). Due to high crude
protein level and economically viable, cotton seed meal
is used in feeds. But due to some anti-nutritional factors
especially phytic acid restricts its use for fish feeds. To
address this issue phytase enzyme is used to hydrolyze
phytic acid and enhance digestibility of cottonseed meal to
increase fish growth (Baruah et al., 2004; Cao et al., 2007,
Hussain et al., 2011). Keeping in view the importance
of cotton seed meal, the present study was designed to
study the effect of phytase supplementation in formulated
feeds to increase the use of cotton seed meal by replacing
fish meal and its impact on the growth of Pangasius
hypophthalmus.

MATERIALS AND METHODS

Experiment site

The study was conducted at Research and Training
Facilities, Department of Fisheries and Aquaculture,
University of Veterinary and Animal Sciences, Ravi
Campus Pattoki. The catfish (Pangasius hypophthalmus)
fingerlings were collected from fish ponds situated at
C-block Ravi Campus Pattoki.

Experimental setup

This trial was conducted in eight (8) aquariums for
75 days. Each treatment was replicated twice and stocked
10 fish per aquarium with average weight (30g). Four iso-
nitrogenous (45%) crude protein (CP) experimental diets
were formulated by gradually replacement of fishmeal
0%, 10%, 20% and 30% with cotton seed meal (CSM) and
designated as control, T1, T2 and T3, respectively. The
ingredients were finely grinded, well mixed in mechanical
mixer and then molasses (600 ml) were added as binder
before extrusion in local extruder to prepare desired size

pellets (Table I).

Addition of phytase enzyme

Phytase solution was prepared by mixing 2g phytase
with 1000 ml of distilled water and solution contained
total 20,000 FTU of phytase. Feed pellets of 0 (control),
T,, T, and T, were sprayed with phytase solution at 0,
250, 500,750 FTU kg, respectively and then dried feed
was stored in air tight plastic bags and used subsequently
(Table I).

Growth parameters

Fish morphometeric measurements (total body weight
and length) were recorded at the time of initial stocking
and then after fortnightly interval and fish were caught by
using hand nets from aquarium. After taking measurements
the fishes were transferred to their respective aquariums.
The following parameters were used to evaluate the
growth of fish:

NWG = Final BW (g) — Initial BW (g)
R lin (Final BW (g)) — lin (Initial BW (g))
Duration of exp.period (days)
_ Feed intake (g)
B Weight gain (g)
Where, NWG is net weight gain, BW is body weight, SGR
is specific growth rate and FCR is feed conversion ratio.

X 100

FCR

Proximate analysis fish

At the end of trial five (5) fish from each tank were
caught for proximate analysis. The parameters like, dry
matter, ash contents, % crude fat and crude protein of
the feed and fish samples were carried out by following
AOAC (2005).

Table I.- Inclusion level of different feed ingredients in experimental diet.

Ingredients Proximate Control T1 (10% CSM) T2 (20% CSM) T3 (30% CSM)
analyzed CP % Inclusion Contrib. Inclusion Contrib. Inclusion Contrib. Inclusion Contrib.
of ingredients level of CP% level of CP% level of CP% level of CP%
Fish meal 62.5 60 37.5 50 31.25 42 26.25 36 22.5
Cotton seed meal 41.5 0 0 10 4.15 18 7.47 27 11.21
Maize gluten 29.5 14 4.13 26 7.67 36 10.62 36 10.62
Rice polish 12 14 1.68 2 0.24 2 0.24 2 0.24
Wheat bran 14 12 1.68 12 1.68 2 0.28 2 0.28
Total - 100 44.99 100 44.99 100 44.86 100 44.84
Phytase level (FTU/kg) 0 250 500 750

CSM, cotton seed meal.
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Evaluation of the water quality parameters

Water quality parameters viz. temperature, dissolved
oxygen (DO), pH, salinity, electrical conductivity (EC)
and total dissolved solids (TDS) were measured on daily
basis. All the parameters were determined by using digital
meters (Mehboob et al., 2017).

Statistical analysis

The data obtained was analyzed by using SAS 9.1
version statistical software. The data on different variables
was statistically analyzed by using Analysis of Variance
(ANOVA) technique under Duncan’s Multiple Range Test
for comparison of means.

RESULTS

Fish growth studies

There was a non-significant difference observed in
the initial weights of fish among treatments while in final
weight a significant difference (P<0.05) observed among
treatments (Table II). Significantly (P<0.05) highest final
weight was observed in T3 (62.55+0.77 g) and lowest in T1
(55.0+0.70 g). Statistically significant difference (P<0.05)
was observed in the net weight gain among treatments
and control. Highest net weight gain was observed in T3
(32.55%0.77 g) and lowest in T1 (25.5+0.70 g) (Table II).

The results regarding initial and final length revealed
significant differences (P<0.05) among treatments and
control while non-significant variations were recorded

in the increase in length among treatments and control
groups. The highest increase in length was observed in T3
(76+0.35 mm) and lowest in control (38=1.13 mm) (Table
10).

The FCR values for various treatments and
control group were observed as control (2.20+0.14), T1
(2.15£0.07), T2 (2.240.14) and T3 (2.10+0) whereas
the SGR% values recorded in control (0.90+0), T1
(0.85+0.07), T2 (0.9+0) and T3 (1£0), respectively. The
statistical analysis of FCR values revealed non-significant
differences (P > 0.05) among treatments and control.
The statistically higher SGR% value was recorded in T3
(1.0+0) compared to T1 (Table II).

Proximate composition

The fish were analyzed for its proximate composition
at the start and at the end of the experiment. The results
of proximate analysis revealed significant differences
(P < 0.05) among treatments. There was a significant
differences observed for dry matter where T2 and T3
showed significantly higher dry matter percentage than
pre-trial, control and T1. The crude protein contents
showed similar pattern as dry matter. A non-significant
difference was observed among all the treatments except
pre-trial that showed significantly lower values than post-
trial treatment groups (Table III). Crude fat contents were
significantly higher in pre-treated group followed by T3
and control, respectively (Table III).

Table II.- Comparison of growth performance of Pangasius hypophthalmus among different treatments.

Parameters Control T1 (10% CSM) T2 (20% CSM) T3(30 % CSM)
Initial weight (g) 30.0+0.5° 30.5+0° 30+0° 30+0°
Final weight (g) 59.0+1.41° 55.0+0.70¢ 58.9+0.56° 62.5+0.77°
Net wt gain (g) 29.0+1.14° 25.5+0.70° 28.94+0.56° 32.5+0.77°
Initial length (mm) 150+0¢ 192+0° 214+0° 191+0°
Final length (mm) 188+1.13° 239.542.70° 2575.4£1.60° 267.5+0.35°
Inc. in length (mm) 38+1.132 46+2.96* 43+1.06* 76+0.35°
FCR 2.20+0.14° 2.15£0.072 2.2+0.14° 2.10+0?
SGR% 0.90+0° 0.85+0.07° 0.9+0% 1.0+0°

*Figures with same letters are not significantly different

Table I11.- Proximate composition of experimental fish under various treatments.

Parameters Pre treatment Control T1 T2 T3

Dry matter (%) 82.95+1.41¢ 98.00+0.712 92.76+0.37° 93.49+0.69" 93.04+0.06°
Crude protein (%) 41.85+0.92¢ 45.21+0.30° 44.05+0.09° 49.23+0.33% 49.944+0.06°
Ash (%) 19.00+1.41° 24.254+0.35° 24.75+0.35° 25.754+0.35% 24.254+0.35°
Crude fat (%) 15.50+0.712 9.70+ 0.14¢ 13.20+0.28" 8.60+ 0.28¢ 10.65+0.35¢

*Figures with same letters are not significantly different.
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Table IV.- Physico-chemical parameters in various treatments.

Parameters Control T1 T2 T3

DO (mg/1) 5.35+0.07° 5.35+0.07* 5.35+0.07* 5.35+0.071*
Temp (°C) 21.65+0.07* 21.50 +£0.28° 21.80 £0.14° 21.45+£0.212
Salinity(ppt) 1.00+ 0? 1.00+ 0° 1.00 +0° 1.00 +0?
EC (uS/cm) 1704+1.41° 1704.50+3.54° 1703.50+2.122 1706.00+1.412
TDS( mg/l) 654+ 1.41°2 656.50+ 0.71° 654.50+3.54° 655.50 £0.71%
pH 8.00+0? 7.750+£0.072 7.90 +£0.14* 7.80 £0.14°

*Figures with same letters are not significantly different.

Physico-chemical parameters of water quality

The results obtained regarding water quality
parameters during the study period are presented in Table
IV. All the physico-chemical parameters showed statically
non-significant differences among all treatments.

DISCUSSION

During present study significant differences (P<0.05)
were observed in the net weight gain among treatments
and control. The highest net weight gain was observed in
T3 (32.55+0.77) and lowest was in T1 (25.5+0.70). In T3
where cotton seed meal (CSM) was added upto 30% in
the replacement of fish meal (FM) along with 750FTU-
kg phytase supplementation for P. hypophthalmus that
enhanced the feed intake and significantly increased fish
growth. The reason might be the addition of phytase that
released phosphate from their phytin binders, thus making
phosphorus availability to the fish and also increase the
digestibility of protein as reported by Liebert and Partz
(2007). Our results are also in line with Hussain et al.
(2015), who reported that the phytase supplementation
to cottonseed meal based diet at 750 FTU kg' level
is optimum to release adequate chelated minerals for
maximum growth performance. According to Sejin and
Kyeongjun (2009), CSM could replace up to 30% FM for
larger size of parrot fish (Oplegnathus fasciatus) and the
supplementation of iron and phytase do not significantly
affect the growth performance of fish. Similarly, Shah et
al. (2016) reported that phytase supplementation in diet
significantly (p<0.05) improve the growth of L. rohita
either supplemented individually or mutually with citric
acid. Debnath et al. (2005) testified different phytase
levels in isonitrogenous diet (35.67% crude protein) on
P pangasius fingerlings and observed optimum growth
performance with inclusion of 500 FTU kg 'of phytase.

During present study, proximate composition of
fish whole body revealed significant differences among
different treatment and control groups. Similarly, Shah et
al. (2016) also reported that phytase supplemented diet
significantly (p<0.05) affect the proximate composition of

L. rohita either supplemented individually and mutually
with citric acid. Contradictory to our results, Yang
(2011) reported non-significant difference in proximate
composition of rainbow trout (Oncorhynchus mykiss) by
the replacement of fish meal with phytase-treated SBM.
Crude protein concentration was found significantly
(P < 0.05) higher in T3 than T1, T2 and control during
current study. Our results are also supported by Pham et
al. (2008) who reported that supplementation of microbial
phytase could improve the apparent digestibility of protein
and phosphorus in juvenile olive flounder fed the CS-
containing diets. According to Nwannaa et al. (2008), there
were no significant differences in protein concentrations of
the fish whole body but fish fed diet containing phytase
had slightly more body protein than others.

Crude lipid contents were found significantly (P
< 0.05) higher in control group as compare to other
treatments. The results revealed that with the increased
level of cotton seed meal along with phytase the protein
contents also increased significantly. Crude lipid and ash
contents followed opposite trend with respect to crude
protein. Nwannaa et al. (2008) reported that lipid contents
in all the fish showed non-significant differences but fish fed
diets without phytase had the highest lipid concentration.
The ash contents in fish body significantly increases with
the phytase supplementation in diet than without phytase
diet (Nwannaa et al., 2008).

In conclusion phytase supplementation upto
750FTU-kg! can successfully replace 30% cotton seed
meal (CSM) in the replacement of fish meal for Pangaisus
hopophthalmus diets.
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ABSTRACT

The widespread use of chemicals like heavy metals and pesticides has resulted in the pollution of many
aquatic habitats worldwide. Therefore, assessment of toxicity result from these chemicals is necessary to
conserve the aquatic life in natural habitat. Present research was performed to calculate the 96-h LC, and
lethal concentrations of heavy metals (lead+nikel) and pesticides (endosulfan+deltamethrin) mixture for
the fish, Channa striata. Acute toxic effects of metals and pesticides mixture on glutathione S-transferase
(GST) activity, specific activity and total protein contents in gills, liver, kidney and muscle of fish was also
evaluated. Fish fingerlings were collected from natural breeding sites and acclimatized to the laboratory
conditions. Fingerlings were exposed to the different concentrations of metals (lead+nickel) and pesticides
(endosulfan+deltamethrin) mixture to determine the 96-h LC, and lethal concentrations. The 96-h LC,
and lethal concentration of lead+nikel mixture was calculated as 52.147+3.069 and105.446+8.382 mglL-
! while for endosulfan+deltamethrin mxture was as1.374+0.1007 and 2.957+0.278 pgL!, respectively.
Lower value of pesticides mixture showed that this mixture was more toxic than metals mixture. The
exposure of metals and pesticide mixture significantly increased the GST activity, specific activity and
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protein contents in gills, liver, kidney and muscle of experimental groups when compare with control.

INTRODUCTION

Environmental stressors and related risks have
constantly a natural part of our society (Adeyemo et
al., 2008). In different parts of the world the discharge of
anthropogenic pollutants has resulted in ecotoxicological
effects (Ramesh et al., 2009). Among contaminants, metals
and pesticides are of great concern due to their stability
(metals) and high toxicity (pesticides), these chemicals
may have adverse effects on aquatic ecosystems (Forget
et al., 1999). The main sources of pollution are advanced
agriculture, industry, mining, motor traffic and household
wastes. These contaminants can gather in fish and other
aquatic organisms, also stick with the sediments and persist
in water (Luoma and Rainbow, 2008). Environmental
pollutants cause a severe effect on many aquatic organisms
by disturbing genetic, behavioral, biochemical, and
physiological parameters (Scott et al., 2003). Aquatic
ecosystems are particularly susceptible to contact with
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toxic contaminants. In the aquatic environments, fish
is most vulnerable to these essential contaminants and
more susceptible to the metal contaminants than other
organisms which live in aquatic environment (Alinnor,
2005). These toxicants have ability to produce reactive
oxygen species through numerous mechanisms, such
as interference of reactive intermediates with electron
transport, inhibition of antioxidative enzymes, and
reduction of antioxidants (Maran et al., 2009). Animals had
endogenous enzymatic and non-enzymatic antioxidants
defence system to convert the reactive oxygen species
into harmless metabolites as well as to defend and repair
normal cellular metabolism and functions (Bebe and
Panemanga-lore, 2003). Glutathione-S-transferase (GST)
enzymes can be used as biochemical marker for inorganic
and organic (pesticides) contaminant yielding oxidative
stress (Yang et al., 2001). Glutathione-S-transferases
(GST) are a family of enzymes plays an important role
in detoxification of many xenobitics (Thom et al., 2001)
by catalyzing the conjugation of several xenobiotics with
Glutathione (GSH) (Edwards et al., 2000). According
to Edwards et al. (2000) these enzymes also protect the
lipids from peroxidation by scavenging reactive oxygen
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species in the cells. The growing amount of pollutants in
the environment for example heavy metals, detergents,
organophosphorus and carbamic pesticides require quick
and perceptive analytical techniques (Snejdarkova ef al.,
2004). Therefore, assessment of antioxidant enzymes are
provided useful information related to environmental stress
before facing harmful effects in fish, and are significant
parameters for evaluating water quality for the occurrence
of contaminants (Geoffroy et al., 2004). The present
research work was designed to evaluate the changes in
antioxidant enzyme (GST) activity in fish, Channa striata
exposed to different aquatic pollutants (heavy metals and
pesticides mixtures).

MATERIALS AND METHODS

Determination of LC,

The acute toxicity tests in term of 96-h LC, and
lethal concentration were conducted in the wet laboratory
at Fisheries Research Farms, University of Agriculture,
Faisalabad, Pakistan.Channa striata fingerlings were
acclimatized to the laboratory conditions in the cemented
tanks for two weeks. During acclimatization fish were fed
with commercial feed at 3% wet body weight. Technical
grade NiCl, and PbCl, were separately dissolved in
deionized water for stock solutions preparation while
binary mixture of both metals was prepared by its
further dilution on ions equivalence basis (1:1 ratio).
Stock solutions of pesticides viz. endosulfan (END) and
deltamethrin (DM) were made in methanol while pesticides
mixture (END+DM) of required concentration were made
by further dilutions in the deionized water. The acute
toxicity tests for LC,, value were replicated three times.
Glass aquaria of water capacity 70 liters was used having
ten fish in each with three replicates for a period of 4 days.
Different concentrations of heavy metals (lead+nickel)
mixture (0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84
and 91 mgL") and pesticides (endosulfan+deltamethrin)
mixture (0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25 and
2.5 pgL") were used for the determination of 96-h LC,

and lethal concentrations. During acute toxicity tests
data recorded on fish mortality were analyzed by using
Probit analysis method. Mortality was recorded after 12-h
interval and dead fish were removed immediately.

Physico-chemical analysis of water

During acute toxicity tests, physico-chemical
parameters were monitored on daily basis while water
temperature, pH, total hardness and DO were maintained
throughout the study period at 30°C, 7.5, 250 mgL"' and
Sppm, respectively. However, total ammonia, hardness,
calcium, magnesium and carbondioxide were measured
by following the method of APHA (1998).

Glutathione-S-transferase (GST) activity

During acute toxicity test GST activity in liver, gills,
kidney and muscles of fish C. striata exposed to metals
and pesticides mixture was also evaluated. Along with this,
control fish were kept in metal and pesticide free medium.

To isolate GST from the liver, gills, kidney and muscle
of C. striata. All the dissected organs were weighted. For
removal of RBCs, the dissected organs were rinsed with
50mM Tris HCI buffer of pH 7.4 and containing 0.2 M
sucrose 4 times greater than the weight of organ ie. 1:4
and homogenized for 15 min in cold buffer (1:4 w/v)
using a pestle and morter. After the homogenization, organ
homogenates were centrifuged for 15 min at 10,000 rpm
and 4°C. After centrifugation process, clear supernatants
were stored at 80°C for enzyme assay while residues were
discarded.

Activity of GST was measured by following the
method of Habig and Jakoby (1981) at 340nm against
the reagent blank on spectrophotometer after interval of
1-min.

To estimate total protein content of samples Biuret
method (Gornall ef al., 1994) was used.

Specific activity of an enzyme was measured by using the
following formula:
Activity of Sample
Protein contents of Sample

Specific activity =

Table I.- 96-h LC_ and lethal concentrations of metals/pesticides mixture for Channa striata.

95% C.I.
(LCL-UCL)

Lethal conc.
(ngL™)

Treatments Mixture LC,,

ratio (ngL™)

95% C.I.
(LCL-UCL)

Pearson Goodness of
Fit Tests
e df p-value

Regression equation
(Y=a+tbx)

Pb+Ni 1:1

END+DM 1:1  1.37+0.10ab 1.17-1.59  2.96+0.28b

52.14+3.07a 46.00-58.54 105.45+8.38a 92.35-127.80 4.30 12

2.53-3.73 0.68 9 0.988

0.997 Y=-2.27607+0.0436471%**x
(0.0062129)
Y=-2.01916+1.46917%%x
(0.233623)

Means with the same letters (small) in a single column are statistically similar at p<0.05. Pb, lead; Ni, nickel; END, endosulfan; DM, deltamethrin; C.1.,
confidence interval (ugL'); LCL, lower confidence limit (ugL"); UCL, upper confidence limit (ugL™"); Lethal Conc., lethal concentrations (ugL™"); %,
Chi-Square; df, degree of freedom; y, dependent variable; x, independent variable; value within bracket is the standard error; **, significant at p<0.01.
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Statistical analyses

The experiment was performed with three replicates.
The fish mortality data recorded during 96-h acute toxicity
tests were analyzed through Probit Analysis method
(Hamilton et al., 1977) at 95% confidence interval. Two-
way ANOVA was used to compare variables among fish.
A p-value less than 0.05 were considered as statistically
significant.

RESULTS

LC

" During acute toxicity test mortality data for C. striata
exposed to heavy metals/pesticides mixture were analysed
through Probit analysis method. Table I showed the acute
toxicity data with mean 96-h LC, and lethal concentration
values, concentration of metals/pesticides in mixture,
95% lower and upper confidence interval limits with their
calculated chi-square values. The Deviance Chi-Square
values of metals and pesticides mixture for C. striata were
calculated as 4.303 and 0.681, respectively. The p-value of
metals and pesticides mixture for C. striata was computed
as 0.997 and 0.988, respectively. For heavy metals (Pb+Ni)
and pesticides (EDS+DM) mixture 96-h LC values were
computed as 52.147+£3.069 mgL! and 1.374+0.1007 pgL-
!, respectively. The 96-h lethal concentration values of
metals (Pb+Ni) and pesticides (EDS+DM) mixture were
computed as 105.446+8.382 mgL' and 2.957+0.278 puglL,
respectively. The lower 96-h LC, and lethal concentration
value of pesticides mixture showed that the pesticides
mixture is more toxic than heavy metal mixture.

Table II.- Effect of heavy metals/pesticides mixture on
GST activity (U/mL) in different organs of C. striata.

Organs Control Treatments

Pb+Ni EDS+DM
Liver 40.53+0.35Ac  45.57£0.21Ab  48.67+1.66Aa
Kidney 26.83+0.31Cc  30.63+0.31Cb  38.57+0.35Ca
Gills 30.57+0.35Bc  35.70+0.36Bb  40.87+0.25Ba
Muscle 23.52+0.35Dc  28.77+£0.15Db  29.87+0.35Da

concentration of both treatments at which 50% fish die
while lethal concentration represents the concentration at
which 100% fish population die.

Among all selected organs liver showed significantly
maximum GST activity followed by the order:
gills>kidney>muscle. Comparison between treatments
showed that the pesticides mixture had more pronounced
effect on GST activity in comparison of metals.

Total protein contents

Biuret method was used to estimate the total protein
contents in all the selected organs of fish C. striata under
control, metals and pesticides mixtures. Table III showed
the total protein contents were increased in all observed
organs of treated fish as compared to control. However,
maximum total protein contents were observed in muscle
of fish. Results showed that the protein contents were
higher (1.24+0.14) in pesticides mixture exposed fish as
compared to metals mixture (1.12+0.09).

The specific activity of GST was significantly
accelerated in liver, gills, kidney and muscle of treated fish.
The overall mean specific activity value was significantly
maximum in liver of fish. Statistically higher specific
activity of GST was showed by pesticides mixtures treated
fish (Table IV).

Table I11.- Effect of heavy metals/pesticides mixture on
total protein contents (mg/mL) in different organs of
Channa striata.

Organ Control Treatments

Pb+Ni EDS+DM
Liver 1.1240.02¢ 1.194+0.09b 1.20+0.14a
Kidney 1.09+0.03¢c 1.13+0.03b 1.17+0.03a
Gills 1.02+0.02¢ 1.094+0.02b 1.13+0.03a
Muscles 1.23£0.03¢ 1.40+0.02b 1.44+0.02a

Means with similar letters in a single row are statistically similar at
p<0.05.

Table IV.- Effect of heavy metals/pesticides mixture on
specific activity (U/mg) of GST in different organs of

Means with similar letters in a single row are statistically similar at
p<0.05.

GST activity

In present study GST activity in different organs of
fish, C. striata exposed to metals/pesticides mixture was
measured. The GST activity was increased significantly
in all selected organs of metals and pesticides mixture
exposed fish as compared to control.

During 96-h exposure period, LC, represents the

Channa striata.

Organs Control Treatments

Pb+Ni EDS+DM
Liver 36.00+1.73¢ 38.29+1.73b 40.554+2.08a
Kidney 24.61£1.19¢ 27.11+1.12b 31.97+1.52a
Gills 29.97+1.96¢ 33.06+1.02b 36.17+1.71a
Muscles 19.1240.95¢ 20.74+0.57b 20.74+0.16a

Means with similar letters in a single row are statistically similar at

p<0.05.
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DISCUSSION

Aquatic pollution by heavy metals is a major issue
due to its harmful effects on organism. Like heavy
metals (organic pollutants), inorganic compounds such as
pesticides enter directly or indirectly into the water, are
coming from rising agricultural and industrial activities
that generate anthropogenic inputs (Baugartem and
Niencheski, 1998). Intensive anthropogenic activities
cause the accumulation of different xenobiotics whose
final destination is predominantly the aquatic environment.
Many environmental pollutants can amass in the organs
of aquatic organisms and cause toxic effects that are
associated to oxidative stress (Winston and Di-Giulio,
1991). Studies of the stress response related to oxidative
stress in aquatic organisms have been considered as an
important source of information that could be used as tools
for assessing the quality of the environment (Valavanidis
et al., 2000).

Therefore, in this work effect of heavy metals and
pesticides mixture on GST activity in different organs
of fish was studied. The results of present research work
showed that exposure of heavy metals (Pb+Ni) and
pesticides (EDS+DM) mixture increased the GST activity
and specific activity. The highest GST activity and protein
contents were observed in the organs of pesticides mixture
treated fish as compared to metals mixture treated fish.
Present results are supported by Costin et al. (2007)
who observed the increased GST activity in gills of
Carassius auratus gibelio exposed to deltamethrin for 7
days. The increase in antioxidant system may consider as
an adaptation of organism against xenobiotics (Doyotte
et al., 1997). Lamoureus and Rueness (1987) reported
that the GST plays an important role in detoxification of
many xenobiotic and protect the cells against toxicants,
neutralizing them and rendering the product more water
soluble. They act by rapidly metabolizing the pesticides
to less toxic metabolites, or by quickly binding and very
slowly turning over the pesticides (Kostaropoulos et al.,
2001). The increased level of GST in tissue samples of
fish from metals polluted sites. Whereas, the decreased
levels of all enzymes were recorded in less polluted
sites. According to Carvalho ef al. (2012) GST activity
was elevated in gills and liver of O. niloticus sampled
from metals polluted Monjolinho River in comparison to
reference site (non-polluted).

Stimulation of GSTs is known to show the existence
of different xenobiotics like polycyclic aromatic
hydrocarbons (PAHs) (Ahmad et al., 2005), pesticides
(Printes et al., 2011) and HgCl, (Monteiro et al., 2010).
Our results are also supported by Bouraoui et al. (2008)
who reported the increased GST activity in liver of Sparus

aurata exposed to CdCl,. The increased level of GST in
different organs after exposure to inducer depends upon
the nature of inducer and type of tissue (Ahmad et al.,
2005; Maria et al., 2009; Monteiro et al., 2010; Oliveira et
al., 2010; Printes et al., 2011).

In present research work exposure of heavy metals
(Pb+Ni) and pesticides (EDS+DM) mixture increased
the protein contents in organs of fish. In a previous study
increased level of protein and detoxifying enzyme was
observed under stress condition (Sreejai and Jaya, 2010;
Hossain et al., 2012). These finding are also supported by
Padmini and Geetha (2007) who reported the increased
level of oxidized protein in flounders captured from
contaminated waters with xenobiotics. Liver showed
the highest GST activity under exposure of metals and
pesticides mixtures. In present research, the increased
glutathione-S-transferase in fish organs may be due to its
role in detoxification of toxicants. The role of the liver
in antioxidant enzyme response as a result of its higher
sensitivity to metals as compared to the gills, kidney and
muscle has been elucidated by several investigations as
the liver has to overcome the oxidative stress than the
other organs because of the elevated antioxidant enzyme
activities (Basha and Rani, 2003; Anushia et al., 2012).
Liver of vertebrates exhibits a high metabolism and oxygen
consumption and it is the key organ for the detoxification
of xenobiotic. It is a predominantly rich source of GST
(Nimmo, 1987).

CONCLUSION

The present research concluded that the metals/
pesticides mixture can induced the GST activity in various
organs of fish C. striata. It was also concluded that the
highest activity of GST in liver may be due its role in
detoxification of toxicants. The GST activity can be used
as a biomarker of aquatic pollution with toxic substances.
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ABSTRACT

Studies were spread over three trials (warmer and colder months). In first trial (June to September), net
weight gain of fry was 94.18g, 102.66 and 115.46¢g in T, (30%CP), T, (40%CP) and control (50%CP),
respectively. The specific growth rates (SGR) and feed conversion ratio (FCR) were uniform among
all the dietary groups with slight variations which were statistically not detectable. The survival rate
in T, (40%CP) and control (50%CP) was similar (75.5 and 71.25%) and significantly higher (P<0.05)
than in T, (30%CP). The cannibalism rate in first phase of the experiment was significantly higher in T,
(30%CP) while the natural loss was 7.5% higher in control (50%CP) followed by 5.0% in T, (30%CP) and
1.0% in T, (40%CP). In the second phase of the experiment (October to January), the net weight gain of
fingerlings was 57.63g, 68.09 and 77.28g in T, (30%CP), T, (40%CP) and control (50%CP), respectively.
The cannibalism rate in second phase of the experiment was 28.8, 24.4 and 16.8% in T, T, and control,
respectively which was significantly higher in T, (30%CP) as compared to control (50%CP). Net weight
gain and cannibalism (%) was significant among various dietary treatments (p<0.05) level while SGR
(%), FCR, survival rate (%) and natural losses (%) remained non-significant. In the third phase of this
experiment (February to May), the net weight gain of fingerlings was 107.6, 119.05 and 130.64g in T,
(30%CP), T, (40%CP) and control (50%CP), respectively. The cannibalism was significantly higher in T,
(30%CP) when compared to control (50%CP, the lowest). The natural loss recorded was 2.00, 2.66 and
2.0%in T , T, and control, respectively. Net weight gain, survival and cannibalism rate showed significant
while specific growth rate, FCR and natural losses showed non-significant variation at P<0.05 levels in
different treatments. The results of the present study showed that the dietary protein levels in the feed and
sorting of C. marulius fry has a positive impact on the growth, survival and reduced the cannibalism in
the earthen ponds.
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INTRODUCTION

Murrels (Family Channidae or Ophiocephalidae) is
recognized as its peculiar quality of air-breathing
and predaceous feeding behavior (Qasim, 1996). It
inhabits in freshwater swamps, slow moving water and
fissures in the vicinity of riverbanks of all the tributaries
of River Indus and other rivers of Pakistan, running
through the warmer parts of the country. The fish have a
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therapeutic and recuperating quality and helps in quick
wound healing in injury or debilitation after serious illness.
Its flesh contains sufficient omega-3 polyunsaturated fatty
acids to serve as precursor to biosynthesis of prostaglandins
ultimately improving immune system of this fish and/or its
consumer (Bowman and Rand, 1980; Mat-Jais et al., 1994;
Baie and Sheikh, 2000a, b).

Like other animals in general and in fish in specific
quality protein diet in adequate amounts improve fish
palatability, enhances growth, survival and minimize the
cannibalism in carnivorous fishes including C. marulius
(Hafeez-ur-Rehman et al., 2017). Sometimes nutritionally
completed diets may be rejected and in some cases
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formulated diets which is considered to be an unbalanced
with definite nutrients have been accepted rapaciously
in some of the species (Flickinger and Smektzer, 1983;
Brandt et al., 1987; Lovshin and Rushing, 1989; Sloane,
1993; Kubitza, 1995; Hafeez-ur-Rehman et al., 2018).

The frequency of cannibalism is one of the major
constraints for the culture of C. marulius in the earthen
ponds. Cannibalism may take place in different age
groups, various sizes, and expanded over between and
within associated individuals or age classes, depending
on the environmental condition and species (Smith and
Reay, 1991). It is generally related to size differences,
high stocking densities, insufficient quality feed and
unfriendly living environment (Hecht and Pienaar, 1993).
Unavailability of alternative food instead of natural in
captivity and size heterogeneity are considered to be
the main causes of cannibalism (Hecht and Appelbaum,
1988; Katavice et al., 1989). Hecht and Pienaar (1993)
suggested that cannibalism can be reduced by reducing
size differences, providing sufficient live food or
alternative dietary protein to fish stock. Continuous sorting
and stocking uniform sized fish during intensive culture is
an effective toll (Jensen, 1990) to minimize cannibalism
and early achievement of desired marketable size (Wallat
et al., 2005). The objective of this study was to evaluate
the effect of varying dietary protein levels on the growth,
survival and cannibalism of C. marulius fry ultimately
leading to improvement in management practices during
fry rearing, the most critical stage of fish to fingerling
(stockable size).

MATERIALS AND METHODS

Collection of C. marulius fry and study site

Fry was collected from Dhandh No. 3, Balloki
Headworks (on the River Ravi, Pakistan) and
transported and transferred to circular concrete tanks for
acclimatization in Fish Hatchery, Department of Fisheries
and Aquaculture, UVAS, Ravi Campus for 36 h. Fry was
carefully taken out from the holding tanks and distributed
in earthen ponds for further rearing.

Experimental design

The experiment was conducted in three treatments
with two replicates in each. Feed in control group
contained 50% protein, treatment T2 40% and T1 had
30% protein. A total 2400 C. marulius fry with an average
weight of 1.58+0.30, 1.61+0.25, 1.58+0.5g each were
equally randomly stocked @ 400 fry/pond (90°x70°x4”)
into 6 earthen ponds. Underground turbine water was
supplied to these ponds when required. The study was
continued for whole one growing season. Growing season

was further divided into three phases/trials depending on
season and feeding behavior. Each phase spanned 120
days. At the end of each phase all the fish were harvested,
counted for determination of survival and cannibalism
and then weighed for growth increments. Ponds were
then dried, fish was graded and then restocked for the
next growth trial.

Different feed ingredients including fish meal,
soybean meal, maize gluten meal, rice polish, molasses,
Vitamin and mineral premixes were procured from the
local market, pulverized to suit mouth gape of fry and
mixed in different ratios to achieve desired protein levels
in different treatment groups (Table I). Three dietary
treatments contained 50% (CP), 40% (CP) and 30%
(CP) hereafter designated as control, treatment 2 and 1,
respectively. The feed was offered to fish @ 10% of their
body weight twice a day at 08:30 and 16:30 h by dust
feeding method.

Table I.- Feed formulation of different crude protein
levels for C. marulius fry.

Ingredients T, T, Control
(30% CP) (40% CP) (50%CP)

%age CP %age CP  %age CP

Fish meal 15 7.5 25 12.5 30 15

Soybean meal 20 8.4 20 8.4 20 8.4
Maize gluten 20 12 30 18 45 27

Rice polish 40 4.8 20 2.4 5 0.6
Molasses 4 - 4 - 4 -
Vitamins 1 - 1 - 1 -
Total 100 32.7 100 413 100 51.0

Fish survival, cannibalism and growth

A total of 30 fish were randomly netted out on
fortnightly basis from each pond for morphometric
measurements. At the end of the trial some fingerlings
were preserved in polythene bags and refrigerated for
nutritional evaluation. At the end of each feeding trial

following growth indexes were calculated for each trial.
ECR — Feed intake (g)

Wet weight gain (g)
In(Final wet BW) — In(Initial wet BW) y

SGR = 100
% Number of days
Final average weight
NWG = DB ge weight (g)
Initial average weight (g)
Survival (% Le
urviva =—
(%) =15
LS—M —LC
Cannibalism (%) = 100 X s
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Where, BW is body weight, NWG is net weight gain,
LC is the number of fish caught at the termination of the
experiment (individuals), LS is the number of fish stocked
at the commencement of the experiment (individuals) and
M is natural mortality (individuals).

Cannibalism (C) was calculated from the difference
between the number of fish stocked at the initiation of the
trial minus natural mortality (Szkudlarek and Zakes, 2007)
and then from this figure subtraction of available stock
which gave a reliable number of individual cannibalized.

Proximate analysis

Crude protein, crude fat, crude fiber, ash, nitrogen free
extract and water contents of each experimental diet and
flesh from individual treatment were determined before
the trial and at the end of the trial respectively following
standard analytical procedures (Takeuchi, 1988). Crude
protein was determined by Kjeldahl method, crude fat by
Soxhlet extraction using petroleum ether as solvent and
ash was determined by incinerating sample in a muffle
furnace at 600°C. For crude fiber sample was digested in
boiling acid then in strong base. Moisture was determined
by drying sample in an oven at 105°C to constant weight.

Water quality

Water temperature, dissolved oxygen (DO), pH,
salinity, total dissolved solids (TDS), and electrical
conductivity (EC), were monitored on daily basis between
9:00 and 10:00 h following the standard methods (APHA,
1998). Water temperature, dissolved oxygen (DO) was
measured with the help of DO meter (YSI Model 55

Handheld Dissolved Oxygen and Temperature System,
Ohio, 4387, USA), pH was monitored by pH meter (LT
Lutron pH -207, Taiwan), and total dissolved solids (TDS),
electrical conductivity (EC) and salinity by conductivity
meter (Condi 3301 WTW 82362 Weilheim, Germany).

RESULTS

In the first phase of the experiment (June to
September), the maximum average weight gain was
15.0, 14.20 and 17.0, in T, (30%CP), T, (40%CP) and
control (50%CP), respectively (Table II). The SGR in
different treatments ranged from 0.564 to 0.590% day™
and was statistically non-significant among treatments.
The NWG of fry was 94.18g, 102.66 and 115.46g in
T,, T, and control, respectively. FCR was nearly similar
0.409, 0.411 and 0.416 in T, T, and control respectively.
The survival rate in T, (40%CP) and control (50%CP)
was similar (75.5 and 71.25%) and significantly higher
(P<0.05) than in T, (30%CP). The cannibalism rate in
first phase of the experiment was 30.75, 23.5 and 21.25%
respectively which was significantly higher in T, (30%CP)
while the natural loss was 7.5% higher in control (50%CP)
followed by 5.0% in T, (30%CP) and 1.0% in T, (40%CP).
The average length (cm) and length gain were also non-
significant (Tables II, III, IV). There were slight variations
in water quality parameters. The water temperature
remained from 32.9+1.54 to 34.0+1.12, DO, 5.06+0.42 to
5.30+1.72, pH 7.53%0.15 to 7.62+0.14, salinity 0.86+0.07
t0 0.90+0.07, TDS, 1805.42+20.07 to 1865.83+£70.05, and
EC, 2.09+0.08 to 2.15+0.12 (Table V).

Table II.- Fortnightly increase in average body weight of C. marulius fry under varying dietary protein levels during

June-September.

No. of Fortnights T, (30%CP) T, (40%CP) Control (50%CP)
nettings Avg. BW (g) WG (g) Avg. BW (g) WG (g) Avg. BW (g) WG (g)
Stocking 01-06-2010 0.83+0.02 - 0.84+0.02 - 0.82+0.03 -

1 15-06-2010 5.19+0.15 4.36+0.20 7.17+0.30 6.33+0.80 9.17+0.19 8.35+0.08
2 30-06-2010 16.27+2.20 10.08+0.80 15.66+1.33 8.49+0.85 20.35+1.24 12.00+0.29
3 15-07-2010 28.10+4.32 11.83+0.90 29.56+1.25 13.90+0.12 34.97+2.12 14.62+0.21
4 30-07-2010 40.10+3.55 12.004£2.12 43.85+£2.17 14.29+1.13 50.47+0.20 15.50+1.22
5 15-08-2010 53.31£2.11 13.21£1.50 58.50+2.15 14.65+2.17 66.35+1.25 15.88+1.23
6 30-08-2010 66.41+3.13 13.10+£2.12 73.80+2.12 15.30+2.17 82.35+2.24 16.00+£2.10
7 15-09-2010 80.01+2.20 13.60+1.18 89.30+0.85 15.5043.20 99.28+2.25 16.93+3.20
8 30-09-2010 95.01£2.15 15.00£1.20 103.5+£0.90 14.20+1.21 116.28+2.32 17.00+3.05
ANOVA*

Average body weight (g) 42.80+33.32° 46.91+£36.82° 53.34+40.66°

Weight gain (g) 11.65+3.28° 12.83+3.442 14.54+2.96*

Avg. BW, average body weight; WG, weight gain. *, Analysis of variance on fortnightly average body weight and weight gain (g) of C. marulius fry.

Values represent means+SD of replicates.
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Table IIL.- Fortnightly increase in body length of C. marulius fry under varying dietary protein levels during June-

September.

No. of Fortnights T, (30%CP) T, (40%CP) Control (50%CP)
nettings Avg. BL (cm) LG (cm) Avg. BL (cm) LG (cm) Avg. BL (cm) LG (cm)
Stocking 01-06-2010 4.6+0.01 - 4.740.01 - 4.5+0.01 -

1 15-06-2010 8.5+0.03 3.9+0.02 8.6+0.02 3.9+0.01 8.9+0.02 4.4+0.01
2 30-06-2010 12.8+0.01 4.3+0.04 12.1£0.03 3.5+£0.01 12.9+0.01 4.0+0.04
3 15-07-2010 15.4+0.02 2.6+0.02 15.6+0.05 3.5+0.02 15.8+0.07 2.9+0.04
4 30-07-2010 17.5+0.03 2.1+0.03 17.5+0.02 1.9+0.03 18.2+0.04 2.4+0.03
5 15-08-2010 18.5+0.02 1.0+0.01 19.2+0.03 1.7+0.05 20.1+0.03 1.9+0.02
6 30-08-2010 20.1+0.04 1.6+0.04 21.0+0.07 1.8+0.03 21.3+0.06 1.2+0.03
7 15-09-2010 21.8+0.02 1.7+0.05 22.7+0.06 0.9+0.04 22.8+0.03 1.5+0.03
8 30-09-2010 23.3+0.02 1.240.02 23.0+0.03 0.3+0.01 24.0+0.02 1.240.04
ANOVA*

Average body length (cm) 15.8346.22° 16.04+6.41* 16.50+6.62°
Length gain (cm) 2.30+1.228 2.19+1.312 2.44+1.24*

Avg. BL, average body length; LG, length gain. *, Analysis of variance of average gain in length in C. marulius fry. Values represent means=SD of

replicates.

Table IV.- Growth, survival and cannibalism in C.
marulius fry under varying dietary protein levels
during June-September.

Parameters T, T, Control
B30%CP) (40%CP) (50%CP)
No. of fish stocked 400 400 400
Initial Weight (g) 0.83£0.02 0.84+0.02  0.82+0.03
Final Weight (g) 95.01+1.45 103.5+£1.23 116.28+1.23
Net weight gain (g) 94.18 102.66° 115.46°
Weight gain (%) 11346.99°*  122213° 14080.49°
SGR (%) 0.564+ 0.573+ 0.590+
0.07* 0.0032 0.056*
FCR 1.02+£0.11* 1.01+0.25* 1.01+0.21°

64.25+0.19° 75.5+1.44* 71.25+1.45°
30.75+0.62* 23.5+1.41° 21.2540.1.06°
5.0+1.548* 1.0+0.353>  7.54+1.33¢

Survival rate (%)
Cannibalism rate (%)
Natural losses (%)

Data figures with different superscript letters across the rows are
significantly different from each other (P<0.05).

Table V.- Physico-chemical analysis of all the ponds
under varying dietary protein levels during June-
September.

Parameters T1 T2 Control
(30%CP) (40%CP) (50%CP)
Water temp. (°C) 34.09+1.12 33.70+1.25 32.95+1.54
DO (mg/1) 5.20+£0.93 5.06+0.42 5.30+1.72
pH 7.61+0.13  7.62+0.14 7.53£0.15
Salinity (mg/1) 0.90+£0.07 0.86+0.07 0.88+0.09
Total dissolved solid 1865.83+  1850.40+  1805.42+
70.05 25.95 20.07
Electrical conductivity — 2.15£0.12  2.09+0.08 2.10+0.07

In the second phase of the experiment (October to
January), the maximum average weight gain ranged from
5.30-12.40g, 6.15-13.65g and 6.70-15.68 in T (30%CP),
T, (40%CP) and control (50%CP), respectively. The
maximum growth was recorded during 1% fortnight in
October and minimum was in the 6" fortnights of December
(Table VI). The SGR ranged from 1.549 to 1.766 %/day.
The NWG of fingerlings was 57.63g, 68.09 and 77.28¢g in
T,, T, and control, respectively. FCR was 2.062, 1.829 and
1.674 in T|, T, and control, respectively. The survival rate
was 76.0% maximum in control (50%CP), while 68.8 in
T, (40%CP) and 64.0% was observed in T, (30%CP). The
cannibalism rate in second phase of the experiment was
28.8, 24.4 and 16.8% in T, T, and control, respectively
which was significantly higher in T, (30%CP) as compared
to control (50%CP). The natural loss was 7.2, 6.8 and 7.2%
in T, T, and control, respectively (Tables VI, VII, VIII).
NWG and cannibalism (%) was significant among various
dietary treatments (p<0.05) level while SGR (%), FCR,
survival rate (%) and natural losses (%) remained non-
significant. The ponds water quality parameters showed
slight variations. The water temperature remained from
17.7£2.61 to 20.3+1.30, DO, 4.98+0.96 to 5.10+1.14, pH
7.42+40.12 to 7.45+0.21, salinity 0.87+0.08 to 0.90+0.05,
TDS, 1502.00+82.72 to 1665.06+£90.70, and EC 2.03+0.54
to 2.15+£2.1240.12 (Table IX).

In the third phase of this experiment (February
to May), the maximum average weight gain was
observed in the range of 10.53-15.05g, 11.25-
16.60g and 12.55-17.66g in T, (30%CP), T, (40%CP)
and control (50%CP), respectively. The maximum
growth was recorded during 7% fortnight in May and
minimum was in the 1* fortnight of February (Table X).
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Table VIL.- Fortnightly increase of average body weight C. marulius fry under varying dietary protein levels during

the cold months (October-January).

No. of Fortnights T, (30%CP) T, (40%CP) T, (50%CP)
nettings Avg. BW (g) WG (g) Avg. BW (g) WG (g) Avg. BW (g) WG (g)
Stocking 01-10-2010 100.20£1.22 - 100.50+2.13 - 101.25+1.89 -

1 15-10-2010 112.60+2.09 12.40+0.92 114.30+2.19 13.65+0.84 116.93+1.99 15.68+1.07
2 30-10-2010 121.35+1.79 8.75+0.65 125.50+3.14 11.20+0.88 128.68+4.23 11.75+1.02
3 15-11-2010 128.15+3.24 6.80+0.35 134.66+2.09 9.16+0.56 139.43+3.45 10.75+1.22
4 30-11-2010 133.95+2.08 5.80+0.45 141.46+3.24 6.80+0.67 146.53+3.24 7.10+0.78
5 15-12-2010 139.23+£3.45 5.28+0.87 147.61+£2.77 6.15+0.92 154.18+2.09 7.65+0.77
6 30-12-2010 144.53+2.00 5.30+0.42 153.06+2.65 5.45+0.23 160.88+3.04 6.70+0.66
7 15-01-2011 150.75+3.34 6.22+0.70 159.41+£2.17 6.35+0.28 167.53+4.44 6.65+0.81
8 30-01-2011 157.83+£3.22 7.08+0.21 168.59+3.76 9.18+1.02 178.53+4.35 11.00+1.09
ANOVA*

Average body weight (g) 132.07+18.53 138.34+21.96* 143.77+24.89°
Weight gain (g) 7.20+2.39* 8.494+2.86* 9.66+3.21°

Avg. BW, average body weight; WG, weight gain. *, Analysis of variance on fortnightly of average body weight and weight gain of C. marulius fry.

Values represent means=SD of replicates.

Table VIIL.- Fortnightly increase in average length of C. marulius fry under varying dietary protein levels during

October-January.

No. of Fortnights T, (30%CP) T, (40%CP) Control (50%CP)
nettings Avg. BL (cm) LG (cm) Avg. BL (cm) LG (cm) Avg. BL (cm) LG (cm)
Stocking 01-10-2010 24.0+1.67 - 24.1+1.33 - 24.5+1.87 -

1 15-10-2010 25.0+1.08 1.0+0.02 25.4+1.46 1.3+0.03 25.8+1.92 1.3+0.08
2 30-10-2010 26.1+£2.01 1.1+0.09 26.5+1.02 1.1+0.07 26.8+1.09 1.0+0.03
3 15-11-2010 26.7+1.04 0.6+0.02 26.9+2.02 0.4+0.03 27.0+1.06 0.2+0.01
4 30-11-2010 26.8+1.06 0.1+0.04 27.1+1.04 0.2+0.02 27.3£1.44 0.3+0.02
5 15-12-2010 27.0+1.02 0.2+0.01 27.4+2.01 0.3+0.03 28.1+1.45 0.8+0.08
6 30-12-2010 27.2+2.08 0.2+0.03 28.0+1.47 0.6+0.03 29.0£2.11 0.940.09
7 15-01-2011 28.0+1.02 0.8+0.06 28.8+2.09 0.8+0.02 29.8+1.92 0.8+0.19
8 30-01-2011 28.5+2.08 0.5+0.02 30.0+2.01 1.2+0.98 30.1+1.67 0.3£0.02
ANOVA*

Average body length (cm) 26.59+1.40a 27.13+1.75a 27.60+1.85a
Length gain (cm) 0.56+0.38a 0.74+0.43a 0.70+0.39a

Avg. BL, average body length; LG, length gain. *, Analysis of variance of average length increments in C. marulius fry. Values represent means+SD of

replicates.

The SGR ranged from 1.549 to 1.766 %/day. The NWG
of fingerlings was 107.6, 119.05 and 130.64g in T, T, and
control, respectively. FCR was 2.062, 1.829 and 1.674
in T, T, and control respectively. There was observed
maximum survival rate (99.33%) in control group
(50%CP), while it was the second highest (88.67) in T,
(40%CP) and the lowest (84.46%) in T, (30%CP). The %
cannibalism was 14.0 (the highest) 8.76 and 4.67% (the
lowest) in T, T, and control, respectively. The cannibalism
was significantly higher in T, (30%CP) when compared to
control (50%CP, the lowest). The natural loss recorded
was 2.00, 2.66 and 2.0% in T, T, and control, respectively

(Tables X, XI, XII). NWG, survival and cannibalism
rate showed significant while SGR, FCR and natural
losses showed non-significant variation at P<0.05 levels
in different treatments. Like other phases water quality
varied though variations were not so substantial. The water
temperature was in the range of 27.742.61 to 28.6+1.30,
DO, 5.02+0.95 to 5.50+1.12, pH 7.40+0.21 to 7.45+0.14,
salinity 0.82+0.08 to 0.88+0.05, TDS, 1502.00+65.71
to 1654.06+£92.60, and EC was 2.01+0.54 to 2.15+0.12
(Table XIII). The overall statistical analysis of growth
data showed non-significant difference among all the three
dietary groups (Table XIV).
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Table VIII.- Growth, survival and cannibalism in
C. marulius fry under varying dietary protein levels
during October-January.

Parameters T, T, Control
(30%CP)  (40%CP) (50%CP)
No. of fish stocked 250 250 250
Initial weight (g) 100.20+0.30 100.50+0.80 101.25+0.75
Final weight (g) 157.83+£1.50 168.59+2.10 178.53+2.40
Net weight gain (g)  57.63+1.27° 68.09+2.82° 77.28+2.827¢
Percent weight gain  57.51+1.85° 67.75£2.52° 76.3242.70 *
SGR (%) 1.766+0.28* 1.654+0.14* 1.549+0.282°
FCR 2.062+0.03* 1.829+0.12* 1.674+0.312°
Survival rate (%) 64.0£14.14* 68.8+1.41* 76.0+2.228*
Cannibalism (%) 28.8+2.82° 24.4+1.41" 16.8+2.139°
Natural losses (%) 7.2+1.41° 6.8+1.27°  7.2+0.0.341°
DISCUSSION

Current findings have revealed that the initial stocking
size of C. marulius is very important for its successful
rearing and reduce cannibalism. When C. marulius exceeds
160 gram of body weight readily accepts artificial feed
compared to smaller individuals which reduces predation
due in part to low availability of food in the system (Tables
I, VII, XI). The results are in line with the investigation
of Zdzisaw (2012) who reported that early size of fish is
very important for successful rearing of pike-perch fry on
artificial feed. Zakeoe (1997) and Zakeoe and Demska-
Zakeoe (1996) during their observation reported that the

size variability affected the survival and successful rearing
of fish and the variation in size ultimately enhanced
cannibalism specific fish losses. Sanderson (1974)
observed that the smallest size of S. vitreum fry fed on
artificial feed would be almost 35mm while Nickum (1978)
in his studies reported appropriate size range of 35 to 75
mm. Cheshire and Steele (1972), Nagel (1985), Nickum
(1978) and Kuipers and Summerfelt (1994) concluded that
initial body size of fish should be more than 50 mm for
successful rearing. Longer rearing of fry to fingerlings in
the earthen ponds increased fish cannibalism and mortality
due to high stocking density, starvation and low protein
level in the diet (Tables III, VII, XI). These results are in
line with Nickum and Stickney (1993), who determined
that the fish should be netted-out from the ponds at the size
of 25-35 mm for grading.

Table IX.- Physico-chemical parameters observed in
different ponds in varying dietary protein levels during
October-January.

Parameters T1 T2 Control
(30%CP) (40%CP) (50%CP)
Water temp. (°C) 18.4+1.72 17.7£2.61 20.3£1.30
DO (mg/1) 5.10£1.14  5.05+£0.62 4.98+0.96
pH 7.45+£0.21  7.42+£0.12  7.43+0.13
Salinity (mg/1) 0.90+£0.05 0.89+0.06  0.87+0.08
Total dissolved solid 1502.00+ 1625.93+ 1665.06+
82.72 81.22 90.70
Electrical conductivity 2.12+0.12  2.03+0.54  2.10+0.22

Table X.- Fortnightly increase in average body weight gains in C. marulius fry under varying dietary protein levels

during February-May.

No. of Fortnights T, (30%CP) T, (40%CP) Control (50%CP)
nettings Avg. BW (g) WG (g) Avg. BW (g) WG (g) Avg. BW (g) WG (g)
Stocking 01-02-2011 160.50+2.89 - 162.30+2.46 - 162.35+2.89 -

1 15-02-2011 171.03+3.03 10.53+1.09 173.55+2.76 11.25+0.83 174.9£3.09 12.55+0.66
2 28-02-2011 182.36+2.76 11.33+0.77 187.13+3.15 13.58£1.02 189.95+3.00 15.05+0.79
3 15-03-2011 195.25+2.91 12.89+0.47 201.46+2.69 14.33+1.23 206.5+2.10 16.55+1.09
4 30-03-2011 209.4+3.15 14.1540.58 216.69+3.06 15.23+1.03 223.1+2.09 16.60+0.68
5 15-04-2011 223.93+3.33 14.53+1.09 232.49+3.09 15.80+0.49 240.53+3.04 17.43+2.44
6 30-04-2011 238.43+3.01 14.50+082 248.9243.66 16.43+1.07 257.9843.14 17.45+1.11
7 15-05-2011 253.48+2.99 15.05+1.02 265.52+2.66 16.60£1.04 275.64+3.02 17.66+1.00
8 30-05-2011 268.23+3.90 14.75+3.80 281.35+2.70 15.83+0.80 292.99+1.09 17.35+£3.40
ANOVA*

Average body weight (g) 211.40+37.44° 218.82::41.44° 224.88+45.45
Weight gain (g) 13.47+1.71° 14.88+1.79a° 16.33+1.75°

Avg. BW, average body weight; WG, weight gain. *, Analysis of variance in average body weight of C. marulius fry. Values represent means+SD of

replicates.
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Table XI.- Fortnightly increase of average body length C. marulius fry under varying dietary protein levels during

the warm month (February-May).

No. of Fortnights T, (30%CP) T, (40%CP) Control (50%CP)
nettings Avg. BL (cm) LG (cm) Avg. BL (cm) LG (cm) Avg.BL(cm) LG (cm)
Stocking  01-02-2011 28.4+1.022 - 28.5+£1.221 - 28.5+£1.291 -

1 15-02-2011 29.242.091 0.8+£0.212 29.242.231 0.7+0.031 29.7£2.915 1.2+0.891
2 28-02-2011 30.5£1.939 1.34£0.671 30.2+1.861 1.0£0.061 30.3+£2.343 0.6£0.121
3 15-03-2011 31.2+2.110 0.7+0.213 31.0+£2.422 0.8+0.091 31.3+£1.983 1.0£0.021
4 30-03-2011 31.8+3.002 0.6+0.032 32.0£1.572 1.0+0.091 32.5+£2.901 1.240.451
5 15-04-2011 32.74£3.071 0.9+0.034 32.8+1.887 0.8+0.061 33.0+£2.336 0.5+0.023
6 30-04-2011 32.9+2.771 0.2+0.021 33.6+1.990 0.8+0.341 34.0+3.002 1.0£0.212
7 15-05-2011 33.742.676 0.8+0.043 34.5+3.0953 0.9+0.045 35.0+4.011 1.0+0.064
8 30-05-2011 34.6+£2.551 0.9+0.121 35.5£2.995 1.0£0.092 36.6+£2.113 1.6+0.789
ANOVA*

Average body length (cm) 31.67 £2.05a 31.92 +£2.40a 32.32+2.63a
Length gain (cm) 0.78 +0.31a 0.86 £0.12a 1.01 £0.35a

Avg. BL, average body length; LG, length gain. *, Analysis of variance of Fortnightly length gain in C. marulius fry. Values represent means+SD of

replicates.

Table XIL.- Growth, survival and cannibalism in C.
marulius fry under varying dietary protein levels
during February-May.

Table XIV.- Average weight gains in C. marulius fry
in different dietary treatments at different stocking
densities.

Parameters T, T, Control Treatment Stocking density of C. marulius fry
(30%CP) (40%CP)  (50%CP) 400 No. 250 No. 150 No.
No. of fish stocked 150 150 150 T,(30%CP) 42.803 + 132.066 + 211.401
Initial weight (g) 160.50 162.30 162.35 11.106* 6.178% 12.481%
Final weight (g) 268.23 281.35 292.99 T,(40%CP) 46.909 + 138343+ 218.823 &
Net weight gain (g)  107.6+2.82¢ 119.05+2.78" 130.64+2.76° 12.273% 7.321% 13.813+
Percent weight gain ~ 67.04+0.12¢ 73.35+0.12> 80.46+0.13 Control (50%CP) 53338+ 143.771+  224.882+
13.553% 8.296% 15.150%
SGR (%) 1.766£0.28* 1.654+0.14* 1.549+0.02°
FCR 1.768+0.14* 1.654+0.02* 1.549+0.04° Data figures with different superscript letters in columns are significantly

Survival rate (%) 84.0+2.86" 88.67+0.27® 93.33+0.33¢
Cannibalism rate (%) 14.0£1.41* 8.67+0.16° 4.67+0.12°
Natural losses (%) 2.0£0.39*  2.66+0.12*  2.0+0.37*

Table XIIL.- Physico-chemical parameters of ponds
under varying dietary protein levels during February-

May.
Parameters T1 T2 Control
(30%CP) (40%CP) (50%CP)
Water temp. (°C) 28.4+1.72 27.7€2.61 28.6%1.30
DO (mg/1) 5.50+1.12 5.03+0.65 5.02+0.95
pH 7.40+0.21 7.43+0.12 7.45+0.14
Salinity (mg/l) 0.88+0.05 0.85+0.06 0.82+0.08
Total dissolved solid 1502.00+ 162197+ 1654.06+
65.71 70.20 92.60
Electrical conductivity ~ 2.15+0.12 2.01+0.54 2.12+0.22

different from each other at P<0.05 while data figures with similar
superscript letters in rows are not significant at P>0.05.

The growth of C. marulius in all three phases of the
experiment was non-significant despite offering feed with
different protein levels. Nevertheless there were slight
variations in growth when compared among different
treatments. The lowest growth was observed in 30%
crude protein containing diet. Variation within the group
observed in current studies might be selective feeding in
fish. This variability in feeding habit stippled fish size and
provided ample opportunity to bigger fish to eat more.
This drastic size variation resulted in heavy cannibalism.
Similar results were found during the rearing of juvenile
(initial body weight from 7.1 to 88.7 g) (Melard et al.,
1995), of pikeperch (initial body weight 40 g) (Zakes et al.,
2004), yellow perch Perch flavescens (Wallat et al., 2005)
and turbot, Scophthalmus maximus (Sunde et al., 1998).
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Sorting and grading have positive effect on European
perch, Perch fluviatilis which resulted in increased body
weight than those where sorting was not exercised (Melard
et al.,1995).

The growth and intensity of cannibalism in C. marulius
was non-significant during the pahse-1 (June-September)
and phase-2 (October-January) of the trial. In the first
phase the cannibalism was the maximum at initial stage
of the fry while in the second phase though it continued
but at low pace. On the onset of winter season (October
to January) temperature decreased (10-15°C) which halted
feed intake in fish and growth. The maximum survival rate
was observed in 50% CP (control) due to sufficient protein
level to meet the requirement of fish which might avert
cannibalism. The cannibalism rate was almost double in
30% crude protein containing feed group. Kestemont et
al. (2007) and Szkudlarek and Zakes (2007) had similar
findings and reported that cannibalism play decisive role in
rearing of fish larvae of pike perch which further conform
our results. Baras and Jobling (2002) further stressed that
during rearing of smaller fish cannibalism increases due to
size variations.

To prevent the loss of fry diverse approaches have
been proposed which comprise continuous food supply
to the fry (Katavic ef al., 1989) and control drastic size
variation (Qin and Fast, 1996) at stocking and during
rearing. Size variation proved to be more effective in
predation than provision of continuous food to largemouth
bass Micropterus salmonides. Cannibalism was closely
monitored in all the three phases of the trial. During each
phase fish was netted out and graded into uniform size
groups and then restocked in earthen ponds separately. In
the first phase, due to greater size variations cannibalism
remained on the higher side than observed in remaining
two phases. Bigger fish predated small fry during the
first phase (June-September) and second phase (October-
January) of experiment. These results are in line with
Pantastico et al. (1988) who observed bigger tilapia eating
the smaller ones (Oreochromis niloticus) in the hatchery
(Fessehaye et al., 2004).

Maximum cannibalism was observed in T, (30%CP),
then in T, (40%CP) and in Control (50% CP) the least.
Pantastico et al. (1988) stated that the availability of natural
food in the culture tank affected the survival of tilapia
(Oreochromis niloticus) fry when stocked with fingerlings
in aquarium. Francis and Bengtson (1999) investigated that
the selection of diet reduces the cannibalism in summer
flounder, P. dentatus, and both inert and live Artemia
contributed differently in occurrence of cannibalism. The
gradual decrease in protein levels from 54% (Control)
to 40% and 30% proportionately increased cannibalism.
The survival rate was maximum in 50% CP followed by

40%CP and the lowest was observed in 30%CP containing
diet. These results are in line with Abdel-Tawwab et al.
(2006) who observed maximum cannibalism in 25%CP
containing feed group. Similarly, Francis and Bengtson
(1999) reported that summer flounder (P. dentatus) showed
non-significant difference in survival when fed on 50%CP
and 55%CP diets. When more than required protein level
was used, it significantly reduced cannibalism in tilapia fry
(Ahmed et al., 2004). It is worth mentioning that provision
of excess feed did not stop cannibalism in all the three
phases of the current trial but elevated levels of protein
did. Though insufficient food increases cannibalism and
associated losses (Smith and Reay, 1991), but it is not
universal phenomenon because larger rations in perch
(Kestemont et al., 2003) could not prevent fish from
cannibalistic behavior.

CONCLUSION

The results of the present experiment showed that
maximum dietary protein levels in feed significantly
increased growth and survival and decreased cannibalism.
Cannibalism can be further minimized by stocking graded
C. marulius fry till fingerling stage. Future research should
focus on the intensive rearing of fry to further investigate
the role of high protein diet in prevention of cannibalism
and growth of fish at various stages of its development.
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ABSTRACT

This study was conducted to find out the dietary effect of Allium cepa (onion) as a feed additive on
the growth, hematology, body composition and organoleptic profile of grass carp (Ctenopharyngoden
idella). Three experimental diets (T1, T2, T3) containing 1%, 2% and 3% of onion powder and a control
diet were fed to the fish in the aquariums. The total of 1043 fish were stocked in each aquarium with 2
replicates. Fish fed with 1% and 2% gained significantly higher weight gain, specific growth ratio and
feed conversion ratio than control group and T3. Increase in WBC and RBC in T1 as compare to other
treatment groups exhibit positive health effect in grass carp. Fish flesh quality with respect to consumer’s
approval did not show any significant differences irrespective of diet composition among various dietary
treatments. The body composition of grass carp result the moisture content ranged from 71 to 73.6%,
crude protein (15 to 17%), ash content (2.15 to 2.7%) and dry matter (26.4 to 29%) with significant
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differences with respect to concentrations of onion powder.

INTRODUCTION

In Pakistan, new fish marketing practices aimed to
introduce aquaculture products not only as a main
source of protein but also ensure the nutrients quality and
cost effectiveness. A complete and nutritionally balanced
diet is compulsory which results best yield with maximum
weight gain in shortest conceivable time (Bhosale et al.,
2010). There is an increasing need to understand the roles
of phyto-additives in aquaculture. To date, various herbs
extracts and spices are reported to improve fish growth
performance and immunity. Besides, feed additives that
could enhance the immune systems of farmed fish species,
facilitates ingestion rates, induce digestive secretions,
high protein synthesis (Khalil et al.,, 2001; Citarasu,
2010), attains the desired flesh and skin pigmentation, as
well as improving the organoleptic properties and direct
bactericidal effect on gut microflora of the farmed fish
product without having negative effects to fish species and
the farming environment (Ajiboye et al., 2012).
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Plants which belong to genus A//ium have been used
in food industry because it fights against the disease and
improve immunity. Onion (A/lium cepa) belongs to the
Liliaceae family and used as antiseptic, antioxidant and
food supplement due to its bioactivity. It is a rich source
of a wide variety of beneficial nutrients such as trace
macronutrients and micronutrients flavonoids and sulfur
containing compounds that are used in artificial feed
formulated by agricultural by products e.g. wheat bran,
rice polish (Cho et al., 2010).

Grass carp is a very delicious and profitable fish
species widely cultured throughout the world. It is
herbivorous gain weight rapidly and can be grown together
with other fish species (Fiertak et al., 2002). There is a
little confirmation about the nutritive value and optimum
feeding level of grass carp (Cui et al., 1992). The ideal
production rate of fish requires research into fish nutrition
and different feeding methods which result in better growth
and reduced waste material which released in the water
(Singh et al., 2005). The addition of food additives in the
feed ingredient could results to improve fish performance,
resistance against disease and higher values of flesh. Thus,
the present study was aimed to determine the effect of
onion on the growth, meat quality and composition of
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silver carp under different concentrations.
MATERIALS AND METHODS

Grass carp (7.8+5g) were obtained from Fish farm
complex, UVAS, Ravi campus, Pattoki. Fish were divided
into three treatments and one control group with 2 replicates
(10fish/aquarium) and fed @ of 2% body weight for 60
days after conditioning. Onion was taken from market, cut
and sun dried for complete dryness. Sun dried onion was
crushed to powder with the help of grander and mixed in
the diet at the levels of 0% (control), 1%, 2% and 3% dry
food for the four experimental groups. The approximate
chemical composition of formulated diet was determined
by hit and trial method (Table I).

Table I.- Feed formulation for control and treatment
group.

Ingredients Control 1% onion 2% onion 3% onion
powder powder powder
Fish meal 33% 33% 33% 33%
Cotton seed meal  25% 25% 25% 25%
Sunflower meal 18% 18% 18% 18%
Wheat bran 21% 20% 19% 18%
Onion 0% 1% 2% 3%
Fish oil 1% 1% 1% 1%
Molasses 1% 1% 1% 1%
Vitamin premix 1% 1% 1% 1%

Growth performance and biometric parameters

In order to analyze the growth catalogs of the grass
carp juveniles, all fish from each aquarium were sampled
weekly after 12 h of last feeding. At the end of the feeding
trial, body weight gain, specific growth rate (SGR) and
feed conversion ratio (FCR) were calculated according to

the formulas given by Bekcan et al. (2016):
Final BW — Initial BW

Initial BW
_ Total feed given (g)
- Wight gain (g)
In(Final wet BW) — In(Initial wet BW)
- Number of periods

WG(%4) = 100 x

X 100

SGR
Where, WG is weight gain and BW is body weight.

Hematological assays

At the termination of the experiment, 5 fish were
taken randomly from each tank and about 1ml of blood
was drawn from the caudal vein in heparinized vacationer
for blood cell investigations. The erythrocyte (RBC) and
leukocyte (WBC) counts were determined using a Neubaeur

hemocytometer (Blaxhall and Daisley, 1973). Hemoglobin
levels (Hb) were obtained by the cyanomethemoglobin
spectrophotometry method (Dorafshan et al., 2008). To
estimate the differential leukocyte counts (lymphocytes,
neutrophils, and eosinophils), blood smears were prepared,
air-dried, fixed in methanol, and stained using Giemsa
solution (Blaxhall and Daisley, 1973).

Organoleptic evaluation

At the end of trial, 5 fish were randomly collected
from each treatment, degutted, well cleaned and uniformly
filleted. One tablespoon iodized salt was sprinkled on
each fillet and then steamed in Orient microwave oven at
medium high temperature for 12 min. The samples were
allowed to equilibrate with room temperature before
serving to panel of judges for sensory evaluation (Khan
et al., 2011). Sensory descriptors were defined for the
parameters of odor, texture, flavor, whiteness, oiliness and
overall acceptability.

Chemical analysis

The proximate analysis was done at the end of trial
for dry matter, crude protein, and ash content according to
AOAC (2010). Three samples of each trial were dried in
oven at 60°C and grind. Dry matter (DM) was determined
by oven drying, ash contents by muffle furnace at 600°C
and crude protein (CP) by Kjeldhal analysis using
following formulas:

Ash weight(g)

Ash = X 100
sh(%) Weight of dry sample(g)

Sample X 0.875
Sample weight

Crude protein (%) =

Where, volume is the volume for titration of sample and
0.875 is the factor for protein.

Statistical analysis

The data was subjected to ANOVA for statistical
significance among treatments. Mean values were
compared to assess their intensity of significance among
treatment groups by Duncan’s multiple range test. The
SAS (statistical Analysis Software) version 9.1 was used
for all statistical analysis due to its wider application.

RESULTS

Growth parameters

The initial average body weight of grass carp in
control, treatment 1, 2 and 3 were 7.85+2.7g, 7.78+2.2¢,
7.64+2.4g and 9.34+1.7 g, respectively while the final
body weight of grass carp were 9.7+0.95g, 11.13+0.3g,
10.28+0.48g and 12.25+0.74g for control, treatment 1,
2 and 3, respectively. The maximum weight gain was
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No.of  Weakley Control group T1 (0.P 1%) T2 (0.P2%) T4 (0.P3%)
netting Avg. BW (g) NWG (g) Avg.BW (g0 NWG(g) Avg. BW(g) NWG(g) Avg. BW (g) NWG (g)
Stocking 01-11-2015 7.85 - 7.78 - 7.64 - 9.30 -

1 09-11-2015 7.85+0.43 - 7.78+0.32 - 7.64+0.35 - 9.30+0.35 -
2 17-11-2015 8.05+0.38 0.2 8.13+0.35 0.4 7.99+0.25 0.35 9.83+0.31 0.53
3 25-12-2015  8.36+0.56 0.31 8.53+0.36 0.4 8.62+0.43 0.63 10.56+0.45 0.73
4 13-12-2015 8.6+0.66 0.24 8.59+0.45 0.06 8.85+0.49 0.23 10.71+0.65 0.15
5 11-12-2015 8.8+0.59 0.2 9.4+0.56 0.81 9.29+0.69 0.44 10.82+0.56 0.11
6 18-12-2015 9.0+0.54 0.3 9.80+0.59 0.5 9.49+0.68 0.20 11.234+0.76 0.42
7 28-12-2015 9.3+0.86 0.4 10.39+0.5 0.74 10.02+0.48 0.53 11.65+0.56 0.42
8 10-01-2016 9.7+0.95 0.4 11.13+0.3 0.91 10.28+0.48 0.26 12.25+0.74 0.6

Avg. BW, average body weight; NWG, net weight gain.

Table IIL.- Growth performance and feed utilization of grass carp fingerlings in different treatment groups (n=10).

Parameters Control T1(1%) T2(2%) T3 (3%)
Initial weight (g) 7.85+0.43 7.78+0.32 7.64+0.35 9.30+0.35
Final weight (g) 9.7+0.95 11.13+£0.3 10.28+0.48 12.25+0.74
Net weight gain (g) 1.90+0.29¢ 3.50+0.47° 3.20+0.23° 3.00 +£0.47¢
Percent weight gain 24.20+0.25¢ 43.52+0.71* 41.89 £0.45° 31.95+0.27¢
Feed conversion ratio (FCR) 5.42 £0.007* 3.13+0.42¢ 3.31+£0.21° 4.22+0.21°
Specific growth rate (SGR) 0.36 +0.007¢ 0.59+0.14° 0.46+0.14° 0.46:+0.14°

observed in treatment 1 followed by treatment 2 and
3 (Table II). Table III indicates the values of net weight
gain, FCR and SGR of experimental groups. Statistical
analysis revealed that the control group had highest FCR
and lowest SGR as compared to the diets containing onion
powder. Lowest FCR and highest SGR were observed in
T1 followed by T2 and T3. Water quality parameters were
remaining within control range.

Hematology

Hematology of fish reveals that values of Hb and
RBC showed significant differences in all experimental
groups whereas; WBC and PLT vales were higher for
T1 and T2 with respect to T3 and control. All other
parameters i.e. neutrophils, lymphocytes, monocytes and
eosinophils showed no significant differences between the
experimental groups (Table IV).

Proximate analysis

Proximate analysis of experimental fish was
given in Table V. Statistical analysis showed that feed with
1% onion powder produced fish with highest crude protein
whereas, food with no onion gain lowest crude protein
values. Dry mater did not showed significant differences
among experimental groups however, moisture and ash
values did not vary for control and T3 with respect to T1
and T2.

Table IV.- Hematological parameters of grass carp in
different treatment groups.

Parameter Control T1 T2 T3
group

Hb (g/dl) 7.6£0.2¢  8+0.1° 8.8+0.3* 8.5+0.1°
RBC (x10° pul) 0.88+0.2¢ 1.25+0.1° 1.10+0.1* 0.92+0.1°
WBC (10° ul) 8+0.7° 10.5+1.2* 9.7+2.2* 9+1.2°
Thromb (10> ul)  39+2.8> 47+4.6° 41+2.4° 40+£3.7°
PCV (%) 30+1.0°  35+2.0* 33+£1.0* 32+1.0*®
Neutophils (%) 5+4.0° 8+2.0° 7+2.0° 6+2.0°
Lymphosites (%)  69+1.0* 7243.0* 71+4.0° 70+6.0°
Monocytes (%) 8+1.3*  11£2.0* 10+1.0*  9+0.2*
Eosinophils (%)  0.89+0.0° 1.7+0.2®  1+0.9? 1£0.4°

Table V.- Proximate analysis of fingerlings of grass
carp (% on dry basis).

Ingredients Control T1 T2 T3
(%) group (OP-1%) (OP-2%) (OP-3%)
Crude protein ~ 15£1.0°  19.542.1* 18.35+1.7*° 17£1.4°
Dry matter 26.4+1.0°  29+£2.3°  28.54£2.1* 27.542.7°®
Moisture 73.6£1.0° 71.00+0.1° 71.540.2° 72.5+2.3%
Ash 2.7+0.3*  2.15+0.9¢ 2.31+0.5° 2.56+0.1*
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Sensory evaluation

Sensory evaluation showed that odor, texture, flavor,
whiteness, oiliness and overall acceptability of fish flesh
showed significant differences (p>0.05) irrespective of
diet composition among various dietary treatments (Table
VI).

Table VIL.- Organoleptic/sensory score of fish flesh
against various treatments.

Character T1 T2 T3 T4
Odor 6.41 £0.26* 6.60+0.14* 6.67+0.46* 6.55+0.35°
Texture 6.550.21* 6.80+0.28* 6.65+ 0.63* 7.06+£0.36 *
Flavor 6.85£0.49* 6.70+0.14* 7.20+0.42* 6.85+0.07°
Whiteness  6.45+0.21* 6.55 £0.21* 6.45+£0.07* 6.45+ 0.63*
Oiliness 6.55+0.21* 6.65+0.07* 6.45+0.07* 6.45+0.63"
Overall 6.56+0.04* 6.66 £0.14* 6.68+0.11* 6.45 +£0.63*
acceptability

DISCUSSION

The findings of present trial on Juvenile grass carp fed
on onion showed that weight gain (WQ), specific growth
ratio (SGR) and feed conversion ratio (FCR) of fish fed
with 1% and 2% onion was significantly higher than that
of fish fed 3% and control diet. These results are in line
with the Raza ef al. (2015). They also use diets containing
onion powder as 0 (control), 0.5 and 1% fed to beluga
juvenile. At the end of the experiment, the highest weight
gain and specific growth rate (SGR) was observed in group
fed with 1% onion (P<0.05) with no significant difference
(P>0.05) of weight gain in other treatment groups.
Our results indicate that it has been reported that onion
stimulates the digestive process, accelerating digestion
and reducing food transit time in the gastrointestinal tract
(Platel et al., 2001). Onion prebiotic activity is also being
investigated by Benkeblia ef al. (2006) and Sharma et
al. (2006). They also find high soluble fiber content, like
fructo-oligosaccharides which stimulate specific growth of
microorganisms especially bifidobacteria and lactobacilli
in the colon creating positive health effect just like studied
by Ernst et al. (2000) and Binaii ef al. (2014) and were in
accordance with our studies.

Increase in growth performance and feed
efficiency were recorded in juvenile beluga after feeding
ginger (Kanani et al., 2014) and nettle (Binanii et al.,
2014) that coincide with our studies. Studies of Cho
et al. (2010) revealed that onion extract was one of the
most effective dietary additives that improve weight gain
of juvenile olive flounder. However, unlike this study,
dietary inclusion of various 0, 0.5, 1, 2, 3 and 5% onion
powder had no distinctive improvement on weight gain,

specific growth rate and feed efficiency of the juvenile
olive flounder. The effects of dietary additives on fish
performance may vary depending on fish species, size, the
dose of the additive, fish nutritional, physiological status,
and or ambient culturing conditions.

Increase in white blood cells counts (WBC),
erythrocyte count (RBC) and Hb level in experimental
groups as compare to control group exhibiting positive
health effect in grass carp. Fish feeding of onion diet
demonstrates the immuno-stimulatory effects and anti-
infection properties of onion which is similar to the work
of Kanani et al. (2014) and Binaii et al. (2014) who
obtained increased WBC after feeding juvenile beluga
with ginger and nettle diets, respectively. The increase
in WBC count and RBC count treated with 1% onion
powder, also similar to the Raza et al. (2014). This is may
be due to the quercetin found in onion that prevent fish
from infection by triggering immune system. Results of
Jian et al. (2004) were also in accordance with our results
and support the phenomena that herbal plant could be act
as immune-stimulants and increase WBC. However, in
case of lymphocyte, neutrophil and monocyte in grass carp
there was no significant differences which were closely
related to the results of Kanani et al. (2014) and Binaii et
al. (2014) in juvenile beluga.

Sensory evaluation of our experiment did not showed
any significant effect in term of odor, texture, flavor,
witness, oiliness and overall acceptability of grass carp fish
flesh in all treatment groups. These results are similar in
line with earlier researchers who reported similar sensory
attributes when fish was fed on varying protein levels
(Khan et al., 2011). In other studies, Khan ef al. (2012)
had similar findings when fingerlings of Indian major
carps fed on plant based artificial feeds. But contrary to our
study the sensory attributes like juiciness and tenderness
scores of Labeo rohita differed significantly in treatments
versus control. This difference could be due to the species
difference. Findings of Tahir (2008) further support our
non-significant differences result in taste and overall
quality of the Indian major carps fed on different diets.
From the present studies we can hypothesized that this
type of fish, culture environment and type of feed offered
have not significant effect on flesh quality of fish.

The chemical compositions of the whole body of
grass carp at the end of the 8 week feeding trial are shown
in Table V. These results were similar in line with Cho
and Lee (2012) who reported that chemical compositions
of the whole body of olive flounder at the end of the 8
week feeding trial was: moisture content ranged from
73.3 to 74.9%, crude protein content ranged from 17.4 to
18.6%, and ash content ranged from 3.5 to 3.8%. These
measurements were affected by dietary concentrations of
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onion powder. In oppose to this study inclusion of additives
(Opuntia ficus-indica) did not affect the proximate
composition of olive flounder (Park et al., 2003; Cho et
al., 2010).

CONCLUSION

Results of this study demonstrated the onion
powder as feed additive had a positive effect on growth
performance; hematology and body composition of
grass carp while sensory attributes remain same. Further,
inclusion of 1% onion powder in feed was the best diet that
improves growth and immunity of grass carp as compared
to 2% and 3% diets.
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ABSTRACT

A wide variety of agricultural and industrial chemicals containing heavy metals are contaminating the
aquatic ecosystem. Heavy metals are biologically non-degradable that can cause severe toxicity in aquatic
animals through oxidative stress to various biological molecules. The present experiment was conducted
to determine concentration dependent DNA damage in peripheral erythrocytes of 150-day old Cirrhina
mrigala by using comet assay and micronucleus test under controlled laboratory conditions. Fish were
exposed to four different sub-lethal concentrations viz. 17%, 25%, 33% and 50% of LC,; of copper,
separately, for 30 days. Peripheral blood of chronically exposed fish was examined for damaged nuclei
(%), genetic damage index (GDI), cumulative tail length (um) micronuclei frequency (%) and frequency
of other nuclear abnormalities. Chronic exposure of copper to Cirrhina mrigala induced DNA damage
in the erythrocytes of fish that varied significantly (p<0.05) with exposure concentration. The DNA
damage caused by copper was significantly higher than that recorded in negative control group. Values
for percentage of damaged nuclei (78.00+2.00 %), GDI (2.46+0.04) and cumulative tail length of comets
(238.00+0.39 pm) were significantly higher at 50% of copper LC, exposure to the fish while this damage
was significantly minimum at 17% of LC,. Significantly higher micronuclei frequency of 35.05+0.88%
was observed at 50% of LC,  of copper while it remained significantly least (12.2120.54 %) due to 17% of
LC,, concentration exposure. This study reveals that both comet assay and micronucleus test can be used
as useful tools for the determination of genotoxic effects of metals on fish.
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INTRODUCTION

enotoxic compounds from industries and agriculture

runoff represent major ecological threat because they
may cause very unusual disorders in animals that could
be transmitted to the progeny (Haldsrud and Krokje,
2009). Xenobiotics, especially heavy metals, are present
in aquatic ecosystems of Pakistan (Rauf er al., 2009;
Jabeen et al., 2012). Metals gained popularity because of
their toxic effects and accumulation in aquatic organisms
especially in fish (Javed, 2006; Mudgal et al., 2010).
Heavy metals generate reactive oxygen species which may
cause oxidative damage including oxidation of DNA, lipid
peroxidation and enzyme inactivation (Sevcikova et al.,
2011). In general, metallic ion genotoxicity appears to be
associated with the formation of reactive oxygen species
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(Soto-Reyes et al., 2005). Oxidative damage to DNA due
to reactive oxygen species, DNA strand breakage occurs
which represents a major class of DNA damage under oxi-
dative stress (Cadet et al., 1997; Shaukat et al., 2018).

A growing interest in the environmental genotoxicity
studies has led to the development of several tests for
detecting genotoxicants in aquatic media (Fenech et al.,
2003). Both micronuclei and Comet assay have recently
gained popularity over other assays in aquatic toxicity
research due to their sensitivity for detecting DNA damage
at single cell level (Bopp et al., 2008). Comet assay is used
as one of the best approaches to study the genotoxic effects
of pollutants on fish (Avishai et al., 2002). It is considered
reliable, responsive and fast technique (Tice et al., 2000)
for the detection of DNA single/double strand breakage
and alkali-labile sites, induced in individual eukaryotic
cells (Kim er al., 2002). This assay has been very
affectively applied to blood erythrocytes of various fish
species exposed to different genotoxicants (Matsumoto
et al., 2006). Micronuclei test has been widely used to
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determine the clastogenic effects of a genotoxicants
on fish erythrocytes. It is a standard assay to determine
chromosomal aberrations during initial damage in S-phase
(Obe et al., 2002).

The heavy discharge of untreated water into the
rivers of Pakistan is badly affecting the aquatic ecosystem
especially fresh water fisheries (Jabeen et al., 2012).
Comparative toxicity studies are important to identify the
toxic effects of metals on the fish as well as their tolerance
limits to devise proper strategies for their conservation in
the natural aquatic habitats. Thus, it is imperative to study
the acute and chronic responses of fish towards metallic
ions that could induce genotoxicity in their bodies. This
study was conducted to determine the extent of DNA
damage in fish peripheral erythrocytes of Cirrhina mrigala
during sub-lethal chronic exposure of copper. This work
will help in sustainable conservation of fresh water
fisheries in Pakistan.

MATERIALS AND METHODS

The present experiment was conducted, to determine
the extent of DNA damage in the peripheral erythrocytes
of copper exposed Cirrhina mrigala, in the wet laboratory
of Fisheries Research Farms, University of Agriculture,
Faisalabad.

Procurement of fish and solution preparation

For this experiment fingerlings were purchased from
Fish Seed Hatchery, Faisalabad. All the fish fingerlings
were acclimatized to laboratory conditions for two weeks
prior to experiments. Fingerlings were fed to satiation
on feed (34% DP and 3.00Kcal/g DE) twice daily and
also exposed to 12 h photoperiod using fluorescent light.
After acclimatization, only healthy fingerlings were
selected for the experiments. Analytical grade copper was
selected to test their effects on Cirrhina mrigala. For the
preparation of stock solutions, appropriate quantity of
copper (CuCl,.6H,0:Merck) was poured into 1000 ml
flask and flask was filled upto 1000 ml with deionized
water. The stock solutions were diluted to make required
concentrations of metallic ions.

Experimental conditions

The 96-h LC,, value of copper for Cirrhina mrigala
determined in previous experiment (Kousar and Javed,
2012) was used to prepare four different sublethal
concentrations (17%, 25%, 33% and 50% of 96-h LC,))
of copper. Fingerlings of Cirrhina mrigala were exposed
to sub-lethal concentrations of copper in glass aquaria,
separately, with three replications under controlled
laboratory conditions at constant water pH (7.5),

temperature (30°C) and hardness (300mgL'). However,
control fish of each species were kept unstressed in
metal free clean tap water for comparison. The exposure
concentrations of copper at four sublethal levels for
Cirrhina mrigala are given in Table I.

Continuous air was supplied to all the aquaria with
automatic air pump through capillary system. The fish
under chronic metal’s exposure were fed to-satiation twice
a day (at 0900 and 1700 h) throughout the period of 30
days. During experiments the test media were replaced
weekly and desired metallic ion concentrations were
maintained throughout test duration of 30 days. At the end
of 30-day exposure to various concentrations of copper,
the DNA damage in peripheral erythrocytes of fish was
evaluated by using Comet assay and Micronucleus test.

Table I.- The exposure concentrations of copper at four
sublethal levels for Cirrhina mrigala.

Treatments Sub-lethal Exposure
concentrations of concentrations
copper (mgL") (mgL")
Copper 17% of 96 h LC,; 2.92
25% 0f 96 h LC, 4.29
33%0f 96 h LC,, 5.67
50% of 96 h LC, 8.59
-ve Control Metal free tap water --

+ve Control Cyclophosphamide  20ugg™ body weight

Comet assay (single cell gel electrophoresis)

Fish blood samples were processed for comet assay
according to Singh et al. (1988) with minor modifications.
After 30-day metallic ions exposure period, blood
samples were collected from the caudal vein of fish (n
= 5) for Comet assay through sterilized syringe. Utmost
care was exercised to avoid the mixing of water and
mucus into the blood samples. Heparin sodium salt was
used for the stabilization of the blood samples. Blood
sample was centrifuged at 1000rpm for 2 min in order to
separate erythrocytes from the whole blood. Each blood
sample, collected from the fish, was diluted with 1 ml
of phosphate buffer saline (PBS). Slides were prepared
by applying three layers of agarose gel. Out of which
second layer contain blood sample to be tested. After
solidification of the gel, slides were immersed in cold
lysing solution and refrigerated at 4°C for 1 h. After lysis,
the slides were placed in a comet assay tank (CSL-COM
20; Cleaver, UK) filled with fresh electrophoresis solution.
The slides were left in the solution for 20 min to allow
the unwinding. Electrophoresis was performed by using
the same solution at 25V, 300mA for a period of 25 min.
The slides were neutralized gently and DNA stained with
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ethidium bromide. One hundred and fifty cells (50 per
replicate) were scored and examined randomly under Epi-
Fluorescence microscope (N-400M, American Scope; UK)
equipped with light source of mercury short arc reflector
lamp filters for ethidium bromide at 400 X magnification
and low lux camera. The DNA damage was quantified by
visual classification of cells into five categories “comets”
corresponding to the tail length, undamaged: Type 0, low-
level damage: Type I, medium-level damage: Type II,
high-level damage: Type III and complete damage: Type
Iv.

The %age of DNA damage was calculated as the
mean percentage of cells with medium, high and complete
damaged DNA by using following formula:

Opage of DNA Damage = Types—1I+ III + IV

From the arbitrary values assigned to the different
categories (from Type-0 to Type-IV) a genetic damage
index (GDI) was calculated for each subject by using
following formula:

_ (TypeI)+ 2(Typell) + 3(TypeIlI) + 4(Type IV)
~ Type 0+ Type I+ Type Il + Type Il + Type IV

TriTek CometScore ™ software was used to calculate
the comet tail length of damaged cells (Costa ez al., 2011;
Jose et al., 2011) and cumulative tail length (um) was
obtained by adding the tail length of all examined cells (n
= 50/replicate).

GDI

Micronucleus test

A drop of blood taken from the fish caudal vein
was directly smeared on slides and stained with the 10%
Giemsa solution. The nuclear abnormalities and frequency
of micronuclei were scored under oil emersion (100 X)
lens of binocular microscope. A total of 2,000 erythrocytes
(1000/slide) with intact cellular and nuclear membranes
were examined for each fish specimen. The frequency of
micronuclei and other nuclear abnormalities, including
bi-nucleated, dumble, blebbed, notched and de-shaped
nuclei were evaluated (per 1,000 cells) by scoring them at
a 1,000 X magnification by using binocular microscope.
Micronuclei were scored through criteria devised by
Fenech et al. (2003) by using the following formula:

No. of cells with micronuclei
Total No.of cells counted

Micronucleus frequency (%) =

Statistical analyses of data

Statistical analyses were performed through MSTATC
computer software and results were expressed as Means
+ SD. Data means were compared for the statistical
differences by using Duncan Multiple Range test (DMR)
by following Steel et al. (1996) and a value of p<0.05 was
accepted as statistically significant.

RESULTS

During present experiment, DNA damage and
nuclear abnormalities in peripheral erythrocytes of
Cirrhina mrigala were observed through Comet Assay
and Micronucleus Test (Fig. 1). Peripheral erythrocytes
of Cirrhina mrigala showed significantly (p<0.05)
higher proportions of damaged nuclei at 50% copper
LC,, exposure, followed by that of 33%, 25%, positive
control, 17% and negative control with the mean values
of 78.00+2.00, 68.00+2.00, 58.00+0.00, 46.67+0.00,
20.67£3.15 and 0.00+0.00%, respectively. The values of
GDI, for four sublethal copper concentrations, positive
and negative controls, ranged between a minimum
value of 0.04+0.02 while it was maximum (2.46+0.04)
due to negative control and 50% copper LC,, exposure,
respectively. However, increase in copper exposure
concentration caused concomitant increase in GDI value
for the peripheral erythrocytes of fish. Cumulative tail
length of comets also showed significant variability due to
exposure of six concentrations with significantly maximum
cumulative tail length of 238.00+0.39um at 50% LC_,
exposure, followed by that of 33%, 25%, positive control,
17% LC,, and negative control (Table II).

Fig. 1. DNA damage and nuclear abnormalities observed
through Comet Assay and Micronucleus Test
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Fig. 2. Relationships between exposure concentrations of copper and DNA damage in peripheral erythrocytes of fish.

The frequency of micronuclei in peripheral
erythrocytes of Cirrhina mrigala was significantly higher
as 35.05+0.88 % at 50% copper LC,,, followed by that
of 23.54+0.21, 17.26+0.06, 13.57+0.33, 12.21+0.54 and
0.24+0.12% observed due to 33%, 25%, positive control,
17% LC, and negative control treatments, respectively.
Frequency of all other nuclear abnormalities, except cells
with notched nuclei, was significantly higher at 50% LC_,
exposure. However, positive control caused significantly
lower frequency of other nuclear abnormalities as
compared to 50% LC_ (Table III).

Relationships between exposure concentrations and DNA
damage

All the four exposure concentrations of copper (17%,
25%, 33% and 50% of Cu LC,) to Cirrhina mrigala were
analyzed separately for their impacts on DNA damage
determined in-terms of percentage of damaged cells
(%), genetic damage index (GDI), cumulative tail length
of comets (um) and frequency of micronuclei and other
nuclear abnormalities. Regression models computed for
fish under copper exposure revealed linear (significantly
positive) relationship between exposure concentration of

copper and DNA damaged cells in peripheral erythrocytes
of fish. The higher values of R? for the regression equation
reveal high precision of this regression model (Fig. 2A). The
genetic damage index and cumulative tail length of comets
of peripheral erythrocytes in fish showed significantly
positive correlation with the exposed concentration of
copper also (Fig. 2B, C). The high values of correlation
coefficient (r) for each regression equation show strong
relationship between concentrations of exposure metal
and genotoxic damage in fish. The micronuclei frequency
and frequency of other nuclear abnormalities in peripheral
erythrocytes of fish exhibited highly significant and direct
relationships with the exposure concentration of copper.
Significantly higher values of R? for each regression
equation reveal high reliability of these regression models
(Fig. 2D, E).

DISCUSSION

Contamination of heavy metals poses a serious threat
to the aquatic organisms especially fish due to their ability
to induce oxidative stress through production of reactive
oxygen species that leads to oxidation of bio-molecules
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like DNA (Sevcikova et al., 2011). Metals may change
physiological processes and biochemical parameters of
blood and tissues (Basa and Rani, 2003; Saravanan and
Mohamed, 2003). In contaminated waters, the toxicity of
metallic ions is severe because they form complexes with
sulfhydryl groups in proteins and small bio-molecules
(Foulkes, 2000) resulting into increased vulnerability
of aquatic animals (Liao et al., 2004). Deb and Santra
(1997) observed marked variability in specific toxicity
and accumulation of copper and zinc for different fish
species. However, toxic effects of metals were strongly
influenced by the responses of tested fish to the amount
of metals entering into the fish body as well as the rate of
their retention and excretion as observed during present
investigation (Sobha et al., 2007). Due to industrial
advancement, a variety of toxic chemicals, including
metals, are released into the aquatic environments of
Pakistan (Jabeen et al., 2012) which not only disturb the
physico-chemical properties of the water bodies but also
influence the aquatic food chain to cause physiological
and cytogenetic alterations in the aquatic animals (Barbosa
et al., 2009). Metals can also act through redox cycle to
induce ROS which possibly cause DNA strand breakage
(Ventura-Lima et al., 2009).

Comet assay has gained popularity in eco-
toxicological studies and successfully employed to detect
DNA damage in aquatic organisms (Frenzilli ef al., 2009)
especially in fish (Kosmehl e al., 2008; Pereira et al.,
2009). This assay allows examination of whole genome
at any step of the cell cycle, rather than just during
mitosis (Sunjog et al., 2012). Metals produce ROS either
through redox cycling or by impairing the antioxidant
defense system of animals (Stohs and Bagchi, 1995). In
addition to that Fenton reactions are also important for
the generation of ROS (Valko et al., 2005). Single strand
breakage occurred either due to the direct attack of ROS
on the deoxyribose or its indirect effects on intermediate
steps of excision repair pathway leading to disruption of
repair process of oxidized DNA bases. This all ultimately
ends up in double strand breakage during the process
of replication (Hedge et al., 2008). Generally, the DNA
damage resulting from metal toxicity is broadly used as
biomarker of biological effects of toxicants (van der Oost
et al., 2003). With increasing DNA damage in the cell
nucleus, more broken DNA fragments migrate towards the
tail region of the comet resulting in an increased amount
of fluorescence in the tail region, as well as enlargement of
tail length (Mitchelmore and Chipman, 1998) as observed
during present investigation. Comet tail length has been
appeared as a basic parameter in quantifying DNA damage
in fish peripheral erythrocytes.

Micronucleus test has been commonly used for

the estimation of biological impacts of water pollutants
on genotoxic damage in fish (Ergene et al., 2007).
Micronuclei are cytoplasmic chromatin containing bodies
developed from broken section of chromosome or from the
chromosomes that could not be incorporated into daughter
nuclei (Fagr et al., 2008). Various metallic ions act as
valuable genotoxinsatparticularconcentrationsjustbecause
of their ability to bind to thiol groups and induce instability
in the spindle formation in the cells (Patra et al., 2004).

Jiraungkoorskul et al. (2007) exposed three fish
species viz. Oreochromis niloticus, Poronotus triacanthus
and Puntius altus to 25% of 96-h LC_ of lead, copper and
cadmium and reported significant increase in micronuclei
frequency and other nuclear abnormalities (notched,
blebbed, lobed and binucleated cells) in fish erythrocytes
after 48-h exposure. The overall ability of metals to
cause DNA damage followed the order: lead > cadmium
> copper. Previous literature indicated a relationship
between genotoxicity response variability and metabolic
and pharmacokinetic factors in animals (Al-Sabti and
Metcalfe, 1995). In general, nuclear abnormalities like
notched, blebbed, lobed and binucleated cells can be
considered as good indicators of genotoxic damage and
therefore, they may complement micronuclei scoring in
routine genotoxicity surveys.

The DNA damage, determined in-terms of percentage
of damaged cells (%), GDI, cumulative tail length (um),
micronuclei frequency (%) and frequency of other
nuclear abnormalities (%) showed significantly direct
relationships with the metallic ion concentrations. Ergene
et al. (2007) reported significant linear relationship
between metal concentration (Cu, Cd, Ni, Pb) and
frequency of micronuclei and other nuclear abnormalities
in erythrocytes of mullet and catfish. Summak ez al. (2010)
also reported significantly positive correlation (r=0.980)
between metal concentrations and frequency of nuclear
abnormalities in Oreochromis niloticus also. Kousar and
Javed (2014) reported arsenic concentration dependent
increase in DNA damage in peripheral erythrocytes of
major carps. Similarly, Ambreen and Javed (2016) also
reported increase in DNA damage (%age of damaged cells,
GDI, cumulative tail length of comets) in erythrocytes of
Cyprinus carpio with gradual increase in concentration of
Cd+Pb mixture.
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ABSTRACT

In recent decades, as a result of rapid urbanization and industrialization there has been a great variation
in the human environment. Heavy metals are important inducers of oxidative stress in aquatic animals,
promoting formation of reactive oxygen species (ROS). The present study was planned to assess the metals
induced oxidative stress in Channa marulius and Wallago attu. After the determination of LC,  96-h and
lethal values of cadmium (75.70+1.29 and 166.03+3.58 mg L"), lead (53.424+0.94 and 128.79+2.68 mg
L") to Channa marulius and (32.96+0.51 and 77.54+2.91 mg L"), (25.08+0.93 and 71.67+2.00 mg L") to
Wallago attu respectively, the fish organs like liver, kidney and gills were used to estimate the antioxidant
enzymes assay (SOD) from the metal treated fishes. Highest overall mean activity of superoxide dismutase
was observed in Channa marulius liver (258.278 U/ml) followed by kidney (245.571 U/ml) and gills
(198.029 U/ml). However, superoxide dismutase activity in Wallago attu kidney was minimum as 84.201
U/ml. The activity of superoxide dismutase in lead exposed Channa marulius and Wallago attu were
noted maximum in liver i.e. 25.261 and 55.141 U/ml and minimum in gills i.e. 18.745 and 39.513 U/ml,
respectively. Activity of SOD increased with increasing metallic ion concentrations in the test mediums
for both fish species. However, superoxide dismutase activity was least in all organs of control fish. The
result demonstrates that alteration in the antioxidant enzymes reflects the presence of heavy metals which
may cause oxidative stress in Channa marulius and Wallago attu. The study therefore, provides a rational
use of biomarkers of oxidative stress in biomonitoring of aquatic pollution.
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INTRODUCTION

Heavy metals pollution in aquatic ecosystem is a
global problem due to persistence and continuous
accumulation of these polluants in aquatic environment
(Hyun et al., 2006). It is impossible to biologically
degrade heavy metals because these metals store in the
organs system of aquatic organisms, become deleterious
and consequently pass to other living organisms including
human, who consume aquatic species as food (Ashraf,
2005). In freshwater ecosystem, fish is the most powerful
indicator of pollution (Rashed, 2001).

A pollutant can enter the fish through food, skin, gills,
non-food particles and oral consumption of water. The
intake of heavy metals accumulates them in fish organs
at different levels (Rao and Padmaja, 2000; Vinodhini and
Narayanan, 2008). After absorption, metals are transported
by the blood stream to other parts of the body and liver for
transformation, detoxification and storage. Therefore, it is
imperative to determine the concentrations of heavy metals
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in commercial fish species in order to evaluate the possible
risk associated with fish consumption (Cid et al., 2001).
Acute toxicity bioassays (LC,, and lethal concentration)
are used to assess the toxicity of physiologically active
heavy metals and to evaluate the potential of various fish
species against metal toxicity (Munshi et al., 2005; Shukla
et al., 2007; Abdullah, 2007).

To know the mechanistic characteristics of heavy
metals as toxicant in aquatic ecosystem, fish may serve
as a good model (Prabakaran et al., 2007). Enzyme plays
an important role in body metabolism but heavy metals
induce alterations in normal metabolic reactions (Suresh
et al., 2013). Destruction of antioxidant balance leads
to potential organ damage, which is called as oxidative
stress (Sies, 1991). Oxidative damage results in increased
reactive oxygen species and impaired antioxidant defense
mechanism (Di-Giulio and Meyer, 2008). The major
organs involved in antioxidant defense systems of fish are
kidney and liver (Atli and Canli, 2008).

Riverine system of Pakistan is polluted by large
quantities of heavy metals, which are adversely affecting
the indigenous fish fauna of Pakistan. The Channa marulius
and Wallago attu are fishes of high economic value and
are threatened species in Pakistan due to heavy load of
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metals (Khan et al., 2011). As heavy metals are increasing
oxidative stress day by day, the study of antioxidant
enzyme like superoxide dismutase in Channa marulius
and Wallago attu is of increased concern. Therefore, the
current study was carried out to assess the oxidative stress
and tolerance limits of Channa marulius and Wallago attu
induced by lead and cadmium in laboratory conditions.

MATERIALS AND METHODS

The experimental fish

The fingerlings of Channa marulius and Wallago attu
were collected from their natural breeding grounds (Head
Chanawa and Head Khanki). The fingerlings of both fish
species were transported to the laboratory and placed in
cemented tanks of 1000 liters water capacity. The fish were
acclimatized in the laboratory for 15 days with 12h Light
and 12h Dark period. During this period, the fingerlings
were fed with diet, containing 40% crude protein.

Chemicals

The pure chloride compounds of cadmium and lead
were used as metal toxicant. Desired concentrations of Cd
and Pb (Merk) were prepared by dissolving an appropriate
volume of stock solution (APHA, 2005).

Metals acute toxicity bioassays

The 96-h LC,, and Ilethal concentrations were
determined in static bioassay system. Metal’s toxicity
concentration for each fish species were started from 0 and
increased as 0.05 and 5 mg L' (as total concentration) for

low and high metals concentrations, respectively. The fish
were not fed during acute toxicity trials. In each aquarium
the concentration of metal was increased gradually in
order to avoid the fish from stress. Continuous air was
supplied to all the test and control mediums with an air
pump through capillary network. Fish mortality data
obtained against each concentration of metals during 96 h
test duration was recorded.

Physico-chemical parameters

The acute toxicity tests were performed at constant
water temperature (28°C), pH (7.5) and total hardness
(150 mg/L) in static bioassay systems. The acute toxicity
bioassay procedure, based on standard method of APHA
(2005) was conducted to determine 96-h LC, and lethal
concentrations of Cd and Pb for each fish species.

Enzyme assays

The fish used in the acute (96-h LC,) and lethal test
trails were weighed and removed from the media. All the
fish were dissected and samples of liver, kidney and gills
were taken and washed with phosphate buffer (pH 6.5) to
remove RBCs. The samples were kept at -80°C for the
further enzyme assays.

Enzyme extract preparation

Organ samples were weighed and homogenized in
phosphate buffer (0.2M, pH 6.5) with a ratio of 1:4. The
tissue homogenates were then centrifuged at 10,000 rpm
for 15 min at 4°C. The clear supernatant was preserved and
used for further enzyme analysis.

Table I.- Metals acute toxicity (96-h LC_ and lethal concentrations) for fish, Channa marulius and Wallago attu

calculated by probit analysis.

Metals Fish species Replications 96-h LC,, 95 % C.I. Lethal concentrations 95 % C.IL
(mg LY (mg LY (mg LY (mg LY
Cadmium C. marulius Rl 74.33 67.26-81.15 162.66 146.35-187.19
R2 75.34 68.27-82.22 164.43 147.86-189.38
R3 77.43 70.15-84.59 170.99 153.18-198.11
Means+SD 75.70£1.29 166.03+3.58
W. attu R1 33.67 29.41-57.84 78.98 68.71-95.95
R2 32.68 28.74-36.79 73.48 64.31-88.41
R3 32.51 28.03-37.04 80.15 69.32-98.39
Means+SD 32.96+0.51 77.54+2.91
Lead C. marulius  R1 54.76 48.45-61.00 132.41 117.07-156.07
R2 52.76 46.59-58.85 127.95 113.33-150.38
R3 52.77 46.72-58.75 126.01 111.87-147.55
Means+SD 53.42+0.94 128.79+2.68
W. attu R1 24.81 20.46-29.10 71.38 60.48-90.64
R2 26.34 21.95-30.80 74.26 62.85-94.36
R3 24.10 19.79-28.26 69.38 58.86-87.80
Means+SD 25.08+0.93 71.67+2.00
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Superoxide dismutase (SOD U/L)

The activity of superoxide dismutase was
determined by measuring its ability to inhibit the photo-
reduction of nitro-blue tetrazolium (NBT) by superoxide
(Giannopolitis and Ries, 1977). At 560 nm wave length
1 ml blank (non-illuminated) solution was inserted into
the spectrophotometer and reading was noted after 1
minute. A set of eight cuvettes were used to place in the
light box. In each cuvette 1 ml of buffer solution was
added, to which 0.05 ml enzyme extract and 0.016 ml
riboflavin at timed intervals was added. All the cuvettes
were incubated in the light box (internally mounted by
a 30 W fluorescent bulb to provide the uniform light
intensity) for 12 min. After incubation each cuvette was
transferred to spectrophotometer, where 0.067 ml of
EDTA/NaCN solution and 0.033 ml NBT solution was
added to illuminated reaction mixture. The absorbance of
the samples was measured at 560 nm.

Statistical analyses

The experiment was performed in triplicates and the
data of acute toxicity were analyzed by applying probit
analysis (Finney, 1971). The data of enzymes activities
were subjected to statistical analysis by using MSTATC
(Steel et al., 1997).

RESULTS

96-h LC, and lethal concentrations

The experimental fish viz. Channa marulius and
Wallago attu separately, were tested to determine their 96-h
LC,, and lethal concentrations for lead and cadmium. Both
the fish species were exposed to different concentrations of
these metals. Figure 1 shows the graphical presentation of
fish mortality during 96-h LC,; and lethal concentrations
of lead and cadmium for Channa marulius and Wallago
attu.

The mean 96-h LC, values calculated for Channa
marulius (75.70£1.29 and 53.42+0.94 mg L") and Wallago
attu (32.96+£0.51 and 25.08+0.93 mg L) for cadmium
and lead, respectively, showed that Channa marulius was

significantly less sensitive than Wallago attu (Table I).
While the comparison between metals lead become more
toxic than the cadmium. The exposure of metals (Cd and
Pb)) to C. marulius showed least sensitivity (166.03+3.58
and 128.79+2.68 mg L) while W. attu (77.54+2.91 and
71.67+2.00 mg L") showed significantly highest sensitivity
in terms of lethal exposure.

Lead showed significantly direct relationship
between 96-h LC, and lethal concentrations for Channa
marulius and Wallago attu. While the cadmium showed
statistically direct relationship between 96-h LC,, and
lethal concentrations for Channa marulius. The high value
of R? (Co-efficient of determination) computed for 96-h
LC,, and lethal concentrations relationships showed high
reliability of these models (Table II).

Fig. 1. The percentage mortality of Channa marulius
and Wallago attu at different cadmium (A) and lead (B)
concentrations during 96-h acute toxicity tests.

Table II.- The computed relationships between LC, and lethal concentrations of the test mediums.

Metals/ Fish species Lethal concentration LC,,  Regression equation (y = a + bx) r R?

Treatments y X

Cadmium C. marulius 166.03 75.70 y=-42.21+2.751** x (0.340) 0.992 0.985
W. attu 77.54 32.96 y=37.22+1.223 x (5.558) 0.215 0.046

Lead C. marulius 128.79 53.42 y=-19.08 +2.768** x (0.868) 0.954 0.910
W. attu 71.67 25.08 y=18.12 +2.135%* x (0.215) 0.995 0.990

y, dependent variable; x, Independent variable; r , correlation coefficient; R?, coefficient of determination. **, significant at P<0.01; *, significant at

P<0.05. Values within brackets are the standard errors.
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Fig. 2. SOD activity of cadmium (A, B) and lead (C, D) exposed Channa marulius and Wallago attu.

Antioxidant enzyme activity

During acute exposure the activity of antioxidant
enzymes like superoxide dismutase was also studied in
the test and control mediums. The activities of the enzyme
were determined in fish organs viz. kidney, gills and liver.

In cadmium exposed fish the highest mean activity of
superoxide dismutase was observed in Channa marulius
liver (258.278 U/ml) followed by that of kidney (245.571
U/ml) and gills (198.029 U/ml). However, Wallago
attu kidney showed minimum activity of superoxide
dismutase as 84.201 U/ml. Figure 2 showed increased
superoxide dismutase activity with increased cadmium
and lead concentrations in the test medium. The activity
of superoxide dismutase in lead exposed Channa marulius
and Wallago attu were noted maximum in liver i.e. 25.261
and 55.141 U/ml and minimum in gills i.e. 18.745 and
39.513 U/ml, respectively. Overall SOD activity increased
with increasing metallic ion (Cd, Pb) concentrations in the
test mediums for both fish species, which is an indicator of
stress conditions of fish.

DISCUSSION

The measurement of 96-h LC, values is an important

parameter to check the susceptibility of fish to pollutions.
The sensitivity of fish varies from species to species and
metals to metals. The metal that is toxic at low level
concentration to one individual may be non-toxic or less
toxic to other animal at similar concentrations (Shah and
Altindu, 2005). The LC, values for the same toxicant differ
from individual to individual due to the mode of action and
responses of the animals (King, 1992). Sanjay et al. (2006)
exposed C. marulius to Cr (VI) for 96 h. They observed that
toxicity of Cr to fish is dose and time dependent i.e., with the
increase in metal concentration and time, the mortality was
also increased. Similar trend was also noted that toxicity of
metals increased with increasing/decreasing concentration
of these metals. Tiwari ef al. (2011) studied the toxicity of
cadmium for freshwater teleost, Channa punctata (Bloch)
at 24, 48, 72 and 96-h exposure durations. The LC, values
with 95% confidence level were estimated by SPSS as
26.88 (21.69-71.68), 18.76 (17.13-20.81), 16.70 (14.77-
17.96) and 14.95 (13.13-15.88) mgL™! for dissolved metal
concentrations, respectively. Dhanalakshmi and Chitra
(2014) examined the chromium exposed Cirrhina mrigala
for 24, 48, 72 and 96-h, and the consequential LC, values
were calculated using Finney’s Probit analysis. Rajkumar
et al. (2011) studied the fingerlings of Mugil cephalus was
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exposed to acute toxicity test under static renewal bioassay
to cadmium, copper, lead and zinc. The fingerlings were
sensitive to copper followed by cadmium and lead. Jasim
Aldoghachi (2016) tested the juvenile hybrid tilapia
(Oreochromis sp.) with different concentration of heavy
metals under varying exposure time to examine acute
toxicity effect on their survival rate and bioaccumulation
in fish tissues. Copper (Cu), cadmium (Cd) and zinc (Zn)
was used at rates 0.0, 0.50, 1.0, 3.0 and 5.0 mg L'. The
medial lethal concentration of Cu, Cd and Zn (96-h LC,)
was determined to be 0.45, 0.7 and 2.1 mgL', respectively,
in a Probit transformed concentration - response curves.
Mortality of fish was significantly higher with higher
concentration of toxic metals. The observed fish toxicity
by heavy metals was in the following order: Cu> Cd > Zn.

During present investigation superoxide dismutase
activity in fish increased by increasing metalic ion
concentrations in the test medium. Liver is the organ
that showed maximum superoxide dismutase activity
against cadmium and lead in both fish species. Velma
and Tchounwou (2010) isolated the kidney and liver of
chromium stressed fish to study the antioxidant enzyme
activity. Increased activity in superoxide dismutase was
noted at all concentrations of chromium as compared to
control fish, Carassius auratus. Roberts and Oris (2004)
reported that rainbow trout liver is more sensitive because
it showed increase in the activity of superoxide dismutase
by increasing metallic ion contents and exposure time.
The gills and kidney were the organs that showed non-
significant increase in the activity of superoxide dismutase.
Cadmium accumulation in fish organs also affects the
activity of SOD in catfish (Clarias gariepinus). An increase
in SOD activity in fish with increasing metal concentration
was noted by Asagba et al. (2008) and Vieria ef al. (2009).
Chromium-induced oxidative stress in kidney and liver
of gold fish was studied by Lushchak et al. (2009). Four
different chromium concentrations (1, 2.5, 5 or 10 mgL™")
and a control medium was used. The results indicate the
higher SOD activity in liver than kidney. The activity of
superoxide dismutase decreased with increasing medium
concentration. However, this decrease was sharper in
kidney as compared to liver.

CONCLUSION

The metals (lead and cadmium) 96-h LC, and lethal
responses by both, C. marulius and W. attu showed
statistically ~significant differences. Cadmium was
significantly more toxic than chromium. Between the two
fish species W. attu was found significantly more sensitive
in terms of 96-h LC, and lethal responses. Overall the
SOD activity increased with increasing metallic ion (Cd,

Pb) concentrations in the test mediums for both fish species
that indicate stress conditions in fish.
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ABSTRACT

The present study was conducted to determine heavy metal (zinc, lead, manganese, copper and cadmium)
concentrations in muscle tissues of Labeo rohita inhabiting local water bodies as well as those being
raised at farms. Sampling was performed to collect Labeo rohita from two different stations along river
Ravi, viz. Lahore Siphona (upstream) and Balloki Headworks (downstream). Additionally, samples were
also obtained from govt. operated as well as private fish farms located in Lahore District, Pakistan. The
fish were dissected, their muscles were digested, filtered, and finally analyzed for concentrations of heavy
metal ions, such as Cd, Cu and Zn. Significant variation of heavy metal ions were found between two
sites along river Ravi as well as govt. operated and private fish farms. The order of accumulation of
heavy metals in muscle tissues of Labeo rohita was Mn> Cu> Cd. Elevated mean concentrations of these
heavy metals were determined at Head Balloki which were as Mn (0.44+0.045), Cu (0.31+0.081) and
Cd (0.24+0.057) mg/kg; whereas, the lowest levels were found in the samples collected from private fish
farms, the values being as Mn (0.22+0.014), Cu (0.082+0.002), and Cd (0.019+0.0008) mg/kg; it was also
observed that these values were within permissible limits as laid down by WHO/FAO. The highest level
of heavy metals in water samples collected from river Ravi indicates that the bioaccumulation of heavy
metals may affect the aquatic life of fresh water and industries should not be allowed pouring their effluent
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directly into the river Ravi in their vicinity.

INTRODUCTION

ndiscriminate addition of pollutants in the natural water
bodies, such as river, streams etc. from anthropogenic
sources has resulted in the degradation of environmental
health of aquatic ecosystems (Eisler, 2010). So much so,
the influx of these pollutants into living system, such as
fish and other organisms has worsened the situation. These
pollutants are not only harmful for fish itself but also for
other animals which consume fish meat. Human population
may be directly affected by this alarming scenario (Mendil
et al., 2005). Fishes are one of the most important bio-
indicators of toxic heavy metal pollution (Alinnor and
Obiji, 2010). Currently, there is dire need to monitor the
situation and to assess the risk (Dural ef al., 2007).
Fish is considered at apex level of food chain within
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aquatic system because of which a large amount of heavy
metals may accumulate in their soft and hard tissues
(Mansour and Sidky, 2002). So the result of pollution of
trace metals is dangerous for human health by consuming
this contaminated fish muscles. As a result, the monitoring
of trace metal pollution within aquatic ecosystem including
water, sediments and biota is very essential.

Heavy metals (such as Cd, Cu, Mn, efc.) in elevated
concentration are added to the freshwater bodies through
domestic sewage as well as industrial effluents dumping
on routinely basis which may ultimately may affect the
health of water bodies (Vineeta et al., 2007). The measure
of the addition of these pollutants into the fauna and flora
would be bio-concentration factor and the extent of bio-
magnification by which organisms are generally affected.
In a number of recently conducted studies, the elevated
levels of thee trace metals have been reported and even
more alarmingly, in a number of cases, these values have
been beyond permissible limits as prescribed by authentic
bodies, such as WHO, US-EPA, etc. (Csuros and Csaba,
2002; Vineeta et al., 2007).
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Fish consumption by human population is on the rise
mainly due to its nutritional value and it production as well
as consumption will mount to 98.6 million in 2020 (Retnam
and Zakaria, 2010). On the other hand, risk associated with
the heavy toxicity accumulated in fish fauna is also on the
rise. Recently, Ita-Ita disease has been reported in Japan
which was caused due to intake of cadmium contaminated
seafood; it was also reported that digging in mines in the
proximate area was the ultimate cause of the same (Chen
and Chen, 2001; Dural et al., 2007).

In the current scenario, there is urgent need to assess
the risk of influx of heavy metals, such as manganese,
cadmium, and chromium within the fish fauna. This
information will help to understand the route and risk
assessment concerning heavy metal pollution. Also, it
would help us design future strategies to mitigate the risk.

MATERIALS AND METHODS

Samples of Labeo rohita were collected from wild
as well fish farms during the months from November to
April and were transported to the laboratory. Identification
of fishes was done with the help of identification key based
on morphological characters (Mirza ef al., 2013). For this
purpose selected sites are: (i) Two sites along river Ravi:
one was upstream, Siphon bridge (site 1) and the other
was downstream, Balloki headworks (site 2). (ii) Three
Government operated fish arms: locate in Lahore district:
Manga Mandi Fish Hatcheries, Govt. Model Fish Farm
and Rahkbakanth Army Fish Farm, were designated as
sites 3, 4 and 5, respectively and (iii) Three private farms:
Sunder Fish Farm, Mansha Fish Farm and Varioline
Intercool (Kahna Kacha) were designated as sites 6, 7 and
8, respectively were placed in group 3.

Additionally, water samples from each site were also
collected in glass in acidified vials (10% HNO,). At the
spot tests of various physico-chemical parameters, such as
temperature and pH of water were recorded.

Muscle tissues (100 mg) form each fish were obtained
through dissection, washed with deionized water and were
subjected to wet digestion method (APHA, 2005; Bano
and Afzal, 2017). For this, muscle samples (2g) of each
sample were chopped with sterilized stainless steel knife
to achieve homogeneity. Then it was subjected to 10 ml
of HNO, and H,O, (1:1 ratio) treatment and heated on hot
plate to about 140°C and refluxed for 10 to 15 min. Sample
were cooled and placed back onto hot plate, added 35%
H,0O, in 1ml portions and again the solution was cooled
until effervescence stops. The digested samples were
syringe filtered by using 0.2pm nylon filter (Nalgene) and
were sent to PCSIR, Lahore for the element analysis by
using atomic absorption spectrometer.

Bioconcentration factors (BCF) of Mn, Cd and Cu

were also calculated by using the following expression.
BCF =Tc/Wc

Where, Tc is concentration of heavy metals in tissue and

Woe is concentration of heavy metals in water.

Statistical analysis of the data was performed by using
statistical program named as SPSS Software, whereas,
various tests were performed, such as uni-variate analysis
of variance (One-Way ANOVA), T-Test and Post Hoc Test.

RESULTS

Water parameters

Physicochemical characteristics of water of all the
studied sites are given Table 1. Highest mean temperature
was found at site 7 and lowest of the same was at site 4
(Table I). pH of all the sites was similar which was slightly
alkaline (Table I). No significant variation of both these
parameters was found.

Table I.- Physico-chemical characteristics of water at
all studied sites.

Sites Temp. (°C) pH
(Mean = SD) (Mean = SD)

Site 1 30.5+1.50 8.30+0.1
Site 2 30+1.00 8.35+0.05
Site 3 28.5+1.50 8.40+0.1
Site 4 28+1.00 8.25+0.05
Site 5 27.5+1.50 8.45+0.05
Site 6 28.542.5 8.20+0.1
Site 7 31.5+1.5 8.30+0.1
Site 8 29+3.0 8.40+0.1

Concentrations of various Mn, Cd, and Cu were recorded as given in
Figures 1 and 2.

Metal concentrations in Labeo rohita muscles

Mean average concentration of manganese (Mn) ion
with SEM at various studied sites such as site 1, 2, 3, 4, 5,
6, 7 and 8 were measured as 0.22 + 0.014, 0.14 + 0.008,
0.12 £ 0.004, 0.11 £ 0.008, 0.08 = 0.008, 0.07 + 0.012,
0.07 = 0.008 and 0.05 + 0.008 mg/L, respectively (Fig.
1A).

Mean average concentration of copper (Cu) with SEM
at various studied sites such as site 1, 2, 3,4, 5,6, 7 and 8
were measured as 0.082 + 0.002, 0.044 + 0.003, 0.046 +
0.002, 0.036 = 0.001, 0.036 = 0.001, 0.034 £ 0.001, 0.027
+ 0.0 and 0.018 £ 0.0 mg/L, respectively (Fig. 1B).

Mean average value of cadmium (Cd) at various sites
such assite 1,2, 3,4, 5,6, 7 and 8 were measured as 0.019
+0.0008, 0.015 £ 0.0004, 0.015 + 0.0008, 0.013 £ 0.0008,
0.011 £0.0008, 0.013 £ 0.0008, 0.002 + 0.0008 and 0.002
+ 0.0008 mg/L, respectively (Fig. 1C).
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Fig. 1. Water analysis showing concentrations (mg/L)
of Mn (Reference value = 0.15 mg/L (US EPA) (A), Cu
(Reference value = 0.05 mg/L (US EPA) (B) and Cd
(Reference value = 0.002 mg/L (US EPA) (C). *These
values exceed permissible limits as prescribed by US EPA.

DISCUSSION

Head Balloki reservoir is very important for
commercial fishing but receives 168 cusecs of effluents
from nearly 200 industries and 3136 cusecs of domestic
waste water from Lahore City as reported by Tabinda et al.
(2013) without any treatment.

In 1993, National Environmental Quality Standards
(NEQS) were approved by Government of Pakistan for
permissible limits of pollutants in municipal and industrial
effluents which were enacted in the year 2000; dilution
of industrial effluents by 1:10 was recommended before
discharge in water bodies. However, implementation has
not been strict resulting in the continuously deteriorating
the environmental health of local water bodies and
ultimately damaging not only inhabiting fauna, such as
fish but also the human population consuming these fish as

food (Widianarko e al., 2000).

Manganese (Mn) concentration in water

The value of Mn (II) recorded in current study is
beyond the permissible limits of US-EPA as 0.15 mg/L.
However, the value of Mn (II) in water samples of river
Jehlam was ranged 0.002 - 0.158 mg/L less than the current
study (Khan et al., 2004). The reason of this fact might be
due to less discharge of effluents into the river Jehlam.

Water pollution affects the aquatic flora and fauna
due to discharge of effluents into the Laan River China by
disturbing ecological and toxicological parameters (Wang
and Tang, 1998). Mn (II) toxicity in bed sediments of
river Ravi at Balloki Head works was measured as 14.19
pg/g (Javed and Mahmood, 2001). Which may be another
reason for increased level of Mn metal content at River
Ravi. Rest of the studied metal were within permissible
limits.

Table II.- One way analysis of variance (ANOVA)
for different metals concentration (mg/Kg) in muscle
tissues of group 1, 2 and 3.

Sites M SD SEM F P
Mn Wild 0.34 0.15 0.11 9.562  0.020*
Govt. 0.12 0.04 0.02
Private 0.05 0.01 0.01
Cu Wild 023 0.11 0.08 8306 0.026*

0.04 0.01 0.01
0.17 0.10 0.07 5.782 0.050
0.06 0.02 0.01
0.03 0.01 0.01

Private
Cd Wwild
Govt.

n
2
3
3
2
Govt. 3 0.07 0.02 0.01
3
2
3
Private 3

*, significantly high value at P < 0.05.

Mn (1l) concentration in fish muscle

Mn (II) concentration in muscle tissues at upstream
(Shiphon Bridge) was found significantly (Table II) less
than the downstream (Head Balloki) because pollutants
are naturally carried downstream and after has been
introduced into the river do not further diluted. The present
study revealed that heavy discharge of domestic sewage
and industrial waste has badly affected the quality of river
water. Logical reason behind this fact are three major
tributaries like Farrukhabad, Taj Company and Hudiara
Nullas discharge large amount of industrial waste into the
river and increases metal toxicity level (Javed, 2005).

Mn (II) metal content in present investigation was
found similar in the range of 0.27-1.50 mg/Kg recorded
in a study (Andreji, 2006). In a previous study Mn (II)
bioconcentration in muscles of seabass and red seabream
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was measured in the range of 0.04-0.11pg/g and 0.02-0.10
pg/g which are close to the values calculated in Government
operated and private fish farms in present study. In another
study mean value of Mn (II) ranged 11.7-72.9 pg/g in fish
species found in Takot lakes in Turkey (Mendil et al., 2005).
In a similar investigation accumulation level of Mn (II)
metal content in cultured fish of local farms (O. niloticus
and S. aurata) was ranged 0.37- 0.8 pg/g (Muzyed, 2011)
greater than the values calculated in Government operated
fish farm (Site 4). This difference may be due to species
specific metal accumulation.

Fig. 2. Concentration of Mn (II) (A), Cu (II) (B) and Cd
(II) (mg/Kg) (C) in muscle tissues collected from different
sites.

By comparison, the bioaccumulation of Mn (II) in
muscle tissues of marine fish of USA was found as 0.15-
0.70pg/g (Burger and Gochfeld, 2005), and about 0.08-
2.78ug/g in mullet of Turky (Tepe et al., 2008; Turkmen et
al., 2009). Manganese level in muscle tissues of fish found
in sea of china was measured as 0.26-43ug/g (Asante et
al., 2008), and in Southeast Asia as 0.05-0.810pg/g (Agusa
et al., 2007). Amount of Mn (II) in frozen fish samples
imported from Thailand and Malaysia was 0.35pug/g and
0.94pg/g, respectively. A concentration of Mn in canned
fish imported from Greenford, England was whit in the
range of 0.00-100pg/g.

Copper (Cu) concentration in water

Copper (Cu) concentration in water samples at all
the selected sites was significantly low than the USEPA
recommended values of 0.05 mg/L. In an investigation at
same studied site concentration of Cu (II) content ranged
(0.172 - 0.173 mg/L) was almost close to the present value
(Tabinda et al., 2013).

In this study Cu (II) toxicity level was less at
Lahore Siphon as compared to the Balloki Headworks it
has been found that effluents discharge from tributaries
are responsible for the toxic effect (Fig. 2C). Effluents
discharged from industries and domestic wastes from nine
tributaries are responsible for the increase of impurity of
river Ravi, which is responsible for increased toxicity of
Cu (II) in water and bioaccumulation in biota (Rauf and
Javed, 2007). Mean concentration of Cu (II) in river Jehlum
was ranged 1.21 - 2.24 mg/L comparatively greater than
our calculated value. Low level of Cu (II) metal content is
found in water samples collected from private fish farms
(Sites 6, 7 and 8). Low Cu (II) content at private fish Farms
might be due to irrigation of fields with ground water.

Copper (Cu) concentration muscle in fish muscle

In present study significantly low level of Cu (II)
has been found in muscle tissues of L. rohita than the
WHO/FAO (1989) recommended values. Comparatively
less amount of Cu (II) is bioaccumulated with regard
to other selected metals. In this investigation the order
of accumulation at studied sites (group 2, Government
operated fish farms) was Mn > Cu > Cd. The Accumulation
level was significantly different at P < 0.05.

Eisler (2010) reported that in most of the organisms
Cu (II) is being regulated properly and usually less
bioaccumulation of it occurs in fresh water food chains.

Comparatively high level of Cu (II) is found in
muscle tissues from Head Balloki. One possible reason
behind this is the presence of large amount of Cu in
sediments at collection site. Cyprinus fishes are benthic,
burrowing species and bioaccumulation of copper depends
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on its bioavailability from sediments (Luoma, 1983).
Accumulation of Cu (II) in bed sediments of River Ravi
at Balloki Headworks was found to be 46.28 ng/g (Rauf
et al., 2009) might be cause of high accumulation level
of Cu (II) at Balloki Headworks as compared to samples
from fish farms.

Plankton in river Ravi has affinity to bioaccumulate
Cu (I) ions in greater amount as compared to its
concentration in water (Rauf et al., 2009) one plausible
reason for increased BCF in muscle tissues.

Cu (II) accumulation in muscle tissues of fish
from China was below the permissible levels given by
management department of China (Tepe et al., 2008)
similar to our investigation. It has been invested that less
Cu (I) is present in natural water bodies because copper
minerals are relatively insoluble in natural water provided
that no polluted effluents are being discharged into river
water.

Pesticides sprays extensively used for agriculture
purpose contain copper compounds which is responsible
of Cu (II) to be available in surface water and ground
water which might be the reason of minor accumulation of
Cu (I) in cultured fish samples. It has also been found that
Cu (II) toxicity depend on physico-chemical properties of
water specially in water having low alkalinity (Taha, 2004)
and pH value at the studied site supports this argument,
might be responsible for bioaccumulation of this metal in
muscle tissues.

Statistical analysis showed that less amount of Cu
(IT) has been measured in muscle tissues of Government
operated fish farms and private fish farms as compared
to the wild samples. Cu levels within caged seabass and
red sea bream muscles were 0.06-0.16 pg/g and 0.11-0.22
ng/g, respectively. Thus accumulation level of Cu (II)
in studied samples was confirmatory with the calculated
values of Onsanit (2010). The concentration of Cu (II)
in cultured seabass (D. labrax) ranged 0.25-1.0 pg/g
(Fernandes et al., 2008) which is greater than the values
found in our present study. This might be due to different
physico-chemical properties of water and use of different
analytical instrument.

In a similar investigation accumulation level of
Cu (II) in cultured fish of local farms (O. niloticus and
S. aurata) was ranged 0.25-0.9 mg/Kg (Muzyed, 2011),
greater the values calculated in Government operated
fish farm. Previously it has been reported that in Pakistan
frozen fish imported from Thailand and Malaysia contain
5.23 and 0.01 ng/g of copper, respectively. However, Cu
(IT) content in frozen fish collected from Pakistan was
0.320 pg/g lower than USEPA allowable limit (120 pg/g).
In our study the values of bioaccumulation factor (BCF)
ranged 1.4 - 3.7 higher than the values (0.93) previously

calculated in muscle tissues of fish samples from Laizhou
Bay (Liu et al., 2014).

Cadmium (Cd) concentration in water

Cadmium (Cd) concentration in water samples at
Head Balloki Reservoir (downstream) was significantly
high as compared to Siphon Bridge (upstream). Increased
value at Siphon Bridge may due to inclusion of more
untreated waste from different tributaries into river water.

In this study statistical analysis showed lowest level
of Cd (I) metallic content in water samples of Government
operated and private fish farms. One plausible reason
behind this fact might be the culturing of fishes in ground
water not polluted with untreated industrial waste. Cd (II)
is rarely found in natural water (Hem, 1989) one supportive
statement to the present investigation. The concentration
of Cd in drinking and irrigation water is thought to be
dangerous if it exceeds 0.01mg/L (Taha, 2004).

Cadmium (Cd) concentration in fish muscle

Amount of Cd (II) in sediments of river Ravi at Siphon
was found in the range of 0.99-3.17 ng/g responsible for
less bioconcentration of Cd (II) at Lahore Siphon.

The concentration of cadmium in sediments serves as
secondary source of pollution to water in which these are
present (Rauf ez al., 2009) responsible for accumulation of
Cd (IT) in muscle tissues of fish. Cd (II) and Pb (IT) don’t
have any biological function considered potentially toxic
even these are present in trace concentrations in the body
(Robert, 1991).

The highest value of Cd (IT) measured was significantly
low than permissible values that was suggested by FAO
and WHO (FAO, 1989) indicates that fish can be used by
human community.

Bioaccumulation of trace amount of Cd (II) in
Government operated fish farms and private fish farms
as compared to the wild fish samples is supported by
the work of Ali and Abdel-Sater (2005) who found that
cultured fishes may get heavy metals through artificial diet
and surrounding water.

In a similar investigation accumulation level of Cd
(II) in cultured fish of local farms (O. niloticus and S.
aurata) was ND- 0.09 pg/g similar to the values calculated
in Government operated fish farm (Muzyed, 2011).
Recently, highest bioconcentration factor (BCF) values
(12) were found at head Balloki (site 1) similar to the
values previously measured in frog species ranged 3-10
(Ololade et al., 2011) and comparatively less than that
calculated by Taiwo et al. (2014).

In the present study accumulation level at private fish
farms was significantly low and the order of accumulation
was as Mn> Cu> Cd. Similar ranking order of studied
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heavy metals such as Mn> Cu> Cd were found in muscle
tissues of reverine fish species polluted with industrial
effluents (Damodharan and Reddy, 2013). Among all the
selected heavy metals it has been found that high level
of Mn as comparison to other heavy metals is present
in muscle tissues of fish (Fig. 2A). Similarly, the order
of accumulation of selected heavy metals at Balloki
Headworks was in the order of Mn >Cu > Cd (Sites 7 and
8 (group 3-Private fish farms)). Accumulation order was
significantly different at P < 0.05.

CONCLUSION AND RECOMMENDATIONS

In present study this has been concluded that
concentration of heavy metals in muscle tissues differed
significantly among two sites on river Ravi, Government
operated fish farms and private fish farms of Lahore district.
Overall heavy metal accumulation was in maximum in
wild fish samples, followed by Government operated,
and private fish farms (wild > Government operated fish
farms> private fish farms); amongst wild fish, specimens
of Baloki showed elevated values than the Siphon. Low
level of heavy metals’ accumulation was found in muscle
tissues of L. rohita collected from private fish farms. The
order of accumulation of heavy metals in muscle tissues
of L. rohita was Mn> Cu> Cd in the specimens collected
from all the sources. The present investigation will enable
us to establish food safety in terms of source of fish meat.
This study will help us to understand which source is safer
in terms of fish meat for consumption.

In the light of the current study, following
recommendations may be laid: (i) The effluents discharge
from industrial units into water bodies, such as river
Ravi as well as its tributaries must be banned as far as
these effluents are not treated to remove toxic metal
ion to significant extent. (ii) Regular monitoring of the
water quality of river Ravi carried out by competent and
concerned authorities, such Punjab Fisheries Department,
Environmental Protection Department and Irrigation
Department, etc. and it must be ensured the pollutants must
not exceed permissible limits of National Environmental
Quality Standards (NEQS). (iii) Waste water treatment
plants may be constructed at larger scale dealing with the
effluent of many industries lying adjacent to each other
along river Ravi and its tributaries. (iv) Bio-remedial
measures may be employed at large scale which would be
helpful in large extent to control the alarming situations.
(v) Necessary improvement at Government operated fish
farms may be brought upon to improve the quality of
fish meat in terms of trace metal ion contents. (vi) For
consumer of fish meat, it is recommended to use farm fish
instead of wild.
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ABSTRACT

The present study was designed to evaluate bioaccumulation of Cd and Cr in some tissues like muscle,
liver and gills of Thaila Fish (Gibelion catla) inhabiting river Ravi. Three sites were selected for the
collection of fish and water samples, Balloki headworks (S1), Shahdara Bridge (S2) and Lahore Siphon
(S3). Samples of G. catla were also collected from ponds of Manawan Fisheries Research and Training
Institute (FR&TI), Lahore and used as control. After capturing the fish were anesthesized, sacrificed
and the organs were obtained. The cadmium and chromium concentration in these fish organs collected
from various sites was measured through inductively coupled plasma optical emission spectrometry (ICP-
OES). The same was used to measure water samples. Variation of concentrations of Cd (II) ions was
non-significant among different organs whereas that of Cr (II) was significant (<0.05). Also, significantly
higher concentrations of Cd (II) and Cr (II) were observed in liver, muscle and gills as compare to control
samples. In liver of fish samples, bio-concentration factors (BCF) of Cd (II) were calculated as 10.7,
3.6 and 6.4 at site S1, S2, and S3, respectively and those of Cr (VI) as 1.4, 1.0, and 1.4, respectively; In
muscles, BCF values for Cd (IT) were 8.8, 7.6 and 9.0 and for Cr (VI) it was 1.1, 0.8, and 1.1, respectively;
In gills, values for Cd (IT) were 10.8, 7.6, 9.0 and for Cr (VI) it was 1.1, 0.8, and 1.0, respectively. These
findings for heavy metal bioaccumulation indicate that heavy metals persist throughout the river stretch.
The results also suggest that this fish acts as a biomarker of exposure for heavy metals and can be used to
report heavy metal pollution.
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INTRODUCTION

Natural waters are being polluted by heavy metals from
numerous anthropogenic as well as geological sources.
It is an increasing global issue and many publications
have described the heavy metals contamination in aquatic
ecosystems. The bodies of aquatic animals accumulate
large amounts of heavy metals under a variety of
environmental conditions. Since heavy metals accumulate
in different organs of fish, there is a need to evaluate heavy
metal concentrations in water and fish organs to determine
health risks to humans who consume fish as food (Yilmaz
etal., 2007).

Due to the rapid increase in industrial and agricultural
activities over the past few years the wastes from point
and non-point sources are indiscriminately dumped into
the surrounding water ecosystems and as a result heavy
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metals progressively accumulate in fish organs through
aquatic food chain (Abdel-Baki et al., 2013). Heavy
metal bioaccumulation in fish is mainly dependent on
fish species, heavy metal type and also on tissues of fish
(Qiao-Qiao et al., 2007). Fishes in aquatic ecosystems are
able to accumulate heavy metals in their tissues in greater
concentrations than water, micro flora and sediments in
their environment. As the levels of heavy metals increase
in water, the accumulation rate of heavy metals in fish body
tissues also increase. Iron, zinc and copper are considered
essential for fish for their biological and enzymatic
activities if present in low concentration. However, other
metals, such as cadmium, mercury and lead can be highly
toxic if they are present in minute quantity because they do
not have any essential role in fish body. Nevertheless, even
essential metals can also become very toxic if present in
high concentration in fish tissues (Yaduma and Humprey,
2009).

Fish, as food is consumed by humans all over
the world and there is a threat to human life due to
consumption of toxic fish. Many mutagenic, cytotoxic
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and carcinogenic effects in fish body are caused by these
heavy metals (Al-Kahtani, 2009). Imbalances of aquatic
ecosystem are caused by heavy metals and they also
disrupt the aquatic food chain. Accumulation of heavy
metals varies depending upon route of metal uptake, fish
species and type of heavy metal which is accumulated by
fish (Alyahya et al., 2011). These accumulations result
in changes in biochemical metabolism, histopathological
changes, serum biochemical changes and other induce
stresses if they are present in any part of the fish body
(Shivakumar et al., 2014).

Fishes are used as bio-indicators in aquatic
environments for the determination of heavy metals.
Metal deposition in different organ of fish is caused by
temperature of water. Gills of fishes in acidic conditions
usually absorb divalent ions of heavy metals (Bat ef al.,
2012). Cadmium is usually accumulated in liver and
kidneys under high temperatures. This accumulation
probably results from high metabolic rate under high
temperatures which promote high rate of metal uptake
and binding. Acidified lakes have high concentration of
cadmium and lead but not zinc. Uptake of heavy metals
across the gills is also affected by hardness of water (Akan
etal.,2012).

The heavy metals are deposited, incorporated or
assimilated in water, sediments and even in the body of
aquatic animals because these metals cannot be degraded
and it is the main cause of water pollution. These metals
can be biomagnified within the food chain and when
assimilated by humans they become a part of human body
resulting in health risks (Wuana and Okieimen, 2011).

This study was planned to evaluate heavy metals
(Cd-11, Cr-VI) in the water bodies and accumulation of
these metals in various tissues of Gibelion catla inhibiting
polluted water of river Ravi.

MATERIALS AND METHODS

Study area

The current study was conducted at three sites of river
Ravi which originate from India than moving along Indo-
Pak border it enters in Pakistan and passes through Lahore.
(Tabinda et al., 2013). The three sites chosen along the
river are S1 (Balloki headworks), S2 (Shahdara Bridge),
S3 (Lahore Siphon).

Collection of samples

Samples of G. catla were collected from designated
sites. The control samples were obtained from Government
operated Fish Farm, Manawan Fisheries Complex, Lahore.
Fish were collected by using dip nets and were kept in

polythene bags in ice cooler and transported to the Research
Laboratory at the Department of Zoology, GC Universsity,
Lahore. Fish were identified with the help of identification
key based on morphological characters (Mirza, 2003) and
weight of each fish sample was recorded.

Water samples were collected and preserved by
adding concentrated HCI 2ml/ liter of samples at the time
of collection. These samples were wrapped in aluminum
foil and stored in -4°C freezer in laboratory.

Physico-chemical parameters, such as temperature
and pH of water were also measured at the time of
collection.

Heavy metal analysis

Fish samples were prepared by taking muscles,
gills and liver after dissection. These organs undergo wet
difestion as described by Enamorado-Baez et al. (2013).
Briefly, the tissues were weighed and 2g was taken,
chopped and homogenized. HNO, (10 ml) was taken and
mixed with fish solid sample and allow to heat on hot
plate at 90 to 95°C and then refluxed for 10 to 15 min.
Upon cooling 3ml of 30% hydrogen peroxide (H,0,) and
2ml of deionized water was added. Sample were placed
again onto the hot plate and allowed to heat until the
effervescence stops. Again 1 ml of 30% H,O, was added
and warmed until the effervescence stop and cooled at
room temperature. By using the syringe filter, Nalgene
0.25 nm the digested samples of fish tissues were filtered.
Filtrate was added to a new glass vials and stored at room
temperature until analytical procedures could be done.

For digestion of water samples Ozturk et al. (2009)
method was used. A beaker was filled with 100 ml of water
and 3 ml of concentrated HNO, and allowed to heat on hot
plate slowly until the volume was decreased to Sml. The
beaker was allowed to cool after removing from the hot
plate and 3ml of conc. HNO, was added and again it was
placed on hot plate. With the continuous addition of acid,
samples were heated until the sample solution was clear
and light in color. The sample solution was evaporated
until the volume reached to 3ml. Upon cooling of sample
10ml of HCI was added to sample and heated for 15
min. The sample solution was filtered by using filtration
apparatus to remove the suspended particles. Final volume
of sample was adjusted to 100ml at the end with deionized
water. Filtrate was added to a new glass vials and stored
until analytical procedures could be done.

Determination of metal ions

The filtrates were analyzed for Cd (II) and Cr (VI)
by using “inductively coupled plasma optical emission
spectrometry (ICP-OES, Perkin Elmer Optima 7000DV)”.
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Determination of bio concentration factor
Relative concentration of cadmium and chromium
among body organs was determined by Bio concentration
factor (BCF).
BCF=Tc/Wc
Where, Tc is heavy metal concentration in fish tissues and
Wec is heavy metal concentration in water.

Statistical analysis

By usingstatistical software (SPSS) forsocial sciences,
statistical analysis of the data was performed. Correlation
analysis was done to examine the interrelationships
between the investigated metal concentrations. T-test was
performed for the determination of significance between
the values.

RESULTS

Water analysis

Temperature and pH at all the selected sites were
determined while collecting the water samples. The values
for temperature and pH are given in Table L.

Table I.- Mean values of water temperature and pH at
all studied sites (n=3).

Sites Temp. (°C) pH
Mean=SD Mean=SD
S1 3342 9.6+0.2
S2 30+2 8.4+0.3
S3 30+4 8.4+0.2
Control 2843 7.9+£0.2

Cadmium and chromium concentration in water samples
Mean concentrations of divalent cadmium (Cd IT) and
hexavalent chromium (Cr VI) at sites 1, 2, 3, and control
were measured and compared with the WHO and NEQS,
Pakistan provided standard concentrations as shown in
Table II.
Lowest concentration of Cd (II) was observed in

control samples whereas highest concentration of Cd (II)
was observed at site 1 which is downstream of the river.
In case of Cr (VI) lowest concentration was observed in
control samples whereas highest concentration was at site
2 which is downstream of the river.

Table II.- Concentrations (Mean + SD) of heavy metals
(mg/L) in water collected from different sampling sites.

Sampling sites Cd D) Cr (VD)
Mean £+ S.D Mean £+ S.D
Site 1 0.03+0.008 0.42+0.26
Site 2 0.03+0.004 0.50 £0.32
Site 3 0.02+0.005 0.39+£0.12
Control 0.01+0.002 0.05 +£0.02
NEQS 0.01 mg/L 1 mg/L
WHO 0.72 ug/L 11 ug/L

*NEQS, permissible standard values for Pakistan.

Analysis of fish tissues

Liver

Cd (IT) and Cr (VI) concentration in liver tissue of
G. catla collected from study sites S1, S2, S3, and control
were measured. The highest concentration of Cd (II) and
Cr (VI) was observed in the liver of fish collected from site
1 (Balloki headworks) as shown in Table III.

Muscle

Cd (II) and Cr (VI) concentration in muscle tissue of
G. catla collected from study sites S1, S2, S3, and control
were measured. The highest concentration of Cd(II) and
Cr(VI) was observed at S1 (Balloki Headworks) as shown
in Table III.

Gills

Cd (II) and Cr (VI) concentration in gills of G.
catla collected from study sites S1, S2, S3, and control
were measured. The highest concentration of Cd(II) and
Cr (VI) was observed in fish collected from S1 (Balloki
headworks) as shown in Table III.

Table I11.- Mean concentrations (Mean + SD) of heavy metals in mg/kg in liver tissues of G. catla.

Sampling sites Liver Muscle Gills
Cd Cr Cr Cd Cr

Site 1 0.29 +£0.006 0.62 +0.05 0.24 +0.05 0.47+0.02 0.29+0.02 0.46+0.04
Site 2 0.09+0.004 0.50+0.03 0.19+0.04 0.40 +£0.05 0.19+0.04 0.44+0.03
Site 3 0.15+0.006 0.56+0.02 0.21£0.006 0.43+0.04 0.21£0.006 0.39+0.009
Site 4 0.01 +£0.002 0.19 £ 0.05 0.02 £0.03 0.18+0.02 0.02+0.002 0.18 £0.001
Rf value* 0.10 mg/kg 0.05 mg/kg 0.10 mg/kg 0.05 mg/kg 0.10 mg/kg 0.05 mg/kg
EPA (Pakistan) 0.05 mg/kg 0.01 mg/kg 0.05 mg/kg 0.01 mg/kg 0.05 mg/kg 0.01 mg/kg

*, WHO/FAO (1989).
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Bio-concentration of heavy metals

The bio-concentration of Cd(II) and Cr(VI) was
calculated by dividing the heavy metal concentration
in fish tissues divided by heavy metal concentration in
respective water sample. The bio-concentration values in
all three tissues are shown in Table IV.

Table IV.- Bio-concentration factor of Cd (II) and Cr
(VD) in G. catla tissues.

Cadmium (Cd II)
Liver Muscle Gills

Chromium (Cr VI)
Liver Muscle Gills

Site 1 10.7 8.8 10.8 1.4 1.1 1.1
Site 2 3.6 7.6 7.6 1.0 0.8 0.8
Site 3 6.4 9.0 9.0 1.4 1.1 1.0

Control 1.1 2.2 1.9 3.7 3.6 3.6

DISCUSSION

The area of river Ravi used in this study is stretched
from Lahore Siphon to Shahdara Bridge and Balloki head-
works. The main sources of pollution in river Ravi are
industrial, urban and agricultural wastes. The discharge
from electroplating workshops, paper and pulp industries,
scientific and medicine laboratories, steel factories as well
as municipal sewage and surface runoff contribute to the
contamination of this water body (Rauf ef al., 2009).

The data concerning concentrations of Cd (II) and
Cr (VI) in water at different studied sites revealed that the
amounts of the two toxic metals were significantly higheras
compared to control. Significantly elevated concentration
of Cd (I), from the samples collected along river Ravi
clearly indicates the pollution burden rendered upon
these sites. This situation is quite alarming because of the
persistent elevated level of Cd (IT) ions beyond permissible
limits set by World Health Organization (WHO) as well
as Environmental Protection Department, Pakistan (EPD).
The previous studies for the evaluation of Cd (II) at these
areas showed the similar trend (Yaqub, 2003; Tabinda et
al., 2013). On the other hand, values in the current study
are slightly elevated as compared to the previous reports
of the same area (Khan et al., 2003). This might be due
to fact that water bodies, located along Ravi may have
overburdened by the set-up of increasingly developing
industrial zones along the tributaries of this river.

A comparison of chromium (Cr VI) concentration
showed that water from Head Balloki, Shahdara Bridge
and Lahore Siphon contained higher concentrations of Cr
(VI) and is beyond acceptable limits set by World Health
Organization (WHO) as well as Environmental Protection
Department, Pakistan (EPD).

The concentrations of Cr (VI), at studied areas were
much lower than previously reported studies of the same
area (Yaqub, 2003; Khan et al., 2003).

The concentrations of Cr (VI) in water were in
accordance with a study by Qadir er al. (1997) but are
much higher than another study at the same area (Kashif
et al., 2009). Higher concentration of heavy metals can be
attributable to the industries along the sides of this river
(Rauf et al., 2009).

As aquatic ecosystem is being polluted by untreated
chemical discharges from industrial, domestic and
agricultural wastes, the adverse effects are being produced
on populations of aquatic fauna and thereby becoming an
important environmental problem. Pollutants tend to bio-
accumulate in the aquatic food web and can become a threat
to human health due to the consumption of intoxicated
organisms such as fish (Benson ef al., 2007). Fish are often
at the top of aquatic food chain and had greater tendency
to accumulate heavy metals from river water (Gitet et al.,
2016).

Cd (II) concentration in Fish muscles showed
its bioavailability in water bodies which could cause
carcinogenic effects in aquatic biota and human health
(US EPA). Presence of Cd (II) is highly toxic which could
cause anomalies such as developmental reduction and
slow growth rate as well as lowest concentration of Cd (1)
could cause skeletal ossification (Rodriguez et al., 2016).
Bioaccumulation of Cd (IT) ions in control samples (MFRTI
pomd) showed that Fish from the farms may get some
amount of heavy metals through surrounding water and
artificial diet. Levels of Cd (II) were observed high among
edible fishes with mean value of 0.48 ppm averaging about
0.45 ppm in most liked species of Pakistan G. catla and
Labeo rohita (Hussain et al., 2016).

Active metabolite organs, such as gill and liver
sensitively accumulate large amount of metals as compared
to the muscles. Different tissues have different tendencies
to accumulate metals because these tissues have different
functions as well as different metabolic roles of metals in
organs (Hussain ef al., 2016).

Cr (VI) is more concentrated in liver tissues of all fish
which is beyond the permissible limits set by World Health
Organization (WHO) as well as Environmental Protection
Department, Pakistan (EPD). Toxicity of Cr (VI) was
statistically significant among all studied sites.

Liver is the main organ for the detoxification and
it is an active site for pathological responses induced by
contamination. Gills may be direct in contact with water
and toxins and it perform the function of respiration in fish
bodies reported by Uzairu et al. (2009).

Usually fish in aquatic ecosystems absorb metals
through drinking of water and ingestion of contaminated
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food. These metals bio-accumulate in the tissues of fish
and in turn are transferred to humans through consumption
of fish and fish products (Gitet ef al., 2016).

Metal concentration in fish tissues is due to its contact
with sediments and water (Rauf et al., 2009). Labeo rohita
and G. catla had less metal concentration as compare to
the other species because G. catla is upper water column
dweller and Labeo rohita is mid column water dweller
(Tabinda et al., 2013).

Cr (IIT) and Cr (VI) compounds have ability to bind
with the soil and very persistent in water and sediments.
Cr (VI) compounds are very toxic and can be potential
carcinogens while Cr (III) is an essential nutrient. High level
of Cr (VI) cause irritation to the lining of nose, nose ulcers
and breathing problems in human (Benson et al., 2017).

This study revealed that bioaccumulation of heavy
metals in fish farms was significantly and Cr (VI) can bio-
accumulated more than Cd (II).

CONCLUSION AND RECOMMENDATIONS

The present study revealed that concentration of
heavy metals, cadmium and chromium in liver, muscle
and gills of fish differed significantly between fish samples
collected from River Ravi and those collected from private
fish farms of Manawan Fisheries Complex, Lahore. Low
levels of Cd (II) heavy metal accumulation was observed
in muscles of G. catla collected from River Ravi. The
descending order of accumulation of Cd (II) in various
body parts of examined fish was gills > liver > muscles.
High levels of Cr (VI) concentration were noted in liver
of C. catla collected from River Ravi. The descending
order of accumulation of Cr (VI) in the fish was liver >
muscles > gills. Presence of heavy metals in tissues of fish
collected from River Ravi was most likely due to point and
non-point source industrial and domestic discharges into
the River Ravi.

On the basis of present findings, the following
recommendations are proposed: (i) Prior to discharge
of domestic and industrial effluents into the link canals
sewage, they should be treated properly before finally
falling into the barrages of the respective cities. (ii) There
should be proper systematic pollution checking system
for daily pollution loads at all the head works especially
at downstream locations from the headworks. (iii) Trees
should be planted on the boundaries of the water systems
to prevent direct entry of agricultural wastes into the
waterways. (iv) Serious efforts should be made to reduce
anthropogenic discharges in the head works as gradually
increasing water pollution levels will greatly influence area.
(v) Seasonal variations of physico-chemical parameters of
river water quality must be considered while establishing

water quality parameters for pollution reduction and
proper management of the aquatic ecosystems.
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ABSTRACT

The study on evaluation of potential of the whole ATPase 6/8 region of the mitochondrial DNA as a
molecular marker was conducted for determination of phylogeographic analysis of Labeo rohita. For
detection of variations among the different weight groups from the same age class of this species samples
were collected from the fish farming area in Punjab-Pakistan and its phylogeographic relationship on
the basis of ATPase 6/8 gene studies conducted on other cyprinids of the world and registered with
NCBI was analyzed. The ATPase6/8 region was more variable but gave the wide distribution of Labeo
rohita, the overall levels of sequence divergence were low. Levels of haplotype diversity varied widely
among countries with Chinese and India spp. showing the greatest diversity whereas Japanese Labeo
had undetectable nucleotide variation. Chinese and Japanese carp strains were the most divergent and
their relationships did not support the evolution of independent Asian and European lineages and current
taxonomic treatments. The results revealed that 878 bp of ATPase 6/8 region could be a promising marker
for determining variations at inter-population as well as intra-population levels in Labeo rohita. These
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results would facilitate conservation and management of this important species.

INTRODUCTION

abeo rohita is the important member of the carp

family Cyprinidae. In Pakistan and other surrounding
countries, this fish is famous due its fast growth rate with
local names; rohu, dumbra etc. L. rohita occupies almost
all the natural reservoirs viz. rivers, canals and freshwater
lakes of the South and South-East Asiatic regions. In
Pakistan, Bangladesh, India, Nepal and other Asiatic
parts, L. rohita is considered as a delicacy due to its taste
and fast growing rate with its rare omnivorous nature in
the niche. The breeding behavior of this species is that it
does not breed in stagnant water bodies, widely adopted
methods of its breeding is induced breeding by induction
of hormonal injection in the manmade hatcheries (Froese,
2006). Luhariya et al. (2014) sequenced ATPase 6/8 gene
of mitochondrial DNA in Labeo rohita samples collected
from nine rivers belonging to four river basins; Indus,
Ganges, Brahmaputra and Mahanadi. The analysis after
their study discovered 44-haplotypes with high haplotype
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diversity (0.694) and low nucleotide diversity (0.001).
The within population variation was larger (83.44%) than
among population differences (16.56%). The mean FST
value (0.166; P < 0.05) for overall populations revealed
moderate level of genetic structuring in the wild L. rohita
populations. The haplotype network presented a single
clade for wild L. rohita population, from different rivers.
Negative values for Fu’s index (FS), mismatch distribution
analysis indicated period of expansion in L. rohita
population. The time after recent expansion was estimated
for each population, between 0.042 to 0.167. The analysis
of data demonstrated that ATPase6/8 gene polymorphism
is a potential marker to understand genetic population
structure of wild L. rohita existing in different rivers. The
study identified population substructure in wild L. rohita
with common ancestral origin.

For sustainable aquaculture practices, the studies
on genetic variation within and between the species and
populations of the cultureable fishes for maintenance
and improvements in the genetic makeup are need of
the time. The level of variation within and between the
species is helpful to ascertain the taxonomic/systematic
components and to identify distinction of a species.
Genetic variability studies at the level of population
execute the minute differences studies for speciation
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purposes for identification of new differentiated genetic
groups from sub species and phylogenetic analysis of
the present status of a population with its wild relatives.
The genetic variability within population is extremely
useful to gather the information on individual identity,
breeding outline, degree of kinship and conflicts of
genetic differences among them (Schierwater ef al., 1994).
Inter- and intraspecific mitochondrial DNA (mtDNA)
variation is a very useful marker to study the evolution
of animals, especially in taxonomy, systematics, ecology
and population biology. The mtDNA analyses based on
partial nucleotide sequences usually assume that most of
the variations conform to a neutral model of molecular
evolution, but some experimental studies and human
mitogenome data have suggested that selective forces might
act upon mtDNA (Hirayama et al., 2010). Liu and Cordes
(2004) stated that molecular genetic markers have become
valuable tools in population genetics, conservation biology
and evolutionary studies. These markers have been used to
estimate effective population size (Kuhner et al., 1998),
historical bottlenecks and sex specific gene flow. However,
selection of appropriate markers that is useful to determine
genetic variation is prerequisite for any population genetic
study. Mitochondrial DNA is widely used to determine the
variation at interspecific and intraspecific levels. There
is a need of specific knowledge of intraspecific genetic
variations to plan rehabilitation and management strategies
for populations of the species which are declining in
their natural habitat. The ATPase8 and ATPase6 regions
of mitochondrial DNA have been successfully analyzed
for both phylogeny as well as phylogeography in many
fish species (Chow and Ushiama, 2004; Dammannagoda
et al., 2008; Vergara-Chen et al., 2009). Gjedrem and
Baranski (2009) demonstrated that knowledge of genetic
parameters of the species cultured is vital for sustainability
of the production system. More emphasis is being given
on genetic improvement of aquaculture species, following
the success story of salmon and tilapia selective breeding
programs. However, information on genetic relationships
and diversity of these species at the molecular level is not
yet available. Genetic diversity is the existence of variants
(alleles) of individual genes due to the change of the DNA
sequence. The alleles of a particular gene may occur at
different frequencies in different groups of individuals
interbred (population) and genetic variation of a particular
species because it is distributed both within populations
and between populations (difference in occurrence and
frequency between populations). Latest technological
developments in the field of genetics have shown great
potential for their application in fish conservation. Genetic
variation can be directly assessed through controlled
genetic markers. Use of more than one marker can help

enlarge the scope of utilization data. Information on the
genetic structure of cultivable fish species are useful to
optimize the identification of populations, improvement
of the population, improvement programs, performance
management and sustainable conservation of genetic
diversity (Garcia and Benzie, 1995). Rohu, Catla, Mrigal
and Kalbasu have been previously classified on the
basis of their morphological characteristics. These four
species do not intersect, but produce fertile hybrids in any
combination (Jhingran, 1991). These species may have
a common ancestral origin (Khanna, 1988). In Pakistan
there is no baseline data for genetic identification of the
brood stock, so the aim the present study is to provide a
substitute mitochondrial DNA polymorphism analysis to
launch appropriateness for the genetic stock identification
program for Labeo rohita amongst the locally available
stocks. This study will also provide smaller input for the
demographic data and phylogeny analysis of the locally
available stocks of L. rohita.

MATERIALS AND METHODS

Sample collection

Samples for three weight groups having different size
with same age group for the determination of intraspecific
variation and recording morphometeric data were collect-
ed from the fish farm of the Department of Fisheries and
Aquaculture, UVAS, Ravi Campus, Pattoki.

Amplification of ATPase 6/8 gene

Genomic DNA extraction

Total genomic DNA isolation was carried out from
the stored fish samples using the procedure described by
Lopera-Barrero et al. (2008). This procedure is based
on the protocol given by Aljanabi and Martinez (1997)
which was modified by the use of NaCl. In this procedure
lysis buffer was used which carried 50mM tris which was
taken from a stock of 1 M pH: 8 tris buffer, 50mM EDTA
taken from a stock of 0.5 M pH: 8 , 100mM NacCl taken
from a stock of 5 M NaCl and 1% SDS. From this lysis
buffer working lysis buffer was prepared by adding 7ul of
200ugmL* proteinase K. Stock solution of the proteinase
K was prepared by preparing the buffer of 100mM Tris-
base, 5S0mM EDTA, 500mM NaCl and then Proteinase
K was added and dissolved at 200ugmL. DNA was
visualized on 1% agarose gel.

Table I.- Primers sequence.

Primer name 5°-3’ Sequence
ATPase6/8-Fish F: AAAGCRTTRGCCTTTTAAGC
R: GTTAGTGGTCAKGGGCTTGGRTC
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PCR

Specific primers for Mitochondrial ATPase 6/8 genes
were used from Thai ef al. (2004) (Table I). With the help
of the primers, polymerase chain reactions were devised.
Each reaction was performed in 0.2 ml PCR tube and
25 pL reaction mixtures. To prepare this 25 uL reaction
mix 2.5 uL 10x PCR bufter, 2 pL. 1.6 mM MgCI2 2uL 10
nM primer, 2 pL 2.5 mM dNTPs, 0.3 pL 5 units/pL Taq
polymerase enzyme and 11.2 pL sterilized deionized double
distilled water was mixed. In each reaction a negative
control was also run using sterilized water as template.

PCR reaction was carried out in thermal cycler (Bio-
Rad) USA. For ATPase6/8 primer was amplified using the
following conditions: one cycle of 5 min denaturation at
95°C and then 35 cycles of 1 min at 94°C, 45 sec at 55°C
for annealing and 1 min at 72°C for extension and finally
10 min final extension time was given at 72°C. Then the
machine was allowed to hold the reaction contents at 4°C.
PCR product was visualized on 1.5% agarose gel.
DNA sequencing

Double stranded PCR product was purified using
elution method from low melting Agarose gel. The purified
PCR Product was used in setting up sequencing reaction
with same set of primers using Mega Bace ET Terminator
Dye kit. The sequencing reaction was performed for 30
cycles of: 95°C for 10 sec; 50°C for 20 sec; 60°C for 2
min. PCR products were precipitated using ethanol and
ammonium acetate and were dissolved in Mega Bace
Loading Buffer. The DNA sequencing was carried out on
an automated DNA sequencer, ABI 3100 Genetic Analyzer
(Prism) using manufacturer’s recommendations.

Analysis of DNA sequences

The analysis of ATPase6 and ATPase8 gene of Labeo
rohita was done using the bioinformatics software. The
Codon Code Aligner software was used for the alignment
and to find single nucleotide polymorphisms (SNPs) in the
sequences. The phylogenetic analysis of Pakistani L. rohita
sequences was done using already reported sequences
of Labeo rohita and some other related fish species

Labeo rohita 10 (Pakistan)
Labeo rohita 16 (Pakistan)
Labeo rohita 13 (Pakistan)
Labeo rohita 18 (Pakistan)

100 | Labeo rohsta 17 (Palastan)

Labeo rohita 21 (Pakistan)
Labeo rohita 19 (Pakistan)

o Labeo rohita 44 (Pakistan)

| &

Labeo rohita 15 (Pakistan)
Labeo rohita (india)
Calta calta (idia)

Labeo angra (lapan)

Labes cluysophekadson (Japan)
Labeo calbasu {Japan)

Schismalaeinymchos nulda (Japan)

Cinhinus meigata (india)

Labsobarbas leplochedus (lapan)

Crossochedus laims (Japan)

Discogobio sp. (lapan)
r()iﬂillsnlﬂmeh{.lq:ﬂl]

100 L Cinhinus moltorelia (China)

Fig. 1. The NJ phylogenetic tree (rectangular view) based on ATPase6/8 gene sequences. The NJ Phylogenetic tree (Rectangular
view) based on ATPase6 and ATPase8 gene sequences of Labeo rohita from Pakistan with reported sequences of different fish

species on GenBank (NCBI) using MEGA 6.1.
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from different parts of the world available on GenBank
(NCBI). MEGA 6.1 software was used for construction
of phylogenetic tree using Neighbor Joining method
with 1000 bootstrap value. The DNA sequences were
aligned using CLUSTAL W (Thompson et al., 1994)
and sequence composition was estimated using software
MEGA 6.1 (Gupta et al., 2013). The phylogenetic trees
were constructed by CLUSTAL OMEGA for analysis of
ATPase6/8 gene variation and the sequences differences
among the cyprinids of Pakistan and from the different
parts of the world taken from NCBI GenBank.

RESULTS AND DISCUSSION

The neighbor joining tree was constructed to depict
genetic relatedness between the samples using software
MEGA 4.1 (Tamura et al., 2007) and molecular clock was
calibrated using nucleotide substitution rate of 1.3% per
million years (My) as suggested for ATPase 6 and 8 genes
in animals.

Phylogenetic analysis of mitochondrial ATPase6 and
ATPaseS genes

The Neighbor Joining phylogenetic tree was
constructed using MEGA 6.1 software based on finally
selected 878 bp fragment of APTPase6 and ATPase8 genes
in all the fish samples from Pakistan. We constructed
the trees using 1000 bootstrap value. All the ATPase6/8
sequences from Pakistani Labeo rohita and same region
sequences (given below) from other parts of the word (from
NCBI) were used for the construction of phylogenetic
trees.

Labeo rohita 10 (Pakiotan)

Fig. 2. The NJ Phylogentic Tree (circular view) based on ATPase6/8 gene sequences of Labeo rohita.
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Fig. 3. The NJ Phylogenetic tree (radiational view) based on ATPase6 and ATPase8 gene sequences of Labeo rohita from Pakistan
with reported sequences of different fish species on GenBank (NCBI) using MEGA 6.1.

98



99 F. Rasool et al.

NJ Phylogenetic tree (Figs. 1-3) based on ATPase6
and ATPase8 gene sequences of Labeo rohita from
Pakistan with reported sequences of different fish species
on GenBank (NCBI) using MEGA 6.1. A phylogenetic tree
using a representative ATPase6/8 sequence (878 bp) from
Pakistani Labeo rohita and sequences from different fish
species from GenBank NCBI was constructed to see the
biological position of Pakistani isolates. Pakistani Labeo
rohita and same region sequences from other parts of the
word (from NCBI) were used for the construction of these
phylogenetic trees. The phylogenetic tree constructed for
ATPase 6 and ATPase 8 in comparison with same region
gene for the cyprinids of Asia, showed that L. rohita
samples collected for our study and were designated
as samples from Pakistan in the tree were clustered in
the same class and showed no variability amongst the
collected sample while they were found 9% variable from
the cyprinids (Catla) of India and 45%, 1%, 17%, 20%,
different from Labeo genus from Japan and 60% variation
was recorded from the cyprinids (Cirrhinus) from Japan
and China in rectangular view of the tree and almost
similar trends of variation were found from the circular
and radiational view.

Phylogentic tree amongst the sequences of ATPase6/8
(878 bp) region were also constructed in comparison with
sequences found from the same region for cyprinids of the
other Asiatic regions from GenBank NCBI to have an idea
about phylogeny of Pakistani isolates. Very interesting
results that L. rohita samples collected for our study and
were designated as samples from Pakistan in the tree were
clustered in the same class with Labeo rohita samples
from india which indicated that the phylogenetic history
of Labeo genus from both the countries is evolved from
the same ancestors in the past and also showed somewhat
very minute variation (1%) from the same genus found
from NCBI for the region from Japan while showed a huge
variation (about 50%) from the other cyprinids (Cirrhinus)
from Japan and China in the rectangular view of the tree
and almost similar trends of variation were found from
the circular and radiational view. This study confirmed
the results of the study conducted by the Luhariya et al.
(2014) on samplies collected from different four rivers and
concluded after the analysis that population substructure
in wild L. rohita showed common ancestral origin. These
results of this study are also related to the work done by
Vera et al. (2013) during their studies on identification and
conservation of remnants genetic resources of brown trout
in relict populations from Mediterranean streams. In their
studies they concluded that neighbor joining population
tree based on Nei’s standard genetic distances and the
branches indicate the number of times a clade on the
original tree is present in the trees estimated from 1000

replicates of their studies. These results for mitochondrial
diversity are in accordance with the results concluded by
the Martinez et al. (2007), Cortey et al. (2009), Baric et
al. (2010), Sanz et al. (2009) and Vera ef al. (2013) on the
Mediterranean species.

CONCLUSION

This paper is a study on the variation amongst the
different populations of Labeo rohita on the basis of ATPase
6/8 gene. The study evaluates the potential of complete
ATPase 6/8 region of mitochondrial DNA as a marker
region to determine the phylogeography of Labeo rohita
from fish farm of region Punjab, Pakistan. ATPase6/8 (878
bp) region was used to investigate genetic variation within
Labeo rohita and develop a global genealogy of genus
Labeo strains. The results revealed that 878 bp of ATPase
6/8 region could be a promising marker for determining
variations at inter-population as well as intra-population
levels in Labeo rohita. And the results would facilitate
conservation and management of this important species.
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Studies were conducted to evaluate the dietary impact of Ascorbic acid on the survival and bacterial
load in the gut contents of Oreochromis niloticus. Fish stocked in the earthen ponds which were to be
marketed for human consumption was taken and the Vit C as a source of ascorbic acid was added in the
standard feed for evaluation. There were three tanks in replicates selected as control, treatment 1 (T ) with
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results 100% survival was observed in all the replicates were analyzed by statistical software SAS and

analysis of variance showed significant differences among the treatments. The highest microbial load was
observed in control (1.12E+07 to 1.67E+06) while in the treated tanks it was observed as 1.03E+05 to

1.23E+06 in T, and 7.10E+05 to 9.8E+05 in T,.
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INTRODUCTION

Tilapia fish (Oreochromis niloticus) have some features,
such as, the ability to persist in poor water quality such
as in saline water and quick growth. Tilapia aquaculture
production has been doubled between 1986 and 1992.
Tilapia offer commercial and home-grown protein sources
because of their superior culture facilities. More common
species in brackish water ponds are mullets, tilapia and
catfish (FAO, 2006). In homeotherms, specific dietary
deficiency is known to modulate the immune system. Such
specific nutritional factors include vitamins, proteins,
lipids, and minerals. Similarly in fish, variations in diet
often affect immune-competence as reflected by disease
resistance. It is well known that the deficiency of some
micronutrients produces pathological signs and immune-
depression. Vitamins and minerals are now included in
farmed fish food to promote optimal growth and health.
Dietary supplementation of L-ascorbic acid (AA) is a
prerequisite for normal cell function and the development
of farmed fish. Vitamin C functions as a general water-
soluble redox reagent, a cofactor in collagen synthesis, a
regulator of steroid synthesis, growth activator in wound
healing, a modulator of the hexose monophosphate shunt
and an activator of hepatic microsomal hydroxylases
(Panush and Delafuente, 1985).
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Ascorbic acid/Vit C (AA) has influences on the
production and feeding efficiency of fish. It has been used
for its impacts on growth and feeding parameters, carcass
composition and survival rate of Cyprinus carpio. The 5
different kinds of partially refined feeds of Cyprinus carpio
fry with supply of AA in terms of Vit C in ratio of 0/Kg,
400/Kg, 800/Kg, 1200/Kg and 200/Kg were designed. At
the end of the experiment, growth and feeding parameters,
carcass composition and survival rate of fries were
evaluated. The average net weight gains were 6.82+0.09,
7.38+0.03, 8.20+0.03, 8.07+0.09 and 8.12+0.08 g/90
days, respectively, for fish fed diets 0, 400, 800, 1200 and
2000 mg vitamin C/kg. The fish fed diets containing less
than 800 mg supplemental vitamin C/kg had significantly
reduced weight gain, feed efficiency and other nutritional
indices compared to those fed diets supplemented with
vitamin C at 800-2000 mg/kg. In vitamin C treatments the
specific growth rate, food conversation efficiency were
increased significantly and highest SGR was observed
in treatment 4. There were no significant differences in
survival rate observed between the treatments (Faramarzi,
2012). The ascorbic acid has pronounced impacts on the
immunity of fish. Teleost and Cyprinid lack the enzyme for
endogenous synthesis of AA, an essential micronutrient
for fish. The study on the impacts of high ratio of ascorbic
acid in form of Vit C in included in the supplementary
feeds of Labeo rohita and its influence on production,
feed intake and after effects and immune-modulation.
This species was divided into 4-groups and were fed with
feed without AA as control and with supplementation
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of AA @ 500 mg/ kg as Experiment-1, 1000 mg/kg as
experiment-2 and 1500 mg/kg in experiment-3 for the
interval of sixty days. The parameters under observation
were for growth of fish, serology of fish, hematology of
fish and various unspecific parameters for the immunology
of the fish. The experimental groups i.e. the fish having
supplementation of AA in feed expressed high levels of
specific growth rate upto 1000 mg/kg in comparison with
the fish grown without supplementation of AA. Various
parameters for the hematology and serology including the
unspecific immunology limits were inclined by addition of
AA. Amongst the unspecific parameters of immunology,
bustle for phagocytic process and respiratory burst activity
(NBT cells) were considerably improved by growing
quantity of AA addition. Greater ration of AA considerably
promoted the immune response for Aeromonas hydrophila
contagion in contrast to fish fed with diet having zero
levels of AA. These findings promoted the idea of
aquaculturists about the valuable impacts of AA on the
production and enhancement in immune response of
the Labeo rohita (Tewary and Patra, 2008). Similarly
many other scientists studied the impacts of AA/Vit C
on the growth immunology and other beneficial impacts
of supplementation of vitamins on boosting the other
enzymes activities in fish. The total aerobic bacteria and
enterobacteria load in African catfish (Clarias gariepinus)
and Nile Tilapia (Oreochromis niloticus) randomly
sampled from different aquatic environments in Ibadan,
Southwest Nigeria was studies and found considerably high
levels of entero-bacterial count in the stomach of caught
tilapia (Emikpe ef al., 2011). Mai et al. (2010) evaluated
the in vivo activities of inulin and AA experimentally via
O. niloticus that were distributed into 3 equal groups.
Their results suggest that vit C @ 500 mg for one month
could be a potential, less expensive and promising dietary
supplementation than inulin that would positively affect
growth, hematology, innate immunity, and resistance of
O. niloticus in aquaculture. The aim of the current study
is to evaluate the potential effect (beneficial or harmful)
of AA (5mg/100g) on the immunity of tilapia taken from
hatchery of University of Veterinary and Animal Sciences,
Ravi campus, Pattoki. It is on the target to find either AA
reduce or enhance the bacterial content in gut of tilapia
(O. niloticus). Striped catfish Pangasius hypophthalmus
was fed with fenugreek as feed additive to evaluate its
survival, growth and body composition. Fenugreek as an
additive was added in experimental feed @ of 0.5% in T1
and 1.0% in T2 while control TO was without fenugreek
supplementation. Fish was fed for six days a week at the
rate of 4% of its body weight twice a day. Results showed
significant (P<0.05) higher growth performance among the
three treatment groups. Highest weight gain (5.07+0.72g),
increase in total length (24.25+4.31 mm) was observed in

T2. Better feed conversion ratio (FCR) 1.8 and specific
growth rate 1.4 were observed in T1 (Mehboob et al.,
2017).

MATERIALS AND METHODS

Location

The present study was conducted at Department of
Fisheries and Aquaculture, University of Veterinary and
Animal Sciences, Ravi Campus, Pattoki. The experiment
was conducted in the fish hatchery using cemented tanks.

Experimental protocol

Tilapia (Oreochromis niloticus) was procured from
fish ponds at UVAS Ravi Campus, Pattoki. Two month
trial on O. niloticus (30) was done from 27-10-2014
to 27-12-2014 to find out the dietary effect of different
concentration of vitamin C (AA).

Feeding trial

Thirty (30) samples of tilapia were collected from a
pond of varying sizes from 11 to 23kg and were placed in
three different tanks situated in university hatchery. Each
Tank was with 10 fishes. There were two treatment and
one control group. Control group was fed with normal diet
(mentioned in Table I) but was devoid of AA and indicated
as treatment 1 (control) (T1) whereas the treatment groups
were fed with feed recipes given in Table 1. Treatment 2
(T2) tank was given feed with 3% AA and treatment 3 (T3)
with 5% AA.

Table I.- Ingredients for treatment 1 (control),
treatment 2 (3 % AA) and Treatment 3 (5 % AA).

Ingredients T1 T2 T3

Fish meal 25% 25% 25%
Soybean meal 25% 25% 25%
Maize glutton 25% 25% 25%
Rice polish 20% 20% 20%
Mollases 3% 0% 0%
Vitamins 1% 1% 0%
Ascorbic acid 0 3% 5%

Feed preparation

Feed ingredients were collected from university and
the following formula was used during the course of this
experiment.

Ingredients
Fish meal, soybean meal, maize glutton, rice polish,
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mollases, vitamins and AA.

Fishes were fed seven days a week with their
formulated diets for about 60-days. Fish were fed two
times a day, 8:30 am in morning and 4:30 pm in evening.
Fishes were fed at the rate of 2% of their body weight.

Ration
All three tank fishes were fed with 2% of their body
weight feed per day throughout the trial.

Sampling for microbiological work

From each tank, samples were collected carefully
weighed and length measured to check the growth.
Fishes were collected in polythene bag and sent to the
Microbiological Lab of Department of Fisheries of
University of Veterinary and Animal Sciences, Ravi
Campus, Pattoki after two months of trial.

Collection of samples for microbial work

Samples were collected aseptically in clear and
sterilized polythene bags and were immediately transported
to laboratory.

Sample preparation

Gut of the fish was separated by using a sharp scissors
and forceps and immediately transferred to 9% normal
saline solution in flask and shaken well for release of
bacteria to solution. Serial dilution was used for isolation
and culturing of bacteria. The eppendorf tubes were filled
with 900 ul 9% sterilized normal saline solution, 100
ul solution from each flask was added to 900 ul normal
saline in eppendorf tubes. This was the 1% dilution. Further
dilutions were made likewise. This suspension (10 pl) was
spread on LB medium and incubated at 37°C for 24 and
48 h.

Microbial count

For the estimation of viable counts, pour plate method
was used. 1 ml from each of the appropriate dilutions was
transferred aseptically to sterile triplicate petri plates by
means of sterile pipette. Then to each plate transferred
15-20 ml Tryptic soya agar sterilized, melted and cooled
to about 45°C was poured. After solidification the plates
were inverted to prevent condensation of moisture on the
agar surface. The dilutions were spread thoroughly with
the glass rod to distribute the microbial cells uniformly on
the solidified plates. After incubation the colonies were
counted. Average number of colonies in triplicates petri-
plates of a suitable dilution was multiplied by the dilution
factor and was reported as total viable count per ml of
sample.

Total viable count=
Avg. No. of colonies x Dilution factor

lokiTotal of thirty samples of Oreochromis niloticus
were collected from treated tanks. Ten samples from
Treatment 1, T1 (control), Ten from Treatment 2, T2 (3%
ascorbic acid) Tank, and Ten from Treatment 3, T3 (5%
ascorbic acid) tank and were subjected for microbiological
examination (Fig. 1). The samples were analyzed for total
plate count.

Statistical analysis

The data obtained was analyzed by using Minitab
Computer Software. The data on different variables
was statistically analyzed by using Analysis of Variance
(ANOVA).

Fig. 1. Showing comparison between T1 and T2 (A), T1
and T3 (B) and T1, T2 and T3 (C).

RESULTS

Comparison of microbial counts

Microbial count in gut of T1 tank samples was
highest, which ranged between 1.12E+07 to 1.67E+06.
The value is significant (Tables II, III). Microbial count
in gut of T2 samples were high and ranged 1.03E+05 to
1.23E+06. The values are significant (Table II). Microbial
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Table II.- CFU and body weight with relation to Treatment 1 (control), Treatment 2 (3 % ascorbic acid) and

Treatment 3 (5 % ascorbic acid).

Sample T1 T2 T3
CFU Weight CFU Weight CFU Weight
Fish sample 1 1.44E+06 19.83¢ 1.08E+03 23.61g 7.30E+06 6.7g
Fish sample 2 1.12E+07 2491g 1.06E+06 19.21g 9.60E+05 14.38¢g
Fish sample 3 1.55E+06 16.06g 1.03E+05 13.21g 7.60E+06 16.96g
Fish sample 4 1.67E+06 2191g 1.05E+05 22.92¢g 8.77E+05 12.91g
Fish sample 5 1.55E+05 17.72¢g 1.03E+06 17.99g 9.80E+05 25.63g
Fish sample 6 1.14E+06 11.29¢ 1.02E+06 19.53¢ 9.60E+05 17.01g
Fish sample 7 1.56E+05 9.75g 1.12E+06 18.81g 7.10E+05 7.57g
Fish sample 8 1.34E+06 9.30g 1.14E+05 7.29¢g 9.80E+05 9.36g
Fish sample 9 1.45E+06 10.35¢g 1.06E+06 10.91g 7.80E+06 9.58¢g
Fish sample 10 1.46E+06 10.21g 1.23E+06 11.56g 9.20E+06 10.53¢g
Table II1.- Analysis of variance for T1 and T2, and T1 and T3.
Groups Count Sum Average Variance
For T1 and T2
Column 1 30 64683000 2156100 9.68E+12
Column 2 30 20529243 684308.1 2.55E+11
For T1 and T3
Column 1 30 64683000 2156100 9.68E+12
Column 2 30 11210000 373666.7 1.26E+11
ANOVA
Source of variation SS Df MS F P-value F crit
For T1 and T2
Between groups 3.25E+13 1 3.25E+13 6.538817 0.013193 4.006873
Within groups 2.88E+14 58 4.97E+12
Total 3.21E+14 59
For T1 and T3
Between groups 4.77E+13 1 4.77E+13 9.716647 0.00284 4.006873
Within groups 2.84E+14 58 4.9E+12
Total 3.32E+14 59

Values are significant at P<0.05.

count in gut of T3 samples was lowest, which ranged be-
tween 7.10E+05 to 9.80E+05. The values are significant
(Tables II, III). The analysis of variance test applied on
Excel version 2010.

The analysis test of T1, T2 (Table III) shows that

results are significant as p< 0.05. P value is 0.013. Results
are significant.

Values are: DF for between groups is 1 and within
group is 58, total is 59. MS for between groups is 3.25E+13
and within groups is 4.97E+12. F is 6.538817 and F-crit
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is 4.006873. P Value is 0.013193. The value is significant
(Table III). The analysis test of T1, T3 (Table III) shows
that results are significant as p< 0.05. P value is 0.013.
Results are significant.

Values are: DF for between groups is 1 and within
group is 58, total is 59. MS for between groups is 3.25E+13
and within groups is 4.97E+12. F is 6.538817 and F-crit
is 4.006873. P Value is 0.013193. The value is significant
(Table III).

DISCUSSION

Among diet components, antioxidant vitamins,
especially vitamin C have been described as affecting
the vertebrate immune system (Panush and Delafuente,
1985). Present study focuses the effect of vitamin C on
the immunity and survival of O. niloticus. Experiment
revealed increasing minute concentration of AA (vitamin
C) in fish diet enhanced the immunity of O. niloticus.
Experimental group fed on 5% AA (T3) had low microbial
content which ranged between 7.10E+05 to 9.80E+05
(Tables I, II). The effects of vitamin C absence have been
described in several fish species and deficiencies have been
correlated to reduced growth rate, skeletal deformation,
capillary fragility, slow wound repair, and depression of
the immune system specimens being more susceptible to
bacterial diseases (Lovell, 1973; Lim and Lovell, 1978).
Present study investigated control group with normal diet
show less signs of immunity had high microbial content
ranged 1.12E+07 to 1.67E+06 (Table I). The experimental
group fed with 3% AA (T2) ranged microbial content in
between T1 and T2 as 1.03E+05 to 1.23E+06 (Tables I, IT).
AA is also known to be beneficial for immune responses in
fish. A number of studies reported the improved immune
responses and disease resistance in many fish species by
feeding a higher level of dietary AA than required for
growth (Ortuno et al., 2003). The results of the present
study indicate that high concentration of AA prevented
the occurrence of pathological signs of AA deficiency and
resulted in improved growth and immunity compared with
the control, AA free diet T1 or 3% containing diet T2.

Increasing AA concentration in T1 increased
considerably the immunity of fish by reducing overall
microbial population but, too much increase may harm
the fish. The quantitative requirements for dietary vitamin
C have been determined for several fish species, and the
recommended values ranged from 20 to 50 mg AA Kg'
diet. The requirement of vitamin C varies, to some degree,
with fish species, size, diet and experimental conditions.
Paper has demonstrated a requirement for 125mg AA per
100g diet (Soliman et al., 2008). Our study revealed that
by adding AA to a fish diet at the rate of Smg per 100g of

fish feed would not only enhance the fish immunity but
also help it grower saver and grow well. Therefore it is
recommended for farmers to add AA in fish feed at given
rate. A prebiotic is a non-digestible food ingredient that
beneficially affects the host by selectively stimulating
the growth or the activity of one or a limited number of
bacteria in the gut (Ringo ef al., 2010). Increased levels
of vitamin C (mega doses) in the diet have been shown to
enhance disease resistance against the bacterial pathogens
Edwardsiella ictaluri and E. tarda of catfish held in
aquaria and of salmonids. Specific antibodies against E.
ictaluri and serum complement activity were suppressed
in channel catfish fed a vitamin C-free diet while in
aquaria, and antibody titers and complement activity were
significantly higher when fish were fed doses of vitamin
C that were much higher than the normal requirement
(Durve et al., 1982). Halver et al. (1969) studied that
vitamin C plays an important role in growth and immunity
of fish. Most fishes are unable to synthesize AA due to the
lack of L-gulonolactone oxidase that is responsible for
synthesis of vitamin C. Therefore, an exogenous source
of vitamin C is required in fish diet. Inadequate supply of
dietary vitamin C usually results in a number of deficiency
symptoms such as spinal deformation, impaired collagen
formation, internal hemorrhaging, retarded growth and
depressed immunity. The quantitative requirements on
vitamin C have been determined for several species
and the recommended values varied by various studies.
A number of studies reported the improved immune
responses and disease resistance in many fish species
by feeding a higher level of dietary AA than required
for growth. Increased immunity was demonstrated by
the increased immunological parameters, as lysozyme,
complement activities, phagocytic activity and respiratory
burst (Navarre et al., 1989). Fish take a large number of
bacteria into their gut from water sediment and food. It
has been well known that both fresh and brackish water
fishes can harbor human pathogenic bacteria particularly
the coliform group (Sugita et al., 1988). Experimental
fish for present study was obtained from earthen ponds of
University contained fresh water. Vitamin C intake for two
months decreased the previous microbial diversity of fish.
In conclusion, the present study provides further evidence
to support the hypothesis that dietary administration of
5% AA enhances immunity of Oreochromis niolticus by
reducing gut microbial content.
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at the rate of 0.10g N/100g of wet fish body weight daily and each pond was stocked with 50 common
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carps. A standard diet was formulated, containing 30% crude protein by using different feed ingredients

i.e. corn gluten (30% C.P.), sun flower meal (35% C.P.) and rice polish (10% C.P.), equal by weight. These
ponds were supplemented with two feeding levels, i.e. 2% of body weight (T,) and 4% of body weight
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(T,) while one of the ponds was kept as control. The amount of feed was increased fortnightly according
to the measurement of fresh fish body weight. The morphometric characteristics of the fish i.e. body
weight and total length were measured and recorded on fortnightly basis. Fortnightly water samples from
fish ponds were also collected and analyzed for physical and chemical characteristics.

INTRODUCTION

Supplementary feeding plays an important role in
semi-intensive and intensive fish culture. It offers the
best means of fish production within shortest possible
time in the ponds. It is molding of low value foodstuffs
into a quality protein (Devaraj and Krishna, 1981).
Supplemental feeding with an artificial feed is necessary
to obtain increased production in ponds (Sinha et al.,
1980). Artificial feed increases the carrying capacity of the
culture systems and can augment fish production by many
fold (Hepher, 1975; Devaraj et al., 1986). Various feed
ingredients of both plant and animal origin, with different
contents of crude protein have been used in semi-intensive
and intensive culture systems. With the expansion and
trend towards conversion of extensive aquaculture to
intensive and semi-intensive ones, the need for specialized
feeds designed for particular production situation is
increasing. To date, nutritionists and feed manufacturers
have concentrated their efforts on determining that which
of the wide variety of the feedstuff may be used to produce
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a cost-efficient fish feed formulation (Alam et al., 1996).
Pond fertilization is one of the key factors in increasing
the maximum carrying capacity. Fertilization as a means
of increasing fish production is well accepted (Alam et
al., 1996; Heckling, 1971; Lin and Chen, 1967). The
natural productivity of a pond can be greatly enhanced
by the use of fertilizers. Fertilization with organic
manures and inorganic fertilizers is also recommended
for fish food production in rearing and stocking ponds.
The most commonly used organic manure is cow dung
(Wolney, 1967). It stimulates the growth of natural food
by providing some essential elements, which found to be
deficient in pond. When the natural feed forms the main
source of nutrition, supplemental feeding with artificial
feed is necessary to enhance production in ponds (New
and Fedoruk, 2003). Indian major carps, common carp
(Cyprinus carpio), and Chinese carps show best nitrogen
incorporation efficiency under artificial feed (Mahboob
et al., 1995). It is pertinent to use supplementary feed
along with chemical fertilizers and organic manure to get
maximum yield of fish from confined water bodies within
the shortest possible time (Mahboob and Sheri, 1997).
Therefore, for commercial culture of these fishes in ponds,
with the formulation of low-cost balanced diet from locally
available agro-industry by-products is required.
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At present, no formulated aquafeed is available
in Pakistan. This situation is discouraging and has been
adversely affecting the growth of aquaculture industry in
the country. Considerable work has been done to evaluate
the effect of artificial feed on growth, feed conversion,
feed intake, body composition, and nutrient retention
etc., in different fish species (Singh and Srivastava, 1984;
Chiu et al., 1987; Hossain and Jauncey, 1989; Webster
et al., 1992a, b; Sarker et al., 2000; Jabeen et al., 2004;
Singh et al., 2006; El-Ebiary, 2005; Mondal ef al., 2007,
Latif et al., 2008; Abid and Ahmed, 2009; Siddiqui and
Khan, 2009). Most of these studies were carried out on a
laboratory scale, where growth of fish was based only on
artificial feed. The artificial supplementary feed increases
the growth of Indian major carps and common carp in
intensive system.

Minor modifications of different inputs into semi-
intensive systems can bring about major changes in
terms of growth, reproductive performance and overall
productivity of the system (de Silva and Davy, 1992;
Veerina et al., 1993; Bjerkan, 1996; Tacon and de Silva,
1997; Miaje et al., 1999). Since, feed and fertilizers
represent about 60-80% of the total cost of aquaculture
production, understanding feed management strategies
and their implementation is of major importance.

So the present experiment has been planned to study
“Studies on growth performance of C. carpio through
supplementary feed in monoculture production system”.

MATERIALS AND METHODS

The experiment was conducted in three earthen
fishponds, each with dimensions 25 x 8 x 1.5 m (length
x width x depth) at Fisheries Research Farms, University
of Agriculture, Faisalabad. Before stocking, the earthen
ponds were disinfected and pH was stabilized by liming
with CaO (Sinha et al., 1980). Essential precautionary
measures were taken to screen the water inlets to avoid the
entry of intruders into or exit of fish out of ponds. After
one week of these steps, each pond was watered up to level
of 1.5 meter. This water level was maintained throughout
the experimental period. Fertilization of all the ponds was
done with cowdung at the rate of 0.10g N/100 g of wet fish
body weight daily. Common carp (C. carpio) was stocked
at the rate of 50 in each pond. At the time of stocking, the
growth parameters such as body weight and total length of
fish were measured and recorded as initial data. A standard
diet was formulated, containing 30% crude protein by
using corn gluten (30% CP), sunflower meal (35%) and
rice polish (10%), in equal amount. The stocked fish was
fed at two different levels, i.e. 2% of body weight (T,) and
4% of body weight (T,), while one of the ponds was kept as

control. After every fortnight, the cultured fish stock was
captured randomly with nylon drag net and their wet body
weight and total length were measured and recorded and
then released back into their respective ponds. Following
parameters of physico-chemical properties of water were
analyzed in the ponds for the entire study period after every
fortnight; air temperature, water temperature, pH, light
penetration, dissolved oxygen, total alkalinity, carbonates,
bicarbonates, total hardness, calcium, magnesium, total
solids, total dissolved solids and planktonic biomass. The
data thus obtained was subjected to statistical analysis
(Hora and Pillay, 1962). The comparison of mean values
of various parameters was computed by using the Analysis
of Variance (ANOVA) and Duncan’s Multiple Range Test
with repeated sampling.

Table I.- Analysis of variance on increase in body
weight (g) and total length (cm) of Cyprinus carpio.

S.0.V. D.F. S.S. M.S. F. Value
Increase in body weight (g)
Fortnights 10 18823.250 1882.325 13.8637**
Ponds 2 3763.223  1881.612 13.8584**
Error 20 2715.475 135.774
Total 32 25301.948
Increase in total length (cm)
Fortnights 10 29.096 2.910 8.7774%*
Ponds 2 2.157 1.078 3.2535Ns
Error 20 6.630 0.331
Total 32 37.882
** highly significant; *, significant; NS, non-significant.
RESULTS AND DISCUSSION

The initial and final average body weights of C. carpio
in control pond were 19.50 and 205.70g and in pond, (T,)
were 19.00 and 385.33g while in pond, (T,) remained as
19.50 and 490.05g. In all the ponds the maximum gain in
body weights by C. carpio were during the 6" fortnight as
54.80, 98.93 and 84.65g in control, T, and T, respectively.
While the minimum gain in average body weights were
during the 12 fortnight as 1.77, 5.50 and 3.00g in control,
T, and T,, respectively. The graphs between the fortnights
and increase in body weight of C. carpio are the clear
indication of these results. Analysis of variance shows that
there was a highly significant difference in the increase
in body weight of C. carpio during each fortnight and
also among the ponds (Table I). The comparison of mean
values indicates the variation in body weight of C. carpio
during the fortnights and among the ponds (Table II).
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Table II.- Comparison of mean values of increase in
body weight (g) and total length of Cyprinus carpio.

Ponds Original order = Ranked order
Control pond 16.93 8 42.78 4
Treated pond 1 (T1) 33.324 33.324
Treated pond 2 (T2) 42,784 16.93 8
Increase in average body weight (g)

Fortnight 1 13.47 <P 79.46 4
Fortnight 2 20.37 <P 68.174
Fortnight 3 28.72 B¢ 42.898
Fortnight 4 42.808 42.80°"
Fortnight 5 79.46 4 28.72 B¢
Fortnight 6 68.174 25.38 BCP
Fortnight 7 42.898 20.37 P
Fortnight 8 25.38 Bep 13.47¢P
Fortnight 9 9.94 <© 9.94 <©
Fortnight 10 6.45° 6.45°
Fortnight 11 3420 3420
Increase in average total length

Fortnight 1 2.00 BCPE 4304
Fortnight 2 1.933CDEF 3.038
Fortnight 3 3.038 2.67 B¢
Fortnight 4 2.67 B¢ 2.57 BCep
Fortnight 5 4304 2.00 BCPE
Fortnight 6 2.57 Bep 1.93 CDEF
Fortnight 7 1.77 CPEF 1.77 CPEF
Fortnight 8 1.53 DEF 1.60 CPEF
Fortnight 9 1.60 CPEF 1.53 DEF
Fortnight 10 0.87°F 1.00 =¥
Fortnight 11 1.00 EF 0.87F

The initial and final total length of C. carpio recorded
was 10.5 and 29.8cm in control, while 10.0 and 35.0cm in
T, and 10.5 and 36.0cm in T,. The maximum total lengths
gained by C. carpio were 3.5, 5.3 and 4.1cm during the 6
fortnight in control pond, T, and T, respectively. Similarly,
the minimum increase in total length of C. carpio was
1.0cm in control and 0.5c¢m in T, during the 12" fortnight
also 0.5cm in T, during the 11" fortnight. The graphs
between fortnights and increase in length confirm these
results. Analysis of variance indicates that increase in total
length of fish was highly significant in each fortnight while
the increase in total length of fish was non-significant
among ponds (Table I). The comparison of mean values
indicates the variation in total length of C. carpio during
the fortnights and among the ponds (Table II).

After six months of rearing, cultured fish species
was harvested from three ponds. Survival rate for C.
carpio was found to be 100% throughout the experimental
period. The net gain in average body weight of C. carpio in
control, T, and T, ponds, was 186.20, 366.33 and 470.55g,

respectively. The gross fish yield for C. carpio per pond
per year was recorded, it was found to be 20.57, 38.53 and
49.005kg in control, T, and T, ponds, respectively. The
gross fish production for C. carpio per acre per year was
calculated to be 416.22, 779.69 and 991.59kg in control,
T, and T, ponds, respectively. The net production per pond
per year was calculated, it was found to be 18.62, 36.63
and 47.05kg in control, T, and T, ponds, respectively.
The net production per acre per year was found to be
376.77, 741.25 and 952.13kg in control, T, and T, ponds,
respectively. The net production values per hectare per
year were 941.92, 1853.13 and 2380.37kg in control, T,
and T, ponds, respectively for C. carpio, while gross fish
production for C. carpio was calculated to be 1040.55 for
control, 1949.23 for T, and 2478.98kg for T, per hectare
per year (Table III).

Table II1.- Total fish production.

Cyprinus carpio

Control T, T,
No. of fish stocked 50 50 50
Survival rate 100% 100% 100%
Initial average weight (g) 19.50 19.00 19.50
Final average weight (g) 205.70  385.33  490.05
Gain average weight (g) 186.20  366.33  470.55
Initial average total length (cm)  10.5 10.0 10.5

Final average total length (cm) 29.8 35.0 36.0
Gain average total length (cm) 19.3 25.0 25.5

Gross fish prod./pond/6 10285.00 19266.50 24502.50
months(g)

Gross fish prod./pond/year (kg)  20.57 38.53 49.005
Gross fish prod./acre/year (kg) 416.22  779.69  991.59
Gross fish prod./ha/year (kg) 1040.55 1949.23 2478.98

Net fish prod./pond/6 months(g) 9310.00 18316.50 23527.50
Net fish prod./pond/year (kg) 18.62 36.63 47.05

Net fish prod./acre/year (kg) 376.77 74125  952.13
Net fish prod./ha/year (kg) 941.92 1853.13 2380.34
Gross fish prod./ha/year 1040.55 1949.23 2478.98
Net fish prod./ha/year 941.92 1853.13 2380.34

In the present study it is clear that T, supplied at the
rate of 4% wet fish body weight daily gave good results
as compared to the control and T,. Same results were
postulated by Omer and Nour (1986) and Abid and
Ahmed (2009). The analysis of variance of this experiment
showed the growth of C. carpio in terms of weight and
length were highly significantly different during fortnights
and weight were also highly significant among ponds
while the length was non-significantly differet among
ponds. Such conclusions were also made by Gosh et al.
(1984) while studying the effect of artificial feed (rice
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bran) and also by Janjua (1996) during his studies on the
response of Catla catla to different levels of supplementary
feed (rice polish). Gross and net production results of
this study showed the same results as conclusions were
made by Janjua (1996), during their studies on effect of
supplementary feed ingredients on growth performance of
major carps supplied at the rate of 4% wet fish body weight
daily and also by Abbas et al. (2004) during their studies
on effect of inorganic fertilizers and organic manure and
their combination on the growth performance of major

carps.
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ABSTRACT

The study was conducted to evaluate the effect of various concentrations of crude protein on the
growth, body composition, hematology, and endogenous enzymes of catfish, Pangasius hypophthalmus.
The trial was carried out in HAPAS (10 x 10 x 5 feet) for 90-days. Fish was fed at 3% of wet body
weight twice daily with the experimental feeds having crude protein (CP) levels 44% (T)), 35% (T,),
and 40% (T,), each having three replicates. Fish fed on 40% protein feed (T,) showed significantly
(P<0.05) higher growth (1378.57+53.20g) compared to T, and T,. The percent weight gain was also
highest in T, (718.81+43.27) followed by T, (69.83+10.83) and T, (61.69+1.41). The FCR of fish in T,
was significantly lower (2.51£0.095) than T, (4.00+0.06) and T, (3.75+0.42). Proximate analysis values
remained uniform among treatments. Concentration of amylase was significantly higher (P< 0.05) in
T, and T, than T, while phytase and lipase enzymes showed non-significant differences among all the
treatments. Values of Alanine aminotranspherase (ALT) and Aspartate aminotranspherase (AST) in blood
of P. hypophthalmus increased where 35%-40% protein was offered. The overall performance of fish fed
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40% CP feed remained significantly better with no adverse effects on nutritional value of fish.

INTRODUCTION

Catﬁsh culture has become very popular across the
globe due to its fast growth rate and higher market
demand. Catfish is an important and fastest growing group
of fish in the world aquaculture after carps and tilapia (Phan
et al., 2009; Lakra and Singh, 2010). That is why World-
wide catfish production has increased by six folds during
the last decade (FAO, 2009). Among the most popular
catfish species, Pangasius hypophthalmus and Pangaisus
pangasius are promising fish species for prospective and
progressive fish aquaculturists due to their fast growth,
easiness of culture, high resistance to disease, and wide
range of environmental factors (Begum et al., 2012a). It has
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been introduced widely outside of its native range and has
established population in Myanmar and Indonesia.

The culture of Pangasius spp. is increased in South
Asia and South East Asian region due to its size and taste.
Among Asian countries, Vietnam is the leading country
producing about 1.4 million tons of Pangasius annually
and contributed more than 50% of its total aquacultural
output that elicited the development of a fish processing
sector and becomes a source of livelihoods to more than
150,000 individuals (Wilkinson, 2008).

Good nutrition dictates the success of aquaculture
entrepreneur. Formulation of good quality feed requires
complete knowledge of fish species and its biology.
Pangasius also accepts artificial feed with varying levels
at different life stages. Among catfish, nutritional aspects
of Pangasiid has been least explored when compared with
Clariids and Ictalurids. Protein requirements of Pangasius
hypophthalmus, vary from 16 g kg day! to 25 g kg day
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! (Pathmasothy and Lin, 1988). Similarly, Hung (1999)
described protein requirement of 16 and 17 g kg' day"!
for Pangasius hypophthalmus and Pangasius bocourti,
respectively. The cause of this variation may be due to the
varying levels of feed supply, quality as well as quantity
of given protein sources or energy to protein ratio in the
experimental diets (Wilson and Moreau, 1996). Keeping
in view the future scope of these species, an attempt was
made to introduce Catfish Pangasius hypophthalmus in
Pakistan and started work on feed formulation to promote
its culture in more beneficial and convenient way. The
key objective was to observe its response to local feed on
growth, nutritional status, hematology along with enzyme
secretion and role ending with some observations on blood
feed interactions.

MATERIALS AND METHODS

The study was carried out at Research and Training
Facilities, Department of Fisheries and Aquaculture,
UVAS, Ravi Campus, Pattoki. The trial was conducted
in HAPAS installed in one of the earthen ponds (0.04
acre) filled with tube well water with desired aeration
through paddle wheel aerator. The pond was upgraded
with the provision of plastic sheet on the top for successful
overwintering.

Procurement of fish

Fish weighing 350 g on average, was procured from
one of the progressive fish farmer near Head Baloki,
Pattoki, District Kasur who imported this fish from
Thailand and nourished it in his fish culture facility for 4
months. Fish was transported in oxygen permeated cans
and safely transferred to above mentioned facility for
further trials.

Experimental design and setup

Trial was based on complete randomized design
(CRD) statistical experiment design. Three feeds with
different crude protein levels (44%, 35%, and 40%) were
purchased from Oryza Organics Feed Mill near Raiwind,
Lahore. These three different feeds were hereby designated
asT, T, and T, Each treatment has three replicate HAPPAs
with 7 fish in each which was reared for further 3 months.
Fish was offered 3% feed of its wet biomass during the
course of the trial twice a day in two equal installments.

Fish growth studies

Morphometric measurements of fish such as wet
body weight and total body length was recorded on the day
of stocking and then at fortnight intervals for examination

of fish and re-adjustment of diet plan. Net weight gain,
percentage weight gain, specific growth rate (SGR)
and feed conversion ratio (FCR) were calculated using
following formulae:

Net weight gain = final body weight (g) - initial body

weight (g)
% body weight gain = body weight gainx 100 + initial
body weight
SGR%= lin (final mean body weight (g) — lin
(initial mean body weight (g) X100 + duration of the
experimental period (days)
FCR= feed intake (g) /weight gain (g)

Table I.- Ingredient composition and proximate
analysis of experimental feeds.

Ingredients T, (44%) T,(35%) T, (40%)
composition (%)

Fish meal (52%) 15 10 35
Soybean meal 10 25 25
Wheat bran 14 20 10
Wheat flour - -

Rice bran - 15

Rice polish 10 - -
Cotton seed meal - 8 -
Maize gluten meal 50 19 16
(60%)

Fish oil - 1.5 1.5
DCP - 1 0.5
Lysine - 0.3 0.4
Methionine - 0.1 0.8
Seldox - 0.1 0.1
Kimera mould - 0.1 0.1
Whex powder - - 0.5
Vit. C - - 0.1
Vit. premix 1 - -
Total 100 100 100

Proximate composition of prepared feed
Moisture (%) 8.60+ 0.42* 8.45+0.49* 8.45+0.35°

Crude protein (%) 44 +£0.28* 35 +0.55% 40 £ 0.70°
Crude fat (%) 75+£042°  7.5+035 7.70+0.28
Ash (%) 18.60+£0.42* 19.24+0.33* 18.95+0.70°

Fiber contents (%)  0.75+0.70*° 0.85+0.70° 0.80 +0.14*

Water quality parameters

Dissolved oxygen, temperature, salinity, total
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dissolved solid, pH and Secchi disc visibility were
measured on daily basis.

Proximate analysis of feed and fish

Proximate analysis of the experimental feeds and fish
was determined by following the technique Near Infrared
Reflectance Spectroscopy (NIRS 5000 model, Foss
Tecator, Sweden) (Martinez et al., 2003) (Table I).

Sample preparation for detection of enzymes

After three months feeding trial three fish samples
were collected randomly from each treatment, degutted,
removed the whole intestine, and then homogenized in
chilled Tris-HCl. The homogenate was centrifuged at
6000%g at 4°C for 15 min. The supernatant was removed
and stored at -4°C for enzyme estimation.

Phytase activity

Phytase concentration was measured by using a
modified ferrous sulphate-molybdenum blue assay.
Enzyme solution (25ul) was incubated with 475 pl of
5SmM sodium phytase in 50Mm Tris HCL buffer (pH 7) at
37 °C for 15 min. Addition of 500 pl (10% trichloro acetic
acid) terminated enzyme reaction. Addition of 1000 pl of
freshly prepared color reagent containing 1% ammonium
molybdate, 3.2 % sulfuric acid and 7.2% of ferrous
sulphate, released phosphorus which was then measured
(Sabir et al., 2017).

Amylase activity

Amylase activity assay was measured by using DNS
method. A tube was taken and 1 mL of supernatant of fish
sample was taken in this tube and 2 mL of starch phosphate
buffer was added in it and was incubated at 37°C for 30
min. After incubation, at 37°C, 3 mL of DNS solution was
added and incubated at boiling temperature for 5-10 min
until color of DNS changes to reddish brown. Placed the
tube to cool and 4 mL of H, O was added to make up the
volume to 10 mL standard ranging from 1 to 100 mM.
Optical density (O.D.) of samples and glucose solutions
were measured at 540 nm.

Lipase activity

A sample was taken in a test tube and then added
0.5 mL olive oil, 0.5 mL 50 mM phosphate buffer such as
disodium hydrogen phosphate 50 mM 200 mL and sodium
dihydrogen phosphate 100 mM 50 mL in the sample by
adding 10 mM CaCl, and made 50l of sample. Sample
was incubated at 30°C for 30 min at 150 rpm and then
reaction was stopped by adding 20 mL of ethanol. Amount
of fatty acids was determined by 50 mM of KOH at pH 10.

Heamatological studies

Blood samples were collected from caudal vein and
then by puncturing heart by syringe from each fish taken
from each HAPA; blood samples were collected in vials
containing EDTA as an anticoagulant for heamatological
analysis. For biochemical estimation, blood was stored
in vials without EDTA. The blood was diluted 1:200
in modified Natt-Herrick’s solution; red blood cells
(RBCs x10" cells/L), and white blood cells (WBCs x
10° cells / L) were counted manually using a Neubauer
heamocytometer. Haemoglobin (Hb) was determined
using the cyanmethemoglobin technique. Differential
blood cell counts were accomplished on blood films
fixed with absolute methanol and stained with modified
Wright-Giemsa stain. A total of 600 white blood cells
(WBCs) per slide were counted, recorded, and described
according to Ellis (1976) and Ainsworth (1992). Samples
without EDTA were centrifuged at 10,000 g for 5 min in a
microhaematocrit centrifuge at room temperature (Morris
and Davey, 1996) to determine the activities of Aspartate
aminotransferase (AST) and Alanine aminotransferase
(ALT) by using commercial kits (DIALAB GmbH, Wiener
Neudorf, Austria).

Statistical analysis

The data was analyzed by using SAS 9.1 version
statistical software. The data on different variables was
statistically analyzed by using Analysis of Variance
(ANOVA) followed by Duncan’s Multiple Range Test.

RESULTS

There was a significant difference observed between
initial weights in T, and T, whereas non-significant
difference was found between the T, and T, (Table II).
Similar relationship was repeated in the final weight gain
of all the three treatments. T, exhibited the highest weight
gain ie. T, (1378.57g+53.20) whereas non-significant
difference was observed between the weight gain of T, and
T,, respectively. The percent weight gain was also highest
in T, (718.81+43.27) compared to T, (69.83+10.83) and
T, (61.69+1.41), respectively. Non-significant differences
were observed among the initial length, final length and
increase in length of all the treatments under consideration.

The FCR values for three treatments were observed
as T, (4.00£0.06) T2 (3.75+0.42) and T, (2.51+0.095)
where T, was found significantly lower than T, and T,
respectively. The SGR (%) values were observed as T,
(0.22+0.005) T2 (0.25+0.03) and T, (0.34+0.015) with
T, was found significantly higher compared to T, and T,
(Table II). Body composition of fish remained uniform
among treatments (Table II).
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Table II.- Growth performance and proximate
composition of Pangasius hypophthalmus under
different dietary treatments.

Parameters T ,(44%CP) T ,(35%CP) T, (40%CP)
Initial weight(g) 703.56+27.6° 685.23+42.5* 659.75+£29.6*
Final weight(g)  1137.38+£34.9* 1160.95+6.4> 1378.57+53.2¢
Weight gain(g) 433.81+7.6° 475.71£39.9° 718.814+43.3°
Weight gain (%)  61.69+1.4°> 69.83+£10.8° 109.09+8.04°
Initial length (cm) 43.11£0.5*  42.89+1.7*  42.58+3.3°
Final length (cm)  47.16+£0.8°  46.89+0.5*  48.25+1.2°
Increase in length ~ 4.11+1.3® 3.92+£2.21*  5.67+2.83*
(cm)

FCR 4.00+£0.06*  3.75+£0.42*  2.51+0.09°
SGR% 0.2240.005°  0.25+£0.03°>  0.34+0.01°
Proximate composition

Moisture (%) 10.9+0.40° 11.5+0.2° 11.3£0.1°
Crude protein (%)  59+1.65° 59.7+1.5¢ 59.9+3.0°
Crude fat (%) 8.23£0.11* 8.4+ 0.2 8.7+ 0.4
Crude fiber (%) 0.86+0.05, 0.83+0.1° 0.9+£3.3¢
Ash (%) 17.6+0.57* 17.1£0.6° 17.4+1.7°

Values with different superscripts are significantly different from each
other (P <0.05).

Table IIL.- Endogenous enzymes concentration under
three treatments.

Enzymes T, T, T,

Amylase 0.21# 0.20° 0.11°
Phytase 7.27° 6.46* 5.96*
Lipase 1.06* 1.03® 1.0*

*Values with different superscripts are significantly different from each
other (P <0.05).

Endogenous enzymes

Level of endogenous enzymes such as amylase were
found significantly higher in T, and T, compared to T,
while phytase and lipase enzymes showed non-significant
differences among all the treatments with slightly higher
numerical values in T, followed by T, and T, respectively
(Table I1I).

Heamatological parameters

Heamatological parameters were also significantly
affected by CP level. Results revealed that heamatological
values for all parameters such as RBCs, WBCs, Hb level,
monocytes and neutrophil in experimental fish were the

highest in 40% CP level feed and the lowest at 35% CP
level however, there were no significant differences
between T, and T, (Table IV). Level of ALT and AST were
found significantly different from each other in all dietary
treatments. Their maximum activity was found in 40% CP
level feed than 35% and lowest for 44% CP level (Table
V).

Table IV.- Heamatological parameters and liver
function tests (LF'Ts) of Pangasius hypophthalmus fed
three different dietary crude protein diets.

Hematological T, T, T,
parameters

RBCs 1.50+0.06° 1.47+0.015" 1.93+0.045*
WBCs 5.76+0.15> 2.80+0.86° 6.86+0.450°
Hb level (g/dl) 6.30+£0.10*  5.60+0.17° 6.52+0.105°
Neutrophils (%) 14.0£1.00°  12.0£1.00° 16.66+1.52°

Lymphocytes (%)  85.33+2.51° 89.66+2.08* 91.33+4.72¢

Monocytes (%) 3.00£1.00* 1.33+0.57° 4.00+1.00°
Liver functioning blood parameters

ALT 17.66+0.57° 26.0+£2.00° 29.0+1.00°
AST 21.66+0.57° 24.33+£1.52° 32.0+2.64°

*Values with different superscripts are significantly different from each
other (P <0.05).

Physico-chemical relationship with growth

Table V indicates the co-relational studies between
the length-weight increments as well as the water quality
parameters under consideration. Dissolved oxygen has a
highly negative co-relation with the weight and length gain
of the fish under study. Temperature narrates interesting
relationship. It has negative co-relation (-0.29) with
weight whereas length shows a positive co-relation. Total
dissolved solids (TDS) have a positive relation with length
and weight in the Pangasius pond. Similarly, pH also
shows a positive relation with the length and weight of the
given fish whereas salinity has similar relation with the
temperature. It has a negative relation with the weight and
positive relation with the length.

In Table V, T, showed positive relation between DO
and weight but T, and T, showed negative relation between
DO and weight. Weight and temperature showed positive
relation between T, T, and T, Weight and TDS showed
negative relation in T, but T, and T, both showed positive
relation between weight and TDS. Weight and salinity
showed negative relation with both T, and T, but they
showed positive relation with T, Weight and pH showed
negative relation in T, T, and T,
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Table V.- Relationship of physico-chemical parameters with length-weight co-relation, fish weight gain and total

length.
Parameters Weight Length
Dissolved oxygen (DO) -0.28 -0.66
Temperature -0.29 0.01
Total dissolved solids (TDS) 0.29 0.34
Salinity -0.03 0.20
pH 0.11 0.19
Treatments Wt and DO Wt and temp Wt and TDS Wt and sal Wt and pH
T1 0.38 0.12 -0.87 -0.99 -0.99
T2 -0.27 0.14 0.76 -0.53 -0.66
T3 -0.95 0.9 0.59 0.54 -0.45
T L and DO L and temp L and TDS L and salinity L and pH
T1 -0.72 0.97 0.14 -0.24 -0.24
T2 -0.9 0.83 0.02 -0.98 -1
T3 -0.73 0.82 -0.98 0.99 0.53

Wt., Weight gain; DO, dissolved oxygen; Temp., temperature; Sal., salinity.

The length and DO showed highly negative relation
among T, T, and T,. Length and temperature showed
highly positive relation in all treatments. Length and TDS
showed positive relation in T, and T, but positive with
T,. Length and salinity showed positive relation with T,
but showed highly negative relation between T, and T,.
Length and pH showed highly negative relation between
T,and T, but in T, both showed positive relation (Table V).

DISCUSSION

In the current study, Pangasius was cultured first time
in Pakistan to study the effect of locally prepared feed on
growth, body composition, and hematology when fed
on diets with various protein concentrations. Pangasius
is an omnivorous fish which shows faster growth rates
when given a reasonably balanced diet. Fish showed an
impressive growth with 40% CP feed in current trial.
Sayeed et al. (2008) reported that final weight and specific
growth rate of Thai pangus increased with increasing
protein level in feed which agrees with ours results though
protein range varied from 26 to 40% CP diet means
comparatively higher protein levels are inevitable for better
growth and production. Abdel-Tawwab et a/. (2010) found
similar results and reported highest growth of fry with
45% protein diets and the lowest with 25% protein diet
(P<0.05). The fish used for current trial showed optimum
growth efficiency at 40% whereas the survival rate of each
treatment group remained unaffected at all protein levels.

The reason for comparatively better values of FCR at 40%
CP might be due better composition of diets with higher
fish meal and higher feed intake. Similar was the case with
the SGR values as it was directly related to growth and
then FCR for the treatment under consideration. Whatever
the situation is the pond water quality parameters have
significant role in enhancing growth and feed intake.

The results obtained by El-Dahhar et al. (2000)
revealed similar pattern that with increasing dietary crude
protein final body weight (FBW) increased proportionately
and significantly (p <0.05). The fish fed at 20 or 24%
protein level showed significantly better mean final body
weight (FBW) in comparison to that fed 12% protein. With
increase in protein to 20% the feed conversion ratio (FCR)
was improved.

Temperature has a direct effect on the feed
consumption in fish especially in Pangasius. When the
temperature is up to or more than 30°C, the fish feeds
voraciously and this ultimately leads towards a recorded
growth increments but the case becomes vice versa when
it drops to a significant level and leads stunted or minimal
growth. Similar case prevailed in the present study under
consideration as well.

Non-significant differences were observed among
proximate composition of fish among various treatment
groups. Numerically higher values were recorded in T,
which was fed 40% CP diet that played significant role in
growth enhancement compared to T, and T,.

Similarly, the enzyme production was directly related
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with the level of protein, time duration and ratio of feeding
in an organism. In our study, where T, showed higher
growth performance and better feed acceptance also results
in higher amylase enzyme secretion in the experimental
fish. Several exogenous and endogenous factors are
responsible for affecting protein retention efficiency in
fish (Halver and Hardy, 2002). Several studies revealed
that modification in the digestive enzymes activity is
due to changes in feed ingredients, food manipulations,
starvation, feeding time and protein concentration (Hakim
et al., 2006). It has been revealed by some studies that
herbivorous fishes might compensate their low protein
availability by increasing their enzymatic activity. Some
herbivorous fishes exhibit trypsin activities similar to or
even higher than carnivorous species, to maximize protein
digestive efficiency (Chan ef al., 2004).

Heamatological results in this study were also
significantly (P<0.05) affected due to CP level. RBCs
and WBCs were positively influenced by CP level up
to 40% and on further increase in dietary protein their
number started to decline at 44% CP level. According to
Akinwande et al. (2005) the increase in protein level in the
diet of Heterobroanchus longifilisan increase the values of
the hematological indexes. Further he observed maximum
RBC, WBC, PCV and Hb in fingerlings fed 40% crude
protein followed by 45% crude protein. During present
study, Hb level was positively influenced by dietary protein
level with no significant differences (P<0.05) between 44%
and 40% CP however, the value obtained at 40% CP was
slightly greater than 44% CP and lowest at 35% CP with
significant differences between 40% and 44% CP feed. In
the differential leucocyte count neutrophils, lymphocyte
and monocyte percentage was observed non-significantly
(P<0.05) different from 35% and 44% CP diets, however,
at 35% CP their percentage was minimum (12.0 + 1.00).
Maximum percentage (16.66+1.52) of neutrophils was
observed in fish fed 40% diet (T,) and was significantly
different from the other two treatments. Abou-Daoud et
al. (2014) reported that number of neutrophil in respective
fish blood was considerably less which was fed 35% and
50% CP level in diet than in all other treatments (P <0.05).
Furthermore, they stated that variation of CP levels did not
significantly (P <0.05) affect the numbers of thrombocytes,
eosinophil, lymphocytes, monocytes and basophils.

Liver functioning of fish can be judged by the level
of these two enzymes alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) in the blood. In
the current study level of ALT and AST in blood of P
hypophthalmus increased with 35%-40% diets however,
further increase in CP level up to 44% affected their level
negatively and lowest value was observed in this treatment.

ALT revealed significant differences (P<0.05) from each
other in all dietary treatments however, AST level in T,
and T, was found non-significantly different. Gallagher
(1999) observed similar results and reported that liver
alanine aminotransferase activities increased significantly
on higher dietary protein and lipid concentration, which
indicated that dietary protein is transformed for non-
protein activities. They hypothesized from these results
that excess dietary protein is consumed for energy
generation. Melo et al. (2012) observed similar results that
by increasing the protein content in the diet increase the
hepatic activity of ALT and AST. The increasing protein
concentration in the diets resulted increase gain in weight.
The increased hepatic activity of protein metabolizing
enzymes in the fish fed higher protein level diets indicated
efficient utilization of dietary amino acids that trigger
growth and act as a substrate for gluconeogenesis. Ayyat
et al. (2011) reported that the fish fed high protein diet
significantly increased the blood total protein, albumin
and ALT. According to Abdel-Tawwab (2012) the
actions of physiological variables, comprising aspartate
aminotransferase (AST), alanine aminotransferase (ALT)
and total protein were significantly altered by the varying
levels of dietary protein.

CONCLUSION

The overall performance of the fish fed with three
different levels of crude protein commercial diets showed
better growth in T, (40% CP) with decreased enzyme
secretions. Heamatological parameters varied significantly
(P<0.05) due to CP level but these diets have no adverse
effects on the fish body composition. Nevertheless, fish
was found very sensitive to temperature and its feed
intake and growth performance was directly affected by
temperature variations.
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ABSTRACT

Article Information

An 8-week feeding trial was conducted to investigate the effect of dietary intake of vitamin E (a-tocopherol
acetate) for enhancing productivity of Cirrhinus mrigala fingerlings. Fish fingerlings were kept in V
shaped tanks with stocking density of 15 fish/tank (ini. avg. wt. 2.78+g per individual). Six diets were
formulated by supplementing vitamin E at the level of 0, 25, 50, 75, 100 and 125 mg kg' and each
treatment was applied to triplicates. At the end of feeding experiment, improved growth performance
was measured in groups received vitamin E supplemented diets as compared to control. A significant
(»<0.05) increase in weight gain (9.76 g) was showed by the group fed on diet supplemented with 100
mg kg'. Similarly, better feed intake (FI) and feed conversion ratio (FCR) was recorded at 100 mg kg™
level of supplementation while, maximum survival rate (SR) % was observed at 50 and 75 mg kg
diets. Consistently, significant (»p<0.05) decline was observed in hepatic TRABS contents with increased
vitamin E supplementation. Antioxidant enzymes i.e. catalase (CAT), superoxide dismutase (SOD) and
peroxidase (POX) displayed significantly (p<0.05) decreased activities in gills of fish provided 100 mg
kg vitamin E supplemented diet. Higher PUFAs (n-3, n-6) values were examined in muscles of fish fed
on increased supplementation levels. Based on Quadratic regression analysis of WG % 106.58 mg kg
vitamin E was the optimum level for the supplementation of practical diet for C. mrigala fingerlings. In
conclusion, as a proficient antioxidant, vitamin E has potential to reduce oxidative stress in C. mrigala
fingerlings.
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Vitamins are complex organic compounds used
efficiently as feed additives in animal nutrition to
ensure animal health by regulating the normal physiological
functions such as growth, development and reproduction.
Vitamin E (a-tocopherol) is a lipophilic compound and
functions as a chain breaking antioxidant, positively
influences the immune system, reduces the mortality and
consequently improves the growth performance (Shiau
and Hsu, 2002). It is also a principle component in various
biochemical processes like prevention of lipid oxidation in
fish tissues (Zhong et al., 2007).

Vitamin E possesses greatest potency as a cofactor for
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several biochemical processes in enzyme activation
and plays considerable role for the maintenance of
vertebrate fitness and consequently prevents muscular
dystrophy and hepatic necrosis. Appropriate cellular
functioning needs adequate vitamin E supplementation.
Inadequate vitamin E in diet can have significant negative
consequences for proper immune system development as
well as proper immune system functioning. In teleosts,
erythrocyte fragility, decline in growth, anemia and
high mortality rates are considered main complications
caused by hypovitaminosis E (Halver, 2002). Previous
studies revealed potential benefits of vitamin E as an
immunostimulant showed resistance against several
infectious diseases and significant decreased mortalities
were observed in chicks due to E. coli (Heinzerling et
al., 1974) and turkeys (Julseth, 1974) fed on vitamin E
supplemented diet.

Dietary vitamin E requirements vary from species to
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species and depend upon dietary lipid requirements and
fatty acid profile in fish. In previous studies requirements
of dietary vitamin E has been reported for many
commercially important fish species such as for channel
cat fish (Murai and Andrews, 1974), 30-50 mg/kg, 200-
300 mg/kg (Watanabe et al., 1977) for common carp, 120
mg/kg (Hamre and Lie, 1995), for Atlantic salmon, 28 mg/
kg (Kocabas and Gatlin, 1999) for hybrid striped bass,
40-44 mg/kg (Shiau and Shiau, 2001), for juvenile hybrid
tilapia and 131.9 mg/kg (Sau ef al., 2004) for rohu.

High production rate of reactive oxygen species
(ROS) and decreased antioxidant defense mechanism at
cellular level mainly contributing in oxidative damage that
is the main reason of deterioration of biological molecules
such as proteins, lipoproteins, enzymes, DNA and fatty
acids present within the cell membranes and stored in
various body tissues like liver and muscles. The defense
mechanism of vitamin E as antioxidant is a sequential
process contained three steps; initiation, propagation
and termination by scavenging free radicals produced by
ROS and proved an effective defensive tool for essential
biological membranes and intracellular components (Paul
et al., 2004).

Lipid peroxidation produced a principle end product
called malondialdehyde (MDA); is determined by TBARS
test (Shahidi and Hong, 1991). High concentration of
TBARS reflects high oxidative stress in liver and muscles
tissues. Dietary inclusion of vitamin E significantly
reduced the concentration of hepatic TBARS in (Zhou et
al., 2013) juvenile cobia, Rachycentron canadum.

Status of liver antioxidant defense enzymes like
liver glutathione (GSH), catalase (CAT) and superoxide
dismutase (SOD) is considered as a biomarker of oxidative
damage (Miller et al., 1993; Reed, 1990). In juvenile sea
bream, turbot and halibut increase in hepatic enzyme
activities were recorded when fed on un-supplemented
vitamin E diet as compared to supplemented diet (Tocher
et al., 2002). Vitamin E content and muscle fatty acids
profile directly correlates with a-tocopherol content in
diet. Lower contents of a-tocopherol, unsaturated fatty
acids, polyunsaturated fatty acids and PUFA/saturated
fatty acids ratio were recorded in Korean rock fish when
fed on diet contained low vitamin E (Bai and Lee, 1998).
The findings of several authors strengthen this fact that the
incorporation of a-tocopherol in diet showed significant
positive responses for growth improvements. Findings
reported by Bae ef al. (2013) suggested that inclusion
of a-tocopherol in diet showed significant effect for eel
fry growth. Similarly, Zhou et al. (2013) reported that
incorporation of vitamin E in diet positively influences the
growth performance in juvenile cobia.

Cirrhinus mrigala also known as mrigal is one of

the well-known and commercially important Indian carp
widely cultured and consumed in Asian subcontinent
particularly in Northern India, Berma, Bangladesh and
Pakistan. Mrigal efficiently cultured in pond system as
well as in paddy fields under mono and polyculture system
(Khan et al.,2004). Available information was not adequate
about basic vitamin E requirement of Cirrhinus mrigala.
Investigation about dietary requirement of vitamin E
of mori, Cirrhinus mrigala was the main concern of the
present research work.

MATERIALS AND METHODS

The present research was executed to study the
dietary vitamin E requirements of mori, Cirrhinus mrigala
fingerlings. The experiment was carried out in the Fish
Nutrition Laboratory, Department of Zoology, Wildlife
and Fisheries, University of Agriculture, Faisalabad.

Fish and experimental conditions

Cirrhinus mrigala fingerlings were obtained from
Government Fish Hatchery, Faisalabad and fingerlings
were allowed to acclimatized to experimental condition
for two weeks in V-shaped tanks (UA system) and during
this period fingerling were fed once a day to apparent
satiation on the experimental diet without vitamin E.
Before performing the experiment fingerlings were given
a prophylactic dip in 5g/L NaCl solution (Rowland and
Ingram, 1991). The feeding experiment was started with
an initial average weight of 2.78+0.01 g. Dissolved oxygen
in water media was monitored by using digital meter
(HANNA, model HI 9147). Similarly, water temperature
and pH was estimated by using AMPROBE pH meter
(model WT-80). Aeration was provided through capillary
system in all the tanks during experimental period.

Feed ingredients and formulation of experimental diet
Dietary feed ingredients were procured from local
market and analyzed chemically by following AOAC
(1995) before the preparation of experimental diets. The
composition of experimental diet is given in Table 1. The
feed ingredients were grounded and sieved to require
particle size before the formulation of Vitamin E based
diet. The samples of experimental diets were homogenized
using a motor and pestle and analyzed by standard methods
AOAC (1995): moisture was determined by oven-drying at
105°C for 12 h; crude protein (N x 6.25) by micro Kjeldahl
apparatus; crude fat, by petroleum ether extraction method
through Soxtec HT2 1045 system; crude fiber, as loss on
ignition of dried lipid-free residues after digestion with
1.25% H,SO, and 1.25% NaOH; ash, by ignition at 650°C
for 12 h in electric furnace (Eyela-TMF 3100) to constant
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weight; carbohydrates; by the subtracting the values of
crude protein (%), crude fat (%), crude fibre (%).

Six experimental diets D1, D2, D3, D4, D5 and D6
were formulated by supplementing vitamin E in the form
of a-tocopherol acetate at the level of 0, 25, 50, 75, 100 and
125 mg/kg diet, respectively. Fish were given respective
diet at the rate of 2% of live wet weight. Two replicates
were allotted for each experimental diet and each tank was
stocked with 15 fingerlings.

Table I.- Ingredient composition (%) of experimental
diet.

Ingredient %
Sunflower 40
Fishmeal 20
Rice polish 18
Wheat flour 10
Fish oil 6

Mineral mixture*

Vitamin premix without vitamin E** 3

*Each kg of mineral mixture contains; Ca (calcium), 155 gm; P
(phosphorous), 135gm; Mg (magnesium), 55gm; Na (sodium), 45gm; Zn
(zinc), 3000 mg; Mn (manganese), 2000 mg; Fe (iron), 1000 mg; Cu
(copper), 600 mg; Co (cobalt), 40 mg; I (iodine), 40mg; Se (selenium),
3mg. **Each kg of Vitamin premix contains; Vitamin A (retinoic acid),
5.0 mg; Vitamin B1 (thiamine), 0.5 mg; Vitamin B2 (riboflavin), 3.0 mg;
Vitamin B3 (niacin), 5.0 mg; Vitamin B6 (pyridoxine), 1.0 mg; Vitamin
B7 (biotin), 0.05 mg; Vitamin B9 (folic acid), 0.18 mg; Vitamin B12
(cobalamin), 0.002 mg; Vitamin C (ascorbic acid), 5.0 mg; Vitamin D3
(cholecalciferol), 0.002 mg; Cellulose, 815.26 mg; Choline, 100 mg.

Feeding procedure and collection of uneaten diet

Fish were given respective diet at the rate of 2% of
its live wet weight. Duplicates tanks were allotted for
each experimental diet and each tank was stocked with
15 fingerlings. After the feeding session of three hours,
the uneaten diet was collected from each tank with help
of collection tube by opening the valve I and valve
II subsequently of the tanks. The tanks were washed
completely to remove the particles of diets and refilled
with water. After that the collected diets were dried and
stored for the calculation of feed conversion ratio (FCR).
The feeding experiment lasted for 60 days.

Growth study and vitamin E requirement determination

Growth performance was evaluated after every
week by taking gross weight of fish from each treatment.
Growth performance and feed utilization rates were
evaluated in terms of weight gain (WG), weight gain %,
feed conversion ratio (FCR), specific growth rate (SGR)
and survival rate %.

Determination of TBARS, antioxidant enzyme activities
and fatty acid profile

At the termination of feeding experiment, fish from
each replicate were collected, euthanized by overdose
of clove oil and sacrificed. Liver, gills and muscles
were extracted and stored at -20°C for determination of
TBARS, antioxidant enzymes activities and fatty acid
profile, respectively.

TBARS assay

The measurement of thiobarbituric acid reactive
substances (TBARS) in fish liver was specifically assayed
by following Gatta et al. (2000). Each sample (1 g) was
homogenized in a solution of KC1 11.5 g/L and 3 ml of 80
Mm Tris-maleate, pH 7.4 with homogenizer. After addition
of 1 ml of 2 mM ascorbic acid, samples were incubated at
37°C for 30 min to induce lipid peroxidation. Colorimetric
reaction was obtained by adding 5 ml of 0.7 M HCl and 5
ml of 0.05 M thiobarbituric acid (TBA) to the sample and
boiling the tubes for 25 min. Then, before final reading,
samples were refrigerated and centrifuged at 495 x g for 5
min with the addition of 5 ml 0f200 g/L trichloroacetic acid.
TBA values, expressed as 1 g malondialdehyde equivalents
mg liver tissue, were determined photometrically at 530
nm. A standard solution of malondialdehyde was used to
obtain a calibration curve and absorbance values were
correlated with this curve in order to calculate the amount
of MDA in fish liver.

Antioxidant enzymes assays

Gills were homogenized phosphate buffer (pH 7.4)
for 15 min in pestle and mortar, pass through the muslin
cloth and filtered through Whatman Filter Paper No. 1.
The filtrate was centrifuged at 10,000 rpm for 15 min.
Supernatants were used for enzyme activities.

The activity of superoxide dismutase (SOD) in fish
gills was determined by measuring its ability to inhibit
the reduction of nitroblue tetrazole (NBT) by superoxide
following the method of Giannopolitis and Ries (1997).
Catalase (CAT) activity was determined by measuring its
ability to decompose hydrogen peroxide concentration
at 240 nm following the method of Chance and Meahly
(1955). Peroxidase activity was calculated by measuring
its ability to reduce the concentration of hydrogen peroxide
at 470 nm (Civello et al., 1995).

Determination of fatty acid profile

The extracted fat from muscles (as described earlier)
was used for the determination of fatty acid profile. Fatty
acid profile in fish muscles was determined following
by IUPAC (1987) standard method. Fatty acid profile
in muscles was determined from the fatty acid methyl
esters (FAME) derivatives of the transesterified lipid.
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Table II.- Influence of dietary vitamin E intake on growth performance, FI, FCR and SR% of Cirrhinus mrigala

fingerlings.
Diet  Vitamin E level  Initial weight Final weight (g) AWG Weight gain SGR FI FCR SR
(mg/kg) (® (%) (® (%)
D1 0 2.37 8.03¢ 5.65¢ 237.89¢ 2.03¢ 10.94* 1.94 95.832
D2 25 2.36 8.32¢ 5.95¢ 251.794 2.10¢ 9.78° 1.64° 95.832
D3 50 2.38 8.85¢ 6.47° 271.85¢ 2.19¢ 8.32¢ 1.29¢ 100.00*
D4 75 2.40 9.73 7.32° 305.21° 2.332 7.40¢ 1.01° 100.00?
D5 100 2.40 9.76* 7.35° 305.61° 2.33* 7.12¢ 0.97* 95.83*
D6 125 2.40 9.42° 7.01° 292.29° 2.28° 8.02¢ 1.14¢ 87.50?

AWG, absolute weight gain; FCR, feed conversion ratio; FI, feed intake; SGR, specific growth rate, SR, survival rate.

FAMEs were prepared by using methanol. A sample
0f 200 to 300 mg of fat was taken in flask and reflux with 15
ml of 0.5 N KOH solution for 3-5 min. When the solution
became hot, 15 ml of ammonium-chloride-methanol-H,SO,
mix was added and refluxed for 15 min. Swirled to mix,
and refluxed for 3 min. Cooled and added light petroleum
ether and shaked. Then the ether layer was separated and
evaporated the ether under vacuum. The residues were
dissolved in 3-10 ml of petroleum ether for determination
of fatty acid profile by gas chromatography. Fatty acid
methyl esters were analyzed by gas chromatography (GC)
(SHIMADZU, model GC-17A FID) and identified by
comparing their relative and absolute retention time with
those of authentic known standards. Data was subjected to
One-way analysis of variance (Steel et al., 1996).

Fig. 1. Graphical representation of dietary vitamin E
requirement of weight gain % for Cirrhinus mrigala
fingerlings on the basis of quadratic regression analysis.

RESULTS

The data regarding the growth performance,
feed intake, FCR and survival rate (%) of Cirrhinus
mrigala fingerlings fed with graded levels of vitamin E
supplemented diet is summarized in Table II. According
to the results, significant (p<0.05) increase in final weight
(g2), AWG (g), WG % and SGR of Cirrhinus mrigala
fingerlings was observed in groups fed with vitamin E

supplemented diet when compared with group fed on
un-supplemented (control) diet. All the above discussed
parameters of growth showed their best in supplemented
groups up to the certain level (100 mg/kg) of vitamin
E, after which growth was started decreasing. Figure 1
showed the dietary vitamin E requirement of Cirrhinus
mrigala fingerlings. Quadratic regression analysis on the
basis of weight gain % showed that 106.58 mg/kg vitamin
E was the optimum level for supplementation in the
practical diets of the Cirrhinus mrigala fingerlings.

Table IIL.- Influence of dietary vitamin E intake on
TBARS contents in liver and antioxidant enzymes
activities in gills of Cirrhinus mrigala fingerlings.

Diet VitaminE TBARS SOD CAT POX

level (mg/kg) (mg/g) (U/mg (Umg (mU/mg
protein) protein) protein)
D1 0 3.58° 4.68¢ 31.36¢ 81.79¢
D2 25 3.45% 4.73¢ 31.81¢ 83.38¢
D3 50 3.35% 4.78° 32.31° 85.02°
D4 75 3.20¢ 4.83* 32.90° 87.16*
D5 100 3.044 4.84 32.92¢ 87.44°
D6 125 2.86¢ 4.75% 32,12  82.79«

CAT, catalase; POX, peroxidase; TBARS, thiobarbituric acid reactive
substances; SOD, superoxide dismutase.

Improved responses for FI (g) and FCR were recorded
in supplemental groups as compare to the control group
in Cirrhinus mrigala fingerlings. Significant (p<0.05)
differences were recorded for FI (g) and FCR at 100
mg/kg of vitamin E. Non-significant (p>0.05) effect of
vitamin E supplementation was observed on survival rate
(%) of Cirrhinus mrigala fingerlings. Table III shows the
data of TBARS contents in liver and antioxidant enzyme
activities in gills of Cirrhinus mrigala fingerlings fed
with graded levels of vitamin E supplementation. Inverse
relationship was observed in TBARS contents and vitamin
E supplementation in diet. Significant (p<0.05) differences
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were recorded in TBARS contents between the groups
fed on vitamin E supplemented and unsupplemented diet.
Lowest TBARS contents was recorded in group fed on diet
with maximum supplementation (125 mg/kg of vitamin E),
while group fed with control diet showed maximum TBARS
contents in liver of Cirrhinus mrigala fingerlings. Values
for TBARS contents at different dietary vitamin E levels
were significantly (p<0.05) different among treatments.
Significant (p<0.05) variations were evident in the values
of SOD activity in gills of Cirrhinus mrigala fingerlings
among control group and the treatment. Increased SOD
activity was observed with increased dietary vitamin E
supplementation in diet up to a certain level, above which
a decrease in enzyme activity was observed. Maximum
SOD activity was given in group fed on diet supplemented
with 100 mg/kg of vitamin E, while minimum value was
observed in control group. Similar trend was followed by
the activities of CAT and POX enzyme. CAT and POX
activities were significantly (p<0.05) higher in gills of
Cirrhinus mrigala fingerlings with increased vitamin E
supplementation in diet up to a certain level. Among all
the treatments, highest CAT and POX activities were
recorded in group received diet supplemented with 100
mg/kg of vitamin E, while lowest values of these enzymes
were observed in control group. Table IV is showing that
dietary vitamin E supplementation had showed significant
(»<0.05) effect on fatty acids profile i.e. increased values
of saturated fatty acids (SFAs), monounsaturated fatty
acids (MUFAs), n-7 and n-9 fatty acids were recorded
in control group, while unsaturated fatty acids (USFAs),
n-3 and n-6 fatty acids showed their improved ratios by
feeding vitamin E diet. Fish received diet contained 25
mg/kg of vitamin E had showed significant improvement
in values of polyunsaturated fatty acids (PUFAs), n-3, n-6
and n-3/n-6 when compared with control group.

DISCUSSION

Vitamin E is a collective term used for a category of
lipophilic molecules contained four tocopherols and four
tocotrienols. Among all of these molecules, a-tocopherol
is functionally active for the protection of biological
membranes against lipid oxidation and also has other,
more specific biochemical functions. Similar to other
vertebrates, in fish, a-tocopherol also indirectly contributes
in the modulation of growth by controlling the damage
in tissues during stress conditions (Tocher et al., 2002).
Inadequate vitamin E in diet can have significant negative
consequences for proper immune system development as
well as proper immune system functioning. In teleosts,
reduced growth, poor survival rate, hemolysis, anemia
and erythrocyte malformation are considered the main

consequences of hypovitaminnosis E (Halver, 2002).

Table IV.- Influence of dietary vitamin E intake on fatty
acid profile in muscles of Cirrhinus mrigala fingerlings.

Fatty acid Vitamin E level (mg/kg)
0 25 50 75 100 125

14:0n-0 5.80° 3.23¢ 3.3 3.33% 330 337
16:0n-0 12.30* 8.42° 8.48> 8.50° 8.46° 8.49%
18:0n-0 4.09°  1.86° 1.81° 1.75*> 1.81* 1.79"
16:1n-7 14.52* 8.67° 8.72* 8.77° 8.69° 8.68°
18:1n-7 1228 8.96> 893> 9.01° 8.98" 9.03°
18:1n-9 18.85* 13.22° 13.20° 13.17° 13.16* 13.21°
18:2n-6 2,69 532* 530° 5.29° 531° 531°
20:4n-6 1.84* 3.03* 3.13* 3.09° 3.09* 3.06°
18:3n-3 3.90°  7.40° 7.40° 7.40° 7.40*° 7.40°
20:5n-3 8.59° 14.46* 14.36° 14.39* 14.43* 14.36°
22:5n-3 11.01° 17.36* 17.32* 17.25* 17.28 17.27*

22:6n-3 414> 8.05* 8.10* 8.06" 8.08" 8.04°

Total SFAs 22.19* 13.51° 13.60° 13.58* 13.57° 13.64°
Total MUFAs 45.65* 30.85° 30.85° 30.95* 30.83" 30.92°
n-3 27.65° 47.30° 47.14* 47.10° 47.21* 47.08
n-6 452 834* 8.42* 837" 839" 836"
n-9 18.85* 13.22° 13.20° 13.17° 13.16* 13.21°

ARA/EPA 0.21* 0.21* 0.22* 021* 0.21* 0.21°
EPA/DHA 2,08 1.80° 1.77° 17.90* 1.79* 1.79*
n-3/n-6 147 358> 3,57 358> 3.59° 3.56°
Monoenes/ 0.89° 0.45* 045 045 045 045
polyenes

ARA, arachidonic acid; EPA, ecosapentaenoic acid; DHA,
docosahexaenoic acid; MUFAs, monounsaturated fatty acids; SFAs,
saturated fatty acids.

The present research work was aimed to determine
the dietary vitamin E requirement of mori, Cirrhinus
mrigala fingerlings. Growth performance, TBARS
content, antioxidant status and fatty acid profiles were the
main concerning areas of present research work.

In the present study, results clearly demonstrated that
the dietary intake of vitamin E significantly improved the
growth performance in Cirrhinus mrigala fingerlings. A
significant increase in growth responses was recorded in fish
fed at the supplementation level of 100 mg/kg of vitamin
E and beyond this level of supplementation a decrease
in growth performance was recorded. It is believed that
a-tocopherol acetate is a powerful antioxidant, actively
contributes as disease resistant, modulates the immune
system and considered essential dietary nutrient for the
maintenance of normal growth in fish (Hamre, 2011).
Findings of present research work are in agreement with
the previous report that the dietary supplementation of
vitamin E showed significant influence on the growth in
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young-of-the-year beluga (Amlashi ef al., 2012). Kocabas
and Gatlin III (1999) suggested that, the dietary vitamin
E supplementation leads to significant increase in growth
responses of hybrid striped bass. In another experiment,
increased growth response was reported with increase
in dietary a-tocopherol in juvenile grass carp (Li ef al.,
2014), but it tends to decrease with high supplementation
level. Results of another trial conducted by Abdel-Hameid
et al. (2012) on fingerlings of Channa punctatus are in
accordance with our findings that fish receiving high
level of a-tocopherol supplementation (>140 mg/kg)
showed significant reduction in weight gain. In another
experiment, poor growth and feed utilization efficiencies
were reported by Kiron et al. (2004) by incorporating 1000
mg/kg of vitamin E for rainbow. At high dietary levels of
vitamin E growth depression were resulted may be due
to the formation of vitamin E radicals which accumulate
in cell and cause imbalance, consequently leads towards
pro-oxidant effects (Hamre et al., 1997). In contrast, some
studies reported that dietary vitamin E supplementation
showed no significant effects on growth responses in some
fish species like channel catfish (Gaylord et al., 1998),
gilthead seabream (Montero et al., 1999), Nile tilapia (Lim
et al.,2010) and rainbow trout (Kiron et al., 2004). Several
factors are responsible for the confliction in results like fish
age, fish species, dietary lipid level and lipid type, vitamin
E source, interaction of vitamin E with other nutrients
present in diet and experimental regimes (Norouzitallab
et al., 2009; Jaramillo et al., 2009). Present study showed
non-significant effect of vitamin E supplementation on
survival of fish. Similar non-significant effect was also
reported by Paul et al. (2004) for Cirrhinus mrigala fry.

In the present study, the dietary vitamin E requirement
of Cirrhinus mrigala fingerlings for enhancing weight gain
% on the basis of quadratic regression analysis was 106.58
mg/kg of vitamin E. Similarly, Sau et al. (2004) and Paul e?
al. (2004) determine that the dietary vitamin E requirement
of Labeo rohita is 131.91 mg/kg vitamin E and 99 mg/kg
vitamin E for Cirrhinus mrigala fingerlings on the basis of
broken line regression analysis.

Quantification  of  malondialdehyde (MDA)
concentration by TBARS test is considered one of the
important parameter for assessment of lipid peroxidation.
Previous studies indicated that a-tocopherol level and
concentration of MDA showed an inverse relationship
with one another. The results of present study suggested
that increased dietary vitamin E content (125 mg/kg)
significantly decreased liver TBARS concentration
in Cirrhinus mrigala fingerlings. Results reported by
the Gatta et al. (2000) indicated that lowest amount of
TBARS appeared in muscles of sea bass fed on diet
contained vitamin E at high level. Similarly, findings of

Lin and Shiau (2005) are in accordance with our results
that the values of hepatic TBARS were showed their
peak value in fish fed on vitamin E un-supplemented
diet and gradually decreased with increased Vitamin E in
grouper, Epinephelus malabaricus. Low concentrations of
vitamin E supplementation in diet might be responsible
for increased peroxidation of fatty acids mainly due to the
formation of oxidative radicals in tissues on large amount
(Tocher et al., 2002).

The SOD, CAT and POX activities in gills of
Cirrhinus mrigala fingerlings were found significantly
increased with the high dietary vitamin E concentrations
in present study. Higher SOD activity was showed in the
gills of fish fed with diet containing 100 mg/kg of vitamin
E beyond that a decrease in activity was observed. Similar
trend in activities of CAT and POX was observed in the
gills of Cirrhinus mrigala fingerlings. Similar conclusion
drawn by the studies of Mourente ef al. (2000) and Tocher
et al. (2002) conducted with juvenile marine fish that the
level of dietary a-tocopherol had significant effects on the
activities of the liver antioxidant enzymes. The reason
behind this increased hepatic enzyme activity might be
to make the fish able to counteract the pro-oxidant effect
caused by utilization of a-tocopherol (Li et al., 2014).

Fish fed the vitamin E deficient (control) diet
showed increased values of saturated fatty acids (SFAs),
monounsaturated fatty acids (MUFAs), EPA/DHA and
monoenes/polyenes. Fish received diet contained 25
mg/kg of vitamin E showed significant improvement
in values of unsaturated fatty acids (USFAs), n-3, n-6
fatty acids, n-3/n-6 when compared with control group
in the muscles of Cirrhinus mrigala fingerlings, beyond
this level of supplementation no further increase was
observed. From the results of present experiment, it is
concluded that low level (25 mg/kg vitamin E) of dietary
vitamin E supplementation is enough to protect the
unsaturated fatty acids from deterioration in the muscles
of Cirrhinus mrigala fingerlings and supplementation
beyond this is of no use. Presence of a-tocopherol in the
interior hydrophobic part of the biological membrane with
phytyl chain (Quinn, 2004), protects PUFAs by donating
its own hydrogen atom to the lipid peroxyl radical
and breaks the chain of reactions involved in the lipid
peroxidation. Similar to our results, Agradi et al. (1993)
reported that sturgeon (Acipenser naccarii) fed on vitamin
E supplemented diet showed highest percentage of total
n-3 PUFAs in muscle and liver tissues. In another research
work, Bai and Lee (1998) concluded that unsaturated fatty
acids and polyunsaturated fatty acid ratios in fish liver and
muscles fed vitamin E un-supplemented diet were lower
than those of fish fed the diet supplemented with 120 mg/
kg of vitamin E in juvenile Korean rockfish.
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In conclusion, dietary vitamin E supplementation
was proved efficient for the improvements in growth,
antioxidant status and fatty acid profile. Vitamin E showed
great capacity to work as an effective tool to reduce
oxidative damage in muscles, liver and gills of Cirrhinus
mrigala fingerlings
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Intraspecific Variation in Thermal Tolerance
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ABSTRACT

The ability of species and populations to respond to increase or decrease in temperature depend on their
genetic make-up and adaptive potential. Labeo rohita is a prized warm water species that has been widely
stocked across Pakistan. We studied the upper and lower thermal tolerance in three captive populations
of a single species from three different ancestral environments, i.e. Charbanda Fish Hatchery District
Mardan (MDN-s), Rawal Town Fish Seed Hatchery, Islamabad (IBD-s) and Manawa Fish Hatchery,
District Lahore (LHR-s) at four acclimation temperature (22, 26, 30 and 34°C),. A thermal tolerance
polygon over the range of 22-34°C showed a calculated area of 418°C? for IBD-s and LHR-s, while
417.5°C? for MDN-s. Results indicate that East origin L. rohita (LHR-s) have better potential to cope
warmer conditions due to tolerance of Upper thermal limit (45 + 0.25°C) and North East origin have better
ability to tolerate Minimum thermal limits (10 =+ 0.25°C), while MDN-s has moderate thermal tolerance.
Overall results suggest consideration of the thermal tolerance range for successful culture of L. rohita in
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different regions.

INTRODUCTION

In all vertebrates, with every degree rise in temperature
relate to increase in metabolism unless stable temperature
is gained. At the thermal optimum, every system of
organism performs efficiently (Ficke ef al., 2007). Every
species have a particular range of temperature and beyond
that limits, behaviour, growth, reproduction, migration and
physiology (Hirayamaetal.,2004; Zhou et al.,2009; Akhtar
etal.,2011; Wilson et al., 2014) or overall performance of
the organism is adversely affected (Ficke et al., 2007). For
instance, warm water fish show higher mortality in winter
season, as the temperature fall below 13°C (beyond lower
thermal tolerable limits) and adversely affect their activity,
feed intake and growth (Ibarz et al., 2003; Hurst, 2007).
Organisms have tendency to exceed their tolerance
range according to climatic condition (Chown et al.,
2010; Hofmann and Todgham, 2010), hence indicating the
genetically controlled flexibility (Seebacher and Franklin,
2012). The ability to adjust physiological performance
to prevailing environmental conditions (acclimation)
may allow individuals to maximize fitness in changing
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environmental condition (Seebacher er al., 2012).
However, if such adaptation did not occur, then organism’s
loss their performance (Ficke et al., 2007; Schulte et al.,
2011) or disappearance of populations may occur due to
migration towards better habitats (Visser, 2008). Generally,
ectoderms in nature timely alter their habitat (Anderson
et al., 2007; Cadena and Tattersall, 2009), however,
when would not have any other option then extinction of
particular species is started.

Currently, comparative methods are in practice for
evaluating evolutionary changes in thermal tolerance
of organism with respect to habitat use or geographical
variation in climate as a result of regional, global warming
(Feder et al., 2000; Angilletta et al., 2002; Rivadeneira
and Fernandez, 2005; Portner and Knust, 2007; Yanik and
Aslan, 2018). Under different environmental conditions,
different strains of the same species from various
geographical regions might respond differently (Imsland
et al., 2003), because of the confounded effects of many
factors, including gene environment interaction, other than
habitat uniqueness (Pearson et al., 2002). Many studies
demonstrated variation in thermal tolerance within species
(McDermid et al., 2012; Stitt et al., 2014) and among
species (Chatterjee et al., 2004; Das et al., 2004; Vinagre
etal., 2013).

The impact of climate changes on thermal tolerance
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and life of the organism has widely been recognized (Ficke
et al., 2007; Bozinovic et al., 2011). The upper and lower
temperature tolerance of fish in the laboratory could be
quantified by adopting a critical thermal methodology
(CTM) (Cowles and Bogert, 1944) that involve exposure
of fish to a continuous and constant decrease or increase in
temperature until a sub-lethal or near-lethal endpoint i.e.
disorganization of locomotive activity of fish (Beitinger
et al., 2000) is attained. Furthermore, the acclimation
response ratio (ARR) i.e., magnitude of thermal acclimation
reflects the dependence of ARR on the geographic zone of
the organisms, as fish inhabiting subtropical and tropical
regions have high values in comparison to warm and cold
region fish (Diaz ef al., 2002; Re et al., 2005). It further
emphasize on the knowledge regarding thermal tolerance
(CTMax and CTMin) of fish being exposed to spatial or
temporal, temperature extremes during winter or dry season.

L. rohita is cultured almost throughout Pakistan
from Islamabad, Punjab, Sindh and even in Baluchistan
and Khyber Pakhtunkhwa (KPK). Throughout the year,
climatic condition of these areas shows variability with
respect to rainfall, drought and in higher and lower
temperature limit. Hence, fish under culture in these
areas are in the influence of these fluctuations and show
various adaptations to overcome these climatic challenges.
Successful culture of any species depends upon the
availability of fish seed. In Pakistan, most of fish seed
is provided to the fish farmer from Punjab province and
to a lesser extent by the KPK. In the present study, three
government fish Hatcheries, Charbanda Fish Hatchery
(KPK), Rawal Town Fish Seed Hatchery (Islamabad)
and Manawa Fish Hatchery (Punjab) differ on the basis
geographical location, climatic condition, management
and husbandry practices were selected for the evaluation
of thermal tolerance of their stock of L. rohita with the
assumption that will help in the successful culture of L.
rohita by the selection and suggestion of seed on the basis
of thermal tolerance with respect their particular area.

MATERIALS AND METHODS

Maintenance and acclimation trials

Fingerling of Labeo rohita, average body weight
and length 10.44+ 0.24 g, 9.11+0.24 cm, 11.88+0.17g,
10.75£0.17 c¢cm and 12.26x 0.11g, 10.96 + 0.10 cm
were collected from Charbanda Fish Hatchery, Mardan
(33°40°55.28”N, 73° 6°57.88”E), Manawa Fish Hatchery,
Lahore (31°35°23.50”N, 74°29°0.83”E) and Rawal
Town Fish Seed Hatchery, Islamabad (34°15°41.96”N,
72° 3°26.69” E), respectively and considered as Mardan
strain (MDN-s), Lahore strain(LHR-s) and Islamabad
strain (IBD-s). These hatcheries mostly provide fish seed

throughout Pakistan for commercial and for re-stocking
purposes. Fingerlings were transported in aerated plastic
bags to the Fisheries and Aquaculture Research Station,
Quaid-i-Azam University. After tempering, they were
shifted to separate circular tanks, to avoid mixing of strains
and acclimatized at 26+1°C for one week before starting
the experiment. Fish were offered prepared 35% protein
basal diet twice a day at ad libitum, while undigested feed
and fecal material were siphoned on a daily basis. Then
fingerling of each hatchery were tagged on the dorsal
side with three different water proof colored materials
and tag specimen were shifted to different aquaria with
thermostat heater (4 fish/aquarium and 8 fish/treatment i.e.
4 for CTMax and 4 for CTMin, from each population).
Experiment was conducted in replicates of two, so
total of 48 specimens per temperature treatment; 12 per
aquarium (MDN-s, 4; LHR-s, 4; IBD-s, 4) were used
for one treatment. An experimental/environmental effect
was avoided by providing thermal treatment to all three
strains in the same aquarium. The water temperature of
each aquarium was decreased or increased at a rate of 1°C/
day from 26+1°C temperature to reach the experimental
temperatures i.e. 22, 26, 30, and 34°C. After reaching the
chosen treatment, fish were acclimated for a period of 30
days before starting the trial. The mentioned acclimation
temperature was created on the basis of previous
investigation on C. carpio and L. rohita (Chatterjee et al.,
2004; Das et al., 2004), and yellowtail catfish (Debnath
et al., 2006). During trial, dissolved oxygen (DO) and
acclimatized temperature were checked on a daily basis.
Daily water was exchanged (20-30%) in order to maintain
quality of water. Before starting the thermal tolerance
experiment, fish were starved for 24 h.

Thermal tolerance estimation

Critical thermal methodology (CTM) was adopted
to assess thermal tolerance. Further strain based thermal
tolerance was performed by using Mora and Ospina
(2001) method. The method has been previously evaluated
as effective because CTM does not involve death as
the experimental end point, thus showing significance
for estimating the thermal tolerances of endangered or
threatened fish species (Bennett and Beitinger, 1997). To
evaluate thermal tolerance CTMax and CTMin test was
conducted by gradual increment and reduction of water
temperature, i.e., at the rate of 0.3°C per minutes of each
aquarium set at acclimated temperature until fish showed
loss of equilibrium (LOE). Lowest and highest temperature
points at which LOE was observed was considered as
critical thermal minima (CTMin), and critical thermal
maxima (CTMax), respectively (Beitinger et al., 2000).
Aeration was well maintained throughout the experiment,
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and a digital thermometer set on each aquarium was used to
determine time to time temperature fluctuations. Fish were
adjusted in temperature gradient aquariums, respectively.
The polygon of thermal tolerance was created by
drawing acclimatization temperatures on the X-axis and
the CTMax and CTMin mean values on the Y-axis. The
thermal tolerance zone range was calculated from polygon
and expressed as 2°C. The area of thermal tolerance for all
three populations was designed from the graph (Fig. 1).

Statistical evaluation

Thermal tolerance results are presented in the text
and tables as mean+S.E. and experimental data of each
strain was tested using two-way analysis of variance
(ANOVA) followed by LSD comparison test by using
statistical package program SPSS (version 20). Simple
regression analysis was performed using Microsoft Office
Excel spread sheet.

RESULTS

Analysis of variance revealed significant intraspecies
difference in upper thermal tolerance among strains (F,
= 103.705, P =0.000) and among higher acclimation
temperature (F, ., =391.788, P=0.000). Similarly CTMin
also showed significant difference among three strains
(F, ,= 108.250, P = 0.000) and among lower acclimation
temperature (F, ,. = 585.407, P = 0.000). CTMax and
CTMin of all strains increased significantly with increasing
acclimation temperatures (P<0.05) (Table I). At higher
acclimation temperature, all strains had higher CTMax
and CTMin values while at lower temperature had lower
values. Furthermore, with 0.3°C / min heating and cooling
rate at 22, 26, 30 and 34°C acclimation temperatures,
CTMax and CTMin of all strains ranged within 36.13
+ 0.44°C to 45 + 0.25°C and 10 + 0.25 °C to 19.63 +

0.38°C, respectively. Moreover, in all strains, acclimation

temperatures and thermal tolerance level (CTM) showed
strong relationship , LHR-s: CTmax = 27.71+ 0.515 %
Acclimation temperature; P=0.007, r2 = 0.98 and CTMin
= -0.1563 + 0.57 x Acclimation temperature, P= 0.001,
12 = 0.99).MDN-s: CTmax = 26.40 + 0.51 % Acclimation
temperature; P = 0.001, r2 = 0.99 and CTMin = -1.52 +
0.58 x Acclimation temperature, P= 0.001, 12 = 0.99).
IBD-s: CTmax =25.15+ 0.51 x Acclimation temperature;
P=0.007,r2=0.98 and CTMin=-2.9 + 0.58 x Acclimation
temperature, P=0.001, r2 = 0.99).

Fig. 1. Thermal tolerance polygon (C?) of LHR-s, MDN-s
and IBD-s created by using CTM data. It shows thermal
tolerance zone of L. rohita strains acclimated to four
different temperatures (22, 26, 30 and 34°C). Thermal
tolerance polygon 418°C? for IBD-s and LHR-s and
417.5°C? for MDN-s.

Table IL.- Critical thermal maxima (CT, ) and critical thermal minima (CT,; ) of three strain of Labeo rohita

acclimated at four different temperatures.

Acclimation CT,,. CT,,.

temperature LHR-s MDN-s IBD-s LHR-s MDN-s IBD-s

22 38.75 + 0.5 37.5+£0.5%  36.13 +0.63" 12.63+£0.38°  10.38+0.13%P 10+ 0.25%°
26 41.5+0.5C  40.25+0.88%  38.5+0.13% 14.88+0.63C  13.5+025%  12.13+0.13
30 4338 +0.13%® 424 0.2508 40.63 + 0.38 17 +0.25%® 15.75+£0.25%" 1438 +£0.13®
34 45 +0.25% 4375+ 025" 4238 +0.13 19.63+0.38  18.38+0.13" 17 +0.25%

Values are expressed as mean + SEM (n=4). Means sharing similar letters (a, b, ab, ¢) within the row are not significantly different from each other (P
>0.05) amongst different strains, while Different superscripts (A, B, AB, C and D) in the same column indicate significant difference amongst different
acclimation temperatures in each strain. (ANOVA followed by LSD test). MDN-s, Mardan strain; IBD-s, Islamabad strain; LHR-s, Lahore strain.
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The regression slope for CTMax and CTMin of LHR-s
revealed that for every 1 °C increase in the acclimation
temperature, the CTMax and CTMin increased by 0.51
and 0.58 °C, respectively. Similarly, IBD-s and MDN-s
followed the same trend for regression slope. These results
also showed that, in LHR-s, acclimation temperature
variation had a greater effect on their tolerance to high
temperatures as compared to other two strains. But IBD-s
showed better tolerance to cold temperature as compared
to other groups. Thermal tolerance zone was calculated as
418°C? for IBD-s and LHR-s, while 417.5°C? for MDN-s
by plotting thermal tolerance polygon (Fig. 1).

DISCUSSION

Selection of fast growing and thermal tolerant fish stock
is always prerequisites for the sustainable development of
fish culture. The significant variation in thermal tolerance
among different strains (i.e. MDN-s, IBD-s and LHR-s)
of L. rohita at four acclimation temperatures (22, 26, 30
and 34°C (Table I; Fig. 2) indicates the presence of Intra-
specific-variation. The experimental condition for all
strains was similar; hence the differences in performance
are likely attributable to genetic factor (Nakajima et al.,
2009) or environmental factors (Imsland et al., 2003).
It appears that different strain had historically different

thermal regimes, environmental condition (Vecerek et al.,
2002; Graczyk et al., 2003), seasonal pattern (Jawad ef al.,
2004) and temperature exposure (Cho et al.,2015). Thermal
tolerance difference among strains was also observed by
Nakajima et al. (2009) in guppy Poecilia reticulata and
suggested the sex-linked inheritance of thermal tolerance
gene or genes, while according to Imsland and Jonassen
(2001) thermal effect resulted from the interaction of both
extrinsic (food supply, salinity and oxygen) and intrinsic
factors (strain, age, sex etc.)

The increasing trend of CTMax and CTMin in MDN-s,
IBD-s and LHR-s with a rise in acclimation temperatures
showed the conformity with the earlier investigation on
early fingerlings of Cyprinus carpio (Chatterjee et al.,
2004), advance fingerlings of Indian Major Carps (Das et
al., 2004) and yellowtail catfish, P. pangasius (Debnath
et al., 2006). However, some difference in CTMax and
CTMin values from previous investigation may be due to
difference in geographical temperature gradient (Herrera
et al., 1998), acclimation temperature (Das et al., 2004),
thermal tolerance history, species, age and size of fish.
However, involvement of the sex related genetic factor
cannot be ignored in explaining the results. Our present
results support the strain-specific thermal tolerance in fish
(McDermid et al., 2012).

Fig. 2. Values are expressed in means SEM. Upper thermal tolerance or CTMax (left) and lower thermal tolerance or CTMin
(right) of three strains of Rohu acclimated to four temperatures. Significant differences between strains are indicated by different
lowercase letters, and significant differences between acclimation temperatures are indicated by different uppercase letters above

the bars.
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Thermal tolerance polygons provide comprehensive
information about fish ecology and distribution strategy
of fish for temperature tolerance (Dulger ef al., 2012). It
is also an important comparative index of eurythermicity
between species (Eme and Bennett, 2009). In the
present study thermal tolerance polygon with four fixed
temperatures in IBD-s, and LHR-s were similar, 418°C? as
compared to MDN-s (417.5°C?). However, the observed
thermal polygons of three strain L. rohita were higher
than (273.5°C?) reported by Das et al. (2005) for the
same species. The variability in result might be related
to differences in acclimation temperature as the area
of thermal-tolerance polygon is reliant on acclimation
temperatures used in the experiment (Chatterjee et al.,
2004). To compare our findings, no parallel report on L.
rohita of this region is available. Furthermore, the strong
effect of acclimation temperature on tolerance of high
temperature compared to low temperature indicated the
better adaptability of L.rohita towards upper temperature
than lower temperature.

The effect of acclimation temperature on temperature
tolerances is reflected mathematically by the magnitude of
the slopes relating these two variables. All strains showed
0.55-point increase for each 1°C increased in acclimation
temperature, while 0.59 decreased for each 1°C decreased
in acclimation temperature. The former represents a gain
in heat tolerance and the latter, a loss of cold tolerance.
It appears that changes in acclimation temperature had a
stronger effect on tolerance of low temperature than high
temperatures.

For an experiment, the tested strains were collected
from three different hatcheries geographically located
in different regions and are in practice of using limited
broodstock with minor replacement. Therefore, strong
effects of increase in temperature on thermal tolerance
of testing strains support the concept that both genetic
and physical parameters (Portner, 2002) are influencing
the physiological response of L. rohita to temperature
fluctuation. LHR-s fingerlings were collected from
Manawa Hatchery where temperature exceed to 48°C,
therefore, this strain showed more upper temperature-
tolerance and better adaptability to warmer conditions.
However, IBD-s (North east strain), suggesting some
degree of ancestral local adaptation for temperature
tolerance, where the temperature reaches to 38°C in
summer while in winter decrease up to -3.9°C. Due to
moderate temperature Mardan-s showed the moderate
result. Reduced tolerance either of CTmax or CTMin in
each strain likely resulted from their historical bottleneck
and subsequent inbreeding (Balon, 1995). Intraspecific
variations in thermal performance were also observed

by many other scientists (Haugen and Vellestad, 2000;
Myrick and Cech, 2004; Kavanagh et al., 2010; Eliason
et al., 2011). Overall results indicate that IBD-s have less
potential to adapt to predicted temperature increases and
LHR-s to the predicted temperature decrease. Based on
the present study LHR-s strain is likely the best candidate
for the warmer climate of Pakistan, but IBD-s is best for
colder area of this country.
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ABSTRACT

Present research work was designed to determine the effect of fat supplementation from different sources
on growth, digestibility of fatty acid profile and meat quality of Labeo rohita fingerlings. Diets were
supplemented with three different fat sources. First diet served as control diet having no oil, second diet was
added with fish oil, third diet was supplemented by sunflower oil and forth diet had corn oil as fat source
at the level of 9%. Chromic oxide as inert marker was added at 1% concentration in experimental diets
for fatty acid profile digestibility estimation. Water quality parameters i.e. temperature, dissolved oxygen
and pH were monitored throughout the feeding trial. At the end of the trail, 10 fingerlings were collected
and sacrificed to analyze the growth, digestibility of fatty acid profile and meat quality of Labeo rohita
fingerlings. Data was subjected to one way analysis of variance (ANOVA) under completely randomized
design. In Labeo rohita fingerlings, FCR and FI were improved and proximate composition of muscles
was not affected in response to different fat sources. Digestibility of saturated and monounsaturated fatty
acids elevated by supplementing sunflower oil as fat source. In conclusion, supplementation of fat from
different sources effected growth, digestibility of fatty acid profile and muscles proximate composition
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of rohu.

INTRODUCTION

Half of the population of the world is relying on
aquaculture for food; so, the main prerequisites
on which the aquaculture industry is developing and
flourishing include the diets that are cost effective and show
a positive effect on the growth and health status of fish, so
that it would be a healthy product for consumers (Hunter
and Roberts, 2000). Main requirements include fish meal
and fish oil in aquafeed. Because fish meal is a source of
proteins and fish oil provides energy in the form of lipids
and lipids are readily available and highly unsaturated
essential fatty acids (Sargent and Tacon, 1999), but fish
meal and fish oil have become scarce because of their
extensive use and they are expensive sources of energy
(Barlow and Pike, 2001).

Because of the scarcity of fish oil, the use of fish oil
in aquafeed is no more an economical source of energy
in the form of lipids. So it is a prerequisite of developing
aquaculture to replace the fish oil with different sources of
oils that are nutritionally valuable and effective
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(Tacon, 2004; Pike, 2005). The fish oil is substituted with
many sources of oils mainly with oils having plant based
origins.

Plant oils have many advantages over fish oil
including cost effectiveness, higher and easily availability
and improved economic value. Plant oils have high
production by 100 times and are low in price than fish oil
(Bimbo, 1990). Most common plant or vegetable oils that
are used in compound fish feed include soybean, palm
oil, linseed oil, rapeseed, sunflower and olive oil. Some
vegetable oils proved to be more effective alternatives of
fish oil in salmonids and freshwater fish. These vegetable
oils include soybean and linseed oil (Bell et al., 2001,
Rosenlund, 2001; Caballero et al., 2002). Soybean oil and
rapeseed oils are rich in poly unsaturated fatty acid PUFA
especially in linoleic acid and oleic acid but poorer in n-3,
are considered as the best alternative sources of fish oil
for salmonids and marine fish species (Caballero et al.,
2002; Izquierdo et al., 2005). But in European Sea Bass
(Dicentrarchus labrax), when fish oil was replaced with
60% rapeseed oil, it showed reduction in the growth of sea
bass (Montero et al., 2005).

For gilthead sea bream (Sparus aurata) growth,
soybean oil is considered as better lipid source of plant
origin (El1-Kerdawy and Salama, 1997; Wassef et al.,
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2009). Moreover, the diet having palm oil showed the
same and equal level of growth and FCR to that fish oil in
atlantic salmon and rainbow trout (Caballero ef al., 2002;
Rosenlund, 2001; Torstensen et al., 2000). Olive oil can
also be used as a partial alternate of fish oil in the feed
of European sea bass (Mourente and Bell, 2005), Atlantic
salmon (Salmo salar) (Torstensen et al., 2004) and
rainbow trout (Onchorhynchus mykiss) (Caballero et al.,
2002). This alteration of fish oil with olive oil manifested
excellent results and showed the same growth rate to that
fish that were fed on 100% fish oil in their diet. When the
total fish oil was replaced by vegetable oils including palm
oil and sunflower oils, they did not exhibit any change in
growth, feed efficiency and fatty acid composition of the
Atlantic salmon (Torstensen et al., 2000).

Fish oil can also be substituted with corn oil. Fish oil
was substituted with corn oil in different proportions to
check the potential of corn oil in marine species Malabar
grouper (Epinepheus malabaricus) (Lin and Shiau, 2007).
Results showed that when the FO was substituted with
higher proportions of corn oil, it didn’t show any significant
growth in these species. But the low level substitution was
even more effective than that of higher substitution level.

The supplementation of fish oil with vegetable oils
can alter the fatty acid profile and even may cause the
severe results for fillet quality (Martinez-Liorens et al.,
2007). The main changes observed were the reductions in
the n-3 highly poly unsaturated fatty acids especially EPA
(Izquierdoet al., 2005; Montero et al., 2005).

Rohu (Labeo rohita) is an important fish species and
is being cultured at high level in the world especially in
subcontinent to meet the food requirements because it has
very delicious taste to eat and also have economic value
(Khan et al., 2004). The culture of rohu is almost 35% of
the total culture of Indian major carps (FAO, 2001).

The aim of study is to investigate the effect of
fat supplementation from different sources on growth,
digestibility of fatty acid profile and meat quality of Labeo
rohita fingerlings.

MATERIALS AND METHODS

The present research work was carried out to study
the efficacy of citric acid and phytase in soybean meal
based diet to improve trace mineral retention in rohu
(Labeo rohita) juveniles. The experiment was conducted
in the Fish Nutrition Laboratory, Department of Zoology,
Wildlife and Fisheries, University of Agriculture,
Faisalabad.

Fish and experimental conditions
Labeo rohita fingerlings were obtained from

Government Fish Seed Hatchery, Faisalabad and
fingerlings were distributed in V-shaped tanks (UA system)
where the fish were acclimated to experimental conditions
in laboratory for two weeks. During this period, feed was
given to fingerlings to apparent satiation with the basal
diet once a day. Before performing the experiment, fish
were dipped in 5 g/LL NaCl to prevent the fingerlings from
fungal infections (Rowland and Ingram, 1991). Optimum
temperature and pH were monitored during this period.
The tanks were aerated to maintain the oxygen level for
proper growth of fingerlings.

Feed ingredients and experimental diets

The feed ingredients were purchased from a
commercial feed mill and before the formulation of the
experimental diet, dietary ingredients were analyzed for
chemical composition following (AOAC, 1995). The
composition of experimental diets is shown in the Table
I. The feed ingredients were converted into powder
form before the incorporation of plant oil based diet.
The proximate composition and fatty acid profile of
experimental diets is given in Table II and III, respectively.

Table I.- Ingredient composition (%) of basal diet.

Ingredients Diet 1 Diet 2 Diet 3 Diet 4
Fish meal 18 18 18 18
Corn gluten meal 20 20 20 20
Soybean meal 25 25 25 25
Rice polish 12 12 12 12
Wheat flour 20 11 11 11
Mineral mixture” 1 1 1 1
Vitamins premix™ 1 1 1 1
Ascorbic acid 2 2 2 2
Chromic oxide 1 1 1 1
Fish oil - 9 - -
Sunflower oil - - 9 -
Corn oil - - - 9
Total 100 100 100 100

*Each kg of mineral mixture contains; Ca (calcium), 155 gm; P
(phosphorous), 135gm; Mg (magnesium), 55gm; Na (sodium), 45gm; Zn
(zinc), 3000 mg; Mn (manganese), 2000 mg; Fe (iron), 1000 mg; Cu
(copper), 600 mg; Co (cobalt), 40 mg; I (iodine), 40mg; Se (selenium),
3mg. **Each Kg of vitamin premix contains; Vit. A, 15 M.I.U.; Vit. BI,
5000 mg; Vit. K3, 4000 mg; Vit. B12, 9000 mcg; Vit. D3, 3 M.I.U.; Vit. E,
6000 IU; Vit. B6, 4000 mg; Vit. C, 15000 mg; Nicotinic acid, 25000 mg;
Vit. B2, 6000 mg; Folic acid, 750 mg; Calcium pantothenate, 10000 mg.

Feeding procedure and collection of uneaten diet

Feed was given to Labeo rohita fingerlings at 2%
of live wet body weight. For each experimental diet,
duplicate tanks were assigned and ten fish were stocked in
each tank. After the feeding session of three hours, valves
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of the tanks were opened to drain out the uneaten diet from
each tank. The diet particles were removed by washing
the tanks thoroughly and filled with water again (Habib
et al., 2018). After that feed conversion ratio (FCR) was
calculated by drying and storing the experimental diets.
Fatty acids digestibility was measured by the collection
of fecal material throughout the feeding trial. The feeding
trial lasted for two months.

Table II.- Chemical composition (%) of experimental
diets (dry basis).

Fat sources Diet Moisture Crude protein Crude fat

No oil D1 91.055 32.1905 10.7345
Fish oil D2 90.695 32.595 11.3755
Sunflower oil D3 90.94 31.919 11.329
Corn oil D4 91.71 32.4115 10.9145

Table II1.- Fatty acid composition of experimental diets
(dry basis).

Fat sources Control Fish oil Sunflower oil Corn oil

1)  (D2) (D3) (D4)
14:0 n-0 12.685 6.6 3.05 6.29
16:0 n-0 27.85  20.795 8.005 34.62
18:0 n-0 9.48 6.38 15.98 14.675
16:1 n-7 6.71 7.35 2.02 1.915
18:1 n-7 ND 2.1 1.29 0.375
18:1 n-9 8.9 18.1 41.64 3.82
18:2 n-6 14.16 8.2 8.635 28.055
20:4 n-6 3.155 1.075 0 3.815
18:3 n-3 1.63 2.555 0.62 0
20:5n-3 7.33 10.295 7.34 0
22:5n-3 ND 1.155 0.79 0.975
22:6 n-3 8.1 15.395 10.63 5.46
Saturated 50.015 33.775 27.035 55.585
Monounsaturated  15.61 27.55 44.95 6.11
n-3 17.06 29.4 19.38 6.435
n-6 17.315  9.275 8.635 31.87
n-9 8.9 18.1 41.64 3.82
ARA/EPA 0.43 0.10 ND ND
EPA/DHA 0.90 0.66 0.69 ND
n-3/n-6 0.98 3.17 2.24 0.20
Monoenes/ 0.36 0.48 0.64 0.14
polyenes

Fish oil with different sources of oils were added
to formulate four experimental diets. Diets containing
different oils i.e. canola oil, fish oil and sunflower oil was
given to Labeo rohita fingerlings. First diet contained
no oil, designated as control diet, second diet had 9%

fish oil, third diet contained 9% sunflower and forth
diet supplemented with 9% corn oil as fat source. Three
group of replicates were assigned for each experimental
diet and 25 fingerlings were distributed to each tank. The
experiment was completed in two months.

Proximate analysis of muscles

The standard methods of AOAC (1995) were used to
analyze the proximate composition of muscles; moisture
was determined by oven-drying at 105°C for 12 h, crude
protein (N x 6.25) by micro Kjeldahl apparatus, crude
fat by petroleum ether extraction method through Soxtec
HT2 1045 system, crude fiber as loss on ignition of dried
lipid-free residues after digestion with 1.25% H,SO, and
1.25% NaOH, ash by ignition at 650°C (Eyela-TMF 3100)
to constant weight, carbohydrates; by the subtracting the
values of crude protein (%), crude fat (%), crude fibre (%)
from dry matter.

Study of growth performance

After every week, growth performance was checked
by taking gross weight of fish from each treatment.
Growth and feed performance and feed were estimated in
terms of absolute weight gain (WG), weight gain (%), feed
conversion ratio (FCR), specific growth rate (SGR) and
survival rate (%).

Absolute weight gain (g) = Final weight (g) — Initial weight (g)

Final weight — Initial weight
Weight gain % = — - ¥ 100
Initial weight

Initial weight (g) — Final weight (g)

SGR=In X 100

Experimental duration in days

Survival % — Final number of fish « 100
et v = Initial number of fish

Total dry feed intake (g)
Wet weight gain (g)

FCR =

Determination of fatty acid profile

Fatty acid profile was determined by taking above
extracted fat (as described earlier). [IUPAC (1987) standard
method was used to estimate the Fatty acid profile in fish
feces. Fatty acid profile in feces was determined from the
fatty acid methyl esters (FAME) derivatives of the trans-
esterified lipid. Methanol was used to prepare FAMEs.

Statistical analysis
Growth performance was measured to determine
the optimum level of fatty acid requirements. One-way
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analysis of variance (ANOVA) was applied on statistical
analysis of data (Steel ef al., 1996). Student-Newman-
Kuels Test was used to compare the differences among
means and considered significant at p<0.05 (Snedecor and
Cochran, 1991).

RESULTS

The effect of different fat sources on growth
performance of Nile tilapia is given in Table IV.

Supplementation of different fat sources exhibited
significant effects on feed intake and feed conversion ratio
in Labeo rohita fingerlings.

The effect of different fat sources on proximate
composition (%) of experimental diets is given in Table
V. Supplementing fat from different sources, crude fat,
crude proteins and crude ash contents were not affected
significantly while moisture contents showed significant
effect in Labeo rohita fingerlings.

Table IV.- Effect of different fat sources on growth performance of Nile tilapia.

Fat sources Control (D1) Fish oil (D2) Sunflower oil (D3) Corn oil (D4) PSE P-value
Final weight (g) 10.46 14.16 12.71 11.95 0.65 0.0651ns
Absolute weight gain 7.21 10.9 9.47 8.7 0.65 0.0664ns
Weight gain (%) 222.35 3345 292.38 267.8 20.4 0.0709ns
SGR 1.95 2.44 2.27 2.16 0.08 0.0600ns
FI (g) 14.73a 12.07b 12.64b 12.36b 0.17 0.0014**
FCR 2.04a 1.11b 1.35b 1.42b 0.1 0.0116%*
Survival rate (%) 97.5 100 95 100 2.79 0.5841ns
Table V.- Effect of different fat sources on proximate composition (%) of experimental diets.
Fat sources Control (D1) Fish oil (D2) Sunflower oil (D3) Corn oil (D4) PSE P-value
Dry matter 77.04a 75.60b 75.59b 75.56b 0.17 0.102
Crude protein 17.6 17.75 17.69 17.72 0.1 0.7583ns
Crude fat 3.79b 4.38a 4.56a 4.56a 0.11 0.267ns
Crude ash 1.43 1.36 1.5 1.36 0.02 0.0527ns
Table VIL.- Effect of different fat sources on fatty acid profile of Nile tilapia.

Fat sources Control (D1) Fish oil (D2) Sunflower oil (D3) Corn oil (D4) PSE P-value
14:0 n-0 92.89 93.54 93.08 93.06 0.4 0.7096ns
16:0 n-0 85.94b 86.68b 90.25a 85.1b 0.45 0.0048**
18:0 n-0 81.09 81.16 84.08 83.11 0.53 0.0388*
16:1 n-7 89.05b 88.55b 92.6a 93.15b 0.37 0.0019**
18:1 n-7 ND 98.69a 98.54a 95.48b 0.18 0.0020**
18:1 n-9 96.23b 98.19a 98.5a 96.44b 0.36 0.0238*
18:2 n-6 97.09 97.75 97.08 98.3 0.39 0.2241ns
20:4 n-6 97.55 97.1 ND 96.87 0.46 0.6260ns
18:3n-3 98.58 97.87 99.24 ND 0.31 0.1229ns
20:5n-3 98.03 99.14 98.44 ND 0.29 0.1612ns
22:51n-3 ND 96.89 97.12 97.56 0.37 0.5155ns
22:6 n-3 97.98 98.66 98.08 98.18 0.42 0.7016ns
Saturated 86.64b 87.13b 89.13a 87.09b 0.28 0.0122*
Monounsaturated 92.64c 95.14b 96.55a 95.02b 0.17 0.0005***
n-3 98.2 98.14 98.22 97.87 0.16 0.4968ns
n-6 97.32 97.42 97.08 97.58 0.31 0.7348ns
n-9 96.23b 98.19a 98.5a 96.44b 0.36 0.0238
ARA/EPA 0.99 0.97 ND ND 0.006 0.2532ns
EPA/DHA 1 1 1 ND 0.005 0.8484ns
n-3/n-6 1.02 0.99 0.99 1.01 0.004 0.0382*
Monoenes/polyenes 0.31c 0.32a 0.32b 0.32b 0 0.0016**
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The effect of different fat sources on fatty acid profile
of Nile tilapia is given in Table VI. Fat supplementation
from different sources showed significantly increasing
effect on digestibility of saturated, unsaturated and
polyunsaturated fatty acids.

DISCUSSION

The current experiment was executed to study the
effect of different sources of fat supplementation on
Labeo rohita fingerlings. The main areas of concern about
research were proximate composition, growth and fatty
acids digestibility.

The result of present study demonstrated that fat
supplementation from different sources did not affect
the growth of Labeo rohita fingerlings. Specifically,
significant (P<0.05) effect was observed on feed intake
and feed conversion ratio while non-significant effect was
observed on final weight, weight gain, absolute weight
gain, significant growth rate and survival rate of Labeo
rohita. In contrast to present study, Cho and Kaushik (1990)
observed significantly increasing trend in feed conversion
ratio and feed intake by giving sunflower oil and soybean
oil as different sources of fat in trout. Similar to our work,
Bell et al. (2001) also observed decreased feed intake and
feed conversion ratio while a non-significant effect on final
weight, absolute weight and significant growth rate when
Atlantic salmon was fed with soybean oil and sunflower
oil. Growth and survival of European sea bass (Mourente
et al., 2005) was not affected on supplementation of
linseed oil, rapseed oil and olive oil.

The present study exhibited that supplementation of
fat from different sources had non-significant effect on
muscle proximate composition of Labeo rohita fingerlings.
Specifically, significant (P<0.05) effect on moisture
contents while non-significant effect on crude fat, crude
protein and crude ash contents was recorded. In contrast to
our study, Bell et al. (2001) reported that vegetable based
oils supplementation showed significant (P<0.05) trends in
moisture, crude fat, crude protein and crude ash contents
of Salmo salar. Fountoulaki et al. (2009) also observed
that supplementation of fat from different sources affected
the muscles proximate non-significantly in gilthead sea
bream.

In the present study results manifested non-significant
variations in the digestibility of fatty acid profile in Labeo
rohita fingerlings by supplementing fat from different
sources. However, 16:1 n-7, 18:1 n-7, 18:1 n-9, saturated,
monounsaturated fatty acids, n-9, n-3/n-6 and monoenes/
polyenes were affected significantly. Mourente et al. (2005)
reported contrary results to our study when European sea

bass showed a significant increase of decosahexanoic
acid, eicosapentanoic acid, linolenic acid, linoleic acid
and oleic acid in muscles on fat supplementation from
different sources. Moreover, Bell et al. (2001) observed
significant effects on digestibility of decosahexanoic acid,
eicosapentanoic acid and n-3/n-6 in Atlantic salmon by
giving vegetable based fat sources. Similar to our work,
Piedecausa et al. (2006) also reported non-significant
effects on DHA, EPA and ARA in sharpsnout seabream by
giving vegetable based fat sources.

CONCLUSION

Thus it is concluded, growth and muscle proximate
composition were not affected significantly (P>0.05)
in Labeo rohita fingerlings fed with fat from different
sources also results showed non-significant variations in
digestibility of fatty acid profile in Labeo rohita fingerlings
by supplementation of fats from different sources.
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ABSTRACT

Present study was designed to evaluate the Zinc (Zn) bioavailability from organic (Zn-gluconate) and
inorganic sources (ZnCl,, ZnO and ZnSO,) in practical diet of Labeo rohita juveniles. Eight experimental
diets were formulated by supplementing the basal diet with two different levels of Zn (25 mg kg and 50
mg kg') from both sources (organic and inorganic). Three replicates were allocated to each experimental
diet and each tank was stocked with 18 juveniles. The water quality parameters including pH, temperature
and dissolved oxygen (DO) were monitored and kept constant throughout the feeding experiment. The
feeding experiment was lasted for 3 months. Results showed that growth performance was not affected by
different Zn sources. Moreover, muscle proximate composition also remain unaffected by the quality of
dietary Zn. Supplementation of Zn from different sources significantly (p<0.05) affected the Zn contents
in bones and scales of juviniles. Maximum Zn deposition in these tissues was recorded in fish fed with
diet containing Zn-gluconate at the level of 50 mg/kg. Thiobarbituric acid reactive substances (TBARS)
contents in kidney and spleen were remain unaffected by different Zn sources. However, alkaline
phosphatase (ALP) activity in kidneys was significantly higher in fish group fed Zn-gluconate (50 mg kg!
Zn) compared to other Zn sources. In conclusion, Zn from organic source showed higher bioavailability
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compared to other inorganic sources in practical diets of Labeo rohita juveniles.

INTRODUCTION

Animals require Zn as an essential micronutrient in
their biochemical processes. It has been reported
that the excessive or limited amount of Zn has adverse
effect on growth, biochemical reactions and skeleton of
fish (Watanabe et al., 1997). The deficiency of Zn has
detrimental consequence on red blood cells production
in bone marrow (Hughes et al., 2006) and decreases the
production of B and T lymphocytes (Shils ez al., 1997;
Haddad ef al., 2008). Moreover, its deficiency causes
the limited growth rate, low content of Zn in serum,
psychological disorder like anorexia and poor storage of
Zn and calcium in the bones of channel catfish (National
Research Council, 1993).

In fresh and seawater, normal levels of Zn are found
to be limited to fulfill the demand of Zn in growing aquatic
species (Spry et al., 1988; Willis and Sunda, 1984). Hence,
Zn is considered as an essential micronutrient in fish diet
(Lall, 1989; NRC, 1993; Wei et al., 1999).
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The nutritional requirement of Zn in rainbow trout
(Oncorhynchus mykiss) is 15-30 mg kg! diet (Ogino
and Yang, 1978) and in Atlantic salmon (Salmo salar) is
37-57 mg kg diet (Maage and Julshamn, 1993; Maage
et al., 1993). In channel catfish, the requirement of Zn
is estimated as 20 mg kg! in purified diets (Gatlin and
Wilson, 1983).

Fishmeal and plant protein sources are being used
in fish feed as protein sources. Tricalcium phosphate and
phytate are two main antinutritional factors present in
fishmeal and plant protein sources (Apines et al., 2003),
that reduces the bioavailability of mineral (Hardy and
Shearer, 1985; Richardson et al., 1985; Satoh et al., 1987a,
b, c; Lovell, 1989; Francis et al., 2001). It was found that
increasing level of phytic acid significantly decreased
the level of Zn in vertebral column (Satoh et al., 1989).
Thus, diets with the rising level of inhibitors increases
the demands of fish for minerals. Chemical nature of
supplemental Zn source is one of the factors that affect the
bioavailability of Zn (Solomons, 1993) along with diet and
protein source.

Chelates and other complexes are less sensitive to the
mineral inhibitors (phytate and tricalcium phosphate) and
compete with these inhibitors present in diet thus, increases
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the availability of mineral to the animals in experimental
diets in contrast to inorganic forms of Zn (Ashmead, 1992;
Garcia-Aranda et al., 1983). As compare to the inorganic
salts, lower molecular weights and structural stability of
chelates and complexes increase the absorbance of Zn in
the intestine of animals (Ashmead, 1992; Davis and Gatlin,
1996). Hence, diet formulation should be carried out with
the supplementation of Zn from those sources which have
higher rate of bioavailability.

Organic minerals are good source of micro minerals,
because they enhance the transport of trace elements
in the intestinal mucosa by inhibiting the formation of
insoluble complexes (such as with tricalcium phosphate
and phytate) in the gastro-intestinal tract (Ashmead,
1993). In animal’s intestine, amino-acid-chelated Zn has
higher rate of absorption than inorganic Zn source which
include Zn oxide, Zn chloride, Zn sulfate and Zn carbonate
(Ashmead, 1992).

In channel catfish, relative bioavailability of ZnMet
increases as compare to ZnSO, by 500% based on the
concentration of Zn in bones (Paripatananont and Lovell,
1995). Bioavailability of Zn from organic chelate such as
Zn methionine (ZnMet) was higher than that of inorganic
salt like Zn sulfate (ZnSO,) (Wedekind et al., 1992).
Moreover, higher bioavailability of Zn from organic
sources compare to inorganic sources was also observed
in channel catfish (Paripatananont and Lovell, 1995),
Haliotis discus hannai (abalone) (Tan and Mai, 2001),
rainbow trout (Apines et al., 2001) and in the terrestrial
vertebrates (Ma et al., 2014).

The aim of this study was to evaluate the Zn
bioavailability from organic and inorganic sources in
practical diets for Labeo rohita juveniles.

MATERIALS AND MATHODS

The present research work was carried out to evaluate
the bioavailability of Zn from organic (Zn-gluconate) and
inorganic (ZnCl,, ZnO and ZnSo,) sources in practical

diet for Labeo rohita juveniles. The research was carried
out in the Fish Nutrition Laboratory, Department of
Zoology, Wildlife and Fisheries, University of Agriculture,
Faisalabad.

Feed ingredients and experimental diets

Eight experimental diets were formulated by
supplementating organic and inorganic sources of Zn
in the basal practical diet at the levels of (25 mg/kg and
50 mg/kg). Prior to the formation practical diet, feed
contituents were purchased from feed mill and their
chemical composition was evaluated following (AOAC,
1995). A cereal oppressive machine (FFC-45, JIMO,
China) was used for sieving (0.05 mm) and grinding of
feed ingredients. Mixing of feed ingredients like chromic
oxide, vitamin premix, fish oil and Zn free mineral mixture
was done in an electrical mixture. The components of Zn
free mineral mixture is presented in Table I. Dough was
prepared by adition of 150 ml of distilled water in 1 kg diet.
Floating pellets (3 mm) were formed by hand pelletizer.
Approximately 10% moisture is maintained in pellets
by evaporating water contents in moist pellets with an
electrical fan. Pellets were ground, sieved to suitable sizes
and stored at -20°C in self-sealing plastic bags. Proximate
composition of experimental is shown in Table I.

Fish husbandry

Labeo rohita juveniles were purchased from Govt.
Fish Seed Hatchery, Faisalabad. Fish were treated with 5
g/L NaCl to avoid fungal infections and to obtain juveniles
free from ectoparasites upon arrival in laboratory.
Cemented tanks (1000 L) were used to acclimatize the fish
for two weeks. During acclamation, fish were fed on basal
diet once a day to apparent satiation (Allan and Rowland,
1992). At the beginning of experiment, eighteen fish
were kept in V-shaped tanks. Fish were fed twice a day to
apparent satiation, 6 days in a week for 3 months. Uneaten
diet was removed out of the tank by opening of valves
after feeding period of three hours (Habib et al., 2018).

Table I.- Proximate energy and zinc composition of experimental diets.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl,

Zinc level (mg/kg) 25 50 25 50 25 50 25 50
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8
Dry matter (%) 90.97 90.36 90.72 92.51 90.51 90.61 90.11 89.8
Crude protein (%) 32.81 3245 3245 33.18 33.54 3245 33.18 33.18
Crude fat (%) 6.33 6.28 6.36 6.34 6.37 6.47 6.4 6.51
Ash (%) 10.24 11.77 10.69 11.95 10.68 12.41 10.43 12.14
Gross energy (kcal/kg) 4104.4 4135 4153.2 4139.2 4120 4136.4 4107.3 4091.6
Zinc (ug/g) 62.21 92.07 64.06 92.32 62.08 91.2 63.57 90.95

The data are mean of three replicates.s
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Particles of diet were removed out by complete washing
of tanks and fish were refilled in experimental tanks. Water
quality variables specifically dissolved oxygen (DO),
temperature and pH were observed by the usage of DO
meter (Model 970), hermomete and Jenway pH meter
(Model 3510) respectively throughout the experiment.
Capillary system was used to provide aeration to the tanks
round the clock.

Sample collection

Fish were sedated by using MS-22 and slayed at
the end of 90 days feeding experiment. For whole body
proximate analysis, four fish were crushed and oven dried
at at 60°C. Moreover, bones, kidney, spleen and scales,
heart, skin, liver, eyes, intestine and muscle sample were
obtained by sacrificing ten more fishes. These samples
were seprately pooled and refrigrated at -20°C.

Proximate analysis of whole body

Whole body samples were homogenized with the
help of pestle and morter and different chemical analysis
viz. ash, crude fat, crude protein and moisture contents
were determined by following AOAC (1995) methods.
Samples were oven dried at 105°C for 12 h to estimate
the moisture contents in muscle tissues. Crude protein
was determined by Kjeldahl apparatus, crude fat by soxtec
HT2 1045 system following ether extraction method
(Bligh and Dyer, 1959). Ash was determined by heating
at 65°C for 12 h in an electric furnace (Eyela-TMF 3100)
until constant weight was obtained.

Absorption of Zn

After 2 h intervals, feces were collected from each
tank through fecal collection pipe. Nutrients leaching was
reduced by avoiding the break down of thin fecal strings.
Fecal matter was oven dried at 60°C, finally ground and
stored for analysis of Zn contents.

Zn absorption was measured by following formula:
(% marker in diet X 9% nutrient in feces)

(% marker in feces X % nutrient in diet)

Absorption (%) = 100 — 100 X

Growth performance

Growth (as weight) was measured at the initiation
and on weekly basis and at the end of feeding trial. Weight
gain, weight gain%, Feed conversion ratio (FCR) and
Specific growth rate (SGR) were calculated by standards
formulae:
Weight gain = Final weight gain (g) — Initial weight gain (g)

Final weight — Initial weight

Weight gain % =
Site ° Initial weight

_ In [Initial weight (g) — Final weight (g)] ‘1

SGR 00

No.of days

Mineral analysis

After acid digestion, Zn contents in heart, kidney,
spleen, eyes, whole body, muscles, skin bones and scales,
liver, intestine and feces were determined through atomic
absorption spectrophotometer. Wet digestion of these
samples was carried out by using nitric acid and perchloric
acid in ratio 3:1. Dilution of digested sample was done up
to the applicable volume.

Retention of Zn was checked by the formula:

) Final nutrient content - Initial nutrient content
Retention (%) = —— X 100
Nutrient intake

Excretion of Zn was checked by the formula:
Excret’lon(% production) =

[FCR % Nutrient in diet (kg) — Nutrient retained in fish (kg)]

X 1000
Production (kg)

Where, FCR is feed conversion ratio.

TBARS assay

The thiobarbituric acid reactive substances (TBARS)
in liver, intestine, kidney, muscles, spleen and heart tissues
were specifically analysed by following Gatta ez al. (2000).

Alkaline phosphatase activity

The 1g sample of liver, intestine, spleen, kidney,
heart and muscles was homogenized in ice-cold 0.25M
sucrose solution, homogenates were kept frozen overnight
followed by centrifugation at 5000 xg for 15 min in a
cooling centrifuge (5°C), supernatant collected and stored
at -20 °C until analyzed for alkaline phosphatase enzyme
(Yakubu et al., 2005). The ALP activity was determined
by following Vitro Scient (ISO 13485) kit method. The
reaction mixture having 20 plL enzyme extract and 1000
pL working solution was mixed and OD was measured at
the wavelength of 405 nm. Same procedure was used to
prepare a reagent blank (having no enzyme extract).

The activity of alkaline phosphatase enzyme was
determined by using following formula:

U  AA/min x TV x 1000

L IXSVXLP

Statistical analysis

Finally, the data was subjected to two-way analysis
of variance for statistical analysis (Steel ef al., 1996). The
differences among means were compared by Tukey's
Honestly Significant Difference Test and considered
significant at p<0.05 (Snedecor and Conhran, 1991).

RESULTS AND DISCUSSION

Chelation increases the bioavailability of Zn to
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channel catfish (Paripatananont and Lovell, 1995).

In the present study, Zn supplementation, either
through different sources or at different levels, did not
affect the growth performance of fish. The chemical form
of element seems to have no influence on the growth
performance of fish (Table II). The non-significant effect
of Zn sources and Zn levels on growth performance may
owe to the fact that Zn is a micro mineral and is required
in a very small quantity, which in the present study, was
provided by the feed ingredients. In accordance with
our results, supplementation of chelated Zn showed
non-significant effect on growth performance and feed
efficiency of channel catfish (Ictalurus punctatus) (Li
and Robinson, 1996), rainbow trout (Apines ef al., 2001),
Atlantic salmon (Maage et al., 2001), Nile tilapia (Sa
et al., 2005) and turbot (Scophthalmus maximus) (Ma
et al., 2014). Contrary to these reports, Shimei et al.
(2011) observed enhanced growth and feed performance
of Nile tilapia by supplementation of organic trace
elements. Moreover, enhanced growth performance was
also observed in red sea bream, when fed with chelated
mineral compared to sulfate salts (Sarker et al., 2005). A
similar increase in growth performance was observed in

rainbow trout, Oncorhynchus mykiss (Satoh et al., 2001)
and Japanese sea bass, Lateolabrax japonicas (Wang et
al., 2015) by feeding the diets supplemented with chelated
minerals. The discrepancies in the reported results might
had occurred due to the differences in the nature of fish
feed as Zn supplementation in practical diets showed no
effect on growth performance, while, it improved the
growth performance of fish in purified diets.

In the current experiment, organically chelated
Zn showed non-significant effect on body proximate
composition of L. rohita, either from different Zn sources
or at its different levels except ash contents which were
higher from organic source (Table I1I). Higher ash contents
in fish body may attribute to higher bioavailability of Zn
from organic source. In line with our study, no significant
difference was observed in proximate composition of
turbot, Scophthalmus maximus (Ma et al., 2014) and
cobia, Rachycentron canadum (Qiao et al., 2013) by
feeding diets supplemented with chelated minerals and
inorganic mineral salts. However, in contrast to our study
Zn supplementation from sulfate source showed higher
whole body crude lipid content in turbot compared to that
fed on Zn-methionine (Ma et al., 2014).

Table I1.- Effect of Zinc sources and Zinc levels on growth of L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 Zn Zn Zn source X
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source  level Zn level
Initial weight (g) 3.46 3.52 352 3.61 3.67  3.59 3.58  3.63

Final weight (g) 14.16 14.25 139 1439 1451 1424 143 1441 026 p>0.05 p>0.05 p>0.05
Absolute weight gain ~ 10.69  10.73  10.38 10.78 10.84 10.64 10.72 10.78 0.19 p>0.05 p>0.05 p>0.05
Weight gain % 309.01 304.98 295.07 298.64 295.69 296.46 300.01 297.17 5.68 p>0.05 p>0.05 p>0.05
SGR 2.35 2.33 229 23 229 23 231 23 0.02 p>0.05 p>005 p>0.05
FI (g) 13.03 12.9 12.17 1223 1322 12 124 1217 035 p>0.05 p>0.05 p>0.05
FCR 1.22 1.2 .17  1.14 122 1.13 1.16 1.13 0.03 p>0.05 p>0.05 p>0.05
Survival rate % 98.15 100 96.3 100 96.3 100 963 9444 173 p>0.05 p>0.05 p>0.05

The data are mean of three replicates. Mean values sharing different superscript letters within a row are significantly different (p<0.05). PSE, pooled

standard error = VYMSE/n (where MSE is mean-squared error).

Table I1IL.- Effect of Zinc sources and Zinc levels on body proximate composition of L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 Zn Zn 7Zn source X
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source  level Zn level
Moisture (%) 7195 7192 7213 7191 72.09 7188 72.13 7152 023 p>0.05 p>0.05 p>0.05
Crude protein (%) 2042 1932 19.69 20.05 19.69 20.05 19.69 2042 0.58 p>0.05 p>0.05 p>0.05
Crude fat (%) 5.53 5.67 559 548 575 5.8 573 563 0.08 p>0.05 p>0.05 p>0.05
Ash (%) 2.66°  2.87*  2.65° 286° 247° 265> 246° 2.67° 0.01 p<0.05 p<0.05 p>0.05

For abbreviations and statistical data, see Table II.
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Table IV.- Effect of Zinc sources and Zinc levels on Zn (ng/g) in heart, kidney, spleen, eyes, whole body, muscles,
skin, bones, liver, scales, intestine and feces of L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 Zn Zn  Zn source X
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source level Zn level
Heart 28.28° 30.92° 27.76 32.09° 25.06° 30.89* 27.26° 30.73* 0.18 p<0.05 p<0.05 p<0.05
Kidney 21.62¢ 27.17*  21.5° 27.04* 23.57¢ 26.15° 21.47° 24.66° 0.15 p<0.05 p<0.05 p<0.05
Spleen 28.9°  31.85* 29 32.06* 28.87° 31.72* 28.72® 31.66* 0.11 p<0.05 p<0.05 p>0.05
Eyes 36.86° 42.81°  37.11° 42.63* 3594 40.21° 37.14° 42.41* 0.16 p<0.05 p<0.05 p<0.05
Whole body 64.62¢  79.18*  61.83¢ 73.02* 61.65° 68.46° 58.717 68.49° 0.47 p<0.05 p<0.05 p<0.05
Muscles 17.72¢ 19.55® 18.56 19.89° 18%  18.9%¢ 18.99%¢ 19.58* 0.38 p>0.05 p<0.05 p>0.05
Skin 210.25° 232.16* 205.05¢ 230.67*° 186.96" 221.38> 200.19° 230.95* 1.15 p<0.05 p<0.05 p<0.05
Bones 128.13° 152.42* 133.67¢ 145.54* 127.14° 138.51° 127.14° 144.73* 0.67 p<0.05 p<0.05 p<0.05
Liver 15.58° 18.93® 158 21.65* 11.4¢ 189 11.28¢ 18.46* 0.27 p<0.05 p<0.05 p<0.05
Scales 90.02°  96.96" 89.71° 94.76* 89.41°c 92.13¢ 89.34° 94.18 0.19 p<0.05 p<0.05 p<0.05
Intestine 335.72F 394.36° 339.56° 397.58" 348.11¢ 404.03* 348.73¢ 403.72* 0.27 p<0.05 p<0.05 p<0.05

For abbreviations and statistical data, see Table II.

Growth performance alone is not considered as a
good indicator of mineral status of fish, to determine the
mineral bioavailability, analysis of tissue mineral contents
should also be performed (Baker, 1986; Cowey, 1992).
The nutritional value of a dief also does not depend upon
the mineral contents it contain but on the bioavailability
of those mineral contents to the animals (Paripatananont
and Lovell, 1997). Results of the present study showed
a significant increase in Zn content of heart, kidney,
spleen, eyes, whole body, skin, bone, liver and scales
in response to Zn supplementation from organic source
compared to in organic sources (Table IV). However, the
intestinal Zn contents were higher in fish fed Zn from
inorganic source than fish fed organically chelated Zn.
A significant increase in organ Zn contents by feeding
Zn gluconate, compared to inorganic mineral sources,
indicates an increased Zn bioavailability from organic
source. The higher bioavailability of trace element from
organic source is thought to be due to the chelation of
element, which renders it making insoluble complexes in
the gastrointestinal tract of the animal and improves the
transportation of the element through intestinal mucosa
(Ashmead, 1992). Moreover, Ashmead (1992) also
suggested that these elements remain intact until they
reach the site, where they are needed.

In correspondence to the present results, chelated
mineral supplementation, to rainbow trout diets, resulted in
higher Cu and Zn whole body content compared to sulfate
supplemented group (Apines et al., 2003). Similarly, in
another study, higher mineral deposition was observed
in liver and bones of rainbow trout fed chelated mineral
compared to those fed inorganic mineral sources (Apines
et al., 2004). Furthermore, supplementation of trace

elements from organic sources, as compared to inorganic
sources, resulted in higher carcass mineral content in red
sea bream (Sarker ef al., 2005). Higher mineral deposition
was reported, by Satoh ef al. (2001), in whole body and
bones of rainbow trout fed amino acid chelated mineral
than other sources.

Contradictory to our results, non-significant effect of
chelated Zn supplementation was reported in catfish (Li
and Robinson, 1996), Atlantic salmon (Maage et al., 2001),
rainbow trout (Apines et al., 2001) and Nile tilapia (Sa et
al., 2005). Interestingly, lower performances of organic Zn
sources, as compared Zn-sulfate, have also been reported
in whole body and different tissues of fish (Sa ef al., 2005;
Rider et al., 2010).

Absorption of elements is greatly influenced by the
source from which they are ingested (Apines et al., 2001).
Significant differences were observed in Zn digestibility
and retention in present study, when L. rohita were fed
with different Zn sources and at different Zn levels (Table
V). The enhanced absorption of chelated Zn may attribute
to its stability which keep the molecule intact throughout
the absorption process (Ashmead, 1992). In line with
our results, Apines et al. (2001) observed significantly
enhanced Zn retention in rainbow trout fed with amino acid
chelated Zn compared to glass embedded Zn and ZnSO4.
Moreover, Satoh et al. (2001) reported significantly
increased mineral retention in the whole body of rainbow
trout due to chelated mineral supplementation rather than
inorganic mineral sources (Satoh ef al., 2001). A Similar
increase in absorption and retention of Zn, Mn and Cu was
recorded in rainbow trout fed amino acid chelated elements
compared to their counter sulfate sources (Apines ef al.,
2003, 2004). However, Zn absorption remained unaffected



149

in Nile tilapia (Sa et al., 2005) and rainbow trout (Rider et
al., 2010) fed with either organic or inorganic Zn sources.

The activity of metalloenzymes can serve as a tool
to evaluate the mineral bioavailability because they use
mineral as their cofactor. Dietary Zn is known to affect the
ALP activity as it serve as a cofactor for this enzyme (Roth
and Kirchgessner, 1980). In the present study, Zn gluconate
supplementation resulted in the maximum ALP activity in
fish compared to inorganic sources (Table VI). Lower level
of ALP activity in fish fed inorganic Zn sources may be
attributed to Zn deficiency which causes structural changes

U. Arshad et al.

in enzyme, leading to decreased ALP activity in tissues
(Reinhold et al., 1969). A series of experiments conducted
on rainbow trout revealed significantly increased ALP
activity when fish were fed with amino acid chelated trace
elements than those fed on inorganic sources (Apines et
al., 2001, 2003, 2004). Similarly, Shimei ef al. (2011) also
observed higher ALP activity in tilapia fed with amino
acid chelated trace elements compared to the groups
supplemented with inorganic element sources (Shimei et
al.,2011).

Table V.- Effect of zinc sources and zinc levels on zinc digestibility (%) and zinc retention (%) in L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 Zn Zn Zn source X
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source  level Zn level
Zinc digestibility 53.13* 47.94>  37.6° 36.08° 36.66° 29.67¢ 31.25¢ 29.93¢ 0.58 p<0.05 p<0.05 p<0.05
Zinc retention 86.75* 76.97°¢ 82.62" 73.64* 81.7" 69.09¢ 78.92* 69.25¢ 2.01 p<0.05 p<0.05 p>0.05

For abbreviations and statistical data, see Table II.

Table VI.- Effect of zinc sources and zinc levels on ALP activity in liver, intestine, kidney, muscle, spleen and heart

of L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 Zn Zn Zn source
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source level xZnlevel
Liver (n/mg) 191.93* 198.18* 188.17¢ 195.44> 176.34" 182.24¢ 181.08° 188.87° 0.41 p<0.05 p<0.05 p>0.05
Intestine (p/mg) 54.94° 59.98" 49.48° 50.84° 45.52¢ 48.88" 46.08¢ 52.56* 0.48 p<0.05 p<0.05 p<0.05
Kidney (p/mg) 76.01°  80.6°  67.45¢ 75.75* 59.13f 6528  70.79° 75.8¢ 0.42 p<0.05 p<0.05 p>0.05
Muscle (u/mg) 143.09¢ 150.2* 137.53¢ 145.68" 129.937 135.49¢ 140.1° 145.35 0.38 p<0.05 p<0.05 p<0.05
Spleen (p/mg) 27.1°  33.82¢ 24.26% 29.27¢ 20.02f 25.04° 22.15f 24.64° 0.53 p<0.05 p<0.05 p<0.05
Heart (u/mg) 171.08> 177.2* 164.56* 170.72° 158.51" 164.03° 162.34° 168.59° 0.31 p<0.05 p<0.05 p<0.05

For abbreviations and statistical data, see Table II.

Table VII.- Effect of zinc sources and zinc levels on TBARS in liver, intestine, kidney, muscle, spleen and heart of

L. rohita fingerlings.

Zinc source Zinc gluconate ZnSO, ZnO ZnCl, PSE P-value

Zinc level (mg/kg) 25 50 25 50 25 50 25 50 7n 7n 7n source x
Experimental diets D1 D2 D3 D4 D5 D6 D7 D8 source level Zn level
Liver (mg/g) 2.34¢ 232 2.65° 2.74*  3.05° 3.05° 2.74* 272 0.04 p<0.05 p>0.05 p>0.05
Intestine (mg/g) 0.98  0.96¢ 122 1.29°  1.85° 1.92* 1.56* 1.65° 0.02 p<0.05 p<0.05 p>0.05
Kidney (mg/g) 1.31° 1.34¢ 1.71° 1.65° 2 196 198 2¢ 004 p<005 p>0.05 p>0.05
Muscle (mg/g) 1.38° 1.4° 14> 14 1.69* 1.67° 1.74 1.71* 0.03 p<0.05 p>0.05 p>0.05
Spleen (mg/g) 0.71¢  0.73¢ 1.07° 1.14> 1.43* 147° 1.18 1.07° 003 p<0.05 p>0.05 p>0.05
Heart (mg/g) 0.49*  0.51* 1.92¢ 0.51* 098 1.05* 0.71* 0.73* 049 p>0.05 p>0.05 p>0.05

For abbreviations and statistical data, see Table II.
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Thiobarbituric acid reactive substances (TBARS) are
produced as a result of lipid peroxidation which increase
the oxidative stress in animal. The activities of antioxidant
enzymes, such as Cu-Zn superoxide dismutase (SOD),
reduces the oxidative stress and in turn may lower the
production of TBARS. In the current study, significantly
reduced TBARS level was observed in fish fed with
organic Zn compared to other inorganic sources (Table
VII). This positive response may be attributed to the
increased activity of Zn dependent antioxidant enzymes
(particularly Cu-Zn SOD) as higher availability of Zn
from organic source might have enhanced their activity.
Significantly increased activities of Cu-Zn SOD and total
SOD (T-SOD) was observed in tilapia fed with organic
trace elements (including Cu and Zn) compared to those
fed on inorganic mineral sources (Shimei et al., 2011).
Moreover, increased production and activity of glutathione
peroxidase was observed in turbot juveniles fed organic
Zn than Zn-sulfate (Ma et al., 2014).

CONCLUSION

In conclusion, present study evidenced that organic
Zn improved the tissue Zn contents, retention of Zn; ALP
enzyme activity and TBARS status in different body
tissues of L. rohita juveniles compared to the inorganic
Zn. However, both Zn sources and levels have non-
significant effect on whole body proximate except for
the ash contents which were greater from organic source;
growth performance and absorption of Zn in the fish. So,
organic Zn improved the Zn bioavailability compared to
the inorganic Zn in the practical diet of L. rohita juveniles
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ABSTRACT

The present study with Labeo rohita fingerlings (3.27+0.04 g) was designed to investigate the effect
of citric acid (CA), phytase (PHY) and organically chelated trace elements (TEs) supplementation on
nitrogen and phosphorus excretion. The three supplements i.e. CA (0 and 3%), PHY (0 and 1000 FTU/kg)
and TEs {(inorganic (0.15%) and organic (0.1% and 0.05%)}, were supplemented in factorial arrangement
(2x2 x3) resulting in the formulation of 12 treatments. Fish were fed in triplicates to apparent satiation
twice a day, 6 days a week for a period of 90 days. Results showed higher deposition of Cu, Mn, Fe and
Zn in whole body by feeding organic TEs compared to their traditional sulfate salts. Deposition of major
mineral was also significantly influenced by the supplementation of organically chelated TEs. Similarly,
dietary addition of CA and PHY enhanced the deposition of all observed mineral in whole body of fish.
Citric acid and PHY interacted positively to enhance the whole body mineralization. Interestingly, all the
three additives and their all kind of interactions increased the DM, CP and ash content while decreased
(p<0.05) the EE level in fish body. Inclusion of CA and PHY in the diets showed significant increase in
the retention of N and P in the fingerlings. Their retentions were also affected by the source of TEs. Trace
elements supplementation from organic chelates showed higher retention of these elements (N and P)
compared to inorganic TEs. Furthermore, all the main as well as interaction effects reduced the P and
N excretions in the waste water. In conclusion, supplementation of CA, PHY and organically chelated
TEs alone as well as in combination, in SBM based diet, improved the nutrient utilization in fingerlings
leading to reduced loading to the aquatic environment.
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INTRODUCTION

quatic water bodies are basic component of

our environment which provide food to living
organisms (Milenkovic et al., 2005). In aquaculture,
the undigested nutrients excreted in the feces of living
animals limits the life in an aquatic ecosystem. High
load of undigested fecal nitrogen and phosphorus cause
eutrophication in water bodies (Lewis and Wurtsbaugh,
2008) which deteriorate the water quality (Sobolewski,
2016). Efforts are being made to lower nutrient leaching
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into the environment as quality of water determines the
health of a population (Bian ef al., 2016).

Fishmeal is being used as a major protein source in
aquafeeds (Hardy, 1995) as it has high protein content,
balanced amino acid profile, utmost digestibility and
presence of relatively less anti-nutritional factors. However,
its short supply and high price influence the researchers
to find other sustainable protein sources (Lunger et al.,
2007). Interest has been developing in the use of plant
proteins including soybean meal (SBM), sunflower meal
(SFM) and canola meal (CM) as alternative to fishmeal in
aquafeeds (Cain and Garling, 1995). These plant proteins
are of low cost and have high protein contents (Cheng and
Hardy, 2004). However, these plant based protein meals
contain phytate which is an anti-nutritional factor. It is the
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main storage form of P in plants and nearly 60-80% of total
P in plants meals is found bound to it (Cao et al., 2007).
This phytate-P is not available to agastric or mono gastric
fish species (Hussain et al., 2011). Phosphorus deficiency
induces skeletal deformities in fish (Lall and Lewis,
2007) as well as undigested phytate-P can contribute to
eutrophication of water bodies (Baruah et al., 2007b).
Moreover, phytate reduces the digestibility of many
important nutrients like protein, fat and mineral by making
insoluble complexes with them (Nwanna et al., 2008).

The use of organic acids to hydrolyse the phytate is
one of the modern approaches being used in fish nutrition
now a day. Citric acid (CA) and its salt complexes have
been widely used for the acidification of diet because of its
unique flavour and high buffering capacity (Hossain et al.,
2007). It dephosphorylates the phytate to release the bound
P and other nutrients (Zyla et al., 1995). Sugiura et al.
(2001) reported that addition of CA in fish diet improved
the P and other mineral utilization. Khajepour and Hosseini
(2011) reported that the addition of CA improved P and
Ca contents in Beluga (Huso huso) fed SBM based diets.
Other studies have also reported improved fish growth by
addition of organic acid in fish feed (Hossain et al., 2007,
Ng et al., 2009).

A more precise approach to hydrolyze the phytate is

Table I.- Composition (%) of the experimental diets.

the supplementation of phytase (PHY) in the feed. PHY
is an enzyme which hydrolyses the phytate to release the
bound P and other chelated nutrients for absorption (Kumar
et al., 2012). Agastric or monogastric fish species lack this
enzyme, however, its supplementation in feed resulted in
enhanced bioavailability of plant P and other nutrients in
fish (Cao et al., 2007). Significant improvements in growth
as well as feed efficiency in tra catfish by PHY addition in
feed has been reported recently (Hung ef al., 2015). Also,
increased availability of nutrients including mineral (Cu,
Ca, Mg, Fe and Zn) in rainbow trout has been reported by
adding PHY in the diet (Sugiura et al., 2001).

Negative influence of phytate on mineral availability
can also be reduced by supplementing the chelated
mineral instead of mineral from in-organic sources.
It has been shown that organically chelated mineral
have the capability to compete with the dietary mineral
inhibitor like phytate resulting in improved mineral
availability to the animal. Recently, interest in the
use of amino acid chelated trace elements (TE) has
increased because of their higher availability compared
to inorganic sources (Ashmead, 1992). Supplementation
of methionine chelated Zn improved the growth and
bone Zn deposition in chicks compared to inorganic
Zn sources (ZnSO, and ZnO) (Wedekind et al., 1992).

Ingredients Test Diets
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

Soybean meal 44 44 44 44 44 44 44 44 44 44 44 44
Fishmeal 5 5 5 5 5 5 5 5 5 5 5 5
Corn-gluten 60% 9 9 9 9 9 9 9 9 9 9 9 9
Rice polish 17 17 17 17 17 17 17 17 17 17 17 17
Wheat flour 20 20 20 20 20 20 20 20 20 20 20 20
Fish oil 3 3 3 3 3 3 3 3 3 3 3 3
Vitamin premix® 1 1 1 1 1 1 1 1 1 1 1 1
Chromic oxide 1 1 1 1 1 1 1 1 1 1 1 1
Total 100 100 100 100 100 100 100 100 100 100 100 100
Addition of supplements*
CA (%) 0 0 0 0 0 0 3 3 3 3 3 3
PHY (FTU/kg) 0 0 0 1000 1000 1000 0 0 0 1000 1000 1000
Macro mineral mixture ® 2 2 2 2 2 2 2 2 2 2 2 2
TEs mixture

From inorganic source (%)° 0.15 0 0 0.15 0 0 0.15 0 0 0.15 0 0

From organic source (%)¢ 0 0.1 0.05 0 0.1 0.05 0 0.1 0.05 0 0.1 0.05

*Each kg of vitamin premix contains Vitamin A, 15 M.L.U.; Vitamin D,, 3 M.L.U.; Vitamin B, 5000 mg; Vitamin E, 6000 IU; Vitamin B,, 6000 mg;

Vitamin K, 4000 mg ; Vitamin B, 4000 mg; Folic acid, 750 mg; Vitamin B

9000 mg; Calcium pantothenate, 10000 mg; Vitamin C, 15000 mg;

122

Nicotinic acid, 25000 mg. *Macro mineral mixture (mg/g): CaCO, 316, KH,PO, 479, MgSO,.7H,0 153, NaCl 51, CoCL6H,0 0.0816, Ammonium
molybdate 0.061, AICL,.6H,0 0.255. “TEs mixture from inorganic source (mg/g): ZnSO,.7H,0 121.33, CuSO,.5H,0 210.67, MnSO,.5H,0 116.67,
FeSO,.H,0, 100.67, SeCl, 0.56, KI 1.58. ‘TEs mixture from organic source (mg/g): Zn (as methionine hydroxy analogue chelate) 40, Cu (as methionine
hydroxy analogue chelate) 80, Mn (as methionine hydroxy analogue chelate) 40, Fe (as iron glycerin chelate) 50, Se as selenium yeast 0.3, I as KI 1.2.
Note: 0.15% inclusion of TEs mixture from inorganic source shares the same amount of TEs as from 0.1% organic TEs mixture.
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Paripatananont and Lovell (1995) also reported improved
Zn methionine availability than ZnSO, in channel catfish.
However, many discrepancies have been reported in the
availability of chelated mineral complexes. Studies with
swine showed non-significant differences in the availability
of Zn form organic and inorganic sources (Swinkels ef al.,
1996).

The aim of present study was to investigate the effect
of CA, PHY and organic TE on proximate composition,
mineral deposition and excretion of phosphorus (P) and
nitrogen (N) in L. rohita juveniles.

MATERIALS AND METHODS

The present experiment was conducted in the Fish
Nutrition Laboratory, Department of Zoology, Wildlife and
Fisheries, University of Agriculture, Faisalabad, Pakistan.

Experimental diets and design

The three selected supplements ie. CA (0, and
3%) (OmniPur®, Merck Millipore), PHY (0 and 1000
FTU/kg) (Phyzyme® XP 10000 FTU/g; Danisco Animal
Nutrition, Fin-65101 Vaasa, Finland) and TEs {(inorganic
(0.15%; Merck Millipore) and organic (0.1% and 0.05%;
(MINTREX®, Poultry TMO Plus, NOVUS Int. USA))},
were supplemented in factorial arrangement (2 x 2 x 3)
(Table I). The experimental layout was as followed; T1
contained 0.15% inorganic TEs, 0% CA and 0 FTU/kg

PHY; T2 contained 0.1% organic TEs, 0% CA and 0 FTU/
kg PHY; T3 contained 0.05% organic TEs, 0% CA and 0
FTU/kg PHY; T4 as T1 plus 1000 FTU/kg PHY; TS as T2
plus 1000 FTU/kg PHY; T6 as T3 plus 1000 FTU/kg PHY;
T7 as T1 plus 3% CA, T8 as T2 plus 3% CA; T9 as T3 plus
3% CA; T10 as T1 plus 3% CA and 1000 FTU/kg PHY;
T11 as T2 plus 3% CA and 1000 FTU/kg PHY and T12 as
T3 plus 3% CA and 1000 FTU/kg PHY.

Feed ingredients were procured from local poultry
feed market and ground to 0.05 mm particle size in cereal
grinding machine (FFC-45, JIMO, China). Ingredients
were analyzed chemically before the formulation of
experimental diet (AOAC, 1995) and mixed in an electric
mixer. Required moisture for pelleting was provided by
adding 15% water into above mixture and was processed
through hand pelletizer with 3 mm die for pellets formation.
Citric acid and TEs were added in their relevant diets
during mixing while PHY was top sprayed on the prepared
pellets. For PHY spray, its required amount was dissolved
in 50 mL of distilled water and sprayed on 1 kg of the
finished diet. Other experimental diets were sprayed with
same amount of distilled water to maintain an equal level
of moisture. The diets were stored at -20°C throughout the
feeding trial. All the three experiments were run in factorial
arrangement under completely randomized design with
three replicates per treatment. Each feeding trial last for 90
days. Proximate and mineral compositions of SBM based
diet is given in Table II.

Table I1.- Proximate and mineral composition of the soybean meal based test diets.

Ingredients Test Diets

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
Proximate composition
DM (%) 96.44 9674  96.65 9646 9627  96.64 96.6 96.5 9638 9659  96.76  96.52
CP (%) 29.84  30.04 30.67 30.56 30.14 29.82 2857 30.33 2899 2928 29.73 29.9
EE (%) 9.77 9.49 9.77 9.58 9.71 9.7 9.75 9.7 9.95 9.4 10.04 9.73
GE (kcal/g) 4.15 4.12 4.13 4.18 4.11 4.18 4.16 4.18 4.18 4.12 4.13 4.14
Mineral composition
P (mg/g) 15.99 16.12 15.83 16.01 15.64 16.08 15.73 15.96 16.12 15.8 15.52 15.78
Ca (mg/g) 17.88 17.69 17.39 18.18 17.41 17.75 17.72 17.6 17.69 17.96 17.91 18.09
Mg (mg/g) 5.37 4.6 4.63 4.66 4.82 4.57 4.58 4.57 5.06 5.55 5 5.1
Na (mg/g) 7.58 7.41 8.29 8.13 7.58 7.41 7.75 7.9 8.16 8.3 7.88 7.38
K (mg/g) 10.56 10.51 10.34 10.59 10.81 10.59 11.03 10.61 10.68 10.82 10.91 11.11
Cu (ug/g) 145.7 145.6 105.5 141.1 147.3 105.4 145.9 144.3 107.6 139.2 1459 107.3
Zn (png/g) 7455 7456 5357 7456 7454 54.5 73.86  74.57 52.6 7376 7453 5438
Mn (pg/g) 84.56 8455  63.51 84.52 8458 6453 8455 8442 64.62 8443 8542  62.66
Fe (ng/g) 16428 162.66 139.95 162.92 163.52 138.24 162.35 164.32 138.55 163.29 16539 139.32
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Experimental fish, feeding and feces collection

Labeo rohita fingerlings were obtained from
Government Fish Seed Hatchery, Faisalabad and stored
into cemented tanks (1000 L) for acclimation to laboratory
conditions for two weeks before initiation of feeding
trial. During this period, fingerlings were fed with basal
diet once a day. After acclimation, 720 fish were shifted
into 36 experimental tanks (70 L) such that every tank
contained 20 fish while another 15 fish were randomly
selected and used for the initial whole body proximate
and mineral analysis. Average initial weight of fingerlings
was 3.27+0.04 g. Fish were fed the experimental diets
to satiation, 6 days a week. The daily ration was divided
into two, and fed to the fish at 08:00 and 16:00 h. The fish
were weighed every 2 weeks and their ration was adjusted
accordingly. After the feeding session of 3 h, fish from
each experimental tank were moved to separate clean
water, the experimental tanks were washed completely to
remove the particles of diet, refilled with fresh water and
fish were shifted back to experimental tanks. Uneaten diet
was collected and dried to determine feed intake. Round
the clock aeration was provided through capillary system
to all the experimental tanks. During experimental period
the dissolved oxygen and pH were monitored constant
throughout the experimental duration with the help of
HANNA DO meter (model HI 9147) and AMPROBE pH
meter (model WT-80), which were regulated between 5.8-
7.3 mg/L and 7.4-8.6, respectively. The water temperature
ranged from 24.9-28.7°C throughout the trial.

Proximate and mineral composition

Proximate composition of experimental diets and
feces were determined by following standard methods
of AOAC (1995). Crude protein (Nx6.25) contents of
samples were determined by micro Kjeldahl apparatus
after acid digestion, EE by following petroleum ether
extraction method through soxtec HT2 1045 system, DM
contents by oven drying at 105°C up to a constant weight.
Samples were ashed via incineration at 550°C in electric
furnace (Eyela-TMF 3100) until stable weight. Gross
energy of diet and feces was determined using adiabatic
oxygen bomb calorimeter (Parr Instrument Co., Moline,
USA).

For mineral estimation, the samples of test diets and
feces were digested in boiling nitric acid and perchloric
acid mixture (3:1). After appropriate dilution, Ca, Mg,
Fe, Cu, Mn and Zn contents were estimated by atomic
absorption spectrophotometer (Hitachi Polarized Zeeman
AAS, Z-8200, Japan). While P contents were analyzed
colorimetrically on UV/VIS spectrophotometer (U-2001,
Hitachi) at 720 nm wavelength. Na and K were analyzed
by using flamephotometer (Jenway PFP-7, UK) (AOAC,

1995). Chromic oxide contents were estimated after
oxidation with molybdate reagent (Divakaran et al., 2002)
using spectrophotometer at 370 nm absorbance.

Whole body proximate and mineral composition

At the end of each trial, 5 fish from each experimental
tank were chemically analyzed for whole body proximate
and mineral composition. After 24 h starvation, fish
were anesthetized using MS-222 (Sigma-Aldrich) and
sacrificed. Whole body samples of fish were taken, sealed
in self-sealing plastic bags and stored at -20°C until further
analyses. Proximate and mineral analyses were performed
as described above for dietary analysis.

Retention and excretion

The values obtained from proximate and mineral
analyses of whole body samples and diets were used for
calculating P and N retention in the whole body following
standard procedures and according to methods described
by Satoh et al. (1987, 1996). Retention (%) of P and N was
obtained using the formula presented by Watanabe (1988)
while excretion (kg/t fish produced) was calculated based
on the intake and retention in the whole body, on weight
gain basis as described by Parveen (1999).

Final nutrient content (g) — Initial nutrient content (g) X 100
Nutrient intake (g)

Retention (%) = (

Excretion (kTg production) =

(FCR X Nutrient in diet (kg) — Nutrient retained in fish (kg)

X 1000
Production (kg) )

Statistical analysis

Results were analyzed using three-way analysis of
variance (ANOVA) and considered significant at p<0.05.
When significant differences occurred, Student-Newman-
Keuls test was used for comparison of means. CoStat
computer package (Version 6.303, PMB 320, Monterey,
CA, 93940 USA) was used for statistical analyses.

RESULTS

Whole body proximate composition

Effect of dietary CA, PHY and chelated TEs
supplementation on whole body proximate composition is
given in Table III. Interestingly, all the three additives and
their all kind of interactions increased (p<0.05) the DM,
CP and ash content while decreased (p<0.05) the EE level
in fish body.

Major mineral deposition in whole body
Main and interaction effects of CA, PHY and TEs to
improve the major mineral contents in whole body of L.
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rohita fingerlings are given in Table IV. Citric acid and
PHY supplementations improved the whole body major
mineral deposition in the fingerlings fed SBM based diet.
Higher major mineral deposition was also recorded in
organic TEs supplemented diets compared to inorganic
TEs. Moreover, P and Na were not affected by the level

Table II1.- Effect of CA, PHY and organic TEs on wh
soybean meal based diet.
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of these chelated mineral while Ca, Mg and K depositions
showed dose dependent response. Citric acid with TEs
and PHY with TEs interacted positively to improve the
major mineral deposition. Highest degree interaction
(CAXPHYXTEs) was also found significant (p<0.05) to
increase the Ca and Mg deposition.

ole body proximate composition of L. rohita fingerlings fed

CA (%) 0 3 PSE*
PHY (FTU/kg) 0 1000 0 1000

TEs TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3

Test diets T1 T2 T3 T4 T5 Té6 T7 T8 T9 T10 T11 T12

DM (g/kg) 234.66' 236.20¢ 235.92" 236.75" 238.57¢ 237.53¢ 236.88" 238.64¢ 237.59°¢ 239.49¢ 240.31* 239.90° 0.056
CP (g/kg) 178.22" 180.80 180.32% 182.17" 184.91¢ 184.60° 181.84' 184.52f 184.23¢ 185.90° 188.20* 187.73"> 0.025
EE (g/kg) 56.72* 55.11¢ 55.69°* 54.77¢ 5291 53.17° 53.57° 51.510 52.02" 51.58" 49.27' 49.82% 0.021
Ash (g/kg) 41.66! 42.717 42.17% 42.85' 44.48" 43,932 4331" 4530° 44.71° 44.89¢ 49.01* 47.79° 0.023
ANOVA

Parameter CA PHY TEs CAXPHY CAXTEs PHYXTEs CAx PHY xTEs
DM S S S S S S S

CP S S S S S S S

EE S S S S S S S

Ash S S S S S S S

Data are means of three replications. Mean values bearing different smal

1 superscripts under each parameter vary significantly (p<0.05). *PSE = pooled

SE = VMSE/n (where MSE is mean-squared error). TEs1 = 0.15% inorganic TEs; TEs2 = 0.1% organic TEs; TEs3 = 0.05% organic TEs.

Table IV.- Effect of CA, PHY and organic TEs on whole body macro mineral of L. rohita fingerlings fed soybean

meal based diet.

CA (%) 0 3 PSE*
PHY (FTU/kg) 0 1000 0 1000

TEs TEsl1 TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3

Test diets T1 T2 T3 T4 T5 T6 T7 T8 T9 TiI0 T1 T12

P (mg/g) ) 9.88 10.67' 10.49 ) 11.30" 12.58 12.07% ) 11.878 12.89% 13.74% i 13.34%¢ 14.48* 14.18* 0.19
Ca (mg/g) 13.29' 14.06' 13.94% 15.00" 15.97¢ 15.66" 14.77" 15.79° 15.49¢ 16.63° 17.09* 16.82° 0.019
Mg (mg/g) 1.22" 1377 134 146' 1.62° 1.60" 1.52"  1.67° 1.65¢ 1.54¢ 1.80* 1.73° 0.004
Na (mg/g) 437" 453" 449" 4817 507 496° 4.67¢ 496° 485" 5.15¢  5.61*  5.40° 0.018
K (mg/g) 6.40' 6.6 653 675 7.11f 7.03¢  6.81" 7.38 7.26¢ 7.17¢  7.88*  7.72° 0.016
ANOVA

Parameter CA PHY TEs CAxPHY CAXTEs PHYXTEs CAxPHYXTEs

P S S S S S S NS

Ca S S S S S S

Mg S S S S S S

Na S S S S S S NS

K S S S NS S S NS

For abbreviations and statistical details, see Table III.
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Table V.- Effect of CA, PHY and organic TEs on whole body TEs of L. rohita fingerlings fed soybean meal based diet.

CA (%) 0 3 PSE*
PHY (FTU/kg) 0 1000 0 1000

TEs TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3

Test diets T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

Cu (ug/g) 6.19'  6.58  6.43% 6.78"  7.48"  7.31® 691"  7.80c 7.61° 7.72¢  8.72*  8.54> 0.025
Zn (ng/g) 7157 7521 74.46°  76.36" 84.39¢ 83.23" 82.02¢ 89.70° 87.08¢ 88.13¢ 95.33* 92.28> 0.393
Mn (ug/g) 2473 2797 26.05 30.44" 34.67° 32.67¢ 31.22" 35.12¢ 33.69" 37.88° 40.08* 38.61° 0.151
Fe (ng/g) 125.31% 136.00" 133.341 139.43" 155.23¢ 152.36" 142.86% 159.66¢ 157.59¢ 159.68° 170.54* 168.98* 0.273
ANOVA

Parameter CA PHY TEs CAxPHY CAXTEs PHYXTEs CAxXPHYXTEs
Cu S S S S S S S

Zn S S S S S S S

Mn S S S S S NS S

Fe S S S S S NS S

For abbreviations and statistical details, see Table III.

Table VI.- Effect of CA, PHY and organic TEs on N and P retention (%) and excretion (kg/t production) of L. rohita

fingerlings fed soybean meal based diet.

CA (%) 0 3 PSE*
PHY (FTU/kg) 0 1000 0 1000

TEs TEsl TEs2 TEs3  TEsl TEs2 TEs3 TEsl TEs2 TEs3 TEsl TEs2 TEs3

Test diets T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

N retention 52.25¢ 62.44° 60.15¢ 62.55° 63.34> 63.59* 66.16*° 62.41° 6557 65.48" 64.78 64.2 0.58
N excretion 191.95* 107.65% 120.78° 106.37«¢ 107.80% 107.21¢¢ 91.89° 112.77* 97.37% 98.99% 104.56* 107.43«¢ 2.9
P retention 46.507 62.44° 6135 68.01¢ 79.09° 72.67¢ 73.18¢ 79.37¢ 85.19° 83.73>* 93.61* 89.79° 1.5
P excretion 11.20°0  5.79°  6.05° 4.70¢ 3.13%  433¢ 395« 3234 224 246 098 1.63% 0.29
ANOVA

Parameter CA PHY TEs CAXPHY CAXTEs PHYXTEs CAXPHYXTEs

N retention S S S S S S S

N excretion S S S S S S S

P retention S S S S S S NS

P excretion S S S S S S S

For abbreviations and statistical details, see Table III.

TEs deposition in whole body

Effect of CA, PHY and TE on whole body TEs
is given in Table V. Main effect data of CA, PHY and
organic TEs supplementations showed significant
(»<0.05) increment in the TEs contents in the whole body
of L. rohita juveniles. Also, Cu, Mn and Fe deposition
showed dose dependent response to the chelated mineral
supplementation. Moreover, PHY and TEs interacted
positively to enhance the Cu and Zn deposition in fish
body while Mn and Fe deposition did not respond to
their interaction. Nevertheless, CAXPHY, CAXTEs and
CAXPHYTEs interactions were significant in enhancing
the trace element deposition in the fingerlings.

N and P retention and excretion

Retention and excretion of N and P are presented
in Table VI. Phytase supplementation positively
affected the N and P retentions. Also, acidified diet (CA
supplemented diet) showed significant increase in the
retention of N and P in fingerlings fed SBM based diet.
Their retentions were also affected by the source of TEs.
Trace elements supplementation from organic source
showed higher retention of these elements (N and P)
compared to in-organic TEs. Moreover, all the 2% order
interactions (CAXPHY, CAXTEs, PHYXTEs) showed
positive influence on N and P retention while the highest
degree interaction (CAXPHYXTEs) did not affect the P
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retention in fingerlings. Furthermore, all the main as well
as interaction effects significantly reduced the P and N
excretions in the waste water.

DISCUSSION

Dietary CA supplementation increased the body DM,
CP and ash contents while decreased the EE contents
in fingerlings fed SBM based diet. Lowering of gut pH
due to dietary acidification may cause the conversion of
pepsinogen into pepsin at higher rate (Park ez al., 2009)
and may also result in higher pepsin activity (Kirchgessner
and Roth, 1982). These factors may have contributed to
higher protein digestibility observed in the present study.
In agreement to our results, Khajepour and Hosseini
(2012) reported that 2% and 3% CA supplemented diets
increased the protein while decreased the lipid contents in
the muscles of beluga. Studies carried out by Hossain et al.
(2007) in red sea bream and Sarker et al. (2012) in yellow
tail observed higher body ash content with CA and maleic
acid supplementations, respectively. However, in contrast
to our results, most of the proximate parameters remained
non-responsive to the supplementation of organic acids
across many fish species (Sarker et al., 2012; Zhu et al.,
2015).

Mineral deposition in whole body were increased
under CA supplementation in the present study. Hossain ef
al. (2007) suggested that organic acids improve the mineral
bioavailability by protecting the dietary mineral against the
inhibitory actions of anti-nutritional factors present in the
diet. In line with our results, higher whole body mineral
contents were also observed in rainbow trout fed organic
acid added diets (Pandey and Satoh, 2008). Similar positive
results were observed by other investigators (Hossain et
al., 2007; Khajepour and Hosseini, 2012; Vielma et al.,
1999).

P and N retention efficiencies are considered as
important parameters for the evaluation of feed qualit
(Pandey and Satoh, 2008). In the current study, higher P
and N retention and thereby, their lower excretion was
observed in L. rohita juveniles when fed with CA treated
diets. Higher retention and lower excretion of these
elements will not only be beneficial to reduce their use in
the feed resulting in the formulation of cost effective feed
but will also be helpful for the development of environment
friendly feed as excessive release of these elements cause
eutrophication in natural water bodies. Similar to our
study, higher retention and lower excretion of P has been
observed in red sea bream (Hossain et al., 2007) fed with
CA supplemented diets. Likewise, Pandey and Satoh
(2008) in rainbow trout and Hossain et al. (2007) in red

sea bream observed that CA supplementation enhanced the
N retention.

Supplementation of PHY enhanced the DM, CP and
crude ash while reduced the EE (crude lipid) in the body
of rohu juveniles. Studies by Liu ef al. (2014) in grass carp
and Cao ef al. (2007) in Nile tilapia reported that dietary
PHY addition caused a reduction in body lipids. However,
in the present study, hydrolysis of phytate by PHY might
release the sufficient P. Sufficient levels of dietary P showed
a similar decrease in body lipid content in other studies
(Rodehutscord, 1996; Roy and Lall, 2003). Therefore,
higher P availability was the main cause of reduced lipid
level in the whole body. P deficiency probably causes the
inhibition of beta-oxidation of fatty acids (Schafer et al.,
1995).

In lieu with the results of proximate composition,
supplementation of PHY also resulted in the fish body
compared to non-supplemented group. Present results
showed effectiveness of PHY in decomposing the phytate
and subsequent release of bound elements. These findings
are in consistence with those observed for rainbow trout
(Sugiura et al., 2001), Pangasius pangasius (Debnath et
al., 2005b), L. rohita (Baruah et al., 2007b) and yellow
catfish (Zhu et al., 2014; Cheng et al., 2015).

The results of the present study showed lower P and
N loading while their higher retention has been observed
by feeding the fish with PHY treated diet. Morales et al.
(2015) observed 50% reduction in the excretion of P from
rainbow trout fed PHY containing diet. Japanese flounder
having PHY treated SBM based diet exhibited similar
reduction in P load to the natural water bodies (Sarker et
al.,2006). Similar to excretion studies, several studies have
reported positive impact of PHY addition on P retention
in different fish species including catfish (Debnath et
al., 2005b), tilapia (Tudkaew et al., 2008; Tahoun et al.,
2009), rainbow trout (Cheng and Hardy, 2004) and Korean
rockfish (Yoo et al., 2005). This increased P retention may
likely be explained on the basis of higher P digestibility
caused by PHY addition in the diet resulting in its lower
excretion into the aquatic environment (Habib ez al.,
2018). Similar to P, higher N retention in response to PHY
supplementation has also been observed in many fish
species (Hung et al., 2015; Tahoun et al., 2009; Debnath
et al., 2005b; Phromkunthong and Gabaudan, 2006;
Vandenberg et al., 2012).

Supplementation of organic TEs, in the present
study, resulted in higher contents of macro and micro
mineral in whole body of juveniles in comparison to
their traditional sulfate groups. Ligands in the chelates
protect the element even after absorption and facilitate the
transport and metabolism of these elements (Ashmead,
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1992). In correspondence to present results, Apines et al.
(2004) reported higher contents of Cu and Zn in whole
body of rainbow trout which was fed with chelated mineral
compared to sulfate supplemented groups. Furthermore,
results from the present study were in general agreement
with reports on crucian carp (Shao ef al., 2010), red sea
bream (Sarker et al., 2005) and rainbow trout (Satoh et
al., 2001).

Organic TEs supplementation in SBM based diets
resulted in higher P and N retention and their lower
loading in water bodies. Spears (1989) pointed out that
mineral from different sources are metabolized differently
after absorption. Ashmead (1992) suggested that chelation
may facilitate the post-absorption transport and thus
metabolism of absorbed element. Our results agree with
previous observations by Apines et al. (2003, 2004) and
Satoh et al. (2001) who observed higher retention of TEs
in chelate supplemented groups than their comparable
inorganic sources in rainbow trout.

Supplementation of CA in a PHY treated diets, in
the present study, resulted in an interaction in improving
the whole body DM, CP, EE, ash and mineral deposition.
These findings support the hypothesis that addition of
organic acid in the diet gives the favourable environment
to PHY for optimum performance. These results agree
with those reported by Baruah et al. (2005, 2007a, b) in a
series of experiments who evaluated the combined effect
of CA (3%) with PHY (500 IU) in a SBM based diet. They
found a synergism between these supplements to enhance
the mineral content in whole body, bones and plasma of
L. rohita juveniles. Moreover, they observed a synergistic
response on ash content only while other whole body
proximate parameters remained non-responsive to the
combined supplementation of CA and PHY. By contrast,
Morales et al. (2015) observed non-significant interaction
between sodium diformate and PHY for whole body DM,
CP, P, Ca, Mg and Zn contents in rainbow trout. Similarly,
whole body proximate and mineral analysis and vertebral
mineral analysis showed no synergistic response in catfish
when given simultaneous supplementations of CA and
PHY (Zhu et al., 2014). Similar observations were also
recorded in pig (Radcliffe ef al., 1998) and laying hens
(Nezhad et al., 2008) where adding CA in the diet does not
affect the PHY efficacy.

Under the experimental conditions of the present study,
a significant interaction between PHY and CA was also
recorded to enhance the N and P retention in the fingerlings.
Better retention of these elements as a consequence of
simultaneous supplementation of CA and PHY resulted
in reduced excretion of these elements. In contrast to our
observations, Morales et al. (2015) did not observe such a

positive interaction between sodium diformate and PHY
for N and P retention and loading in rainbow trout. These
differences could be explained considering the differences
in diet composition, experimental conditions and gastric
pH of fish.

Concerning the interaction behavior of CA and
PHY with TE (CAXTE; PHYXTE) and highest degree
interaction (CAXPHYXTE), variations have been recorded
for the observed parameters. In the present study, CAXTEs
and PHYXTEs interactions showed additional affects to
improve mineral deposition in whole body of fish compared
to their individual affects. Similar affect has also been
observed with highest degree interaction (CAXPHY XTEs).
However, these interactions were not significant for all the
observed parameters. This showed the positive role of
CA and PHY in improving the bioavailability of chelated
TEs. Further research is needed to confirm this fact. In the
present study, higher retention while lower excretion of
N and P were recorded in fingerlings in response to 2™
(CAXTEs and PHYXTEs) and highest order interactions
(CAxXPHYxTEs) with little variations in all the three
experimental diets. By contrast, Sarker ez al. (2007) did
not report any significant interaction between CA and
organic TEs to influence these parameters.

Positive interaction between CA and TE can
be attributed to ligand like properties of CA. Citric
acid chelates the Ca and other mineral and prevent
the formation of precipitates on the intestinal brush
border. This phenomenon also helps in avoiding the co-
precipitation of mineral on intestinal membrane and
provides more space to the chelated TEs for absorption.
Positive interaction of PHY with TE can be attributed to
phytate hydrolyzing capability of PHY. Presence of PHY
damages the epithelial cells and reduces their absorptive
capacity. Phytate-nutrient complexes also precipitate on
the intestinal brush border membrane. So, by hydrolyzing
the phytate with PHY supplementation, these chelated TEs
will be more absorbed.

CONCLUSION

In conclusion, addition of CA, PHY and organically
chelated TEs enhanced the bioavailability of major
nutrients and various mineral from plant sources which
lead to higher body mineralization. Bioavailability of
organic TEs seems to be superior to that of traditional
inorganic salts. Moreover, supplementation of these
additives caused a reduction of N and P excretion in the
fingerlings which showed the potential of these additives
to reduce the environmental pollution from aquaculture
waste, which is the serious problem attached with culture
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of aquatic species now-a-days.
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ABSTRACT

Present research work was designed to determine the dietary requirement of myo-inositol for Nile
tilapia (Oreochromis niloticus) fingerlings fed practical diet. Five semi-purified diets namely D1, D2,
D3, D4 and D5 were formulated by supplementing myo-inositol at the graded levels of 0, 100, 200,
400 and 800 mg/kg diet, respectively. Duplicate tanks were allotted for each experimental diet and each
tank was stocked with 15 fingerlings. Water quality parameters i.e. temperature, dissolved oxygen and
pH were monitored throughout the feeding trial. Growth and survival rate were observed every week
during the whole experimental period. At the end of the trial, 10 fingerlings were sacrificed from each
replicate to analyze the thiobarbituric acid reactive substances (TBARS), anti-oxidant enzymes and
fatty acid composition of gills tissues. Data was subjected to one-way analysis of variance (ANOVA)
under completely randomized design (CRD). The results indicated significantly improved growth in Nile
tilapia fingerlings in response to myo-inositol supplementation. Based on weight gain (%), the quadratic
regression analysis indicated that Nile tilapia fingerlings required 457.78 mg/kg myo-inositol for normal
growth. The activities of antioxidant enzymes (SOD, CAT, GPx) and TBARS content were also enhanced
in fishes fed myo-inositol added diets than the control group. Also, a significant increase in palmitic acid
(16:0 n-0), arachidonic acid (20:4 n-6) and ARA/EPA ratio was recorded in gills tissue in response to
myo-inositol supplementation. Inclusion of myo-inositol significantly decreased the hepatosomatic index
while it did not affect the viscerosomatic index in Nile tilapia fingerlings. In conclusion, addition of myo-
inositol in the diets improved the fish growth and activities of antioxidant enzymes in gills of Nile tilapia
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INTRODUCTION

Myo—inositol (MI) is a six-fold alcohol (polyol) of
cyclohexane and a very active isomer of inositol in
living tissues as a part of cell membrane. In past, it was
considered as a vitamin that is necessary for growth and is
frequently added in aquatic feeds (Jiang et al., 2010). The
reason behind this concept was that some fish and shellfish
synthesize insufficient amounts of MI in their bodies to
compensate their metabolic requirements and thus they
need an external source of this vitamin in their diets (Aoe
and Masuda, 1967; Shiau and Su, 2004; Jiang et al., 2009).

Now concept about MI as a vital vitamin has been
changed and is regarded as a vitamin like nutrient that is
frequently included in feeds of aquatic organisms (Shiau
and Su, 2005). The change in concept about MI as an
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essential vitamin is due to its de novo synthesis which
takes place by cyclization of Glucose-6-Phosphate with
the help of an enzyme inositol-1-phosphate synthase
(Combs, 1992). Brain and liver are the sites of its synthesis
in channel catfish (Burtle and Lovell, 1989), sea bass
(Boonyaratpalin and Wanakowat, 1993), and sunshine
bass (Deng et al., 2002). Microbial flora of intestine is
also responsible for its synthesis in common carp (Aoe
and Masuda, 1967) some fishes and other vertebrates.
However, in some fishes amounts of MI produced by body
do not meet body’s metabolic demands (Shiau and Su,
2005; Lee et al., 2009).

It is a part of phospholipid molecule
phosphatidylinositol which is a component of cell
membrane and also involves in signal transduction pathway
known as phosphoinositide system regulated by hormones,
neurotransmitters or growth factors (Aukema and Holub,
1994). In eukaryotic cells, it acts as a structural component
of secondary messenger such as phosphatidylinositol
(Shiau and Su, 2004) and as a regulator of lipid transport
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metabolism in liver and blood (Shiau and Su, 2003; Wen
et al., 2007; Diao et al., 2010). It improves structure
and function of intestinal tissues in fish by increasing its
length, weight and enzymatic activity (Jiang et al., 2009)
and facilitate growth of liver and bone marrow cells,
transport of cholesterol and RNA synthesis (Shiau and
Su, 2003). Control of cytosolic calcium and relation with
secondary messenger indicates its role in central nervous
system (Hughes and Michell, 1993; Colodny, 1998; Irvine,
2002). It improves activity of enzymes of enteroyctes in
jian carp including catalase (CAT), superoxide dismutase
(SOD) and glutathione peroxidase (Jiang et al., 2013) and
also acts as an anti-oxidant by improving anti-oxidant
enzyme activity and growth in jian carp (Jiang et al.,
2009b, c, 2010). Oxidative damage to gill by Cu can also
be prevented by myo-inositol (Jiang ef al., 2011).

Its deficiency in some fish species is identified by
symptoms including poor growth and appetite, anemia,
skin lesion, darkening of skin, edema, delayed gastric
emptying, enlarged stomach and lesser activity of enzymes
like cholinesterase and aminotransferase (NRC, 2011).

It is considered essential for rainbow trout (McLaren
et al., 1947; Kitamura et al., 1967), chinook salmon
(Halver, 1953), common carp (Aoe and Masuda, 1967),
red sea bream (Yone et al., 1971), Japanese eel (Arai et
al., 1972), Japanese parrot fish (Ikeda et al., 1988) and
yellowtail (Hosokawa, 1989). On the other hand, MI in
diet is not required by Atlantic salmon, sunshine bass and
Nile tilapia for their growth (Waagbe ef al., 1998; Deng et
al., 2002; Peres et al., 2004).

Dietary requirement for myo-inositol ranges from
400 mg kg! diet, 250-500, 3400, 440, 550-900, 300, 166,
518 and 617 in hybrid tilapia, Oreochromis niloticus, O.
aureus (Shiau and Su, 2005), Penaeus monodon (Shiau
and Su, 2004), Oncorhynchus mykiss (Kitamura et al.,
1967), Cyprinus carpio L. (Aoe and Masuda, 1967),
Chrysophrys major (Yone et al., 1971), Salmo salar
L. (Waagbo et al., 1998), Cyprinus carpio (Jiang et al.,
2009a), Ctenopharyngodon idella (Wen et al., 2007) and
Paralichthys olivaceus (Lee et al. 2009). It has not been
clarified yet, whether myo-inositol is essential or not for
Nile tilapia in practical diet.

MATERIALS AND METHODS

The present research was executed to study the dietary
requirement of myo-inositol for Nile tilapia, Oreochromis
niloticus fingerlings fed practical diet. The experiment was
carried out in the Fish Nutrition Laboratory, Department of
Zoology, Wildlife and Fisheries, University of Agriculture,
Faisalabad.

Fish and experimental conditions

O. niloticus fingerlings were procured from Fisheries
Research Farms, University of Agriculture, Faisalabad and
acclimatized to experimental conditions for two weeks in
V-shaped tanks (UA system) and basal diet was given to
fingerlings once a day to apparent satiation. Before the
initiation of experiment, fingerlings were dipped in 5g/L
NaCl solution to remove fungal infections (Rowland
and Ingram, 1991). Dissolved oxygen, pH and water
temperature were regulated and tanks were fully aerated
through capillary system during the experimental period.

Feed ingredients and experimental diets

Dietary feed ingredients were obtained from
local market and chemical composition was analyzed
by following AOAC (1995) before the formulation of
experimental diets. The composition of basal diet is given
in Table 1. The feed ingredients were ground to powder
form before the preparation of myo-inositol based diets.
Five experimental diets D1, D2, D3, D4 and D5 were
formulated by supplementing myo-inositol at the levels of
0, 100, 200, 400 and 800 mg/kg diet, respectively and diets
were stored at -20 °C. The proximate composition and
fatty acid profile of experimental diets is given in Table II
and II1, respectively.

Table I.- Composition (%) of basal diet.

Ingredients Percentage Ingredients
Fishmeal 30
Sunflower meal 20

Percentage
Fish Oil 7
Minerals mixture” 1

Corn gluten meal 15
Wheat flour 14.9
Rice Polish 10

Vitamins premix™ 1
Ascorbic acid 1
Choline Chloride 0.1

*Each kg of mineral mixture containss: Zn (zinc), 3000 mg; Co (cobalt),
40 mg; Cu (copper), 600 mg; I (iodine), 40mg; Fe (iron), 1000 mg; Se
(selenium), 3mg; Mn (manganese), 2000 mg. **Each Kg of Vitamin
premix contains: Vitamin A, 15 M.L.U.; Vitamin B12, 9000mg; Vitamin
B1, 5000mg; Vitamin C, 15000mg; Vitamin B2, 6000mg; Vitamin D3, 3
M.I1.U.; Vitamin B6, 4000 mg; Vitamin K3, 4000mg; Folic acid, 750mg;
Nicotinic acid, 25000mg; Calcium pantothenate, 10000mg.

Table II.- Proximate composition of experimental diets.

Myo-inositol Diet Dry matter Crude protein Crude fat

(mg/kg) (%) (%) (%)
0 DI 90.54 30.60 8.87
100 D2 91.04 31.22 9.00
200 D3 90.98 30.93 8.99
400 D4 91.13 31.07 9.03
800 D5 90.99 31.07 8.46
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Table III.- Fatty acid profile of experimental diets (%
of total fatty acid detected).

Fatty acid D1 D2 D3 D4 D5
14:0 n-0 4.11 417 422 416 426
16:0 n-0 1643 1649 16.52 1647 16.42
18:0 n-0 3.77 379 374 376  3.80
16:1 n-7 12.57 12.55 12.57 126 12.59
18:1 n-7 5.16 518 517 514 511
18:1 n-9 17.68 17.72 1774 17.71 17.66
18:2 n-6 9.51 9.54 949 953 9.53
20:4 n-6 0.94 098 095 098 0.96
18:3 n-3 5.37 533 537 530 535
20:5n-3 10.29 10.11 10.17 10.21 10.25
22:5n-3 3.26 320 313 316 3.12
22:6 n-3 1091 1094 1093 1098 10.95
Total 100 100 100 100 100
Saturated 2431 2445 2448 2439 2448
Monounsaturated ~ 35.41 3545 3548 3545 3536
n-3 29.83  29.58 29.60 29.65 29.67
n-6 10.45 0.98 10.44 10.51 10.49
n-9 1772 1774 17.74 17.71 17.66
ARA/EPA 0.368 0.369 0.093 0.095 0.093
EPA/DHA 0.94317 0.924 0.930 0.929 0.936
n-3/n-6 1.683 1.667 1.668 1.674 1.680

Monoenes/Polyenes 0.610  0.733 0.614 0.612 0.611

Feeding procedure and collection of uneaten diet

Fish were given experimental diets at 2% of their
live wet weight and 15 fingerlings were placed in each
tank. After three hours of feeding session, the uneaten
diet particles were collected by opening the valve I and
valve II subsequently of the tanks (Habib et al., 2018).
After removing particles, tanks were washed completely
and refilled with water. The collected diets were dried
and stored to calculate feed conversion ratio (FCR). The
feeding experiment was run for a period of 2 months.

At the termination of feeding experiment, four fish
from each replicate were collected, euthanized by overdose
of clove oil and sacrificed. Samples were extracted and
stored at -20°C for different analysis.

Proximate analysis of diets

The standard methods of AOAC (1995) were followed
to analyze the moisture (by oven-drying at 105°C for 12 h),
crude fat (by petroleum ether extraction method hrough
Soxtec HT2 1045 system), crude protein (N x 6.25) by
micro Kjeldahl apparatus), crude fiber (as loss on ignition
of dried lipid-free residues after digestion with 1.25%
H,SO, and 1.25% NaOH), and crude ash (by ignition at
650°C (Eyela-TMF 3100) to constant weight) contents

of experimental diets. Carbohydrates were calculated by
subtracting the values of crude protein (%), crude fat (%),
crude fiber (%) from dry matter.

Fatty acid profile

The extracted fat was used for the estimation of
gills fatty acid profile following ITUPAC (1987) standard
method.

Growth study

Growth performance was evaluated after every
week by taking gross weight of fish from each treatment.
Growth and feed performance and feed were evaluated in
terms of absolute weight gain (WGQG), weight gain %, feed
conversion ratio (FCR), specific growth rate (SGR) and
survival rate (%) using the following formula:

Absolute WG (g) = Final weight (g) — Initial weight (g)

Final weight — Initial weight
Weight gain % = — - 100
Initial weight

_ In[Initial weight (g) — Final weight (g)]

SGR - —
Experimental duration in days

X 100

Final number of fish

Survival rate 0 X 100
urvivalrate % = el number of fish

_ Total dry feed intake (g)
 Wet weight gain (g)

At the end of the experiment, three fishes were
selected randomly from each tank and their body, viscera
and gills weights were recorded individually to measure
the hepatosomatic and viscerosomatic index.

. Weight of liver
Hepatosomatic index = - ¥ 100
Total body weight
Weight of Viscera
Viscerosomatic index = - X 100
Total body weight

TBARS assay

The measurement of thiobarbituric acid reactive
substances (TBARS) in fish gills was specifically assayed
by following Gatta et al. (2000).

Antioxidant enzymes determination

A homogenate was prepared by homogenizing
gills samples in phosphate buffer solution in a tissue
homogenizer (Wisd HG-15D, DAIHAN Scientific). The
homogenate was filtered and then filtrate was centrifuged
at 10, 000 rotates per minutes for 15 min.. The supernatant
collected and frozen in sample vials for the determination
of superoxide dismutase, catalase and peroxidase enzyme
activity. Superoxide dismutase activity was determined
following the method of Giannopolitis and Ries (1977).
Catalase (CAT) activity was determined by measuring its



168

ability to decompose hydrogen peroxide concentration
at 240 nm following the method of Chance and Mehaly
(1977). Peroxidase activity was calculated by measuring
its ability to reduce the concentration of hydrogen peroxide
at 470 nm (Civello et al., 1995).

Statistical analysis

The optimum level of dietary myo-inositol
requirements was determined with reference to growth
performance. Statistical analysis of data was done by
applying one-way analysis of variance (ANOVA) (Steel et
al., 1996). The differences among means were compared
by Student Newman-Keuls Test and considered significant
at p<0.05 (Sneadecor and Cochran, 1991).

RESULTS

Effect of myo-inositol supplemented diets on
growth performance of Nile tilapia is given in Table IV.
Significantly improved growth was observed in Nile tilapia
fingerlings in response to myo-inositol supplementation.
Based on weight gain (%), the quadratic regression
analysis indicated that Nile tilapia required 457.78 mg/kg
myo-inositol for normal growth (Fig. 1).

The effect of antioxidant enzyme activity in gills of
Nile tilapia fed myo-inositol supplemented diet is given in
Table V. The activities of antioxidant enzymes (SOD, CAT,
GPx) were enhanced in fishes fed myo-inositol added diets
than the control group.
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The effect of myo-inositol supplemented diet on fatty
acid profile of Nile tilapia is represented in Table VI. A
significant increase in palmitic acid (16:0 n-0), arachidonic
acid (20:4 n-6) and ARA/EPA ratio was observed in
response to myo-inositol supplementation in gills tissue.

The effect of hepatosomatic index, Viscerasomatic
index and TBARS contents in gills of Nile tilapia fed myo-
inositol supplemented diet is given in Table VII. Inclusion
of myo-inositol significantly decreased hepatosomatic
index while it did not affect the viscerosomatic index in Nile
tilapia fingerlings. Fishes fed basal diet had significantly
lower gills TBARS compared with those fed myo-inositol
supplemented diets and showed an increasing trend with
increasing myo-inositol level.

Fig. 1. Quadratic regression analysis showing the dietary
requirement of myo-inositol for Nile tilapia.

Table IV.- Effect of myo-inositol supplemented diets on growth performance of Nile tilapia.

Myo-inositol (mg/kg) 0 100 200 400 800 PSE P-value
Diets D1 D2 D3 D4 D5
Final weight (g) 21.69b 21.64b 21.7% 22.99a 21.87b 0.102 0.0011 **
Absolute weight gain 15.32b 15.25b 15.41b 16.61a 15.47b 0.102 0.102
Weight gain % 240.31b 238.47b 241.53b 260.34a 241.98b 1.752 0.0015 **
SGR 2.04b 2.03b 2.04b 2.13a 2.04b 0.008 0.0015 **
FI (g) 27.30a 26.20a 26.10a 23.97b 25.80a 0.408 0.0177 *
FCR 1.78a 1.71a 1.69a 1.44b 1.66a 0.034 0.0062 **
Survival rate (%) 87.5 91.66 91.66 91.66 87.5 2.635 0.5983 ns
Table V.- Effect of antioxidant enzyme activity in gills of Nile tilapia fed myo-inositol supplemented diet.
Myo-inositol (mg/kg) 0 100 200 400 800 PSE P-value
Diets D1 D2 D3 D4 D5
Superoxide dismutase (U/mg protein) 5.25° 4.97° 5.89° 6.22° 8.25% 0.352 0.0069 **
Catalase (U/mg protein) 36.00¢ 39.91¢ 44 40P 45.72° 50.26* 0.942  0.0008 ***
Glutathione peroxidase (mU/g protein) 75.02¢ 77.64° 79.19° 83.92¢ 85.81° 0.532 0.000]1 ***
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Table VI.- Effect of myo-inositol supplemented diet on fatty acid profile of Nile tilapia.

Myo-inositol (mg/kg) 0 100 200 400 800 PSE P-value
Diets D1 D2 D3 D4 D5

14:0 n-0 5.93 5.89 5.56 5.85 5.77 0.17 0.594
16:0 n-0 17.57% 17.61® 17.77° 17.29% 17.34° 0.074 0.0269 *
18:0 n-0 6.17 6.4 6.14 6.3 6.41 0.118 0.4509 ns
16:1 n-7 13.34 13.37 13.26 13.21 13.4 0.224 0.9667 ns
18:1 n-7 4.88 4.96 5.15 5.51 4.9 0.127 0.0704 ns
18:1 n-9 15.21 15.13 15.31 15.19 15.24 0.179 0.9650 ns
18:2 n-6 7.29 7.08 7.13 7.31 6.98 0.142 0.4972 ns
20:4 n-6 0.65% 0.53% 0.77° 0.81* 0.55° 0.044 0.0193 *
18:3 n-3 4.06 421 3.98 3.91 421 0.059 0.0506 ns
20:5n-3 11.3 11.3 11.16 11.18 11.46 0.178 0.7714 ns
22:51n-3 2.45 2.38 2.51 25 2.34 0.057 0.2936 ns
22:6 n-3 11.12 11.1 11.22 10.9 11.37 0.098 0.1263 ns
Saturated 29.68 29.9 29.48 29.45 29.53 0.257 0.7175 ns
Monounsaturated 33.44 33.47 33.73 33.92 33.55 0.293 0.7569 ns
n-3 28.93 29.01 28.89 28.5 29.38 0.190 0.1471 ns
n-6 7.94 7.61 7.9 8.13 7.53 0.117 0.0674 ns
n-9 15.21 15.13 15.31 15.19 15.24 0.179 0.9650 ns
ARA/EPA 0.05% 0.04° 0.06® 0.07* 0.04° 0.004 0.0242 *
EPA/DHA 1.01 1.01 0.99 1.02 1 0.02 0.8391 ns
n-3/n-6 1.9 1.91 1.88 1.87 1.92 0.006 0.4069 ns
Monoenes/Polyenes 0.64 0.64 0.64 0.65 0.64 0.002 0.7758 ns

Table VII.- Hepatosomatic index, Viscerasomatic index and Gills TBARS of Nile tilapia fed myo-inositol

supplemented diet.
Myo-inositol (mg/kg) 0 100 200 400 800 PSE P-value
Diets D1 D2 D3 D4 D5
Viscerosomatic index 2.25 2.24 2.22 2.13 2.18 0.026 0.0960 ns
Hepatosomatic index 0.99¢ 0.88° 0.90° 0.87° 0.89° 0.015 0.0115*
Gills TBARS (mg/g protein) 1.62° 1.68° 2.05° 2.39¢ 2.49° 0.056 0.0003 %%
DISCUSSION barramundi (Diao et al., 2010) that showed a requirement

Growth performance is always considered as an
important indicator for nutritional evaluation of a diet.
In the present study, significantly higher final weight,
absolute weight gain, weight gain and specific growth
rate clearly confirmed that maximal growth of Nile tilapia
fingerlings necessarily require the addition of myo-inositol
in diet. Similar results were obtained in different studies
on hybrid tilapia (Shiau and Su, 2005), olive flounder (Lee
et al., 2009), jian carp (Jiang et al., 2009) and juvenile

for external source for optimal growth and to prevent
clinical deficiency symptoms. In contrast to our results,
studies of Deng et al. (2002) and Peres et al. (2004)
showed that addition of MI in experimental diets did not
show any significant effect on juvenile sunshine bass and
Nile tilapia, respectively. In above mentioned species de
novo synthesis of myo-inositol was found sufficient for
normal growth (Deng et al., 2002; Peres et al., 2004). In
present study, the quadratic regression analysis of weight
gain (%) indicated that Nile tilapia fingerlings required
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457.78 mg/kg myo-inositol for normal growth which is
close to the value recorded in hybrid tilapia fed purified
diet who required 400 mg/kg myo-inositol for optimal
growth (Shiau and Su, 2005). The requirement of myo-
inositol for Nile tilapia fingerlings recorded in our study
was higher than reported for parrot fish (94.3 mg/kg,
Khosraviet al., 2015), gibel carp (165.3 mg/kg, Gong et
al., 2014), grass carp (166 mg/kg, Wen et al., 2007) and
Atlantic salmon (300 mg/kg, Waagbo et al., 1998) but
lower than reported for juvenile barramundi (507 mg/
kg, Diao et al., 2010), jian carp (518 mg/kg, Jiang et al.,
2009a) and olive flounder (617 mg/kg, Lee et al., 2009). In
various aquatic species, the requirement of dietary myo-
inositol differs and depends upon fish species (Shiau and
Su, 2005; Jiang et al., 2009), physiological and nutritional
stress, growth stage (Kukiss and Mookerjea, 1978; Lee et
al., 2009; NRC, 2011) experimental conditions and diet
composition. Myo-inositol requirement is also affected by
different dietary sources of lipids and carbohydrates (Chu
and Geyer, 1983; Kukiss and Mookerjea, 1978).

Body indices comprising of hepatosomatic index
(HSI) and viscerosomatic index (VSI) also influenced
by supplementation of myo-inositol. In current study,
significantly lower hepatosomatic index was observed
while viscerosomatic index did not influence significantly
in fishes fed myo-inositol added diets. Gong et al. (2014)
found significantly lower HSI in juvenile gibel carp which
is in accordance to our results. In contrast to our results,
Deng et al. (2002) reported that supplementation of myo-
inositol did not influence HSI significantly among all
dietary treatments.

Myo-inositol possesses lipotropic properties and
helps in proper fat metabolism by increasing fat export
from liver (Halver, 1989). In the present study, inclusion
of myo-inositol remained unsuccessful in affecting gill
fatty acid composition except for palmitic acid (16:0 n-0),
arachidonic acid (20:4 n-6) and ARA/EPA. The reason
behind this may be the synthesis of phospholipids by using
the myo-inositol in fish gills. Similar results were obtained
in previous study conducted on parrot fish that showed
non-significant differences in fatty acid composition in
liver tissue in response to myo-inositol supplementation
(Khosravi et al.,2015). Lee et al. (2009) found a significant
increase in polyunsaturated fatty acids in liver of olive
flounder which was in accordance to our results. The
possible reason suggested in their study for higher PUFA
content was an increment in the synthesis of phospholipids
due to addition of myo-inositol in diets.

Thiobarbituric reactive substances (TBARS) are one
of the most important indicators of oxidative changes in
lipids (Shahidi and Hong, 1991). In our study, significantly
higher levels of TBARS were obtained in fishes fed

different dietary levels of myo-inositol. To our knowledge,
there is no study indicating the effect of supplementation
of myo-inositol on TBARS level in any fish species.
Increase in antioxidative capacity of cell increases
its viability and integrity (Chen et al., 2009; Jiang et al.,
2009a) and also can limit the detrimental effects of lipid
peroxidation (Cabrini et al., 1998). Superoxide dismutase
(SOD) is the first and only endogenous antioxidant
enzyme that respond to oxidative stress by removing
toxic superoxide anions and oxygen radicals (Winston
and Di-Giulio, 1991; Reddi et al., 2009) while catalase
(CAT) provides a defense against the toxic hydroxal
radicals (David et al., 2008). According to our results, the
activities of SOD, CAT and GPx significantly increased
by addition of myo-inositol in gills tissues. Myo-inositol
possess the chelating character which enhance the ability
of scavenging of hydroxyl radical in gills, which indicated
that myo-inositol may prevent the free radical generation
and oxidative damage of tissue (Santoro et al., 2007; Jiang
et al.,2010b). Our results were in accordance to the studies
conducted by Jiang et al. (2010, 2013) who reported
increased antioxidant activity in muscles and intestine
of jian carp, respectively. Jiang et al. (2009b) reported
similar increase in activities of antioxidant enzymes in
jian carp body. Based on the above mentioned results,
we can conclude that myo-inositol supplementation can
increase antioxidant activity of SOD, CAT and GPx but
the mechanism which is responsible for it is still unknown.

CONCLUSION

In conclusion, supplementation of myo-inositol
significantly enhanced growth, and antioxidant enzymes
(SOD, CAT, GPx) activities in gills of Nile tilapia. Also a
significant increase in palmitic acid (16:0 n-0), arachidonic
acid (20:4 n-6) and ARA/EPA ratio was observed in
response to myo-inositol supplementation in gills tissue.
However, inclusion of myo-inositol significantly decreased
hepatosomatic index while it did not affect viscerosomatic
index in Nile tilapia fingerlings.
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ABSTRACT

The present study was focused to find the dietary effect of Allium sativum (garlic) as a prebiotic on
the growth and immunity of Oreochromis niloticus (tilapia). A total of 20 fishes were stocked in each
aquarium. These aquariums were named as treatment 1, treatment 2 and treatment 3. A. sativum, a
prebiotic given to the fish in the form of powder in varying concentrations. Treatment 1 fish was fed with
normal diet but was devoid of 4. sativum. Treatment 2 was given feed with 3% 4. sativum and treatment
3 with 6% A. sativum. Fish from treatment 3 gained significantly higher weight and increased length than
treatment 1 and treatment 2. Water quality parameters such as temperature, pH, DO, salinity and TDS
were daily checked which were in suitable range. Microbial content of skin was counted through plate
colony method. Tryptic soya agar (TSA), nutrient agar and Eosine methylene blue (EMB) were used to
study the growth of bacterial colonies. After results it was cleared that total microbial load was less in
treatment 3 samples as compared to treatment 2 and treatment] samples. Treatment 2 had high microbial
content than treatment 3 but less than treatment 1, which was fed with normal control diet. It can be
concluded that microbial content reduced in fish supplemented with 6% A. sativum feed, at the rate of
2mg/100g. The reduction in microbial content indicates enhanced immunity. At the end of two month
trial slides of selected bacterial colonies were prepared, and examined under the microscope to study the
presence of Gram positive and Gram negative bacteria in treatment 1, treatment 2 and treatment 3 under
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INTRODUCTION

Different types of antibiotics are usually used to
stimulate growth and health in trout, carp and
Oreochromis niloticus (tilapia) (Shalaby et al., 2006).
Some antibiotics are used to avert fish from diseases
but the use of antimicrobials has many disadvantages
in the form of pathogens defiance and the problem
of drug resistance in treated fish which also causes
the pollution of environment (FAO, 2006). Therefore
immunostimulants seems to be an irresistible alternative
to control fish diseases (Shalaby et al., 2006). So, the use
of immunostimulants in fish farming has become essential
to increase the activity and defense against diseases in fish
(Raa, 1996). Therefore A. sativum as an immunostimulants
can be used for the control of pathogens, especially
bacteria and fungi. Moreover, 4. sativum has also proven
effective against gram positive or gram negative bacteria
(Adetumbi et al., 1986). A. sativum is known as imperative
medicinal plant due to its antiprotozoal, antibacterial,
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antifungal properties (Corzo-Martinez et al., 2007). Gupta
et al. (2008) studied that in aquaculture operations A.
sativum promotes growth, stimulates appetite, enhances
the immune system and strengthens the control of
pathogens, especially bacteria and fungi. Many reports
have documented that A. sativum can effectively eliminate
principal pathogenic bacteria in freshwater fish. 4. sativum
consists of allicin which increases the process of digestion
and enhance the use of energy which results in body
weight gain (Khalil ef al., 2001). A. sativum is also used
to promote growth in O. niloticus (Shalaby et al., 2006).
Therefore, this study is aimed and focused to determine
the effects of 4. sativum on growth and immunological
parameters of O. niloticus. Furthermore total bacterial
count and bacterial population was also examined under
the effect of 4. sativum on O. niloticus.

MATERIALS AND METHODS

Location

The present study was conducted at Department of
Fisheries and Aquaculture, University of Veterinary and
Animal Sciences, Ravi Campus, Pattoki. The experiment
was conducted in the fish hatchery using glass aquariums.
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Experimental protocol

Two month trial on O. niloticus was done to find
out the dietary effects of A. sativum on growth and
immunological parameters of O. niloticus.

Feeding trial

Twenty (20) samples of tilapia were collected from
a pond of varying sizes from 5 to 10g and were placed in
three different aquariums situated in fish hatchery. Each
aquarium was with 20 fishes. There were two treatment
and one control group. Control group was fed with normal
diet (mentioned in Table I) but as devoid of 4. sativum
and was indicated as Treatment 1 (control) T1 whereas
the treatment groups were fed with feed recipes given in
Table I. Treatment 2 (T2) tank was given feed with 3% A.
sativum and treatment 3 (T3) with 6% A. sativum.

Table I.- Feed chart.

Ingredients Treatment1 Treatment2 Treatment3
Fish meal 25 % 25% 25%
Soybean meal 25% 25% 25%
Maize glutton 25% 255 25%
Rice polish 20% 20% 20%
Molasses 3% 0 0
Vitamins 1% 1% 1%
Garlic 0 3% 6%
Feed preparation

The feed ingredients fish meal, soybean meal, maize
Glutton, rice Polish, mollases, vitamins and A4. sativum
(garlic) were used for preparation of feed. Fish were fed
six days a week with their formulated diets for about two
months. Fish was fed two times a day, 8:30 am in morning
and 4:30 pm in evening. Fish were fed at the rate of 2% of
their body weight.

From each aquarium, samples were collected
carefully. Weight and length measured to check the
growth. Fishes collected in polythene bag and sent to the
microbiological Lab after two months of trial.

Microbiological analysis

Each media was poured in petri plates according
to the organs of fish; each petri-plate contained 20ml of
prepared media. Then allowed them to become cool and
solidify. After that skin of fish was separated by using a
sharp scissor and forceps at sterilized and cleaned laminar
air flame, so that there were less chances of contamination.

The separated organ was immediately transferred to
9% normal saline solution in flask and was shacked well
with the help of electric shaker (vortex mixer) to allow

the bacteria to be shifted to solution. Serial dilution was
used for isolation and culturing of bacteria. The eppendroff
tubes were filled with 900 pl, 9% normal saline solution
(sterilized in autoclave) which has capacity of 2 ml.
Transferred 100 pl solution from each flask which has
solution of flesh, to 900 pl normal saline solutions of
eppendroff tubes. This was acted as the 1% dilution, then
took 100 pl solutions from that dilution and added into
900 pl of next tube. That became 100 times diluted and
acted as second dilution. The bacterial colonies were
cultured by pouring and spreading 10 pl of the suspension
from corresponding dilution on the surface of the relevant
solidified media by micropipette. The inoculated plates
were then kept in incubator at 37°C. Colonies of bacteria
were counted after 24 and 48 h of incubation.

Microbial count

For the estimation of viable counts, pour plate method
was used. 1 ml from each of the appropriate dilutions was
transferred aseptically to sterile triplicate petri plates by
means of sterile pipette. Then to each plate transferred
15-20 ml Tryptic soya agar sterilized, melted and cooled
to about 45°C was poured. After solidification the plates
were inverted to prevent condensation of moisture on the
agar surface. The dilutions were spread thoroughly with
the glass rod to distribute the microbial cells uniformly on
the solidified plates. After incubation the colonies were
counted. Same method was used by using Nutrient agar
and Eosin methylene blue (EMB) for microbial count.

Average number of colonies in triplicates petri-plates
of a suitable dilution was multiplied by the dilution factor
and was reported as total viable count per ml of sample.

Total Viable Count =
Average No. of colonies x Dilution factor

Gram staining

At the end of two month trial slides of selected
bacterial colonies were prepared, stained and examined
under the microscope.

Gram staining is the most important differential
staining used in Bacteriology. Following Gram staining
method; a drop of sample was placed on clean glass slide
and smear was prepared. The smear was air dried and
then heat fixed. The smear was stained with crystal violet
solution for one minute. Then washed with distilled water
and flooded with iodine solution for one minute. After
washing with distilled water, the smear was flooded with
95% ethyl alcohol for decolorization purpose. The smear
was washed with distilled water and counter-stained with
safranin for 30 sec.

The smear was washed with distilled water, air dried
and observed under microscope with oil immersion lens.
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Then checked that either bacterium was gram-positive or
gram-negative. Bacterial population of treatment 1, 2 and
3 is given in Table V.

Statistical analysis

The data obtained was analyzed by using Excel
software. The data on different variables was statistically
analyzed by using Analysis of Variance (ANOVA).

RESULTS

Growth parameters

At the beginning of the experimental trial in
aquariums sampling was done and the initial average body
weight of fish for O. niloticus in treatment 1 was 9.7g,
in treatment 2 the initial body weight was 5.74 g and in
treatment 3 the initial body weight was 13.14g. The final
body weight for O. niloticus in treatment 1 for Treatment
2 was 10.12 g, in treatment A the final body weight was
6.12g and in treatment 3 the final body weight was 14.54g.
The maximum weight gain was observed in Treatment 3
under the influence of A. sativum. There is also a variation
in length of treated fishes of all aquariums as maximum
average length gain for treatment 3 was 10.55cm and for
treatment 1 and treatment 2 the average maximum length
gain was 8.48cm and 8.8cm, respectively (Table II).

Table II.- Variations in growth parameters (Mean+SD)
in Oreochromis niloticus between treatment 1,
treatment 2 and treatment 3.

Parameters Treatment 1 Treatment 2 Treatment 3
Initial weight 9.74+0.52>  5.74+0.52° 13.14+2.13*
Final weight 10.12+0.54>  6.12+£0.54¢  14.54+1.83"
Net weight 0.38+0.13*  0.38+0.13> 1.50+0.57°
Total weight gain 7.60+2.60°  7.60+2.60° 26.0+10.48*
Weight gain (%) 3.84+1.37°  6.66+2.47° 12.10+6.03*
Initial length 8.28+0.25> 8.16+£0.96° 9.42+1.11*
Final length 8.48+0.27° 8.80+1.13°> 10.18+1.27%
Net length 0.20+£0.10>  0.64+0.28*  0.76+0.24°
Total length increase ~ 4.0+2.0° 12.8+5.76* 15.20+4.81°
Length gain (%) 2.37£1.17°  7.7443.14*  8.35+2.78°

Different letter in the same row are significant (p<0.05).

Water quality parameters

Temperature, DO, pH, TDS and salinity of treatment
1, treatment 2 and treatment 3 were not significantly
different (Table IIT).

Microbial count
Total of forty five samples of O. niloticus were

collected from treated aquariums. Fifteen samples from
Treatment 1, T1 (control group), fifteen from Treatment
2, T2 (3% garlic) aquarium, and fifteen from Treatment
3, T3 (6% garlic) aquarium and were subjected for
microbiological examination. The samples were analyzed
for total plate count.

Table III.- Average water quality parameters of the
treatments.

Parameters Treatment1 Treatment2 Treatment3
Temp. (°C) 29.1+1.43 29.4+1.25 29.8+0.45
DO (MgL") 5.59+0.33 5.39+0.27 5.52+0.23
pH 8.69+0.31 8.9+0.37 8.67+0.29
TDS (MgL') 944.76+332.83  949+337.29 928+357.67
Salinity 1+0 1+0 1+0
Table I'V.- Summary statistics.

Treatment Samples Mean+SD

1 15 12267866.6+739806.39°

2 15 6599533.33+4436561.75°

3 15 64533.33+7936.05¢

Values are significant at the level of p<0.05 and the values with different
letters are significant.

Table V.- Microbial species identified during present
study.

Treatment Name of species Gram
1,2,3 Bacillus subtilis +ve
1,2,3 Micrococcus +ve
1,2,3 Lactobacillus +ve
1,2,3 Flavobacterium -ve
2,3 Staphylococcus +ve
2,3 Coryneforms +ve
1 Aeromonas hydrophila -ve
1 P. fluorescence -ve

Microbial count in skin of treatment 1 samples was
highest, which ranged 12,267,866.6£739,806.39. The
value was significant (Table IV). Microbial count in skin
of treatment 2 samples was high but less than Treatment
1 and ranged 6,599,533.33+4,436,561.7. The value was
significant (Table IV). Microbial count in skin of Treatment
3 samples was lowest, which ranged 64,533.33+£7,936.05.
The remained significant (Table IV).

Bacterial identification
Bacterial population in treatment 1, treatment 2 and
treatment 3 (Tables IV, V).
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DISCUSSION

The immense use of different chemical compounds
and antibiotics has resulted in resistant pathogens and drug
remnants in treated fish. Drug remnants not only pollute
the environment, but also affect human consumers badly.
In contrast, A. sativum as a well-known natural antibiotic
and as an immunostimulant causes no environmental
pollution and physical side effects. Due to its antioxidant,
antimicrobial, and antihypertensive properties it becomes
effective for the treatment of many diseases in animals
and humans. A. sativum assists in growth, promotes
appetite, strengthen immune system, and enhance the
control of pathogens, especially fungi and bacteria in
aquaculture applications. These effects of A. sativum are
due to the presence of various organosulfur compounds,
including allicin (Augusti et al., 1974). Higher levels
of allicin are advantageous for medicinal applications
(Huchette et al., 2005). Allicin has a powerful garlic flavor
with a strong rousing effect on olfaction in most aquatic
animals, including Ctenopharyngodon idellus (grass
carp), Pelodiscus sinensis (Chinese softshell turtule),
Cyprinus carpio (common carp), Carassius auratus (gold
fish) and O. niloticus. Allicin can also promote immune
competence, prevent and kill various pathogenic bacteria,
moderate the secretion of various enzymes to refine
digestion and nutrient absorption and raise gastrointestinal
motility. Therefore A. sativum is strongly advised with
dose optimization in aquaculture applications. Zeng et
al. (1996) stated that when 50 mg/kg synthesized allicin
was added to the feed of O. niloticus, the survival rate
and weight gain increased by more than 2-3% after 45
days than in the control group. Present study focuses on
the effect of 4. sativum on the growth and immunity of
Orechromis niloticus (tilapia). Experimental group fed on
6% A. sativum (garlic) (treatment B) had maximum weight
and length with averages 12.10+6.033 and 8.35+2.786,
respectively. Present study investigated that treatment
1 with normal diet show less signs of weight gain and
length increase with averages 3.84+1.37 and 2.37+1.177,
respectively. The experimental group fed with 3% garlic
(treatment 2) ranged weight and length in between
treatment 1 and treatment 3 as 6.66+2.471 and 7.74+3.143,
respectively. In conclusion, the present study documented
that by increasing minute concentration of A. sativum in fish
diet it can enhanced the growth of O. niloticus. O. niloticus
is considered the hardiest fish being cultured and it can
tolerate water quality conditions and physical handling.
O. niloticus can withstand a wider range of environmental
conditions-including factors such as salinity, temperature,
dissolved oxygen (DO), pH, salinity and total dissolved
salts (TDS). However, the equipment should be of good

quality that can examine the minimum basic water quality
parameters of DO, temperature, pH, TDS and salinity. The
results of key physicochemical parameters of water quality
of this study were found within the acceptable range for
survival of O. niloticus and the values of temperature, DO,
TDS, pH and salinity of water are non-significant. The
results of physicochemical parameters of water quality
are according to the study of Roos (2000). Experimental
group fed on 6% garlic (T3) had low microbial content
which ranged 64533.33+7936.05 (Table IV). 4. sativum
have been reported to control pathogens, defy stress,
advantageous for fish health (Ress et al., 1993) and increase
the immunity (Adetumbi et al, 1986) as well as 4. sativum
(garlic) positively affects the survival rate of fish. The
results of the present study indicate that high concentration
of A. sativum inhibit the occurrence of pathological signs
of A. sativum deficiency and resulted in improved growth
and immunity compared with the control, 4. sativum
(garlic) free diet T1 or 5% containing diet T2.

Increasing A. sativum concentration in TI
enhanced considerably the immunity of fish by reducing
overall microbial population but, too much increase in
concentration of 4. sativum is not suitable for fish. The
present study revealed that by adding 4. sativum to a fish
diet at the rate of 6mg per 100g of fish feed would not
only enhance the fish immunity but it also help to improve
growth. Therefore it is recommended for fish farmers to
add 4. sativum in fish feed at given rate. After staining,
it was observed that some bacteria were Gram-Positive
while some were Gram-Negative. Microorganisms are
considered to present in the intestines of live and newly
caught fish and on all the outer surfaces including gills and
skin of fish. Treatment 1 contains bacteria which are named
Aeromonas hydrophila and Pseudomonas fluorescens and
these two types of bacteria are absent in treatment 2 and
treatment 3. A. hydrophila associated with the occurrence
of different diseases in aquaculture. Pseudomonas
Sfluorescens also considered as an expedient pathogen and
it is mostly found in O. niloticus, gold fish, carp, sea bream
and rainbow trout. Choudhury et al. (1991) described that
A. sativum was considered very effective against two
tested harmful bacteria including 4. hydrophila and P.
fluorescens.
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ABSTRACT

In freshwater ecosystems of Pakistan, metallic ion pollutants that are released continuously from both
natural as well as anthropogenic sources cause serious hazards to the carnivorous fish fauna. Therefore,
acute toxicity tests of aluminium, in terms of 96 h LC, and lethal concentrations were conducted under
laboratory conditions to evaluate the sensitivity of three carnivorous fish species viz., Channa marulius,
Mpystus seenghala and Wallago attu. The fingerlings of 150mm total length were first acclimatized to
the laboratory conditions for ten days and then shifted to the glass aquaria for toxicity experiments.
During the whole acute toxicity trials, fish mortality and physico-chemical variables of water viz.
temperature, pH, dissolved oxygen, carbondioxide, total hardness, total ammonia, electrical conductivity,
calcium, magnesium, sodium and potassium were determined at 12 h intervals. Fish mortality data were
analyzed through Probit analysis method with 95% confidence interval to estimate 96 h LC, and lethal
concentrations of aluminium for each fish species. Among the three fish species, M. seenghala showed
significantly (p<0.01) higher sensitivity towards aluminium, followed by that of W. attu and C. marulius.
However, the lethal concentrations of aluminium for the three fish species viz., C. marulius, M. seenghala
and W. attu were computed as 193.85+8.35, 105.93+6.67 and 123.54+5.77mgL"', respectively. The 96 h
LC,, revealed statistically significant and positive relationship with lethal concentration of aluminium
determined for the three fish species. Both LC, and lethal concentrations showed positively significant
(p<0.05) correlation with dissolved oxygen contents of the test media while their relationship with total
ammonia was found negative but non-significant. Calcium and sodium exhibited significantly direct
correlation while magnesium exhibited inverse relationship, with both LC,; and lethal concentrations of
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the test media.

INTRODUCTION

nthropogenic activities have resulted into increased

discharge of various concentrations of metals into the
aquatic environments. The trace metals although essential
for the normal metabolic processes, their abnormally
higher concentrations pose toxic effects on the aquatic
organisms (Goldoni et al., 2006). The heavy metals cause
toxicity to the living organisms as they change behavioural,
biochemical, physiological and genetic parameters (Scott
and Sloman, 2004; Kumar et al., 2007; Odo et al., 2017).
Among the aquatic organisms, fish are considered as the
most significant biomonitors for the estimation of heavy
metal’s pollution level (Alinnor, 2005), as they offer
specific advantages in describing natural characteristics
of the aquatic ecosystems and in assessing changes to the
habitats (Lamas et al.,2007). In addition, the fish are present
at the top of aquatic food chain and may bioconcentrate
metals and pass them to the human beings through food
causing acute or chronic effects (Al-Yousuf ef al., 2000).
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Aluminium is one of the most frequent elements present
in the biosphere and serves as an important factor in the
toxicity of acidified water to the freshwater fish. Acid
precipitation has led towards increasing concentrations of
various trace elements, including aluminium in lakes and
rivers which may cause fish mortality.

The acute toxicity test is used to determine
concentration of the test material or level of an agent that
produce deleterious effect on a group of test organisms,
during short-term exposure i.e. 96 h under controlled
conditions and to assess the impact of toxic chemical
on the biology of aquatic organisms (Rani ez al., 2011).
Estimation of 96 h LC, and lethal concentrations serve
as reliable parameters to measure the susceptibility
and survival potential of organisms to particular toxic
substances such as heavy metals (Claude, 2005).

Aquatic contamination with heavy metals may
adversely affect the immune system of fish (Nawaz et
al., 2018) leading to decreased production, increased
susceptibility to diseases and ultimately mortality. Studies
from both field and laboratory works demonstrated that
some environmental factors such as water temperature,
oxygen concentration, hardness, pH, alkalinity, salinity
and dissolved organic carbon may influence and play
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significant roles toward metal’s toxicity to the fish
(Benaduce ef al., 2008; Has-Schon et al., 2008; Ebrahimi
and Taherianfard, 2011). The alterations in various
physico-chemical parameters may serve as important
bioindicators against metallic ions pollution. This in turn
may help in proper management of aquatic pollution as
well as saving the aquatic fauna from damage, disturbance
in food chain, biomagnification and extinction.

Over the last few decades, there has been found a
gradual decline in the density of commercial carnivorous
fish species of Pakistan viz. Channa marulius, Mystus
seenghala and Wallago attu due to the metallic ions
pollution. Therefore, in order to evaluate the harmful
effects of aluminium on the fish and to build strategies
for sustainable conservation of these fish species in
freshwater environs of Pakistan, the acute toxicity trials
were conducted.

MATERIALS AND METHODS

Acute toxicity tests

The fish species viz., C. marulius, M. seenghala and
W. attu were obtained from Head Qadirabad and brought
to the wet laboratory for acclimatization in cemented
tanks for ten days. The fish were fed with pelleted feed
having 40% digestible protein and 3.50 Kcalg' energy,
thrice a day. However, fish were not fed during whole
acute toxicity trials. After acclimatization, the healthy
fish of 150mm total length, for each group, were selected
for acute toxicity trials. Chemically pure compound of
aluminium (AICL,.6H,0) was dissolved, separately, in
1000 mL deionized water and stock solution prepared for
the metal.

The tolerance limits of three fish species for
aluminium were determined in terms of 96 h LC,  and
lethal concentrations. The toxicity tests were conducted
in glass aquaria of 50 litre water capacity at constant
water temperature, pH and total hardness of 28°C, 8
and 250 mgL"!, respectively. The three fish species viz.,
C. marulius, M. seenghala and W. attu having average
wet weights of 16.11+£0.82, 12.06+£0.43 and 17.59+0.67
g, respectively, were exposed separately to aluminium.
The ten fish of each species were placed in aquarium
separately, with three replications for each test dose. The
concentration of exposed metal (aluminium) was started
from zero with an increment of 0.01 and 0.1 mgL"' for
low and high concentrations, respectively. The metal
concentration in each aquarium was increased gradually
and 50% test concentration maintained within 3 h and full
toxicant concentration in 6 h. Each exposure concentration
was tested with three replications, separately, for each fish
species. During acute toxicity trials, the observations on

fish mortality were made after every two hours. The metal
exposure concentrations were started from zero up to that
concentration at which 50% (LC, ) and 100% mortality of
fish (lethal concentration) occurred during 96 h duration.
The dead fish was immediately removed from the test
media and mortality data were recorded.

Physico-chemistry of the test media

During the whole experimental duration, the physico-
chemical variables of the test media viz., temperature, pH,
dissolved oxygen, carbondioxide, total hardness, total
ammonia, electrical conductivity, calcium, magnesium,
sodium and potassium were analyzed on 12 hourly basis
by following the methods of APHA (1998). Constant
aeration of the aquarium water was done with an air pump
fitted with capillary system.

Statistical analyses

The acute toxicity of aluminium was computed by
using Probit analysis method (Hamilton et al., 1977).
Mean values of 96 h LC, and lethal concentrations of
the metal for three fish species were obtained at 95%
confidence intervals. The means were compared for
statistical differences by employing Tukey’s/Student
Newman-Keul test (Steel et al., 1996). Correlation and
Regression analyses were also performed to find-out
statistical relationships among various parameters under
study.

RESULTS AND DISCUSSION

Table I shows the 96 h LC, and lethal concentrations
of aluminium for the three carnivorous fish species
with 95% confidence interval limits. It was found that
M. seenghala showed significantly (p<0.01) higher
sensitivity towards aluminium with the mean 96 h LC,,
value of 62.34+3.08mgL"!, followed by that of W. attu
and C. marulius for which the same was computed as
86.97+£2.72 and 138.204+3.46mgL"!, respectively. Higher
LC,, values are less toxic because greater concentrations
are required to produce 50% mortality in test organisms
(Hedayati et al., 2010). However, the lethal concentrations
of aluminium for the three fish species viz. C. marulius,
M. seenghala and W. attu were calculated as 193.85+8.35,
105.93+6.67 and 123.54+5.77mgL"!, respectively.
Kaushal and Mishra (2013) found that the differences in
96 h LC,, and lethal concentration values between Channa
punctatus and other fish species were due to the property
of metal to induce changes in the physiology and survival
of aquatic organisms during acute exposure. Such changes
differ from species to species, metal to metal and from one
experimental condition to another.
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Table I.- Calculated 96 h L.C, and lethal concentrations (+SE) of aluminium for the three fish species.

Fish species Mean 96 h LC,, 95% confidence Mean lethal 95% confidence
(mgL™) intervals (mgL™) concentrations (mgL") intervals (mgL")
Channa marulius 138.2043.46 a 130.73 - 144.91 193.85+8.35a 180.84 - 216.33
Mpystus seenghala 62.3443.08 ¢ 55.30 - 68.06 105.93+6.67 ¢ 95.66 - 124.36
Wallago attu 86.97+£2.72 b 80.87-92.12 123.54+5.77 b 114.62 - 139.44

Means with similar letters in a single column are statistically similar at p<0.05.

Table II.- Mean values (=SD) of physico-chemical characteristics of test media observed during 96 h acute toxicity

trials of aluminium for the three fish species.

Fish species Temp. pH DO CO, Total Total EC Ca Mg Na K

0 (mgL') (mgL') hardness ammonia (mgL?') (mgL') (mgL') (mgL') (mgL?")
(mgL)  (mgL™)

Channa marulius 28.01+ 7.99+ 5.14+ 141+  250.00+ 1.25+¢ 2.62+ 2397+ 47.52+ 27130+ 10.68+
0.02 0.02 0.75 0.20 0.01 0.35 0.43 1.38 0.86 8.81 1.58

Mystus seenghala 28.00+ 8.01+ 491+ 1.30+ 250.00+ 1.31+ 242+ 2350+ 47.81+ 281.69+ 10.62+
0.02 0.02 0.14 0.14 0.01 0.14 0.10 1.44 0.90 9.71 1.70

Wallago attu 28.01+ 8.00+ 5.25+ 1.34+ 250.00+ 1.22+ 298+ 2444+ 4722+ 271.82+ 10.95+
0.01 0.01 0.28 0.18 0.01 0.34 0.32 1.64 1.03 11.90 1.50

Mg, magnesium; DO, dissolved oxygen; EC, electrical conductivity; Na, sodium; CO,, carbon dioxide; Ca, calcium; K, potassium.

Table I1I.- Correlation coefficients among acute toxicity of aluminium for fish and physico-chemical variables of

the test media.

LC, Lethal DO CO, T. Amm. EC Ca Mg Na
Lethal 0.99626
DO 0.50622 0.49068
Co, -0.23024  -0.24468  0.03228
T. Amm. -0.26167  -0.25445  -0.38837 0.55861
EC 0.36291 0.32248 0.19194 -0.05530 0.12095
Ca 0.55992 0.53704 0.59600 -0.26175 -0.28312 0.27676
Mg -0.55730  -0.53445  -0.59910 0.26341 0.28600 -0.27673 -0.99903
Na 0.61526 0.65172 0.31288 -0.30281 0.00644 0.12089 0.41510 -0.41317
K -0.29763  -0.31479  -0.24617  -0.14998 -0.38222 -0.11212 -0.32997 0.32812 -0.35430

Critical Value (2 tail 0.05+£0.38009). Conc., concentration (mgL"); T. Amm., total ammonia (mgL™"'); Mg, magnesium (mgL™"); DO, dissolved oxygen
(mgL™"); EC, electrical conductivity (mScm™); Na, sodium (mgL"); CO,, carbon dioxide (mgL™"); Ca, calcium (mgL™"); K, potassium (mgL").

The exact causes of fish mortality due to the heavy
metal poisoning are variable and depend mainly on the
duration and concentration of exposure. The results of the
present investigation are parallel to the findings of Javed
et al. (2016) who reported that Channa marulius was more
tolerant to the metallic ion (Cd) toxicity as compared to
Mpystus seenghala and Wallago attu. During acute toxicity
trials of Al for the three fish species, it was observed
that with an increase in concentration, the mortality rate
was also increased. Johnson and Radhakrishnan (2015)
found that susceptibility of African walking -catfish
(Clarias batrachus) to the toxic impacts of chromium was
concentration dependent, as mortality increased with an

increase in metal exposure concentration.

All the determined physico-chemical parameters of
the test media (Table III) were correlated with both 96
h LC,; as well as lethal concentrations of Al in order to
evaluate the impact of metal’s toxicity on the water quality
parameters and vice versa. Table III shows the correlation
coefficients of 96 h LC,  and lethal concentration of
aluminium with dissolved oxygen, carbon dioxide, total
ammonia, electrical conductivity, calcium, magnesium,
sodium and potassium. The 96 h LC,  showed positive
and strong relationship with lethal concentration of Al,
determined for the three fish species. Both LC, and lethal
concentrations exhibited significantly (p<0.05) positive
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correlation with dissolved oxygen of the aluminium
exposed media while their relationship with total ammonia
contents was found negative but non-significant. Calcium
and sodium revealed significantly direct correlation
with LC,, and lethal concentrations while magnesium
exhibited inverse relationship with both LC, as well as
lethal concentrations of the test media. Azmat et al. (2016)
reported that the average sodium contents of the test media
significantly increased due to the exposure of Labeo rohita
to the metal. During present investigation, the correlation
coefficient between total ammonia and dissolved oxygen
appeared negatively significant. However, the total
ammonia contents of aluminium test media showed
significantly positive correlation with the carbon dioxide.
This may be due to the fact that exposure of metals to the
fish caused stressful conditions for the fish to respire more
frequently and hence resulted into significant decrease in
the dissolved oxygen contents of the test media along with
an enhanced ammonia excretion. Significantly inverse
correlation was observed between calcium and magnesium
contents of the aluminium exposed test media during acute
toxicity trials for the three fish species. Shafiq ez al. (2012)
also reported that there existed negatively significant
correlation between calcium and magnesium contents of
the nickel exposed test media.
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ABSTRACT

In the present study fishery sources were investigated quantitatively by studying the ichthyofaunal
biodiversity of Downstream Indus River, Sindh Pakistan. A fortnightly sampling was conducted from
eight stations during March to October 2015. A total 92 fish species were recorded. Out of which 77
species were fresh water and 15 were identified as anadromous. Based on their edible values, 52 fishes
were edible and 40 were found as trash fishes. In edible fishes 11 species were export quality, 24 standard
quality (high value) and 17 were local quality (low value). The greater fish biodiversity was found in Railo
Miyan (n=81) followed by Branch Morrie (n= 66) and lowest in Wasi Malook Shah (n= 32). Overall,
Cirrihinus mrigala was in abundance (45%) followed by Labeo rohita (38%) and Catla catla was found
rare (17%). While in the trash fishes Labeo gonius was found in abundant quantity. All of the recoded
92 fishes belonged to 11 orders and 30 families. The order Siluriformes found to be dominant with 29
fish species followed by Cypriniformes (27 species) and Perciformes (13 species). Out of 30 families,
the family Cyprinidae recorded 24 fish species (19%) followed by Bagridae 13 fish species (14%) and
Siluridae 7 species (8%) and Clupeidae and Channidae 5 species (5%) each.
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INTRODUCTION

he Indus River is one of the longest important River

in Asia. It flows through Pakistan and merges into
the Arabian Sea near the port city of Karachi in Sindh.
Ichthyofaunal diversity refers the spatial and temporal
patterns of diversity, distribution and species composition
of freshwater fishes are useful to examine factors
influencing the structure of the fish community (Galactos
et al., 2004). Mostly it provides essential ecological
services as provision of water for drinking, fisheries, food
production, cultural purposes and transportation (Balian
et al., 2008). However, with the increased recognition
of the importance of the indigenous aquatic biodiversity
and inherent ecological processes (Leal er al., 2005).
Further, physical and chemical changes culminate in new
environmental conditions that can result in permanent
alterations of biological communities (Karr, 1981; Li et
al., 1987). Freshwater fish fauna is considered as highly
diverse and representative of all the warm water fish
fauna of Pakistan in the Indus plain (Rafique, 2000).
Human activities such as modification of the environment,
harvesting and culture and effects of modernization have
contributed to the pollution of water bodies which causes
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species reduction because of damaging their habitats.
Indus River needs serious attention in its management
and conservation of fishery resources. And also, due to
flood the quantity of silt concentration is increases in the
different water bodies of River which block the water
routes and destroys the spawning ground of fish species.

MATERIALS AND METHODS

The fishes were collected from the Downstream of
River Indus during March to October 2015. Eight major
landing areas (From Jamshoro to Thatta) were selected and
monthly collection of fish species was done. These eight
landing area includes RailoMiyan (RM), Karokho (Kk),
Khanpur (Kp), Mullakatiyar (Mk), Wasi Malook Shah
(WMS), Branch morie (BM), Sujawal (Sj) and Jangseer
(JS). There was about 50km average distance between all
sites.

Sample collection and preservation

The samples were collected by the help of various
crafts and gears. Following four type of crafts were utilized
to collect the samples, Hora, Dhonda, Sail boat (6mLOA)
and large sail boat (15mLOA). While, various gears were
used to collect the fish samples that include hook and line,
barricades, pot net, dip net, drag net, trawl net, seine nets,
cast nets and gill nets. The caught fish were immediately
put in the icebox and brought to the lab, washed with
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distilled water and preserved with 5% formalin (Glass
jars) for further analysis.

Fish identification

Fish  identified with  their = morphological
characteristics, Morphometric measurements with the help
of Manuals (Day, 1980; Talwar and Jhingran, 1991) and
Websites (http://www.fishbase.org.com; http://www.tns.
org.com; http://www.iucnredlist.org).

RESULTS

The present study revealed the occurrence of 92
species of fish (Table I). Out of which 77 species were
identified as freshwater and 15 identified as migratory
fishes. All of these species belonging to 11 orders and
30 families from eight sites of Indus River downstream.
The larger fish biomass collection from the RM where 9
orders, 21 families with 81 species was recorded, in which
maximum species were found in order Siluriformes 29
species followed by the order Cypriniformes 28 species, in
this site the most dominant specie was Rifa rita belonging
to family Bagridae and sub-dominant species is Wallago
attu belonging to the family Siluridae. The list of fish
species recorded from the Kk here 7 orders, 14 families
with 44 species, here order Siluriformes is dominant
in which 14 species are present towards the order
Cypriniformes having 9 species. In this site the specie
Cirrhinus mrigala is dominant followed by Labeo rohita
belonging to the same family Cyprinidae. The distribution
of fish species is quite variable at Kp in which 6 orders,
15 families and 38 species was collected, here order
Siluriformes having 16 species compared with the order
Cypriniformes having 12 species. On this site the Rita
rita is in good quantity which belongs to family Bagridae
while the Labeo gonius is dominant which is belong to the
family Cyprinidae. Fish fauna at the Mk in which 8 orders,
17 families and 40 species were taken by the fishermen,
in which both orders Cypriniformes and Siluriformes are
in abundance having 14 species each of them followed
by the order Perciformes had 4 species. From this site the
specie Cirrihinus mrigala is dominant which belongs to
the family Cyprinidae rather than the specie Rita rita is
in recessive manner which belongs to the family Bagridae
competed by the specie Channa oriental which belongs to
the family Channidae. The lowest collection of fish species
in all the sites of downstream of Indus River from WMS
just 7 orders, 13 families and 32 species was found, the
prominent order is Cypriniformes 13 species followed
by the order Siluriformes 9 species. In which the specie
Separata seenghala is in abundant quantity belongs to
the family Bagridae while the specie Labeo rohita is in

minimum quantity belongs to the family Cyprinidae.
Considerable relative abundance of the species was
also observed at BM here 8 orders, 17 families and 66
species was caught by fisherman, wiz the first site where
the dominance of order Cypriniformes with 22 species
followed by the order Siluriformes having 19 species.
In which the most abundant fish species is Labeo rohita
belongs to the Cyprinidae family followed by the specie
Wallago attu belongs to the family Siluridae. The collection
of fish species at the Sj are 9 orders, 14 families and 46
species was found in which the order Siluriformes is on
high level 13 species followed by the order Cypiriniformes
12 species. On this site a highly commercial fish species
is in abundancy name Tenualosa ilisha belongs to the
family Clupeidae rather than the native species Cirrihinus
mrigala belongs to the family Cyprinidae. And the last JS
which is near to the delta region, in this station 8 orders, 20
families and 48 species was collected. Here mostly estuary
water species are found in which order Siluriformes
observed in maximum quantity including 17 species while
order Perciformes in minimum quantity having 10 species.
In which the abundant specie is Liza aurata and Chelon
subviridis both belongs to the family Mugilidae followed
by the specie Rita macracanthus belongs to the family
Bagridae. A great collection of migratory fishes was also
recorded during collection those includes 15 species.

Fig. 1. The order dominance.

The distribution of fish species density, abundance
and distribution is quite variable because of geographical
and hydrological conditions which was collected from 8
landing areas are shown in Table I. Although, 92 species
were recorded, overall, the order Siluriformes was
maximum quantity with 29 or 31 fish species followed
by order Cypriniformes 27 or 29 species and Perciformes
13 or 15 species. In all of them family Cyprinidae was
observed as the dominant family with 24 fish species (26%)
followed by Bagridae 13 fish species (14%) and Siluridae
7 species (8 %), as shown in Figure 1. However, the Genus
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Mpystus is in abundant quantity in which the collection of
species are five the names are M. bleekre, M. cavasius, M.
gulio, B. halepinus, M. seengtee and M. vittatus followed
by the family Cyprinidae the dominant Genus is Labeo
in which four species was found L. bata, L. calbasu, L.
gonius and L. rohita, while in family Siluridae there isn’t
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abundancy of any genus. When collection of all sites were
compared, highly edible fish quantity is Cirrihinus mrigala
followed by the Labeo rohita and in rare quantity specie is
Catla catla similarly changes occurs in distribution and
abundance of fish is quite natural in natural waters.

Table I.- The systematic list of downstream of Indus River species collection.

S.No Species Local name St-1 St-2 St-3 St-4 St-5 St-6 St-7 St-8
Order: Anguilliformes

Family: Anguillidae

1 Anguilla anguilla Baam S N x N x \/ N x
Order: Beloniformes

Family: Belonidae

2 Strongylura strongylura Kaang S X v x x x N X
3 Xenentodon cancila Kaang \/ X X x N x
Order: Cypriniformes

Family: Botiidae

4 Botia almorhae Rani machli 1 \/ X X N X X X X
Family: Cyprinidae

5 Bangana ariza Rahu minnow Y X x X S x X X
6 Barbonymus gonionotus Popro (daro) N x v x \/ N N x
7 Barilius tilio Krail \/ x X x x N x x
8 B. barila Krail x x x x x ol x x
9 Catla catla Theela \ v \ \ \/ Y v X
10 Chagunius chagunius Kather S X N X X X X v
11 Cirrhinus reba Sohni v N \/ x N, ~ ~ x
12 C mirigala Morakhi d \ S d \ Y v x
13 Crossocheilus crossocheilus Kather \/ X X X X X X x
14 Ctenopharyngodon idella Grass carp . N R v N v v X
15 Cyprinus carpio Gulfam N S v v X ~ \ X
16 Hypophthalmichthys nobilis  Big Head Carp \/ X X X X x N N
17 H. molitirx Silver Carp v \/ X ~ ~ N x x
18 Labeo calbasu Dahi N R v N v v X x
19 L. gonius Ganier v X N, ~ x \ ~ x
20 L. bata Rahu minnow/Seriyo \ \ \/ \ \ \/ x X
21 L. rohita Kororo \ v Y S v y v X
22 Osteobrama cotio Chelori R X X \/ x ~ ~

23 Pethia phutunio Popery 3 \/ x x x X x x X
24 P ticto Chitti Popery \ % x \ % \ x x
25 Puntius sophore Popery 1 v Y X X v X x
26 P. chola Popery 2 . x x x x N x N
27 P. terio Ticto Popery \/ x x N x < x x
28 Systomus sarana Popero N X X X X Y N X
29 Salmophasia bacaila Chandi/Othiyar v v v v v X

Family: Cobitidae (Loach)
30 Botia birdi

Rani machli 2

2
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S.No Species Local name St-1 St-2 St-3 St-4 St-5 St-6 St-7 St-8
Order: Clupeiformes

Family: Clupeidae

31 Anodontostoma chacunda Palla (black spot) x x x x x X \ V
32 Dayella malabarica Kather \/ X X \ ~ X X x
33 Gudusia chapra Palri v v v v v N, A ~
34 Hilsa kelee GoberPalla x x x x x N ~ N
35 Tenualosa ilisha Palla v N v y v v v N
Family: Pristigasteridae

36 1lisha megaloptera Palla (big eye) x X X X X X X N
Order: Mugiliformes

Family: Mugilidae

37 Chelon subviridis Chodi x x x v \/ N N N
38 Liza aurata Phaar 1 x X x x x \/ x ~
39 Mugil cephalus Phaar 2 \/ x x x x x N \/
Order: Osteoglossiformes

Family: Notopteridae

40 Notopterus chitala Gandan v N v N v v v v
41 N. notopterus Bati N N X X N ~ X X
Order: Perciformes

Family: Ambassidae

42 Parambassis ranga Glass Fish (Hajam) \ x \ J \ \ v x
Family: Channidae

43 Channa gachua Mukur v x x x x \/ N, x
44 C. marulius Chitti mundi V v X v x v V J
45 C. orientalis Mundo v x x N v v Y N
46 C. punctata Shakur Y x \/ X ~ X ~
47 C. striata Mundi \/ \ X X x X X X
Family: Cichlidae

48 Oreochromis mossambicus ~ Black dayo v x \/ x X S X X
49 O. niloticus Irani dayo J x x x x Y x x
Family: Ambassidae

50 Chanda nama Glass Fish (Kangii) V J x x x J \/ \
Family: Latidae

51 Lates calcarifer Dangri v v \/ ~ x ~ ~ ~
Family: Gobiidae

52 Glossogobius giuris Gup guloo \ \ \ \ X x X S
53 G. platycephalus AndhGuloo v x x x v \/ x N
Family: Totobas

54 Nibea coibor Muska/Seeiyer x X x X X J X \
Family: Sciaenidae

55 Aplodinotus grunniens Muska 2 X X x x x X N ~
Family: Sphyraenidae

56 Sphyraena barracuda Chela X x X X X X x \/
Order: Pleuronectiformes

Family: Soliedae

57 Brachirus orientalis Phareen x x x x x \/ N N
Family: Cynoglossidae

58 Cynoglossus lingua Phareen 2 X X X X X Y x \/
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S.No Species Local name St-1 St-2 St-3 St-4 St-5 St-6 St-7 St-8
Order: Scorpaeniformes
Family: Platycephalidae
59 Platycephalus indicus Khokar X x x x x N N N
Order: Siluriformes
Family: Ailiidae
60 Clupisoma garua Chali \/ S v X X v v v
61 Bagrus halepensis Mulreet 2 Y X x X X X X X
Family: Bagridae
62 Batasio batasio Rehra 1 Y x X x x R x X
63 B. flavus Rehra 2 N x X \/ x X ~ x
64 Mystus bleekre Tengra 1 N v \ v X \ N v
65 M. vittatus Mulreet 1 v v N v v X v v
66 M. cavasius Mulreet 3 S x S x x v x \/
67 M. gulio Tengra 3 \/ X X N x x ~ x
68 Ria rita Khagga \ \/ V \ \/ V \ \/
69 R kuturnee Sindhi Khaggi \ V x x x Y x N
70 R. macracanthus Desi khagga \ x x x x x x N
71 Sperata aor Singhara N x x x \/ x N
72 S. seenghala Singhari \ N v \ N v \ v
73 Mystus seengtee Tengra 2 \ X S x X X x y
Family: Bagridae (S. catfish)
74 Bagarius bagarius Fogikhagga \ \ x \/ Y S . N
Family: Sisoridae
75 Bagarius yarrelli Terbela \/ S \/ X X \/ X N
76 Gagata cenia Kal'lo \ \ X x x x x x
77 Eutropiichthys vacha Badshah \ S \ Y x \ \ S
Family: Schilbeidae
78 Silonia childreni chalri v v v X X X X X
79 Clarias batrachus Moor mangro \ x X \ R v x v
Family: Clariidae
80 Heteropneustes fossilus Singhi S v N v x N, \/ N
Family: Heteropneustidae
81 Heteropneustes fossilus Loarh \ \ X \ X X
82 Belodontichthys macrochir ~ Jhumro/ Rhinghi X V x X x v
Family: Siluridae
83 Wallago attu Jerko R v N v v y \/ \/
84 Wallagonia leeri Jerki R x x v x N x x
85 Ompok siluroides Phabun v N X v N ~ x X
86 0. pabo Pabu'n v v X X X \/ \/ X
87 O. bimaculatus Pabo V V \ x X X x
88 Pinniwallago kanpurensis Dhingri / Dhumro \ \ \/ x Y \ X
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S.No Species Local name St-1 St-2 St-3 St-4 St-5 St-6 St-7 St-8
Order: Synbranchuformes

Family: Mastacembelidae

89 Mactacembelus armatus Bhu'an v \ X x X N \/ N,
90 Macrognathus aculeatus Behanri v \ X X X X \/ N
91 M. pancalus Otho \/ N X A N X X
92 M. siamensis Gooj v N x N X N x x

St-1, RM (Railo Miyan); St-2, Kk (Karokho); St-3, Kp (Khanpur); St-4, Mk (Mullakatiyar); St-5, WMS (Wasi Malook Shah); St-6, BM (Branch Morie);

St-7, Sj (Sujawal); St-8, Js (Jangseer).

Human activities increase the pace of this change by
applying catch pressure on certain species and stressing
others by polluting the water. During the visits, discussion
with people living around the Indus River and fishermen, it
had been revealed that the Indus River had a large variety
of fish in the past, the major reasons for fish population
decline are illegal fishing as using prohibited nets, catch
of small size fish, catch during breeding season and while,
pollution due to industrial waste flow towards the River
without treatment, household wastes, agricultural runoff,
and irregular flow of water from upstream are the major
factor affecting downstream biodiversity.

DISCUSSION

Pakistan is endowed with rich fishery potential.
Located in the Northern part of the Arabian Sea. The
diversity of any aquatic body had therefore been correlated
with changes in flow regimes, which created new
environments, providing opportunity to the species found
in nearby water bodies to establish there (Mirza et al.,
2011). Positive correlations between biomass production
and species abundance have been recorded by various
earlier workers (Nikolosky, 1978). Globally, in the recent
years it has been reported that freshwater fish species could
greatly change their present-day distribution in response to
climate change (Mohseni et al., 2003; Chu et al., 2005)
and has now become a serious threat to the freshwater
diversity (Habit et al., 2006). The rich fish diversity in
the lower stretch may be attributed to the significant
contributions of larger numbers of tributaries and presence
of protected area. The results of the present study showed
that Ichthyofauna of the Downstream of Indus River was
gradually need proper attention because it is going to be
decreasing considerably. In previous report 180 fish species
had been identified throughout the River and its tributaries
(Mirza, 2003). The Indus River is lifeline of the people
nearby villages mostly for various domestic activities like
fishing for livelihood and food is common practice of the
local community. The fish fauna of the Indus River and its
tributaries had always been of interest. The damming of

rivers and streams is often implicated as a cause for fish
population decline and local extinction of freshwater fish
(Christopher et al., 2001).

Approximately not much information available in
the literature regarding the fish fauna in downstream of
Indus River. The recent recorded fish species are 92 which
almost half of previous recorders. It is possible that there
might be changes occur in upstream which also effects
on the downstream. In downstream of Indus River due
to the sequential and significant decrease in the richness
of fish species were observed due to the shortage of food
availability, excessive fishing and scarcity of water in
downstream. The fish productivity in Rivers is declining.

CONCLUSION

Present investigation suggests that we should take
conservation measures and regular water flow towards
the downstream. In further, government must take serious
action against illegal fishing, control the industrial waste
and the siltation at downstream. Hence, we can ensure
the existence and growth of fish in order to improve the
fish fauna of downstream. Likewise, it will play a great
rule on the socio-economic conditions of fish farmers;
those are directly dependant for their livelihood on the
fisheries. If we could not control the water flow, towards
downstream, to keep the water quality in normal range for
growth and survival of fish then we could not uplift of the
socio-economic conditions of the local people. Otherwise,
poverty will increase and aquatic protein requirement
will reach on high level. Hence, necessary measurements
should be taken to ensure the conservation of species that
will be increase the fisheries yield.
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ABSTRACT

Enzymes play an important role in digestion process and growth rate of fish. Enzyme activity is strongly
affected by diet and ingredients used for feed formulation. So, present study was conducted to analyze
effect of processed fish body viscera on digestive enzymes in Cyprinus Carpio. Fish body viscera were
collected from local fish processing units and treated by formic acid and its fatty acid profile was also
determined. Lipids were extracted from this processed waste and fatty acid profile was determined by gas
liquid chromatography (GLC). Fatty acid profile showed that this processed body viscera contain large
amount of unsaturated fatty acids and relative pattern of different fatty acids is mono un saturated fatty
acid (MUFA) > saturated fatty acids (SFA) > poly unsaturated fatty acids (PUFA). Proximate analysis of
this treated viscera showed that it can adequate amount of essential nutrients. So further, three treatment
diets were prepared by incorporation of different percentages of each silage 100% silage (T)), 75% (T,)
silage and 50% (T,) while in fourth treatment diet, control diet (T,) fish body viscera was replaced by
fish meal. Treatment diets were offered to Cyprinids carpio, fingerlings having body weight 15+4.55g,
at the rate of four percent body weight twice a day. Fortnightly growth paprameters like, weight gain,
length gain, feed conversion ratio and mortality rate as recorded. After completion of three month feeding
trial, three fish were randomly dissected, their intestines were excised out, and enzymes i.e. protease,
amylase and lipase activity was determined. The statistical analysis showed that enzyme activity of these
enzymes showed that there was non-significant variation in protease activity while amylase and lipase
differ significantly amonfg all treatment diets. So it was be concluded that waste fish body viscera can be
used safely to replace costly fish meal in fish diet. Moreover, protease enzyme activity vary according to
protein concentration in diet.

INTRODUCTION

generate revenue.

Article Information

The article was presented in 6th
International Fisheries Symposium
& Expo-2017 “Innovative and
Sustainable Aquaculture for Blue
Revolution” held on 8-9th February
2017

Authors’ Contribution

MSH, HA, AJ, S Abbas and S Ashraf
designed the project and wrote the
manuscript. MA and SI helped in lab
work. UA contributed in lab work as
well as in discussing the project. KJI
and MB helped in data analysis.

Key words
Fish silage, Fatty acid profile,
Protease, Amylase, Lipases.

Despite some valuable nutrients,

fter degutting a large amount of fish waste is produced

in form of scale, skin, fins and body viscera. Fish is
degutted because its digestive system contains a large
amount of enzymes which cause petrification. Improper
disposing of this waste i.e. buried off inland or wasted in
sea, causes environmental pollution (Nagai and Suzuki,
2000). Proper utilization of this body viscera not only
reduce expenditures of disposing off but it may also use to
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this wasted body viscera also contains a high amount
of valuable substances like collagen, gelatin and many
enzymes can also be extracted from this waste (Tidwell
and Allan, 2001). Another possible alternative method to
get rid of, this waste material is to convert it into animal
feed after proper processing as a valuable protein source
(Krogdahl et al., 2005).

Among already used ingredients fish meal is a major
ingredient but due to its high cost and scarcity, efforts
are turning to search its suitable alternate (Lapie and
Bigueras, 1992). As this waste contain a large amount of
macro nutrients like protein and fats. Protein is a major
components in aqua diets so this waste can be used in feed
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formulation after proper processing (Haga et al., 2003).
An alternate which can successfully replace fish meal is
this processed fish body viscera treated with formic acid
or processed through fermentation. This processed waste
is also called fish silage (Geron et al., 2007).

Both types of prepared fish silages either acid or
fermented silage, are rich with essential nutrients like
proteins and fats (Chakrabarti and Sharma, 2005; Bolasina
et al., 2006). Lipids present in fish silage are usually
categorized as saturated, unsaturated, mono unsaturated
and poly unsaturated fatty acids. These fatty acids play
an important and dynamic role in fish growth (Nettleton,
1991; Klor et al., 1997; Jabeen and Chaudhry, 2011). So
fatty acid profile analysis is an essential tool to estimate
quantity and quality of fatty acids. Because fats contains
double amount of energy as compared to other non-protein
energy sources. Utilization of fats spare protein for other
constructive purposes in fish body (Lee and Putnam,
1973). Different researchers have already successfully
used prepared silage in diet of different fish species e.g.
Atlantic salmon, Salmo salar (Parrish et al., 1991), for
rainbow trout, Oncorhynchus mykiss (Aksnes et al., 2006),
for tilapia, Oreochromis niloticus (Fagbenro et al., 1994)
and for Silver carp larvae, Cyprinus carpio (Carvalho et
al., 1998).

Composition of this processed silage depends upon
quality of body viscera used for silage preparation and its
digestibility depends upon enzymes concentration in fish
digestive tract (Stone, 2003; Seenappa and Devaraj, 1995).
These digestive enzymes work in collaboration with other
beneficial bacteria and micro-organisms already present
in fish digestive system and help in digestion process
(Garcia-Carren and Haard, 1993; Furne et al., 2008).
Digestion process mainly depends upon feed ingredients
type and concentration of digestive enzymes (Alexis,
1990). So study of enzymes activity may help in feed
formulation and ingredient selection and feed management
(Fernandez et al., 2011). It has already been proved that
herbivore fish have more concentration of carbohydrate
digestive enzymes while carnivorous fishes contains high

concentration of protease enzymes (Hidalgo et al., 1999).

In south Asia and especially in Indian sub-continent
Cyprinus carpio is most preferred and most cultured fish
(Misra and Samantaray, 2004). So this fish species was
selected as experimental fish in this project.

Keeping in view all this scenario present research
project was designed to analyse fatty acid profile of fish
acid silage and to check its possible effects on growth rate
and enzyme activity in above said fish.

MATERIALS AND METHODS

Fish body viscera were collected from fish processing
plants located, University of Veterinary and Animal
Sciences, Lahore. Collected body viscera were washed
with distills water to remove debris and minced with
electric mincer. Minced body viscera were treated with
further processed following Jialin and Lied (2001). Minced
fish body viscera were mixed up with 80% concentrated
Formic acid @ 3% v/w. Methoxyquine, 2ml/kg was added
as anti-oxidant to preserve fatty acids. Whole mixture was
thoroughly mixed and homogenize. Mixture was stored
at ambient temperature covered with lid. Twice a day,
mixture was stirred on daily basis and pH was maintained
at 3.5. Lipids were removed weekly from upper surface of
silage. At the end of thirty days storage period dark brown
pasty type material with strong fishy smell was produced.
This mixture was sun dried and grinded by feed grinder
electric machine. The powdered silage was stored at dry
place till further processing.

Sample analysis for fatty acid analysis

Bligh and Dyer (1959) method were followed for
lipids extraction from prepared fish sialge. Fatty acid
analysis was performed by following Kiessling et al.
(2001). Boron trifluoride-methanol complex was used
for esterifications. The fatty acid methyl esters were
used as standers for fatty acid comparisons. Reagent 2,
7-dichlorofluorescein was used for colored spots of lipid
under ultra violet light; 4 366 nm.

Table I.- Percentages of various ingredients and their protein level used in four diets.

Ingredients 100% silage 75% silage 50% silage Control
Weight (g) CP (%) Weight (g)  CP (%) Weight (g)  CP (%) Weight (g) CP (%)

Fish meal - - - - - - 32 14.8

Fish silage 100 31.18 75 21.5 50 15.15 -

Soy bean meal - - 19 9.4 30 14.13 29 11.63

Rice bran - - 8 0.9 20 2.33 39 5.1

Total 100 31.18 100 31.8 100 31.51 100 31.53
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Gas-liquid chromatography (GLC) was performed
in Pakistan Counsel of Scientific and Industrial Research
(PCSIR), Lahore. Fatty acid methyl esters (FAME) were
separated identified and quantified using a GLC. Helium
gas was used as a carrier agent. Methyl esters were
identified by their comparison with chromatograms of
standards. Peaks were identified by their retention time.
Beside fatty acid analysis proximate analysis of above
prepared silage was performed by following AOAC
(2001) to check the nutritional quality of silage. When
it was found having appropriate nutritional values it was
used in fish feed for further estimation.

Diet preparation

Four is nitrogenous diets were prepared incorporation
of this silage with other three conventional feed ingredients
i.e. rice bran and soya bean meal at different ratiosviz
100%, 75%, 50%. These diets were termed as T, T,, T,
while fourth control diet was prepared by inclusion of fish
meal instead of fish silageand termed as T,. All ingredients
were well mixed and grinded (Table I).

Feeding trial

The Cyprinus carpio fingerlings with an average
weight of 13.25+1.23 g were kept in glass aquaria
dimensions (3'%2°%2") having water retention capacity
150 liters water. The one third of aquaria was filled with
fresh water and water quality parameters i.e. dissolved
oxygen level, temperature, pH was kept within optimum
range. The fingerlings were fed twice a day @ 4% of their
body weight. The feed was offered in powder form. Fifteen
fingerlings were kept in each aquarium and experiment
was run in triplicate. Growth parameters like weight gain,
length gain, FCR, SGR and mortality was calculated
fortnightly. The experiment continued for 92 days from 15
May 2015 to 15 August 2015.

Enzyme activity

After completion of feeding trial three fish were
randomly selected and sacrificed from each aquaria. Fish
intestine was separated and washed with cool distilled
water. Excised out Intestine were homogenized by
electrical homogenizer and centrifuged @20,000rpm for
10 min at 0°C. Then supernatant was removed and used as
enzyme assay for further processing.

Protease enzyme activity was determined by
following Kunitz (1947). Already prepared supernatant
5ml phosphate buffer 2 ml having pH 7.5 and reaction
mixture containing 1% casein 2ml (as substrate) were
mixed and incubated at 35°C for 20 min in oven. After
20 min incubation, 5% TCA 5ml was added in mixture to
stop reaction. Then optical density of sample was checked

by photometer at A 280nm. Tyrosine curve was used as
standard and activity was expressed as mole of tyrosine
released/min/mg protein 37°C.

Cherry and Crandall (1932) was followed to determine
lipase activity. Phosphate buffer solution (pH 7.5) 5 ml,
tissue homogenatel ml, distilled water 5 ml, and olive oil
emulsion 3.5 ml were mixed for preparation of reaction
mixture. After mixing the mixture was incubated at 24°C
for 24 h in electric oven. After incubation this mixture was
titrated with 0.05 N NaOH until appearance of pink color.
Amount of NaOH consumed was calculated to measure
amount of fatty acids released. Enzyme source without
emulsion and buffer was used as standard.

For amylase activity Sangeetha et al. (2010) were
followed. Amylase starch solution, prepared in phosphate
buffer (pH 7.5) 5 ml, was used as substrate. Already
prepared reaction mixture consisting of enzyme supernatant
5 ml, starch solution 5ml and distilled water 3.5 ml were
mixed well and incubated at 35°C for 30 min in electric
oven. After 30 min, Sml of 5% dinitrosalicylic acid (DNS)
solution was added in mixture to stop reaction. Mixture was
diluted by addition of 20mL distilled water and its optical
density was recorded by photometer at 540 nm. Standard
maltose curve was used for comparison of amylase
activity. The amylase activity was expressed as mole of
maltose released from starch/min/mg protein at 35°C.

RESULTS AND DISCUSSIONS

As diets were iso nitrogenous having 30% protein
level and were prepared by mixing Soya bean meal and
rice bran along with prepared fish silage. These diets were
prepared by keeping in view diet formulation method
prescribed by Govoni et al. (1986) who stated that many
factors like price, availability of ingredients used in raw
material, anti-nutritional factors present in raw material
and palatability of mixtures must be considered while
formulating fish feed. Soybean meal along with other
ingredients such as rice bran, corn flour, milk powder can
be successfully used for fish feed formulation. The similar
procedure has been described by Aksnes et al. (20006).

Fatty acid analysis

The fat contents obtained were observed as 5.12+1.17
g/100g of sample in our prepared fish acid silage. These
results are similar to the results as described by Wassef
et al. (2002a) and seabass (Sakr, 2004). They found that
lipid concentration may vary from 14.84, 12.20 and 14.29
2/100 g lipid contents, respectively in different fish silage
samples. Similar findings has been described by Kiessling
et al. (1991) and Kaushik et al. (2006) who also concluded
that the final composition and nutritive value of silage
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varies according to season of fish harvesting, and even
if same type of fish is used for silage preparation it vary
according to part of fish used for silage preparation.

Table I1.- Fatty acid analysis of pure fish acid silage.

S No. FA* Acid fish silage

1 1 I Average
1 Ci 0.08 0.07 0.08 0.076+0.005
2 Cio 13.17  13.26  12.77 13.06+£0.02
3 Cioo 18.33 17.26  18.35 17.980.62
4 Cl 10.82 11.99 10.63 11.14+0.73
5 Ciso 3.51 3.44 3.45 3.46+0.03
6 C. 30.88  29.16  29.57 29.87+0.89
7 Cio 16.49  17.28 17.41 17.06+£0.49
8 Cies 1.61 1.83 1.16 1.53+0.34
9 Cro 0.69 0.17 0.04 0.3+0.34
10 Cho 0.92 0.98 0.86 0.92+0.06
11 TSFA 35.78 34.2 34.69 34.89+0.80
12 MUFA  42.62 42.13 40.2 41.65+1.27
13 PUFA 18.1 19.11 18.57 18.59+0.50
14 TFA ND ND ND ND

TSFA, total saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.

The fatty acid analysis results are presented in Table
II. Results revealed that saturated fatty acids (SFA), mono
un-saturated fatty acids (MUFA), and poly unsaturated
fatty acids (PUFA) were presented in our prepared silage in
large quantity. These values were recorded as 34.89+0.80,
41.65+1.27, 18.594+0.50 for TSFA, MUFA and PUFA,
respectively. The results indicates these fatty acids are
present in relative pattern of MUFA>TSFA>PUFA. Our
results are in line with those of Arruda et al. (2004) and
Jabeen and Chaudhry (2011). They reported similar pattern
of fatty acids analysis e.g. SFA>MUFA>PUFA while
analyzing profile of carp fish species collected from Indus
river. However, Din ef al. (2004) stated that relative pattern
of fatty acid may be reversed in some cases, and amount
of MUFA may exceed greater than PUFA as shown in carp
cases (Stancheva and Merdzhanova, 2011). Differences in
pattern of fatty acids can be justified by Tocher (2003) and
Nurasyikin and Jumat (2006) who reported that fatty acid
profile of processed fish body viscera vary according to
type and concentration of different fatty acid present in fish
body viscera. According to Ozogul and Ozogul (2007) and
Kalyoncu et al. (2010), quality and quantity of unsaturated
fatty acids strongly vary between wild and farmed fish
species due to variation in their diet as wild fish feed a
variety of natural ingredients as compared to farmed fish.
According to Sargent et al. (1999) eicosapentaenoic acid
(EPA 20:5n-3), docosahexaenoic acid (DHA 22:6n-3) and

probably, arachidonic acid (AA, 20: 4n-6) are considered
essential in diet for normal growth and survival of aquatic
organisms. However this ratio may vary according to
species type and their life stage. This variation is primarily
due to their ability to convert fatty acids from one form to
an other (Martino and Portz, 2000).

Enzyme activity

Enzyme activity of digestive enzymes i.e. protease,
amylase and lipase is presented in Table III. According
to our results protease enzyme showed non-significant
variation in activity among all treatment diets T,, T, T,
and T, prepared by different inclusion level of processed
fish body viscera. Different researchers have shown
different results for protease activity. Lopez-Lopez et al.
(2005) reported that there is no strong correlation between
protease activity and dietary crude protein. According to
Le Moullac et al. (1994) and Krogdahl ef al. (1999) the
quantity of protease and amylase enzyme fluctuate with
variation in concentration of carbohydrate and protein in
fed diets. However, if concentration of these components
increases beyond limits, concentration of amylase and
protease start to decrease (Cara et al., 2003). In our
experiment all treatment diets were iso-nitrogenous so
there was no significant difference in protease activity.

Table IIl.- Enzyme activity of different enzymes
protease, amylase, lipase in digestive tract of Cyprinus
carpio fingerlings fed on different treatment diets.

Fish acid silage Control
T, T, T, T,
Protease 14.25+0.97% 13.61+0.52% 15.85+1.72* 12.87+1.52°
Amylase 8.44+1.13* 9.35+0.49* 8.25+0.07* 11.88+0.68®

1.31+£0.39*  1.66+0.51* 0.94+0.24*  1.33+1.01*

Enzymes

Lipase

Enzyme activities are expressed as: Protease, micromol of tyrosine
released/min/g protein; Amylase, micromol of maltose released/min/g
protein; Lipase, units/mg protein. Different superscripts in the same
column signify statistical differences (p<0.05).

Amylase enzyme showed significant variation among
treatment diets T,, T,, T,, T, in our experiment. This
significant difference can be justified by comparison with
findings of Sabapathi and Teo (1993) and Hidalgo et al.
(1999) who found lower amylase activity in Carnivorous
fish and higher one in Omnivorous fish because in
diet of carnovourous fish there is low concentration
of carbohydrates as compared to omnivorous fish. As
concentration of processed body viscera vary among
all treatment diets so there is variation in carbohydrate
concentration among all treatment diets as a result amylase
activity showed variation in our results.
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Table I'V.- Weight gain, length gain, FCR, SGR and survival rate of Cyprinus carpio fingerlings.

Treatments Total weight gain Total length gain FCR SGR Survival (%)
T, 37.31£6.17a 13.02+1.43a 2.48+1.08b 1.29a 100
T, 33.70+5.21a 12.89+1.61b 3.36+1.53a 0.99b 100
T, 31.18+9.34a 11.68+1.56b 3.51+1.92a 0.87b 100
T, 38.17+6.94a 12.60+1.29ab 2.53%1.37b 1.19a 100

0

Values are Mean+SE. Means with the same latter in the same column are not statistically significantly different (P<0.05).

Our results about amylase activity can also be
justified by Cahu et al. (1999) and Lopez-Lopez et al.
(2005) who reported non-corelation among amylase
and dietary carbohydrates contents in diet in Homarus
americanus and Cherax quadricarinatus, respectively.
Different researchers (Sabapathi and Teo 1993; Kurokawa
et al., 2000; Kurokawa and Suzuki, 2002) have proved
that fish feeding habit, type of carbohydrate present in feed
(NRC, 1993), temperature of environment and season of
fish harvesting (Kuzmina et al., 1996) can influence the
digestive enzyme activity in fish. So our results may vary
to some extent from previous ones.

Lipase enzyme also showed significant difference
in all treatments. T, treatment of both types showed
greater Lipase enzyme activity as compared to other
treatments. This variation in results can be justified by
comparison with findings of Ma ez al. (2005), Lundstedt
et al. (2004) and Chakrabarti et al. (1995) who reported
same observations. They reported that lipase activity
varies according to amount of lipid contents in diets and
this activity is more prominent in carnivorous fishes.
As for as our results are concerned there is variation in
concentration of fish silage among all treatment diets and
with variation in silage concentration lipid contents also
vary so there is concentration of lipase enzyme activity
among all treatment diets and same findings has been
described by Klomklao et al. (2006).

Growth rate

Grwoth data indicates that maximum weight gain was
inT, and T i.e. 39.31+6.71 and 38.17+6.94g, respectively.
Statistical analysis showed that T, and T, have significant
difference from T, and T,. This difference can be justified
by Alwan et al. (1993) and Gildberg (2001) who stated
that other nutrients, other than protein also play critical
role in growth of fish. As diets proximate analysis results
is presented in Table IV, which indicates that although
all treatment are iso nitrogenous but other nutrients
concentration vary in all treatment diets so results about
weight gain may vary in all treatment diets.

FCR was also showed non-significant difference
among T, and T, while these two treatments showed
significant difference from T, and T,. Best FCR was

observed in T, which is pure silage and contain maximum
protein. Our results are in line with Jeena et al. (1998)
who reported that FCR value decrease as quality of diet
improves. Kumar et al. (2005) also gave same findings
that, well balance diet have maximum protein and it gave
best FCR. In our result as T, is purely processed body
viscera and T also contain fish meal which also contain
good nutrition quality so both treatment diets gave good
result.

CONCLUSIONS

It is concluded that fish acid silage and fermented
fish silage, both contain high concentrations of
monounsaturated fatty acids which are beneficial for
fish growth. The activity of protease, amylase and lipase
changes with change in protein, carbohydrate and lipid
concentration in diet.
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ABSTRACT

Article Information

This study was conducted to assess the concentration of heavy metals (Zn, Cu, Cd, Pb and Cr) and
biochemical analysis (carbohydrate, lipid moisture, total protein) in edible muscle of commercially
important shellfish Portunus reticulatus, P. segnis, P. sanguinolentus, Scylla olivaceae, Penaeus monodon
and P, indicus). The concentration of Cu, Pb and Cd showed significant difference (p>0.05) among species
except Zn. The bioaccumulation of metals both essential and toxic in marine animals, through natural and
anthropogenic source is an actual food safety issue. The studied species are commonly found in the area
and have significant commercial value. Additionally, it is long lived, thus suitable as bio-indicator of the
environmental monitoring. In order to ensure the seafood safety, risk managers may implement measures
to reduce human exposure to contaminants via seafood consumption. The biochemical results of the
present work clearly indicate that there are differences in the content, carbohydrate, lipid and protein and
protein structure of the muscles in different species of shellfish. It was concluded that seafood specially
shellfish are the main source of essential nutrient, but more effective controls should be focused on metal
pollution for the quality and safety of the fish and fisheries items. However, the current research provides
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a conceptual framework for addressing these issues systematically.

INTRODUCTION

hemical pollution in the marine environment is

common due to the widespread use of organic
chemicals and metals worldwide, and the tendency for
long-range transport and persistence of many of thése
compounds (Finlayson ef al., 2016; Bano et al., 2017).
Levels of pollutants in aquatic ecosystems are steadily
increasing because of anthropogenic activities, including
mining, chemical processing, fossil fuel burning, industrial
waste discharges, incineration, efc. (Ghedira et al., 2016).

Heavy metals are natural trace components of the
marine environment, but they constitute one of the most
hazardous substances that could be accumulated in biota.
According to Munoz-Olivas and Camara (2001) heavy
metals are classified as: potentially toxic (e.g. aluminum,
arsenic, cadmium, lead, mercury), probably essential (e.g.
nickel, vanadium, cobalt) and essential (e.g. copper, zinc,
selenium).

The global food system faces significant stressors in
population growth, limited land and water resources, rising
demand for animal products, overreliance on fossil fuels,
and a changing climate (Fry et al., 2016). In addition,
seafood production has changed substantially over the last
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few decades. Half of seafood consumed globally currently
comes from aquaculture, or farmed seafood, which is
increasing at a faster rate than any other animal production
sector (UNFAO, 2014).

Seafood is good source of protein having high
biological values. Seafood such as Finfish, shellfish and
other aquatic organisms suitable for human food and feed,
are of worldwide importance and are excellent sources
of high quality proteins, superior to those in meat and
poultry. Especially, crustacean species reflects the highly
rich composition of protein, calcium, vitamins and various
extractable compounds. On this basis, decapod crustacean
represents an important economic source and seafood
consumption is linked with improvements in health
conditions including cardiovascular disease, arthritis, and
cancer (Kamal et al., 2015).

The nutritional benefits of seafood are mainly due to
the content of high-quality protein (fish provide 17% of
the total animal protein and 6% of all protein consumed
by humans), and other essential nutrients. The quality of
seafood tissue is function of their body compositions and
energy values, important for that vary among different
species. Determination of proximate composition as
protein contents, carbohydrates, lipids, moisture contents
and ash percentage is often necessary to ensure that fish
tissues have a good nutrition quality and that they meet
the requirements of food regulations and commercial
specifications (WHO/FAO, 2011). The aim of this study
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to assess the nutritional quality and metals (Zn, Cu, Pb,
Cd and Cr) contamination in edible tissues of shellfish
speciesand also to evaluate the contamination status of
metals in commercially important seafood species found
along the Karachi coast.

MATERIALS AND METHODS

Sample collection and preparation

The shellfish samples including Scylla olivacea,
Portunus reticulatus, P. segnis, P. sanguinolentus, Penaeus
monodon and P. indicus (crabs and shrimp) were randomly
obtained (ten individuals were taken randomly of each
species) from local fish harbours in Karachi duringthe
March to June 2014. These species were selected due
to their economic value and human consumption. After
collection, the samples were immediately transported to
laboratory in ice and freeze until analysis. In the laboratory,
crabs and shrimps were sorted, identified and sexed.
Measurements of the different body parts (carapace width
(CW), carapace length (CL) and chela length (Chl.L) were
recorded. The specimen was then blotted dry and body
weight was measured using an analytical balance then soft
tissues in shell were scraped out with a sterile scalper. The
edible tissues were oven dried at 70°C for 24 h and ground
into powder for the determination for heavy metals and
proximate composition.

Proximate analysis

For the nutritional quality assessment, proximate
composition of each studied shellfish was analyzed. The
Protein content was estimated according to the method
described by Lowry et al. (1951). Lipid was estimated by
following Folch ef al. (1956) and carbohydrate content was
estimated by the procedure of Dubois et al. (1956). The
moisture content was determined by drying the sample in
a hot air oven at 75°C until constant weight was obtained.
The percentage difference due to loss of water was then
calculated.

Measurements of heavy metal concentration
Approximately 2 g of dry tissues samples was placed
in a beaker with 10ml freshly prepared concentrated HNO,
and H,0,. The mixture was reacted at 100°C on a water
bath to allow the sample to be digested by solution in the
fume hood. After acid digestion, the beaker was carefully
removed from the water bath and the contents were left to
cool, also allowing the acid to evaporate. After evaporation
of the acid, the digested samples were filtered and made up
with 25ml of 1% HNO, solution. Zn, Cu, Pb, Cd and Cr
were analyzed by an Atomic absorption spectrometry AAS
air acetyl atomic absorption spectrometer (Perkin Elmer

(USA), model A Analyst 700). Triplicate determinations
for each heavy metal were carried out. The concentration
of metal was determined from calibration curves of the
standard element.

Dietary exposure assessment
Dietary exposure was estimated based on the
consumption data and calculated by the following equation:
EDI = Cmsrrzts X WshﬂH_f:’sh
B,
Where, C is the concentration of heavy metals in shellfish
(mg Kg'), W_ ., is the daily consumption of shellfish

seafood and B is the body weight of an adult.

Statistical analysis

Statistical analysis was carried out using Microsoft
Excel, Minitab 17 and SPSS 18 Software. All the analyses
were done in triplicate andthe means were compared using
Analysis of Variance (ANOVA). ANOVA was carried out
for species wise data comparison. The level of significance
was fixed at p<0.05.

Table I.- Morphometric measurement (Mean+SD) of
the shellfish (crabs and shrimps) found along Karachi
Coast.

Species Weight C.L C.W Chl. L
S. olivaceae 116.89 + 6.14+ 8.88 5.89+
33.92 0.56 0.77 0.96
P, reticultus 129.60+  12.29+ 5.60+ 7.54+
22.63 0.54 0.313 1.13
P sagnis 178.1+ 13.69+ 6.31+ 10.88+
61.2 0.86 0.94 1.36
P. sanguinolentus  157.2+ 12.85+ 5.73+ 7.77+
454 0.55 0.313 0.72
P. monodon 26.00+ 3.69 £ - -
9.90 0.44
P, indicus 34.13+ 438+ - -
4.90 0.47

CL, carapace length; CW, carapace width; Ch.L., Chela length.
RESULTS AND DISCUSSION

The mean weight, carapace length, carapace width
and chela length of the shellfish crabs and shrimp’s
species used in this study presented (Table I), showed that
the individual with highest weight (178.1+61.2), Chela
length (10.88+1.36) and carapace length (13.69+0.86) was
observed in P. segnis.

In different shellfish, a relatively large variations in
metal concentration was observed, even within the same
species. The median and ranges of examined heavy metal
concentration in the crabs and shrimp meat listed in Table I1.
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Table I1.- Heavy metal concentration in shellfish species analyzed (mg kg ).

Metal S. olivaceae P. reticulates P, sagnis P. sanguinolentus P. monodon P, indicus
Min-Max M Min-Max Med Min-Max Med Min-Max Med Min-Max Med Min-Max Med
Cu 2.1-34.50  8.85 0.0-4.87 1.55 0.0-8.37 1.30 0.0-6.25 2.51 1.8-28.65 5.76 0.50-4.42 1.87

Zn 14.35-50.83 34.83
Pb 1.2-897 426  2.20-895 547 1.45-2.57
Cd 0.22-1.10 046  0.62-0.825 0.70 1.05-2.65
Cr 0.1-21.35 0.0 - - -

12.05-24.80 21.76

17.60-35.55 29.45

32.7-77.08 37.38 26.1-15.2 342 0.0-29.8 342
1.85 00-34 242 - - - -
1.16 0.0-3.57 1.67 - - - -
- 0.0-21.4 0.0 0.3-1148 7.16 0.0-18.2 1445

In current study, P. sanguniolentus had the highest
Zn level (median 37.38 mg kg ') followed by S. olivacea
(median 34.83 mg kg'") and P. monodon (median 34.2 mg
kg') and P, indicus (median 34.2 mg kg') whereas the P.
reticulatus presented the lower Zn level (median 21.76 mg
kg™"). Therefore, no significant difference was observed
among species.Although zinc is an essential element, but
at high concentrations, it can be toxic to shellfish, cause
mortality, growth retardation and reproductive impairment.
Zinc is capable of interacting with other elements and
producing antagonistic, additive or synergistic effects.

The S. olivacea showed the highest Cu accumulation
(median 8.85 mg kg-1) followed by the P. Monodan
(median 5.76 mg kg') and P. sanguinolentus (median
2.51 mg kg™), respectively. Significant difference p<0.05
was observed among species. Cu is an important metals
and required in several enzymes and it is essential for the
synthesis of haemoglobin but can cause harmful effect at
higher concentration (McCluggage, 1991).

Lead is non-essential and toxic metal to human’s
health, pose the deleterious effects on the reproductive,
hemopoietic, nervous systems and the urinary tract. The
highest level of Pb was observed in P. reticulatus (median
5.475 mg kg™, and lowest in P. segnis (median 1.850 mg
kg"), whereas in shrimps the concentration of Pb was
below the detection limit. The maximum concentration of
Cr was found in S. olivacea 21.35mg kg! as showen in
Table II. Cr is an essential trace element in humans, fish
and shellfish but in excess, it could have a detrimental
effect on shellfish and other wildlife (Akan et al., 2009).

Cadmium is highly toxic and ecotoxic metal. The
occupational levels of Cd exposure prove to be a risk
factor for chronic lung disease and testicular degeneration.
Cadmium could originate from water, sediments and food
and may accumulate in the human body as may induce
kidney dysfunction, skeletal damage and reproductive
deficiency (Stanchevaetal.,2013). The high concentrations
of Cd were obtained for analyzed crabs species (Table IT) as
shrimps did not showed Cd accumulation in edible tissues
and are below the detection limits. The low or below the
detection limit, concentration of Cd might be due to its

low tendency of bioaccumulation or it’s good ability to
excretion from the body (Abdel Rahman et al., 2016).

Heavy metal content in shellfish species were
compared with the maximum limits set out by the FAO
(2012). In investigated shellfish species the concentration
of Zn and Cu were below the limits but the Cd, Pb and Cd
were present the high amounts.

Evaluation of the dietary exposure

To evaluate the dietary intake values the average
concentration of each investigated heavy metals in each
species was calculated and then multiplied by consumption
rate (Santos et al., 2004). Table III showed the estimated
dietary intake through the heavy metals Cu, Cd, Pb, Zn and
Cr for an adult population including 75 %. The exposure of
the Cd though the consumption of shellfish species appears
to be relatively low, whereas, Zn the highest dietary intake
values p75 4.37 mg kg'! body weight day' and UB 4.96 mg
kg ' body weight day', respectively (Table III). Following
these result it can be concluded that it is unlikely that the
intake these heavy metals through shellfish would involve
any risk for the average consumer.

Table III.- Estimated daily intake for adult people by
consumption of shellfish species.

Metals Dietary intake (ug kg! bw day™?)
MeantSD LB UB P, P
Cu 0.42+0.33 0.06 0.77 0.23 0.75
Zn 3.59+1.30 2.22 4.96 3.63 4.73
Pb 0.21+0.21 0.01 0.43 0.16 0.44
Cd 0.06+0.06 0.002 0.13 0.05 0.13
Cr 0.41+0.47 0.08 0.91 0.33 0.76

SD, standard deviation; P, percentile; LB, lower bound; UB, upper bound.
“In parentheses confidence interval 95%.

Proximate chemical composition of shellfish

The proximate composition in most seafood item is
primarily based on water, proteins, and lipids. In fish meat
these constituents make up about 98% of the total mass,
and the other minor constituents include carbohydrates,
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vitamins and minerals (WHO/FAO, 2011). The mean
values of protein, carbohydrate, lipid and moisture contents
are presented in Table I'V.

The biochemical composition of seafood such as fish
and shellfish, generally varies due to their geographical
locations, stages and sizes of maturity. It is known that
seafood or edible shellfish tissue contains 60—84% water,
15-24% protein and 0.1-22% lipids. The proportions of the
constituents are species-specific and the main variations in
proximate composition between species occurs in moisture
and lipids content (WHO/FAO, 2011; Boran et al., 2011).
Table IV shows that the biochemical composition of
shellfish varies between species to species. The level of
moisture were higher in edible tissues of shrimps (27.503
+ 1.228 and 24.611+1.760, respectively) for P. indicus and
P. monodon than in the edible tissues of crabs as showed
in Table I'V. These results shows that the water is the main
constitute of the shellfish. Water is required for the normal
functioning of many biological molecules. It is present in
two forms in the tissues, bound to the proteins and in the
free form. These forms have well defined biological roles
(Stancheva et al., 2013).

Table IV.- Proximate composition of different shellfish
species found along the Karachi coast.

Species Protein Carbohydrate Moisture Lipid

S. olivaceae 18.84+ 229+ 19.38+ 6.28+
3.84 0.06 2.06 4.05

P. reticulatus 24.46 + 232+ 2326+ 8.61=+
15.14 0.04 243 0.65

P. sagnis 24.88+ 2.19+ 18.07+ 7.18%
22.96 0.12 1.47 2.68

P sanguinolentus 10.74 + 1.58 + 16.11+ 0.76 £
10.0 1.0 3.49 1.25

P. monodon 2930+ 4.54 + 2461 £ 6.18=+
6.56 0.09 1.76 6.67

P indicus 2892+ 432+031 2751+ 9.16+
6.71 1.23 12.61

Quantitatively, protein is the second major component
in edible muscle of shellfish. The protein content tends
to vary much less widely from species to species (FAO,
2010). The protein content were high in the edible tissues
of shrimps (29.30 £6.56 and 28.92 £ 6.71) in P. monodon
and P. indicus as compare to the crabs species. These
results showed that these species can be used as an animal
protein source (Njinkoue et al., 2016). Protein is the most
important constituent in seafood from the nutritional point
of view. However,compared to finfish species, shell fish
falls under lower protein category, the range being 5-14%
(Balachandran, 2001).

Carbohydrate in fishery products contain no dietary
fiber but they contain glucose, fructose, sucrose and
monosaccharides and disaccharides (Okuzumi and Fujii,
2000). The carbohydrate values were low in crab’s species
(1.58 £ 1.0) in P. sanguinolentus and high in shrimp’s
species (4.54 + 0.09) in P. monodon. Carbohydrates make
up only a minor proportion of total proximate composition.

Lipids act as a major food reserve along with
protein and are subject to periodic variations influenced
via environmental variables like temperature. Lipids are
highly efficient as sources of energy and they contain
more than twice the energy of carbohydrates and proteins
(Baklouti et al., 2013). The lipid content was high in
shrimp species (9.16 = 12.60) for P. monodon. Lipids are
hydrophobic in nature and thus require a special vehicle
for their transport through the aqueous hemolymph. For
this purpose, in crustaceans, as in other animals, the
lipids get associated with proteins, forming lipoproteins.
Two different lipoproteins were isolated from crustacean
hemolymph, in addition to these, lipoprotein was present,
which seemed to be vitellogenin (Komatsu et al., 1993;
Fatima et al., 2013).

Table V.- Species comparisons of heavy metal
concentrations,  biochemical  parameters and
morphometric characters of some shellfish collected
from Karachi coastal waters by one-way ANOVA.

Metals Source df MS F P
Zinc (Zn) Species 5 2048 1.56 0.18
Copper (Cu) Species 5 191.78  7.21 0.000%*
Lead (Pb) Species 5  60.77  22.34  0.000*
Cadmium (Cd) Species 5 5.11 14.53  0.000*
Chromium (Cr) Species 5 28493 1041  0.000*
Protein Species 5 509.9 3.57  0.007**
Carbohydrate Species 5 15.79 8242  0.000*
Lipid Species 5 90.92 2.57 0.035%**
Moisture Species 5 19545 40.92  0.000*
Weight Species 5 43312 3435  0.000*
Carapace length ~ Species 5 203.59 126.25 0.000*
Carapace width ~ Species 4 145.34 302.59 0.000*
Chela length Species 4 186.27 106.79  0.000*

Level of significance, 0.001*, 0.01** and 0.05***. df, degrees’ freedom;
MS, mean squares; F, F values; P, significance.

Statistical analysis of ANOVA showed significant
differences among heavy metal concentration, proximate
composition and morphometric parameters in different
shellfish (shrimps and crabs) studied. There are significant
difference between heavy metal in species except the Zn
which showed no significant difference.the biochemical
and morphometric parameters showed highly significant
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difference among studies species as presented in Table V.
CONCLUSION

Marine shellfish such as crabs and shrimps are an
important food source for human consumption and a
major constituent of the aquatic system, thus evaluation
of the heavy metal content and biochemical composition
of shellfish species is particularly important for the safety
and nutritional point of view of edible species of shellfish
seafood. Therefore, studies on the presence of metal
accumulation in shellfish will contribution of the new data
on their dietary exposure to the consumers or in human
for safety risk in coastal waters of Karachi coast. Based
on the analyses of shellfish samples, the concentrations of
Zn and Cu were well within limits, therefore the Cd, Pb
and Cr were exceeding the permissible limits set by FAO.
Both studied crabs and shrimp species were characterized
by a good nutritional quality, as mainly characterized by
higher protein contents and lower lipid levels in shellfish.
According to presented results of this study, we can give
a positive evaluation of the nutritional quality, dietary
assessment and the safety of shellfish species found in
Karachi waters for consumers.
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ABSTRACT

Shrimps are an extremely important source of protein, yet very low in fat and calories make them a very
healthy choice of food. From Pakistan an average commercial size for export of shrimps are considered
as Jaira that individual sizes ranges from 16 cm to 25 cm with an average weight from 30 g to 100 g.
Estimation of the total protein content in any sample is a perilous step in an assessment of the food quality
and the accurate estimation of protein can be a value added character in nutritional perspective. The
present study investigates protein contents variations in five different species of shrimps by using multiple
methods (Lowry, Bradford and Biuret method) through quantitative technique i.e. Molecular UV-Vis
absorption spectroscopy. For protein quantification, the absorbance was measured at a wavelength of 660
nm for Lowry method, 595 nm for Bradford and 540 nm for Biuret assay method accordingly. The protein
content estimated in species of genus Fenneropenaeus ranged, 19-67.8% in the Lowry estimation while
17.20-57% in Bradford and 8.81-50.5% via Biuret estimated, whereas in genus Metapenaeus protein
estimated between the range of 10.1-73% in Lowry, while 11-6.9% in Bradford and 11.4-7% via Biuret,
in genus Parapenaeopsus the highest protein content was estimated by Lowry method 55.7% and lowest
value by 12% via Biuret. The result of our present study implies that the average nutritive values (proteins)
of shrimp can help in overcoming daily protein dietary values. Hence, increasing the consumption of it
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might be helpful to achieve the nutritional requirement of protein.

INTRODUCTION

n the world, the millions of people have been suffering

from malnutrition and protein deficiency especially
in the developing countries. Protein deficiency may
minimize to some extent by making available fish and
shellfish items, which are available to local communities.
Fish and shellfish are known to be highly nutritious and an
important component of the diet and an excellent source
of protein as well as other essential nutrients for human
diets (Fawole et al., 2007). These items fundamentally
composed of water, lipid, and protein, which create
the nutritional value, functional aspects and sensory
characteristics of the flesh. It also contains vitamins and
minerals, which plays an important role in post-mortem
biochemical changes (Gokoglu and Yerlikaya, 2015).
The Decapod crustaceans are one, among the better-
investigated animal group mainly due to their ubiquity in
aquatic ecosystems and their importance as human food.
Aquatic food (fish and shellfish) products represent a
significant market niche that includes a wide number of
species of commercial interest such as shrimps, crabs,
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lobsters. These edible crustaceans constitute one of the
major sources of amino acids, peptides, proteins, and other
useful nutrient nutritious food for human beings. There
is much studies encouraging crustacean consumption
(Marques et al., 2008; Bugel et al., 2001; Kucukgulmez et
al., 2006; Prasuna et al., 2015; Ravichandran et al., 2009;
Wardiatno and Mashar, 2010; Wardiatno et al., 2012).

Among the shell fisheries, the shrimp is an extremely
good source of proteins, very low in fats and calories, thus
widely accepted as a healthy food choice for consumers
and make them commercially important seafood product.
The edible muscles of shrimp consist of highly unsaturated
fatty acids (FAs), such as eicosapentaenoic (C20: 5n-3,
EPA) and docosahexaenoic (C22:6n-3, DHA) acids, which
are essential in the human diet (King et al., 1990; Dinger
and Aydin, 2014). Shrimp is an important product in the
international fisheries trade and there is an indication of
an increase in worldwide consumption. Shrimps fulfill
more than 30% of the worldwide food demand. For many
centuries, shrimp have been considered as a good source
of food and have been harvested by extractive fishing or
farmed in aquaculture. The important edible varieties of
Shrimps belong to the family Penaeidae and abundantly
distributed in the seas, backwaters, estuaries, lakes and
freshwaters (Fatima et al., 2013).

The nutritive values of crustaceans depend upon their
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biochemical composition, such as protein, amino acids,
lipids, fatty acids, carbohydrates, vitamins and minerals.
Among the seafood, shrimp and shrimps contribute about
20-22% by volume of the world seafood market (FAO,
2014). Many studies examined the proximate composition
of different species of shrimp in various parts of the world
(Nisa and Sultana, 2010; Fatima et al., 2013; Ravichandran
et al., 2009; Hala, 2014). Studies have shown that shrimp
meat contains low calories and low fat than chicken
(Approx. 1 calorie/lg). Due to their nutritional nature,
apart from the supply of good quality proteins, lipids, they
also contain several dietary minerals such as calcium, iron,
etc., which are essential and play an important beneficial
role in the maintenance of physiological and biochemical
activities in human beings. The DRI (Dietary Reference
Intake) is 0.8 grams of protein per kilogram of body

weight, or 0.36 grams per pound. This quantity is 56 grams
per day for the average sedentary man and 46 grams per
day for the average sedentary woman. According to this
standard, shrimp meal reveals enrich with protein and
meet the daily intake requirements of human consumption
and shrimps considered as the most popular species as it
is a part of almost every nation’s traditional meal rich in
protein and minerals.

From Pakistan, the twenty-five species of penaeid
shrimps have been recorded and among them only 12
species are commercially exploited from the coastal waters
of Pakistan (Kazmi, 2003; Nisa and Sultana, 2010). The
present study aimed to estimate the total proteins in shrimp
species through the three common methods (Lowry, Biuret
and Bradford) as well as to compare the precision of the
protein estimation of these methods.

Fig. 1. Map showing the coastline of Sind: A, Karachi City; B, Karachi Beaches; C, Karachi Fish Harbor.
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MATERIALS AND METHODS

Sample collection

Shrimps were collected from commercial catch of
three commercial harbors (Karachi Fish Harbor, Korangi
Ibrahim Hyderi Harbor and Sonmiani Harbor during
November 2015 to July 2016 and over 90 percent of the
Pakistan’s fish and seafood catch gathered by fishing boats
and exports to different countries (Fig. 1). The shrimps
placed in ice in an insulated ice bag and transported to the
laboratory within two hours for sample preparation and
analysis. Total 77 shrimp individuals were analyzed in
this study (Table I). The morphometric analysis was done
for each specimen through standard ruler and/or vernier
caliper (cm). The total length (TL) was measured from the
tip of the rostrum to tip of the telson and carapace length
(CL) was measured from the tip of rostrum to postero-
dorsal limit of carapace. The weight was measured using
standard digital electronic weighing scale to weigh the
shrimp’s samples to two decimal places in g. The protein
contents were analyzed in triplicate for each specimen by
three different methods i.e. Biuret, Bradford and Lowry.

Table I.- Percent species composition of shrimps.

Species name Male Female Total
Fenneropenaeus indicus 7 7 14
Fenneropenaues merguensis 7 7 14
Metapenaues monoceros 10 8 18
Metapenaues affinis 6 8 14
Parapeneopsis stylifera 9 8 17
Total 39 38 71

Identification and preservation

The shrimp species initially identified with the help
of differences in upper and lower rostral teeth, carapace
sutures, distal part of third maxilliped and sex was
determined by the presence of a petasma on the first pair of
pleopods in males and absence in female penaeid prawns
(Pérez and Kensley, 1997) by using available taxonomic
keys (Tirmizi , 1973). The works of Hall (1962) followed
for identification of these sexual characters. After sorting
and identification of samples, they were preserved freeze
dry at -20 °C.

Protein quantification

The all shrimp samples were firstly de-shell and then
muscles were oven dried at 75°C for 24 h. Dried samples
were grounded and powdered. The total protein estimation
was done by three different methods (Lowry, Bradford and
Biuret). Analytical grade chemicals were used in this study
and reagents were made manually in the laboratory. All the

samples analyzed in replicates to avoid any ambiguity in
the results.

According to the methodology of Lowry et al.
(1951), 100 mg of the dried sample was taken in a test
tube; after an addition of 10 ml of distilled water sample
allowed to standing for 24 h at 4 °C. Followed by 10 ml
b-mercaptethanol then 0.5 ml aliquot was taken along with
4.5 ml distill water and 0.5 ml NaOH was added, 6.9 gs
approximately ammonium sulphate was added for ppt.,
0.5 ml phosphate buffer, 5 ml of freshly prepared alkaline
copper tartrate reagent was added, followed by 0.5 ml of
IN Folin-Ciocalteu phenol reagent. The contents mixed
thoroughly and allowed to stand for 30 mins for color
development. The absorbance read at 660 nm against a
reagent blank.

According to the methodology of Gornall et al.
(1949) 100 mg of the dried sample was taken in a test tube,
10 ml of distilled water was added and allowed to stand for
24 h at 4 °C. followed by 10 ml b-mercaptethanol then 0.5
ml aliquot was taken along with 4.5 ml distilled water and
0.5 ml NaOH was added, then 6.9 g ammonium sulfate
was added for ppt, 0.5ml phosphate buffer, 5 ml of freshly
prepared alkaline copper tartrate reagent was added. The
contents then mixed thoroughly and allowed to stand for
30 min for colour development. Then the absorbance
read at 540 NM against a reagent blank. According to the
methodology of Bradford (1976), a 100 mg of the dried
sample taken in a test tube, 10 ml of distilled water added
and allowed to stand for 24 h at 4 °C, followed by 10 ml
b-mercapt ethanol, then 0.5 ml aliquot taken along with
4.5 ml distill water and 0.5 ml NaOH was added. The
contents mixed thoroughly and allowed to stand for 5 min
for color development. The absorbance read at 595 nm
against a reagent blank.

RESULTS AND DISCUSSION

In this study, the three common assays were used to
determine the concentrations of protein in tissues of five
shrimp through the spectrophotometer (life science UV/
VIS spectrophotometer) as well as the obtained results from
different methods were further compared, the sensitivity of
the three methods was listed in Table II. The five species of
shrimps were identified includes Fenneropenaeus indicus,
F. merguensis, Metapenaues monocerose, M. affinis
and Parapeneopsis stylifera (Table 1). The knowledge
of proximate composition mainly protein contents of
fishery species is essential to estimate the quality of the
raw material and for its maximum utilization, which has
fundamental importance in the application of different
technological processes in preservation, processing and
product development (Mridha et al., 2005). The proximate
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composition of the shrimps, crustaceans and other aquatic
organisms has found tobe varied due to the seasonal
factors, climatic factors, geographic factors, habitat,
developmental stage, sex, sexual maturation (Pillay and
Nair, 1973; Nisa and Sultana, 2010).

Fig. 2. The total proteins levels in genders and shrimp.

The concentration of total protein in the edible
muscles of analyzing shrimp species summarized in Table

III. No significant differences (p >0.05) were observed
in protein quantity among the different shrimp species as
well as between the genders of each shrimp species (Fig.
2). Whereas, the significant differences observed in protein
contents, among the three methods in all shrimp species,
except in M. monocerose. Figure 3 shows the variations
in protein concentrations in shrimp species through the
three different methods. Methods for the determination
of protein concentration based on the quantity and nature
of the protein to be analyzed, the presence of interfering
substances and sensitivity requirements. The proteins
levels in F. indicus was observed significantly higher
in Lowry (43.05 + 14.19) followed by Bradford (36.72
+ 12.55) and Biuret (24.85+13.33) methods. The total
proteins in F. merguensis was observed significantly
higher in Lowry (47.04 + 10.76) and Bradford (38.79 +
14.06) methods as compared to the Biuret method (24.08
+ 13.28). Estimated protein in M. affinis was observed
significantly higher in Lowry (50.75 + 18.26) as compared
to Bradford (30.49 + 18.76) and Biuret method (22.87 +
8.93). However, in P. stylifera the protein contents were
significantly higher in Lowry (44.83 + 6.73) and Bradford
(40.0 £+ 10.86) methods as compared to the Biuret method
(26.79 £ 12.63).

Fig. 3. The comparison of total proteins through three methods in five species of shrimps collected from Pakistan coast.

Table I1.- Overview of methods for protein quantification.

Method Sensitivity Accuracy Interference

Lowry 0-0.1 mg Partially dependent on amino acid composition Acids, EDTA, DTT, phenol, (NH,),SO,
Biuret 0-1 mg High, no depend on amino acid composition Amino-group [(NH,),SO,]

Bradford 0-0.01 mg Dependent on amino acid composition Detergents (soap, SDS, Triton X-100)
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Table III.- Summary of protein concentrations determine through Lowry, Bradford and Biuret in shrimp species.

Species name Lowry method Bradford method Biuret method
Male Female Male Female Male Female
F indicus 40.30+3.53 46.90 +22.44 41.85+9.39 29.54 +13.80 23.50+12.43 26.75+15.77
36.13-45. 38 19.00-69.84 29.00-53.00 17.76-51.80 8.81-45.00 13.36-45.40
F. merguensis 48.59 £12.21 4548 £9.79 37.94 £15.92 39.63 £13.14 24.89 +£15.84 23.27+11.37
35.78-67.80 35.00-64.85 17.20-57.00 19.32-53.08 12.56-50.50 9.56-41.50
M. monoceros 46.75 £24.20 38.03 £12.75 27.72 £11.12 38.42 £7.64 22.59 £14.48 4594 +15.21
10.1-71.3 26.04-57.3 11.00-41.00 34.79-54 11.52-49 33.05-73.00
M. affinis 44.89+9.03 55.14 £22.58 46.43 +18.41 18.53 £5.51 19.93 +£4.78 25.07+10.89
33.84-61.2 14.8-71.4 15.2-63.97 11.00-27.84 11.44-23.5 12.72-38.00
P, stylifera 42.89 +6.91 47.56 £ 6.08 41.31+8.47 38.17 £ 14.47 25.18+11.52 29.04 £ 15.11
31.55-53.88 41.33-55.70 31.00-55.28 21.00-51.55 12.00-45.50 15.69-51.00

Table IV.- Some previous studies as conducted for the
protein estimation in Fenneropenaeus indicus.

Species Lowry* Region Reference
Fennerope- 7.49+0.072¢ India Karuppasamy
naeus indicus etal., 2014
Indian White 35134139 India Banu et al.,
Prawn 2016
42.88+1.11 Egypt Abdel salam,
2013
41.3+0.3 India Ravichandran,
2009

*No recoerd for Bradford and Biuret was found.

Our results clearly showed the usefulness of
Lowry’s method as compared to the other two methods
for proteins estimation in the tissues of shrimps. As the
variety of compounds interfere with the Lowry procedure
includes some amino acid derivatives, certain buffers,
drugs, lipids, sugars, salts, nucleic acids and sulphydryl
reagents ammonium ions, Zwitter ionic buffers, non-
ionic buffers and thiol compounds (Dunn, 1992; Price,
1996). The using of Folin-Ciocalteu reagent makes the
Lowry assay nearly 100 times more sensitive than other
methods (Martina and Vojtech, 2015). The principle of the
Lowry method to determine protein concentrations based
on the reactivity of the peptide nitrogen with the copper
ions under alkaline environment and the subsequent
reduction of the Folin-Ciocalteay phosphomolybdic
phosphotungstic acid to heteropolymolybdenum blue by
the copper-catalyzed oxidation of aromatic acids (Dunn,
1992). Table IV showed the comparison of protein levels
estimated by different researchers from other parts of
the world and most of the authors followed the Lowry’s
method to estimate the proteins. Table IV shows that in the

highest amount of proteins were observed in the current
study as compared to the other studies. Anggun (2013)
also found the highest sensitivity of protein through the
Lowry method in albumen. The Lowry method, sensitive
to minimum concentrations of protein, Dunn (1992)
suggested concentrations ranging from 0.10-2 mg of
protein per ml while Price (1996) suggests concentrations
0f 0.005-0.10 mg of protein per ml.

The Bradford assay was founded the less sensitive
to Lowry but showed high sensitivity towards the Biuret
but this assay have some disadvantages for instance, it
is sensitive to interference by many other compounds
(basic conditions and detergents-SDS). However, there
are detergent-compatible Bradford reagents. The Bradford
assay depends on the sequence of the protein. If the
protein does not contain enough number of arginine and/or
aromatic residues, then the dye will not bind to the protein
as efficiently, resulting in an underestimation of the protein
concentration. The Biuret method indicated the lowest
content of proteins in most of the shrimp species, which
was probably due to the low sensitivity of this method.
This study is also comparable with the work of Janairo et
al. (2011), who tested the sensitivity of Biuret method. The
Biuret assay is not much good for protein concentrations
below 5 mg/ml.

CONCLUSION

In this study, Protein content of some shrimp species
showed that they belong to a high-proteinaceous category.
The recorded data of this study revealed that the Protein
found the major content in the muscles no significant
differences observed in the muscle protein of male and
female in all studied species of the shrimps. Protein
identified as the major content in the muscles of both the
sexes. The high protein value observed in edible muscles
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of M. affinis, hence it transform more dietary protein into
tissue protein. The most reliable technique was Lowry
because of its sensitivity, consistency and less variation in
the result, but as it is time taking so Bradford sensitivity
could come next as it has also better sensitivity, while
Biuret sensitivity is quite low and detects 5 times lesser
concentrations than the other two techniques in most of
the samples.
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Indian major carps (Catla catla, Cirrhinus mrigala, and Labeo rohita) fingerlings were evaluated for
growth, body composition, and economic profitability under a similar feeding regime in monoculture
system. The diet containing 42% protein was provided at 4% of fish wet body weight. When different
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species were compared, C. catla (1341.58) and L. rohita (1762.51) significantly (P < 0.05) grew
faster than Cirrhinus mrigala (976.17). Feed conversion ratio (FCR) values of three species C. catla,
Cirrhinus mrigala and L. rohita ranged from 1.63, 1.56, and 1.43, respectively. C. catla and L. rohita
exhibited significantly higher gross nitrogen retention efficiency (GNRE %) at 10.4 and 9.3 compared
to Cirrhinus mrigala at 6.5. The gross energy retention efficiency, proximate body composition, and
mineral composition were non-significant among the species. In conclusion, the growth performance
and economic anaylisis indicated that C. catla and L. rohita showed better performance compared to

Cirrhinus mrigala fingerlings, when fed an artificial feed.

INTRODUCTION

orldwide, attention toward healthy diet is increasing
because now-a days, peoples have started to know
that food choice may have significant importance in health
(Franz and Nowak, 2010; Kaimakoudi ef al., 2013). Fish
is rich source of vital fatty acids especially omega-3
polyunsaturated fatty acids which are essential during
pregnancy and early childhood for normal growth, mental
development and heart functioning (FAO, 2003). Fish
products provide admirable protein due to their balanced
amino acid profile and protein digestibility that ranges
from 85-90% (Rudolf, 1971; Astawan, 2004).
Fish is also rich in minerals (especially iodine,
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selenium, calcium and phosphorous etc) and fat soluble
vitamins (A, D and E) and water soluble vitamins (B
complex) (Choo and Williams, 2003; Sandhu, 2005; Razvi,
2006; Salim, 2006; Yildrim et al., 2008; Naeem and Salam,
2010). So, fish can provide an essential source of nutrients,
especially for those people whose foods are deficient of
these nutritious components (World Aquaculture, 2010).
Almost all over the world, fisheries sector is playing
important role in betterment of socio-economic status of
fishermen community (Chiarini et al., 2009). Pakistan has
total fish ponds area around 60,470 hectares and 1050 km
long coastline which provides job opportunities to about
one million people directly or indirectly (Akhtar, 2001).
In natural resources fish production is decreasing due to
over fishing and pollutants (Hassan, 1996). Pakistan has
been blessed with very rich aquatic resources. However,
aquaculture in Pakistan, contributes only about 1% of
the national GDP (FAO, 2003). Aquaculture is the fastest
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rising animal food production area and now provides
more than wild-caught and beef to the human beings
(FAO, 2016; USDA, 2017). It is the only alternate that
can compensate these deficiencies and cater the emerging
demands of quality protein. Indian major carps, such as
Catla catla, Labeo rohita, and Cirrhinus mrigala have
central position among the fish fauna of South Asia and are
prime cultureable fish species in pond culture system both
in public and private sectors since longtime (Khan et al.,
2004; Hussain et al., 2011). Approximately 80% of carps
and 65% tilapia are cultured throughout the world (Naylor
et al., 2000). These carps are basically herbivorous in
nature (Khan et al., 2011). A number of studies so far
have been carried out at laboratory scale in flow-through
systems or glass aquaria on growth, body composition,
feed utilization, feeding frequency, and protein retention
efficiency of various fish species (Sarker et al., 2000;
Singh et al., 2006; Mondal et al., 2007; Latif et al., 2008;
Abid and Ahmed, 2009; Siddiqui and Khan, 2009; Khan
and Abidi, 2010), where growth is mainly dependent
on artificial feed. Several researchers also worked on
polyculture (major carps) and composite culture (major
carps and Chinese carp) of these carp in semi-intensive
culture system (Ahmed et al., 2005; Yaqoob et al., 2010;
Naeem and Ishtiaq, 2011; Khan et al., 2012, 2018; Abbas
et al.,2014; Mamun and Mahmud, 2014). But information
regarding monoculture and its impact on the comparative
growth rate and body composition of fingerlings of Indian
major carps in monoculture system is limited. The present
study is therefore, focused on the growth performance
and body composition of Indian major carps (L. rohita,
C. catla and Cirrhinus mrigala) and economic viability in
monoculture system.

Table I.- Formulation and ingredient composition of
experimental diet.

Ingredients Composition (g/Kg)
Fish meal 200
Soybean meal 300
Maize gluten 240
Wheat bran 50
Rice polish 30
Maize grains 80
Molasses 80
Vitamins 10
Mineral mixtures 10
Total 1000

MATERIALS AND METHODOLOGY

Experimental site and design

The study was carried out in the Department of
Fisheries and Aquaculture, University of Veterinary
and Animal Sciences, Lahore, Ravi Campus, Pattoki,
Pakistan. The experiment was conducted in nine earthen
ponds having an area of 0.03 ha (59mx 30.5mx 1.8m) each
and replicated three time for 90 days following complete
randomized design (CRD).

Pond preparation

The ponds were filled with tube well water to a depth
of 1.5 m. This water level was retained up to studied
period (90 days) with regular additions of tube well water
to compensate seepage and evaporation losses. One week
prior to stocking of fish, ponds were fertilized with cattle
manure at 90 kg/pond (3 ton/ ha) (Jena and Das, 2006;
Sahu et al., 2007) and poultry manure at 45 kg (50% of
cattle manure), 2.5 kg single super phosphate, and 1.25
kg urea/ pond for the production of planktonic life and
followed by bi-weekly application of this quantity of
fertilizer throughout the study period. Fertilizers are used
in carp ponds to increase the primary productivity, which
is considered staple natural food of carp.

Fingerlings and stocking

The fingerlings of three experimental species were
procured from Punjab Government Fisheries Department
Chenawan Fish Hatchery, District Gujranwala, Pakistan.
Fish with an average weight of 20-30g size were randomly
stocked at 80 fish/pond (0.03ha) (240 fishes/species). All
the fish were weighed at the time of stocking and data was
recorded for final comparison purposes.

Feed ingredients and preparation of feed

The ingredients were finely ground separately,
steam cooked at 140°C, and passed through a 5 mm
extruder die to prepare pellets at National Feed Mill,
Sheikhupura, Pakistan. The dry pellets were mashed and
reduced in size (2 mm) to meet the fish’s requirement. The
mash was then bagged and transported to experimental
site and stored at room temperature 23-26°C until fed.
The artificial supplementary feed was formulated using
20% fish meal and diet contained 42% protein level (Table
II), based on several studies regarding the recommended
ranges for protein level of Indian major carps 30-45%
(De Silva and Gunasekera, 1991). The fish were fed the
supplementary diet twice a day (9:00 and 16:30) at 4%
body weight (Abid and Ahmed, 2009). Most of the studies
decribed that fry to fingerlings are fed 4-5% fish wet
body weight and when the fish grown to adult it may be
reduced to 3%.
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Table II.- Proximate composition of experimental diet and ingredients for fingerlings of Indian major carps (% dry

matter basis).

Parameters Diet Fish meal Soybean meal Maize gluten Wheat bran Rice polish = Maize grains
Dry matter 92.07 91.68 92.56 91.59 89.9 90.85 86.93
Protein 42.34 47.89 43.09 58.92 21.5 15.3 12.03
Lipid 5.52 8.97 0.63 2.81 3.17 12.53 2.63
Ash 14.08 31.99 9.8 33 6.6 15.6 2.49
Crude fiber 3.89 2.77 11.64 1.07 11.79 12.75 33
Nitrogen free extract 26.24 0.06 27.4 25.49 46.84 34.67 66.48
Gross energy (MJ/g) 19.33 17.35 18.56 22.59 18.34 20.03 17.81
Mineral composition (%)
Ca 1.7 5.72 1.78 0.86 1.32 1.79 0.13
Mg 0.22 0.34 0.36 0.08 0.51 0.98 0.17
1.13 0.6 1.11 0.02 1.2 1.36 0.56
P 0.75 1.54 0.45 0.06 0.95 1.73 0.4

Fish growth studies

At the end of each 2-week period, a random sample
of 20 fish was taken from the bulk harvest from each pond,
by a drag net and weighed to the nearest g and measured to
the nearest mm. The fish were anesthetized with few drops
of clove oil in bucket having half full of clean water. This
practice continued up to the end of feeding trial. Data were
recorded and fish were put back into ponds. At the end
of experiment five sampled fish were randomly collected
from each pond for bio-chemical analysis. Other growth
parameters including condition factor (K), net weight gain
(NWGQ), percent gain in weight, specific growth rate (SGR
%), feed conversion ratio (FCR), protein efficiency ratio
(PER), protein utilization (PU), gross nitrogen retention
efficiency (GNRE%), and gross energy retention efficiency
(GERE%) were calculated according to the following
formulae:

Condition factor (Carlander, 1970):
K=Wx10°/L?
Net Weight Gain (NWGQG) = Mean final weight (g) - Mean
initial weight (g)

Percent Weight Gain (PWG) = Final weight(g)-Initial

weight(g) x 100/Initial weight(g)

SGR % = In (Final wet body weight) - In (Initial wet
body weight) x 100 / Number of days (Hopkins, 1992)
Feed Conversion Ratio (FCR) = Feed intake (g) / Wet

weight gain (g)
Protein Efficiency Ratio (PER) = Wet weight gain of fish
(g) / protein intake (g)
Protein Utilization (PU) = protein content(g) of fish at the
end of experiment - protein content (g) of fish at the start
of experiment / dry protein fed (g)

Gross Nitrogen Retention Efficiency (GNRE):
GNRE % = [[(FBW x N content . ) - (IBW x N content
miia)] X 100/ GNI]
Gross Energy Retention Efficiency (GERE):
GERE % = [[(FBW x E Content . ) - (IBW x E content
w1 X 100/ GEI]
Where, FBW is final body weight, IBW is initial body
weight, GNI is gross nitrogen intake and GEI is gross
energy intake.

Chemical analysis

The feed ingredients and feed were analyzed for
moisture, crude protein, crude lipid, ash, amino acids,
minerals, gross energy, and crude fiber whereas, nitrogen
free extract (NFE) was estimated by subtraction.
Proximate analysis of fish was determined at the start
and end of experiment following AOAC (2003). Briefly,
the samples were dried in a vacuum oven (Model: 524
Precision Scientific, USA) at 105°C for 18 h to determine
the dry matter. Crude protein was determined by Kjeltec
Auto Analyzer Tecator 1030 (FOSS, Hoganas, Sweden)
by digesting the sample at high temperature (415 °C)
in concentrated sulphuric acid (15 ml) in the presence
of potassium sulphate and copper sulphate. Crude lipid
was determined by extraction through Soxtec System
(Model: HT 1043 Extraction Unit Tecator, Hoganas,
Sweden) in diethyl ether (solvent). The ash content was
determined by incinerating approximately 1 g of sample
in a mufflefurnace (Thermolyne, Dubuque, Iowa, USA)
at 550°C overnight. Crude fiber content of feed and feed
ingredients was determined by digesting dry sample in
1.25% (Ankom 200/220, Model: A200, Macedon, NY,
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USA). Gross energy was determined by bomb calorimeter
(Parr 6300 Calorimeter, Moline, IL, USA) using benzoic
acid as a standard. Calcium, magnesium and potassium
were determined by atomic absorption spectrophotometer
(Model: Z-8100 Polarized Zeeman Atomic Absorption
Spectrophotometry, Hitachi, Ltd, Tokyo Japan) by Flame
Atomization Method after digesting the samples, while
phosphorus was determined by Spectrophotometer at 400
nm wavelength (Spectronic 1201 and 1001-plus, Milton
Roy, Ivyland Road, USA).

Physico-chemical parameters

Water temperature, dissolved oxygen (DO),
pH, salinity, total dissolved solids (TDS), electrical
conductivity, and pond productivity (Secchi disc visibility)
were monitored on a daily basis, while nitrates on a bi-
weekly basis between 9.00 and 10.00 a.m. following the
standard methods APHA (1998).

Economic analysis

The ingredients were purchased from local market,
Lahore as per whole sale price. Organic fertilizer was
procured from Livestock farm, Pattoki, District Kasur
and inorganic fertilizers from Pattoki as per market rates.
The cost of grinding of ingredients, transportation, and
preparation was also included, which was than calculated
finally per kg of prepared feed.

Statistical analyses

The obtained data was analyzed through statistical
software SAS 9.1 and Analysis of Variance (ANOVA) was
applied to compare the means.

RESULTS

During present study, net weight gain were compared
among the three species and found significantly higher (P
< 0.05) weight in C. catla and L. rohita than Cirrhinus
mrigala (Table I1I). Feed conversion ratio (FCR), protein
efficiency ratio (PER) and protein utilization (PU) were
found non-significant (P > 0.05) among the species (Table
III). Minor variation regarding these parameters among
species was observed. Regarding gross nitrogen retention
efficiency (GNRE %) C. catla (10.4) showed significantly
higher (P < 0.05) nitrogen retention efficiency followed
by L. rohita (9.3) and Cirrhinus mrigala (6.5) (Table III).

The whole body proximate composition among
the three species was observed non-significant under
the artificial diet 42% protein (Table IV). However, an
increasing trend of protein and lipid deposition was
observed with the increase in body weight, while ash
contents remained the same.The percentage of macro
minerals (Ca, Mg, K and P) minor variations were observed
among the species (Table IV).

Table IIL.- Growth performance of three species of Indian major carps fingerlings fed 42% protein diet for 90 days

in monoculture system.

Parameters Catla catla Cirrhinus mrigala Labeo rohita SEM P value
Initial wt.(g) 32.46 29.78 28.3 3.53 0.109
Final wt.(g) 458.3 317.96 402.81 7.98 0
Net wt. gain(g) 425.83¢ 288.18° 374.34 9.5 0.004
IL (mm)' 140.6 148.3 126.3 6 0.106
FL(mm)? 3122 311.2 305 1.85 0.015
GL(mm)? 171.5° 161.92 178.72 5.99 0.258
P WG* 1341.58 976.17 1762.51 234 0.314
SGR%’ 2.95 2.6 3.03 0.15 0.107
K 1.59 L.11° 1.42: 0.03 0.013
FCR’ 1.63 1.56 1.43 0.07 0.234
PER? 1.4 1.4 1.6 0.63 0.228
PU? 0.7 0.7 0.9 0.08 0.224
GNRE%'" 10.4° 6.5° 9.3 0.44 0.002
GERE%" 68.3 71 76.9 2.79 0.165

SEM, standard error of mean; 'IL, initial length; *FL, final length; 3GN, gain in length; *PWG, percent weight gain; *SGR%, specific growth rate; °K,
condition factor; 'FCR, feed conversion ratio; SPER, protein efficiency ratio; °PU, protein utilization; '"GNRE%, gross nitrogen retention efficiency;
"GERE%, gross energy retention efficiency. *Figures in the same row with different superscripts are significantly (P < 0.05) different.
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Table I'V.- Whole body proximate composition of three fish species fingerlings fed 42% protein diet in monoculture

system post treatment (% wet weight basis).

Parameters Catla catla Cirrhinus mrigala Labeo rohita SEM ANOVA P values
Dry matter (%) 22.08 26.69 28.39 1.64 0.733
Protein (%) 12.9 14.09 16.44 1.02 0.929
Lipids (%) 4.82 6.96 6.52 0.42 0.144
Ash (%) 3.56 4.75 4.49 0.22 0.793
Gross energy (MJ/g) 5.00 6.17 6.53 0.4 0.593
Mineral composition

Ca (%) 0.93 0.84 1.05 0.05 0.472
Mg (%) 0.02 0.05 0.03 0.01 0.117
K (%) 0.09 0.18 0.15 0.02 0.232
P (%) 0.49 0.55 0.55 0.03 0.413

SEM, standard error mean. *Means are of three replicates and the values in each represent means of two determinations.

Table V.- Total fish production (fingerlings), feed and fertilizer costs of three fish species under monoculture system

in ponds.

Parameters Catla catla Cirrhinus mrigala Labeo rohita
No. of fish stocked/pond 80 80 80
Survival rate (%) 100 100 100
Initial average body weight (g) 32.46 29.78 28.3
Final average body weight (g) 458.3 317.96 402.81
Increase in average body weight(g) 425.83 288.18 374.34
Gross fish production/pond/90days(kg) 36.66 25.43 32.22
Gross fish production/pond/year(kg) 148.67 103.13 130.67
Gross fish production/ha/year(kg) 4955.66 3437.66 4355.66
Net fish production /pond/90days (kg) 34.07 23.05 29.95
Net fish production /pond/year (kg) 138.17 93.48 121.46
Net fish production/ha/year(kg) 4605.66 3116 4048.66
Total Fertilizer used/pond/90days(kg) 971.25 971.25 971.25
Total Feed used/pond/90days(kg) 57.75 32.29 44.64
Fertilizer cost/pond/90days@Rs.1.45/kg 1408.31 1408.31 1408.31
Feed cost/pond/90days@Rs.37.43/kg 2156.38 1205.7 1666.85
Cost fertilizer /pond/year 5711.47 5711.47 5711.47
Cost feed /pond/year 8745.31 4889.81 6760
Cost of fertilizer/ha/year 190382.65 190382.65 190382.65
Cost of feed/ha/year 291510.63 162993.94 225334.45
Total cost of feed and fertilizer/ha/year 481893.28 353376.59 4157171

The values of key physico-chemical parameters
such as, water temperature ranged from 32.6-33.0°C,
Dissolved oxygen (DO) 5.45- 5.77 mg/L, pH 7.4-7.7, light
penetration 18.2-29.3cm, respectively. All these values
were in acceptable range for the growth and culture of
Indian major carps.

Total cost of feed and fertilizer of three species
varied from Rs. 481893.28 (4589.45USD) for C. catla,
Rs. 353376.59 (3365.49USD) for Cirrhinus mrigala and
Rs. 415717.1 (3959.21USD)/ ha/ year for L. rohita (Table

V). Total income in Pakistani rupees (Rs.) of three species
C. catla, Cirrhinus mrigala and L. rohita, varied from
Rs. 991133, 687533, and 871133/ ha/ year, respectively
(Table V). Net profit of each species was Rs. 509240
(4849.90USD), 334156.74 (3182.44USD), and 455416
(4337.29USD), for C. catla, Cirrhinus mrigala and L.
rohita, respectively. Based on the above mentioned figures,
the economic analysis of the current study indicated that
C. catla and L. rohita net profit is higher when compared
to Cirrhinus mrigala.
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DISCUSSION

In present study, net weight gain were compared
among the three species and found significantly higher (P
< 0.05) weight in C. catla and L. rohita than Cirrhinus
mrigala. These differences in growth response among
three species may be due to their feeding habits (ecological
feeding niche) as C. catla is surface feeder; L. rohita is
column feeder and Cirrhinus mrigala is bottom feeder.
Same results were obtained by Sophin and Preston (2001),
who concluded that the degree of response was highest
for H. molitrix, followed by C. catla and L. rohita and
least for Cirrhinus mrigala. Similarly, Abbas et al. (2014)
found highest growth in C. catla, followed by L. rohita
and C. carpio when cultured under semi-intensive system.
Javed et al. (1992) and Tahir (2008), also found highest
growth in C. catla, followed by L. rohita and Cirrhinus
mrigala in polyculture system under different treatments.
Differences in weight gain among species during current
study are in line with the findings of Garg et al. (2002)
for mrigal fingerlings, which remained significantly low in
comparison to L. rohita (rohu) when fed on similar diets.

During present study, non-significant difference
were observed in FCR, PER, PU and GERE% among the
major carp. Khan ef al. (2012) also supported our study
and found significant difference in FCR, PER, PU and
GERE% when they fed major carps similar feed. Low
variability in energy retention efficiency was observed
among species in present study, where L. rohita showed
higher values followed by Cirrhinus mrigala and C. catla.
Differences in nitrogen retention efficiency among species
was also observed during the current study where values
of GNRE% were significantly higher in C. catla followed
by L. rohita than Cirrhinus mrigala which might be due
to their voluntary feed intake, weight gain, composition,
digestion, absorption, transport, metabolism and genetic
variation (Javed ef al., 1992; Medale, 1993). Mahboob et
al. (1995) reported higher amount of the overall nitrogen
incorporation efficiency of 28.25% under composite
culture of Indian major carps (C. catla, Cirrhinus mrigala
and L. rohita) with Chinese carps (Hypophthylmicthys
molitrix, Ctenopharyngodon idella) and common carp
(Cyprinus carpio) reared with artificial feed (35% protein)
and fertilizer additions.

The proximate composition in the current study
were observed non significant among species. However,
an increasing trend of protein and lipid deposition was
observed with the increase in body weight, while ash
contents remained the same. Similar finding was reported
by Khan et al. (2012), when they studied body composition
of major carps (C. catla, L. rohita and Cirrhinus mrigala)
under mono and polyculture system at similar feeding

regime. While Naeem and Salam (2010) and Nacem and
Ishtiaq (2011) studied proximate of Aristichthys nobilis
and Mystus bleekeri and reported that the nutrients of
fish body vary due to variation in species, body size and
condition factor. Jirsak et al. (1984) suggested the intensity
of feeding frequency and formulation increased fat and
protein contents in carps significantly that may depend
upon their feeding habits. Genetic factors and feeding
regimes exercise significant change in some structural and
flesh quality parameters of different fish species (Ashraf et
al., 2011). The percentage of macro minerals (Ca, Mg, K
and P) observed non-significant difference among species
at similar feeding regime. Similar findings were also
reported by Khan et al. (2012), when they studied mineral
composition of major carps under mono or polyculture
semi-intensive system at similar feeding regime.
Kirchgessner and Schwarz (1986) studied mineral contents
in Cyprinus carpio L. and found increased in mineral (Ca
and P) contents in the carp carcass with increasing crude
protein contents in the feed and with increasing energy
supply the Ca and P values decreased.

The economic analysis of the current study indicated
that C. catla and L. rohita as the net profit is higher when
compared to Cirrhinus mrigala among three species of
Indian major carps in semi-intensive monoculture system.

CONCLUSION

It has been concluded that fingerlings production
performance of the three fish species of Indian major
carps in terms of economic viability and growth indices
revealed that C. catla and L. rohita are better candidates
for monoculture production system than Cirrhinus mrigala
with 42% CP artificial diet.
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ABSTRACT

This study was carried out to compare traditional (rice polish) and commercial aqua feed effects on
different carps species at fish farms of Irshadullah Chattha in Alipur Chattha, district Gujranwala. Out of
4400 fingerlings, 800 Labeo rohita, 100 Catla catla, 100 Cirrhinus mrigala and 100 Hypophthalmichthys
molitrix respectively stocked/acre in treatments T1 and T2 with two replicates each. Fish were fed with
commercial feed (CP 30%) and traditional feed (rice polish) in T1 and T2, respectively. Overall growth
performance of different fish species showed significant (P<0.05) differences among T1 and T2. FCR
and SGR values of different fish species showed non-significant (P<0.05) differences among treatments.
Average percentage of crude protein in L. rohita and H. molitrix remained non-significant (P<0.05)
while C. mrigala and C. catla showed significant differences (P<0.05) between the treatments. Crude fat
was significantly (P<0.05) different while, dry matter remained non-significant between the treatments.
Whereas, ash contents of L. rohita showed non-significant (P<0.05) differences amongst other species.
On other hand, C. mrigala, C. catla and H. molitrix showed significant (P<0.05) differences. Water
quality parameters were recorded within optimum range. In conclusion commercial aqua feed showed
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significantly higher growth of carps than traditional rice polish.

INTRODUCTION

ish has highest quality, digestible animal protein for
human and an excellent protein substitute to red meat.
Fish flesh is basically a source of all essential amino acid,
minerals and vitamins, and unsaturated fats, especially
omega-3 fatty acids (Sandhu, 2005; Razvi, 2006).
Aquaculture in Asia mainly consists of semi-intensive
freshwater, earthen pond culture systems, in which
fertilizers are used to enhance the natural productivity
and fish is provided with supplementary feeds. With the
passage of time, rapid growth has been observed in fish
culture in South Asian Subcontinent, however, only 10%
of its potentials have been exploited (De Silva et al.,
1986). The sustenance of any composite culture system
depends upon specific interactions among fish species
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(Sahu et al., 2007). Productivity can be increased by
suitable selection of suitable fish species (Rehman et al.,
2006). It is conventional to introduce exotic species with
indigenous species to improve yield and to occupy all the
ecological niches of pond. Therefore, to increase per unit
production, polyculture concept has widely been accepted
(Hossain et al., 2005).

Commercially manufactured fish diets are either
floating or sinking feeds that could produce satisfactory
growth, but feed preference depends on fish species.
Most fish species prefer floating pellets because the
supplementary feed in sinking pelleted form goes waste
as it sinks in bottom and fish is unable to consume it
(Albert and Tacon, 1990). Both floating and sinking feeds
produce satisfactory but it is advantageous to offer floating
feed that could be consumed from surface or column of
water however, floating feeds are more expensive. Feeding
requirements of fish can be observed directly by the farmer
and adjust feeding rates accordingly. Rice bran or rice
polish is one of the most commonly used agriculture by-
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product in fish culture because it is rich in proteins and
carbohydrates with low level of fat and fiber. This has
significantly positive effect on fish growth but less than
maize gluten due to nutritive value (Ahmed et al., 2005;
Tekchandani et al., 1999). The current study was planned
to compare their effects on growth performance and body
composition of cultured carps species in composite fish
culture system.

MATERIALS AND METHODS

The experiment was carried out at Irshadullah
Chattha fish farm in Alipur Chattha, district Gujranwala.
Out of 4400 fingerlings, 800 Labeo rohita, 100 Catla
catla, Cirrhinus mrigala and Hypophthalmichthys molitrix
each respectively were stocked/acre in both T1 and T2
treatments in replicates. The study was conducted in semi-
intensive composite culture system and experimental ponds
were filled with tube well water upto 5 feet. Fish were fed
with rice polish as traditional feed (T1) and pelleted feed
of Oryza Organics was used as commercial feed having
30% CP (T2). Fish was fed @ 2% body weight twice a day
for three months. Organic and inorganic manures (urea and
DAP) were added to increase the natural feed in ponds.

At the time of stocking, body measurements (initial
weight and length) of fish were measured individually.
During the course of experiment, fish were sampled on
monthly basis for total body weight and body length to
assess the feeds effect. Other growth parameters like net
weight gain, feed conversion ratio (FCR), and specific
growth rate (SGR) were calculated according to the
following formulae:

NWG = Final body wt.(g) — Initial body wt. (g)
Feed intake

ECR — eed in (2)
Wet wt. gain (g)

_ In(Initial wt. ) — In(Final wt.) y

SGR
No.of days

100

Proximate analysis

The formulated feeds, feed ingredients and fish
samples were analyzed for proximate analysis (dry matter,
ash, crude protein (CP), crude fat (CF) and gross energy)
in Fish Nutrition Laboratory, Department of Fisheries
and Aquaculture, University of Veterinary and Animal
Sciences, Ravi Campus, Pattoki according to AOAC
(2006).

Water quality parameters
Water quality parameters of water were measured on
fortnightly basis. The temperature and dissolved oxygen

of the water were recorded with YSI -55/25 FT (dissolved
oxygen meter). Total dissolved solids (TDS) and electrical
conductivity (EC) were measured by conductivity meter
(WTW Cond 330i). pH was measured by pH meter
(Lutron pH-207). The salinity of water was measured by
hand refractor meter (ATAGO, ES-421).

Statistical analysis

Results thus obtained were statistically analyzed
using Minitab version 1.5 and analysis of variance ANOVA
techniques.

RESULTS

The overall growth performance of different fish
species showed significant differences between T1 and T2.
However, better growth performance was observed in T1
as compared to T2 which may be due to better availability
of protein or feed that could fulfill their body requirement.
Maximum average body weight gain (870.90£204.05g)
was observed in C. catla and minimum (537.30+72.60g)
in L. rohita in T2. Maximum average body length increase
(41.00£3.24cm) was observed in Cirrhinus mrigala and
minimum (33.35+1.63cm) was observed in L. rohita of T2
treatment.

The average value of FCR of different fish species
revealed non-significant differences (P<0.05) between
the treatments. Different fish species among treatments
had better FCR (1.86) in T1 and poor (3.39) in C. catla
in T2. Similarly, the average value of SGR% of different
fish species showed non-significant (P<0.05) differences
between the treatments. Among the different fish species
and treatments the better SGR% (1.62) was found in T1
of H. molitrix and same was poor (1.05) in C. catla in T1.

The average percentage of crude protein (CP) of L.
rohita and H. molitrix showed non-significant (P<0.05)
difference between treatments and Cirrhinus mrigala
and C. catla showed significant difference between the
treatments. Among different fish species and also between
the treatments, maximum CP (28.66) was recorded in
L. rohita in T1 and minimum (17.62) was recorded in
Cirrhinus mrigala in T2. Crude fat (CF) showed significant
(P<0.05) difference between treatments. Maximum (5.46)
CF was recorded in C. catla among different fish species
and also between the treatments and minimum (1.30) was
recorded in Cirrhinus mrigala. Dry matter remained non-
significant (P<0.05) between the treatments. Maximum
(22.90) dry matter was recorded in L. rohita in T1 and
minimum (19.45) was in Cirrhinus mrigala in T1. Ash
contents of L. rohita showed non-significant difference
between the treatments while Cirrhinus mrigala, C. catla
and H. molitrix showed significant difference between the
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treatments. Maximum (2.85) ash contents were recorded
in L. rohita in T1 and minimum (1.67) was recorded in
Cirrhinus mrigala in T2 among different fish species and
also between the treatments.

Water quality parameters (temperature, dissolved
oxygen (DO), pH, alkalinity, phosphate, nitrate and
hardness) were recorded within the optimum range.

DISCUSSION

The goal of aquaculture is to get higher production in
terms of fish growth in addition to qualitative meat. During
present study, overall growth performance of different
fish species showed significant (P<0.05) differences
between T1 and T2 and better growth performance was
observed in T1 as compared to T2 which may be due to
the better availability of protein or feed which could fulfill
their body requirement. Maximum average body weight
gain (870.90+204.05g) was observed in C. catla in T1
and minimum (537.30+72.60g) in L. rohita was in T2.
Maximum average body length increase (41.00+£3.24cm)
was observed in Cirrhinus mrigala in T1 and minimum
(33.35£1.63cm) in L. rohita was in T2. These results match
with the results of Ashraf ez al. (2008) and Abid and Ahmed
(2009a, b) who compared artificially composed diets and
naturally composed diets on growth of fingerlings of L.
rohita. Similarly, Ahmed et al. (2012) observed significant
(P<0.05) difference in average wet body weight and gross
fish weight, L. rohita when fed with commercial diets and
traditional diet (rice bran).

Feed conversion ratio is the preeminent factor to
measure the rate of feed accepted by fish and ultimate
fish growth performance (Inayat and Salim, 2005).
The average value of FCR of different fish species
showed non-significant (P<0.05) difference between the
treatments. Among different fish species and also between
the treatments better FCR (1.86) was in T1 and same was
poor (3.39) in C. catla in T2. Similarly, Ahmed et al.
(2012) observed significant (P<0.05) difference in FCR of
L. rohita when fed with commercial diets than traditional
diet (rice bran). Igbal ef al. (2015) recorded significant
differences in FCR when L. rohita fed with different feed
ingredients. Specific growth rate (SGR) of different fish
species showed non-significant (P<0.05) difference among
traditional and commercial diets. Among the different
fish species and also between the treatments, better SGR
(1.62) was in H. molitrix in T1 and same was poor (1.05)
in C. catla in T1. Similar minor variation of SGR values
in carps were also reported by Azim et al. (2001) and
Sahu et al. (2007). Abid and Ahmed (2009a) also recorded
non-significant (P<0.05) differences in SGR between
treatments in which feed with different crude protein level

was given to fish.

Average percentage of crude protein (CP) of L. rohita
and H. molitrix showed non-significant (P<0.05) difference,
and Cirrhinus mrigala and C. catla showed significant
difference between the treatments. Crude fat (CF) showed
significant (P<0.05) difference while dry matter remained
non-significant (P<0.05) between the treatments. Ash
contents of L. rohita showed non-significant difference
between treatments while Cirrhinus mrigala, C. catla
and H. molitrix showed significant difference between
treatments. Khan ez al. (2012) studied that when major
carp were fed with different crude protein levels artificial
feed, they showed non-significant differences in body
composition which indicated that protein deposition in
fish does not reveal the diet protein. Similarly, Hasan et
al. (2005) could not find difference in body composition
when common carp fed with plant based diet compared to
the fishmeal based diet.

Water quality parameters (temperature, pH and DO)
have significant effect on the growth of fish (Ali et al.,
2000; Ahmad et al., 2008; Noor et al., 2010). Water quality
parameters were recorded with minor variation between
the treatments in the present study and these values were
in accordance with the optimum range of cyprinid (Ali et
al., 2000; Abid and Ahmed, 2009a, b).

CONCLUSION

Growth performance and proximate analysis of fish on
the commercial feed showed better results than traditional
feed (rice polish) which might be due to the availability
of best combination of essential nutrients and formulation.
These finding suggested that commercial feed should be
used for better fish growth and per acre fish production.
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The present study was designed to assess the effects of moringa meal as an alternate protein source
on the growth, body composition, liver and gut health of Labeo rohita fingerlings. Study was carried
out in 10 glass aquariums of 60 L water capacity, having randomly stocked 20 fingerlings (average
biomass =18.62g) per aquarium for three months. Four experimental diets having 30% crude proteins
(CP) designated as whole plant meal (T), root meal (T,), stem meal (T,) and leaf meal (T,) of Moringa
oleifera. Control group was without moringa meal (T ) contained 30% CP only. Fish were fed twice a day
at the rate of 3% of their wet body weight. Significantly highest (p<0.05) weight gain was observed in
T, (111.6+24.56g) and lowest in T, (43.6+8.20g). Similarly, maximum % age weight gain was recorded
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in T, (35.17+7.09%) and lowest in T, (20.18+3.7%) and T, (20.68+1.65%). Feed conversion ratio (FCR)

showed statistically non-significant differences among treatments.

INTRODUCTION

Fisheries industry is playing imperative role to meet the
nutritional requirements of growing human population
and its production is rising around 10% annually (FAO,
1997). Fish meal is widely used as best protein source
in fish feed. However, high price and unsteady supply
have diverted the attention of fish culturist to search
for alternate sources of protein for fish. In intensive
aquaculture, protein is the most vital part of fish meal,
representing over half of total feed costs (Nwanna et al.,
2008). In aquaculture, many plants and their parts are used
in fish feed for stimulating appetite, promoting growth,
boosting immunity, curing diseases, preventing infection
and reducing stress to grow healthy fish (Shalaby, 2004).
Significant accentuation was given on the utilization of
plant proteins including soybean, groundnut, cottonseed
and rapeseed meal (Sadiku and Jauncey, 1995).

Moringa oleifera commonly known as ‘Sohanjna’ of
family Moringaceae is considered to be highly nutritious
plant. The different parts (leaves, stem and roots)
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Copyright 2018 Zoological Society of Pakistan

of M. oleifera contained rich amount of ascorbic acid,
carotene, other amino acids and nutrient components are
used as vegetables for human consumption (Makkar and
Becker, 1996). Moringa has the potential to be used in fish
feed formulations due to its local availability and relatively
good nutritional value (Anwar et al., 2007).

Studies has shown the extensive use of M. oleifera
leaves meal as protein alternate in the diet of Labeo rohita
and Clarias gariepinus fingerlings up to inclusion level of
10% (Bello et al., 2013; Arsalan et al., 2016; Ezekiel et
al.,2016; Mehdi et al., 2016). In addition, M. oleifera seed
meal has also been successfully used as protein source in
the diet of Nile tilapia (Oreochromis niloticus) (Hashem et
al., 2017). Therefore, the current study was conducted to
assess the effects of different parts of M. oleifera (whole
plant, root, stem, leaves) on growth and body composition
of Labeo rohita to maximize the cost effective production
of fish.

METHODOLOGY

Study area, experimental design and fish species

The current study was conducted at Fish Hatchery of
the Department of Fisheries and Aquaculture, University
of Veterinary and Animal Sciences, Ravi Campus, Pattoki,
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Punjab, Pakistan. The Labeo rohita fingerlings having
average body weight of 18.62 g were used as experimental
fish species and captured from fish ponds at Ravi Campus,
Pattoki. Ten aquariums of 60 L water capacity were used for
the experimental trial and 20 fish were stocked randomly
in each aquarium. Before the initiation of feeding trial, net
body weight (g) and total body length (cm) of L. rohita
fingerlings was carefully measured and recorded.

Plant collection, fish feed formulation and processing

Fish feed formulation and its further processing was
carried out according to procedure described by AOAC
(2006). The different parts of M. oleifera (whole plant,
root, stem and leaves) were collected, washed properly and
dried under shade at room temperature. All dried collected
parts of moringa plant were ground separately into coarse
fine powder using electrical grinder and then packed for
feed formulation. Five different types of experimental
diets designated as T, T,, T,, T,, T,, having 30% crude
protein (CP) were formulated using locally available feed
ingredients (Table I). The fish were fed twice a day at 9:00
AM and 4:00 PM at feeding rate of 3% of the fish wet body
weight. Re-adjustment of feed allowance was carried out
after every fortnight (Habib et al., 2018).

Measurement of growth parameters of fish

Initial body weight of L. rohita fingerlings was
measured before stocking. At the end of feeding
experiment, all growth parameters such as final weight, net
weight gain, weight gain%, specific growth rate (SGR %)
and feed conversion ratio (FCR) were calculated according
to the formulae:

NWG = Avg. final wt. (g) — Avg.initial wt.(g)

_ InFinalbody wt.— In Initial body wt.

SGR
Total No. of days

X 100

Proximate analysis

The proximate body composition of L. rohita
including crude protein, dry matter, moisture, ash and fat
contents of 5 fish from each replicate were determined at
the end of experiment. The proximate analysis of fish diet
was also performed. Proximate analysis was performed
following the procedures established by AOAC (2006).

Table I.- Fish feed formulation using different parts of
M. oleifera.

Ingredients CP Inclusion Experimental
(%) (%) feed CP (%)
Control (T)
Fish meal 52.72 18 9.5
Guar meal 27.9 10 2.8
Soybean meal 43.09 16 6.9
Rice polish 15.1 23 3.5
Wheat bran meal 16.4 16 2.6
Sun flower plant meal 30.23 16 4.8
Vitamins - 1 -
Total 100 30.1
Whole plant moringa meal (T))
Fish meal 52.72 18 9.5
Guar meal 27.9 10 2.8
Soybean meal 43.09 14 6
Whole plant Moringa meal 18 14 2.7
Rice polish 15.1 14 2.1
Wheat bran meal 16.4 14 2.3
Sun flower plant meal 30.23 15 2.6
Vitamins - 1 --
Total 100 30
Moringa root meal (T,)
Fish meal 52.72 18 9.5
Guar meal 27.9 20 5.6
Soyabean meal 43.09 16 6.9
Moringa root meal 15.5 16 2
Rice polish 15.1 11 1.7
Wheat bran meal 16.4 10 1.6
Sunflower plant meal 30.23 10 3.2
Vitamins - 1 --
Total 100 30.5
Moringa stem meal (T,)
Fish meal 52.72 18 9.5
Guar meal 27.9 10 2.8
Soya bean meal 43.09 20 8.6
Moringa Stem meal 14.43 20 2.9
Rice polish 15.1 10 1.5
Wheat meal 16.4 11 1.8
Sun flower meal 30.23 10 3.2
Vitamins - 1 --
Total 100 30.3
Moringa leaves meal (T,)
Fish meal 52.72 18 9.5
Guar meal 279 10 2.8
Soya bean meal 43.09 14 8
Moringa leaf meal 21.65 15 3.2
Rice polish 15.1 14 2.1
Wheat bran meal 16.4 14 2.3
Sun plant meal 30.23 14 4.2
Vitamins - 1 --
Total 100 30.1
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Physico-chemical parameters of water

Temperature, pH, salinity, total dissolved solids (TDS)
and dissolved oxygen (DO) were recorded as the physico-
chemical parameters of water in the fish aquarium on daily
basis using multi meter and dissolved oxygen meter. The
amount of nitrates was measured using HANNA-Nitrate-
Test-Kit HI3874 on fortnightly basis.

Statistical analysis

The obtained data of body composition, growth and
physico-chemical parameters was analyzed by applying
one-way analysis of variance (ANOVA) and significant
differences among all treatments were compared using
Duncan’s multiple range test (DMR) using SAS version
9.1. Significance was tested at 5% level (p < 0.05).

RESULTS

Statistically significant (P < 0.05) association in
growth parameters were recorded at every fortnight
sampling in all treatment groups is presented in Table II.
The highest weight gain was observedin T, (111.6+24.56¢)
under the influence of artificial feed in the mixed form of
M. oliefera whole plant meal. The total %age weight gain
for Rohu was higher in T, (35.17+7.09%) and lowest was
observed in T, (20.18+3.78%). The FCR values showed
non-significant differences and significant association was
recorded in SGR% values of all treatment groups.

Table II.- Growth performance of Labeo rohita under
various moringa meal diets.

Treatment Initial Final Gainin %weight FCR SGR

weight weight weight gain (g) %
(g (® ®

T, 339.1 +420.1+ 80.97+ 23.89+ 238+ 0.28+
1.34* 16.46* 17.80® 535® 0.43* 0.06®
T, 316.5+ 4284+ 111.6+ 3517+ 1.75+ 041+
6.36* 30.50*° 24.56* 7.09° 0.26* 0.07*
T, 341.1 + 409.6 £ 68.60+ 20.18+ 2.72+ 0.24+
12,728 2.39* 10.33* 3.78°  0.42* 0.03*
T, 336.6+ 407.8+ 7122+ 2127+ 2.62+ 025+
14.99*  1.62* 13.36™ 4.92° 0.50*° 0.04°
T 3350+ 4042+ 436+ 20.68+ 2.63+ 0.25+

7.1 290 8.20° .65 0.17* 0.01°

T,, control; T, whole plant meal; T, root meal; T, stemmeal; T, leafmeal.

The significant parameters for determining body
composition of L. rohita were crude protein, dry matter, fat,
moisture and ash contents (Table IIT). The maximum value
of crude protein contents was recorded in T, (66.10.77%)
and lowest in T, (57.4+0.67%). T4 showed maximum

value of fat contents (14.8+0.28%) and lowest fat contents
were observed in T, (4.90£0.14%). The maximum and
minimum value of ash contents was (14.9+0.14%) and
(10.5+0.70%) reported in T, and T, respectively. Again T4
exhibited the higher amount of moisture (10.7+1.06%).
However, high proportion of dry matter was recorded in T,
(96.75+1.06%) and lower in T, (88.9+0.57%).

Table III.- Proximate analysis of Labeo rohita under
various moringa meal diets.

Parameters Control T1 T2 T3 T4
Dry matter %) 941+ 9675+ 96.0+ 945+ 889+
0.84° 1.06* 0.70® 0.70° 0.57°
Moisture (%) 590+ 275+ 3.60+ 475+ 10.7+
0.84° 0.34¢  0.14%* 0.35bc 1.06°
Ash (%) 124+ 122+ 107+ 149+ 105+
0.60° 0.35* 0.42° 0.14* 0.70°
Crude fat (%) 570+ 6.75+ 490+ 7.70+ 148+
0.05¢ 0.35¢  0.14° 042> 0.28
Crude protein (%) 59.4+ 648+ 574+ 629+ 66.1+

0.79°¢  1.14® 0.67° 0.63>* 0.77°

T,, control; T, whole plant meal; T,, root meal; T,, stem meal; T,, leaf meal.

Table IV.- Physico-chemical parameters of water in
various treatments of moringa meal diets.

Parameter Control T1 T2 T3 T4
pH 841+ 833+ 839+ 839+ 841+
(mg/1) 0.03? 0.08? 0.05° 0.04° 0.03?
EC 2178.04 + 2175 + 2177.1+ 21693+ 21784+
(mScm™) 23.6° 28.3¢ 27.80° 247 23.6°
Salinity 1.0+ 1.0+ 1.0+ 1.0+ 1.0+
(mg/1) 0.00? 0.00? 0.00? 0.00? 0.00?
DO 542+ 543+ 542+ 542+ 542+
(mg/1) 0.02° 0.032 0.02° 0.02° 0.022
Temp. 19.9 + 199+ 1982+ 1996+ 199+
(°C) 4.87° 4.85° 4.95° 4.88° 4.87
TDS 12429+ 1241.8 £ 1247.1 + 1245.8+ 12429+
(mg/1) 15.32 9.9? 4.98° 6.73* 15.37

T, control; T , whole plantmeal; T , root meal; T,, stem meal; T,, leaf meal.

Physico-chemical parameters were recorded on daily
basis throughout the experimental period of 12 weeks and
the mean values are presented in Table IV. Temperature
remained constant in all test groups. Mean values of pH
were recorded for T, T, T,, T, and T, as 8.41+0.03,
8.33+0.08, 8.39+0.05, 8.39+0.04, 8.41+0.03, respectively.
TDS values were showing non-significant difference for
T, T,, T,, T, and T, treatments with the mean values of
1242.9+15.3, 1241.849.9, 1247.1+4.98, 1245.8+6.73
and 1242.9+15.3 (mg/l), respectively. Salinity remains
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non-significant during whole experimental period with
the constant value of 1.00+0.00 mg/l in all treatments.
Electrical conductivity and DO values were observed non-
significant in all treatments.

DISCUSSION

Fish is the basic source of high-quality protein globally
about one billion people gets their animal protein from
fish due to its healthier and high nutritional characteristics
(FAO, 2000). However nowadays, major issues that
confronting fish culturist are elevated price and shortage
of fish feed. The elevated rate and variable superiority
with the uncertain accessibility of fish meal have created
the need to search for alternate protein sources. In recent
times, fish culturist progressively deviating their careful
consideration towards moringa (Moringa oleifera) meal
to increase fish growth and production within the shortest
possible time.

Previously M. oleifera leaves meal has been
extensively applied as best alternate protein source in the
diet of Labeo rohita and Clarias gariepinus fingerlings
up to addition level of 10% (Bello et al., 2013; Ezekiel
et al., 2016; Arsalan et al., 2016; Mehdi et al., 2016).
Further, Yuangsoi (2012) studied the effect of M. oleifera
leaves meal (MOLM) on the growth performance and
digestibility of experimental fish (fancy carp). Yuangsoi
(2012) demonstrated that M. oleifera leaves meal could
be replaced not up to 200 gram per kg of plant protein
in soybean to increase fish production. Moringa leaf meal
results of current study are in line with those of Yuangsoi,
(2012), Bello et al. (2013), Ezekiel et al. (2016), Arsalan
et al. (2016) and Mehdi et al. (2016).

Furthermore, the effect and nutritional value of
leaves of Leucaena leucocephala in the fish diet of the
fingerings of Clarias gariepinus at inclusion level of 0%,
5%, 10%, 15% and 20% for two months was demonstrated
by Tiamiyu (2015). Results showed that 20% of Leucaena
leaf meal gave better results of weight gain, specific
growth rate and feed conversion ratio. In contrast, moringa
leaf meal revealed its best results at inclusion level of 10%
in all studies that have been conducted so far for evaluating
its effect on different fingerlings growth.

In addition, M. oleifera seed meal (MSM) has also
been studied by Hashem et al. (2017) as plant-based protein
source in the feed of Nile tilapia (Oreochromis niloticus)
at the graded level of 0, 4, 8 and 12% for 83 days. Hashem
et al. (2017) found excellent growth of Nile tilapia at 8
and 12 % MSM inclusion level. Current study results of
Moringa root meal at inclusion level of 16% showed best
impact on L. rohita growth exhibiting agreement with the
results of Hashem et al. (2017). However, Moringa root

meal of present study was found less effective as compared
to moringa meal of whole plant and stem meal.

Feed conversion ratio (FCR) is the most excellent
parameter to determine the acceptability of diet and its
performance on fish growth (Mukherjee et al., 2011).
Further, Ebrahim (2007) described that feed digestibility
play imperative role in decreasing feed conversion ratio
by efficient feed consumption. Feed conversion ratio
in current research exhibited non-significant difference
among the treatments and better FCR was recorded in T,
(1.75%0.26). Significant difference was observed in SGR%
in all treatments with highest SGR% in T, (0.41+0.07). The
higher FCR value is an indication of some anti-nutrients
presence in the Moringa meal (Richter et al., 2003). While
low FCR value exhibit efficient fish feed utilization. It
is a remarkable sign for the use of moringa meal in fish
industry.

In present study, highest value of crude protein
(66.1+0.77), moisture (10.7+1.06) and fat content
(14.840.28) was recorded in moringa leaf meal treatment
(T,) at inclusion level of 15%. While lowest value for
crude protein and fat contents was found in moringa
root meal treatment (T,) at 16% addition level. Similarly
Mehdi et al. (2016) also observed the higher proportion of
moisture content (10.12 %) and crude protein (63.98 %) by
applying moringa leaf meal in the diet of L. rohita. Present
study is showing agreement with the results of Olaniyi ef
al. (2013), Madalla et al. (2013) and Mehdi et al. (2016).
However current findings are showing contradiction with
that of Arsalan et al. (2016). They reported maximum value
of crude protein (64%) and fat content at 10% addition
level of MOL meal and lowest in fish feeding 40% of
MOL meal. Arsalan et al. (2016) results are supporting the
study of Thiam et al. (2015) and Ganzon-Naret (2014) in
sea bass.

The corresponding proportion of moisture contents in
control T, T, T,, T, and T, was 5.90+0.84%, 2.75+0.34%,
3.60+0.14%, 4.75+0.35% and 10.7+1.06%. Present
findings are supporting the observations of Madalla et al.
(2013). They reported that moisture and ash contents of
fish increases with the rise of MOL diet. Similarly, Olaniyi
et al. (2013) described lowest value of moisture contents in
Clarias gariepinus feeding 10% inclusion of moringa diet.
However, present findings contradict with that of Arsalan
et al. (2016) findings, who recorded higher proportion
of moisture content in 40% MOL diet inclusion. Present
findings of Moringa root meal at inclusion level of 16%
exhibiting parallel line with the findings of Hashem et al.
(2017). They reported highest crude protein (63.00%) and
ash contents (10.12%) at maximum graded level of 12%.
Similarly in present findings, peak value of crude protein
and ash content recorded in moringa whole plant meal
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treatment were 64.8% and 12.2%, respectively.

The physico-chemical parameters showed non-
significant deviation and were in favorable range
throughout the experimental period as reported from the
study of Amisah et al. (2009) and Kumar et al. (2011).
There was observed 100% survival in all treatment groups
indicating favorable condition of aquarium water. Hlophe
and Moyo (2014) also observed 100% survival rate by
replacing fish meal with moringa meal and kikuyu grass
in Tilapia.

Histological analysis of experimental L. rohita of
present study treated with whole plant meal (T1) exhibited
increase in enterocyte height and number of mucous
cells and change in the size of a nucleus effecting liver
metabolism leading to picnosis, kariolysis of the nucleus
is in line with results of Raskovic er al. (2011). Slight
damage in the periphery of intestinal wall and vaculation
in few hepatocytes of L. rohita was observed feeding on
16% inclusion level of moringa root meal (T,) showing
agreement with the results of Markovic et al. (2012).
However, decreased fish growth and severe cellular
swellings in the liver of Oreochrimis mossambicus was
observed with the increase of moringa meal as reported by
Rapatsa, (2014). While Nwankpa (2017) findings exhibited
contradiction with other ones. He found no change in liver
of Oreochromis niloticus feeding at inclusion levels of 5,
10 and 15% of Moringa leaf meal. The severe damages
in liver of fish might be due to hepato-protective factor
absence in various plants but inherent in M. Oleifera
leaves as it has been evaluated by Fakurazi et al. (2008).

CONCLUSION

In current study, four fish diets (whole plant, root,
stem and leaf meals) that were applied for evaluating their
effect on the body composition, growth and histological
parameters of Labeo rohita, among these whole plant
moringa meal revealed highest effectiveness, followed by
the stem meal, root and leaf meal. The remarkable point
of present research is that whole plant and stem meal of
Moringa oleifera have not been tested so far for evaluating
their protein source for fish meal of Labeo rohita. Another
significant point is that whole plant moringa meal in
current findings advocated its strong potential as excellent
protein source for fish meal of Labeo rohita.
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The activity of digestive enzymes (Amylase and Lipase) is affected by the animal’s nutrition. Amylase
catalyzes the hydrolysis of carbohydrates while lipase catalyzes the hydrolysis of ester bonds. The
purpose of present study was to analyze the activity of above mentioned digestive enzymes in Labeo
rohita under intensive culture system. Ten fish were stocked in each aquarium and fed with formulated
feed containing 30 % (control), 40 and 50 % crude protein (CP) @ 3% of wet biomass twice a day for 60
days. Fish wet weight, fork and total length was measured and recorded on weekly basis. The activities
of amylase and lipase were determined by using standard methods at the end of the experimental trial.
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Results indicated the highest weight, fork and total length increment in L. rohita fed with diet containing

50 % CP as compared to that in 40 and 30 % CP fed fish. The highest activity of amylase and lipase was
recorded in fish fed with diet containing 30 % CP. As compared to that recorded in fish fed with 40 and

50 % CP containing diet.
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INTRODUCTION

quaculture’s development is firmly connected to

nutritional improvement and progress of fish farming
practices, a dare for upcoming improvement in culture of
aquatic organisms. High quality fish production greatly
depends on the magnification of appropriate feeding
procedures to fulfill the dietary necessities of the growing
species. Through the years, as the aquaculture industry
is growing the requirement of particular feeds is also
growing to make the species and production system better
(Ismat et al., 2013).

Pakistan has massive fishery holdings but current
amount of production is deficient to fulfill the needs of
distressingly enhancing public of the country. In Southeast
subcontinent even after years of fast growth in fish
production, only ten percent of its potentials have been
exploited (Bhatta, 2001). World fish culture has developed
excessively during the last years becoming financially
crucial corporation (Subasinghe et al., 2009).

Fish is nutrient rich and most accepted food worldwide
it is edible, appetizing and having great nutritional values.
The major nutrients present in fish are vitamins, calcium,
phosphorus and unsaturated fat. These nutrients are offered
to fish by feed either naturally or artificially and permit the
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fish to develop more rapidly for the improvement of fitness
in individuals (Ayanda, 2003). An unlimited number of
researches are now focused towards the expansion of
artificial feed for cultured classes (Lopez-Vasquez et al.,
2009). Formulated feed is important input in aquaculture,
and their value depends on the capability of the cultured
fish to assimilate and thus use the feeds for growth and
development (Jauncey et al., 2007).

So, before considering any aquaculture nominee,
the ability of digesting artificial diets is investigated
(Kolkovski, 2001). To satisfy the protein requirements of
the fish meal or to make an economical feed, materials from
different plant and animal bases are used. Fish nutritionist
pays greater attention for low cost artificial diets from
alternate protein sources i.e. plants and animals because
of the establishment of inter-relationship amongst the
nutritional energy requirements, the importance of protein
nutrition and the growth of the fish (Das ef al., 1991).

Feeding habit of fish reveal the pattern of digestive
enzyme in fish. Several mechanical and chemical
processes start on feed after taken by fish. The capability
of fish to digest a diet rest on the existence of proper
gastric enzymes, which facilitate the specific degradation
pathways controlling both physical and chemical nature
of foods (Caruso et al., 2009). Fish digestive enzymes
highlighting the mechanisms and greatest use of nutrients
are of absolute importance as a background for the
optimization of fish feeding processes (Suarez et al., 1995).

The knowledge and study of gastrointestinal enzymes
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involves in the breakdown process of food is a much needed
step to understand about the digestion mechanism itself and
how animals acclimatize to variations in dietary situation
(Sunde et al., 2004). Digestive enzymes actions of fish are
linked with intrinsic feeding pattern and dief al/ignment
(Ray, 1988). There are some other factors also present which
influences the digestive enzyme activity, these are age, pH,
temperature and anatomic-physiological characteristics
(Kuzmina, 1996). Commonly, carnivorous fish exhibit
complex protease activity whereas carbohydrases are
extra active in omnivorous and herbivorous fishes (Ugolev
and Kuzmina, 1994). The current research was designed
to study the growth performance and digestive enzymes
activities in fingerlings of Labeo rohita fed on formulated
feeds.

MATERIALS AND METHODS

Labeo rohita fingerlings were purchased from the
Government Fish Seed Hatchery, Faisalabad. Prior to the
experiment, the fish were kept in laboratory condition for
two weeks in 500 liter cemented tanks for acclimatization.
During this time the fish fingerlings were fed with
reference diet twice a day. Ten fish were stocked in each
aquarium for a total period of 60 days. The experimental
setup was divided in three treatments based on the different
protein levels in feed. The experiment was conducted in
3 replications for each treatment. Fish were fed with diet
containing 30, 40 and 50% CP (crude protein) @ 3% of
their wet biomass twice a day.

The physico-chemical parameters viz., water
temperature, pH, dissolved oxygen and total hardness were
recorded after 24 h by following the method of APHA
(1998). Before the experiment, fish were treated with
pinch of KMnO,. At the end of experimental period fish
were randomly collected from each treatment. Fish wet
weight, fork and total length were measured and recorded
on weekly basis. Afterwards, the fish were dissected and
organs (liver and intestine) were separated to measure the
activity of experimental enzymes. The liver and intestine
was stored at 1°C for extraction of enzymes.

Enzyme extraction and quantitative estimation
The stored samples were used for the extraction of

amylases and lipases. The extracted samples of fish was
collected and homogenized with chilled 50 mM tris HCI
(0.788 g of tris HCI was weighed and dissolved in 100 mL
of distilled water) in mortar and pestle. Homogenate was
centrifuged at 6000 rpm (4°C) for 15 min; supernatant was
used for quantitative estimation of enzymes.

For amylase assay starch solution (1%) was used
as substrate in amylase assay as reported by Bernfeld
(1955), for which 1 ml sample and 1 ml starch substrate
(1%) was incubated for 2 min at room temperature. After
incubation, 1 ml DNS reagent was added in test tube
and placed in boiling water bath for 5 min, to stop the
reaction. Absorbance was checked against blank at 540
nm wavelength.

AA enzyme - AA blank X standard factor
Time of incubation X dilution factor

Enzyme activity (U/ml) =

Standard factor calculated for amylase was 6.5.

For lipase assay 3.5 ml phosphate buffer, 1 ml
sample and 0.5 ml olive oil were added in a glass flask.
The reaction mixture was stirred for 30 min at 37°C in
water bath and then 1 ml of acetic acid was added and
titrated against NaOH till the pH of solution became 10
(Borlongan, 1990).

Vol.of NaOH X Molarity of NaOH x 1000 x 2 x df

Vol.of sample used

Enzyme activity (U/ml) =

Statistical analysis

Data were analyzed by the analysis of variance at the
0.01 significance level. The Minitab 17 version was used
for all the statistical analyses.

RESULTS AND DISCUSSION

In current study, the growth performance and digestive
enzymes activity in L. rohita fed with diet containing
different levels of protein was assessed. Comparison of
the growth parameters among fish fed on formulated feeds
revealed significant differences at p<0.05. The results of
the growth parameters of current study indicated significant
effect on weight gain in all the treatment groups. Higher
wet weight, fork and total length increments were noted in
fish fed with feed containing 50% CP than the fish fed with
30 and 40% CP (Table I).

Table I.- Growth comparison of Labeo rohita fed on different formulated feeds.

Growth parameters/ Avg. wet weight (g)

Avg. fork length (mm)

Avg. total length (mm)

treatments Initial Final Initial Final Initial Final

30 % CP 2.16+0.05 13.50+0.03 50.63+0.30 77.40+0.30 62.46+0.25 87.60+0.30
40 % CP 2.12+0.03 16.30+0.02 50.40+0.20 80.60+0.10 62.66+0.25 91.33+0.25
50 % CP 2.15+0.07 20.12+0.05 50.50+0.26 85.29+0.31 60.19+0.30 95.56+0.32
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Fig. 1. Activity of amylase in different organs of Labeo rohita fed with different formulated feeds.

Fig. 2. Activity of lipase in different organs of Labeo rohita fed with different formulated feeds.

Kim et al. (2016) reported that fish fed with diet
containing higher percentage of the crude protein (CP)
exhibited significantly higher growth rate than those fed
with the diet having lower percentage of CP. Maximum
growth was noted in fish fed with 50% CP followed by 40
and 30%. Similarly, Hossain et al. (2010) described that
the optimal dietary protein level for Pampus argenteus,
was 49%. Protein requirement of some other fish species
such as Paralichthys olivaceus was 46.4% (Kim et al.,
2002) while for Epinephelus malabaricus it was 47.8%
(Chen and Tsai, 1994). Mostly, with the increase in dietary
protein level the growth performance of fish also increased
(NRC, 1993).

Mannivnan and Sravnan (2012) formulated four
different kinds of fish feed with different protein levels. L.
rohita were fed with feed for 60 days to evaluate the growth
performance. Results showed that fish fed with 40% feed
had better growth as compared to the fish fed with other
feeds, which supported my results completely. Abid and

Ahmed (2009) also reported significantly higher weight
gain in 45% protein fed fish fingerlings as compared those
fed with other feeds.

In this study, fish fed with 30% CP exhibited higher
amylase level as compared to the fish fed with 40 and 50%
CP. In treated fish the activity of amylase was statistically
different at p<0.05. The comparison of amylase activity
between the organs showed that the liver had more
amylase activity which was almost double than its activity
in intestine (Fig. 1).

Fish fed with feed containing 30% CP showed more
lipase activity as compared to the fish fed with 40 and
50% CP containing feed. The activity of lipase in treated
fish was statistically different at p<0.05. The comparison
between the organs showed that the intestine had more
lipase activity than the liver (Fig. 2).

Similar results were reported by Klahan et al. (2009).
They also found that amylase activity was significantly
higher in the liver than other organs (P<0.01). Borlongan
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(1990) examined the distribution pattern of digestive lipases
along the digestive tract. Results of his study showed that
major parts of lipase activity were the intestine, pancreas
and pyloric caeca than the liver. These findings also
support our results, that lipase activity is almost double in
the intestine as compared to the liver. Caruso et al. (2009)
studied the effect of protein rich and protein deficient feed
on the sea bream and it was concluded that the secretion of
gut enzymes reflected the type of diet on which fish feed.
The activity of amylase and lipase enzymes was more in
fish fed on diets containing low protein while diets rich in
protein caused higher quantity of protease enzyme in fish.
It can be concluded that fish may adjust their metabolic
functions to the nutritional substrates through a regulation
in enzyme production in order to increase the consumption
of certain feed ingredients.
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ABSTRACT

The inhibitory effects of plant ingredients on the digestive proteases of tilapia (Oreochromis niloticus)
were evaluated. Ninety monosex male tilapia juveniles (mean weight 17.3 + 0.2 g, mean length 9.6 +
0.1 cm) were reared in nine tanks in a recirculating water system. Three diets were tested in triplicate:
(1) Rcongo, a feed formulated from local ingredients from the Democratic Republic of the Congo, 2)
Rcanada, formulated with the same ingredients as Rcongo but acquired in Canada and 3) Rcommercial,
commercial feed. Three diets and five agricultural by-products (soybean meal, wheat bran, rice bran, corn
grain, and brewers grains) were used to assess in vitro protease inhibition. Proteolytic activity was higher
in the first four intestinal segments than in the terminal segment. The presence of protease inhibitors in the
diets and plant ingredients was highlighted. The negative effects of plant inhibitors on digestive proteases
were quantified with non-significant differences between diets. Soybean meal had the greatest inhibiting
activity, followed by wheat and rice bran and brewers’ spent grains. However, given the lack of significant
differences in the effects of diets on enzyme activities and protease inhibition (limitations of the in vitro
method) the use of other methods such as the Zymogram (SDS-PAGE) appears to be a more sensitive
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biochemical tool to characterize protease sensitivity to inhibitors.

INTRODUCTION

Nile tilapia (Oreochromis niloticus, Linnaeus, 1758)
aquaculture is a promising opportunity in response to
food insecurity challenges in developing countries. This
species has been identified as a priority for development in
the Democratic Republic of the Congo (DR Congo) and a
number of sub-Saharan African countries. Several authors
have reported that Nile tilapia easily adapts to very diverse
conditions and that its flesh is highly appreciated by
consumers. Also, its superior performance (rapid growth,
prolificacy, disease resistance, efc.) has previously been
reported (El-Sayed, 2006; Pouomogne and Pemsl, 2008;
Lazard, 2009; Meyer, 2013; Ahmad and Zulqurnain, 2018).

However, intensive aquaculture production in
developing countries is confronted with several limitations
due to the difficulty of accessing commercial feed of
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adequate nutritional value (CNPMT, 2010; FAO, 2010,
2012). The use of local and readily-available ingredients,
mostly consisting of agricultural by-products, could
improve availability and reduce production costs.
Unfortunately, their low quality, mainly that of plant-based
by-products, limits their use in aquaculture because of
their negative impact on fish growth (Moyano et al., 1999;
El-Sayed, 2006; Drew et al., 2007).

Many authors have previously reported the low quality
of plant ingredients, as well as their reduced digestibility
and the presence of antinutritional compounds (Moyano
et al., 1999; El-Sayed et al., 2000; Francis et al., 2001;
El-Sayed, 2006; Drew et al., 2007). Several antinutritional
compounds are identified in plant-sourced proteins,
including protease inhibitors, phytates, saponins, antigenic
proteins etc. (Médale and Kaushik, 2009; Médale et al.,
2013; Burel and Médale, 2014). Protease inhibitors are
proteins that reduce enzyme-catalyzed reactions and act in
physiological processes, such as regulation of coagulation,
fibrinolysis, complement activation and the inflammatory
response in mammals (Whitaker, 1994; Voet and Voet,
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1995). These compounds affect the digestive capacity
and growth of fish fed diets formulated with plant-based
ingredients. El-Sayed (1999) reported a significant
decrease in growth and feed efficiency in Nile tilapia due to
a poor balance of amino acids and the presence of protease
inhibitors in diets. Many studies reported that the heat
treatment of plant proteins inactivates protease inhibitors,
however other antinutritional factors are heat stable
(Alarcon et al., 1999, 2001; El-Sayed et al., 2000; Azaza
et al., 20006). It has also been demonstrated that the proper
combination of different ingredients in the formulation of
diets and essential amino acid supplementation improve
growth and feed conversion (Moyano et al., 1992; El-
Sayed, 1999; Médale and Kaushik, 2009).

Furthermore, it is documented that the nutritional
value of a diet is not simply based on its chemical
composition. It is also determined by the physiological
capacity of fish to digest it, and to absorb the proteins and
other nutrients contained therein, according to their eating
habits. During digestion, proteins are hydrolyzed into
peptides and free amino acids and are absorbed by specific
intestinal membrane proteins. Protein hydrolysis in the
digestive tract is carried out by proteolytic enzymes (Verri
et al., 2011; Santos et al., 2013), this the link between the
activity level of fish digestive proteases and the presence
of antinutritional factors in the ingredients used in fish
feed, particularly protease inhibitors, is of importance.

Intestinal proteases are classified into four major
groups: acid protease (gastrin, pepsin) serine (trypsin and
chymotrypsin), cysteine (cathepsin), and metalloproteases
(aminopeptidases) (Whitaker, 1994; Voet and Voet, 1995;
Chong et al., 2002). They are abundant in carnivorous
fish such as trout. However, tilapia is an omnivorous and
planktivorous species characterized with lower protease
and higher amylase activity (Hidalgo et al., 1999;
Moyano et al., 1999; El-Sayed, 2006). Protein digestion
in fish stomach is achieved through the action of pepsin,
secreted as inactive pepsinogen and activated by gastric
acid secretion. When chyme arrives in the intestine,
several pancreatic proteases and amylases (e.g., trypsin,
a-amylase) are secreted and involved in protein and starch
hydrolysis (Alarcon et al., 1999; Chan ef al., 2004).

To date, the majority of the research on fish sensitivity
to protease inhibitors has been focused on the use of
soybean meal (Moyano et al., 1999; El-Sayed et al., 2000;
Drew et al., 2007). This study was therefore conducted
to assess the inhibitory effects of three different diets and
five different plant ingredients (soybean meal, wheat bran,
rice bran, milled corn and brewers grain) on digestive
proteases in tilapia.

MATERIALS AND METHODS

Fish

This experiment was conducted at the Laboratoire
de Recherche des Sciences Aquatiques (LARSA) at
Université Laval (Québec, Canada). It was carried out in
accordance with the requirements of the Animal Protection
Committee of Université Laval. Ninety monosex male
tilapia juveniles (Oreochromis niloticus; mean weight
17.3 £ 0.2 g; mean length 9.6 = 0.1 cm) were obtained
from Sand Plains Aquaculture (Ontario, Canada) and
reared in nine acrylic basins supplied by closed water
recirculation, for four weeks. Upon arrival of the fish, a
two-week acclimation period immediately began. All fish
were weighed, measured on total (LT) and standard (LS)
lengths and transferred to 9 rectangular aquariums, each
containing 10 litres of water. Each aquarium was stocked
with 10 juveniles, giving a density of 17 g/L. During
the acclimation period, the fish were fed to satiety with
commercial feed (Corey Optimum, 2mm dia., Fredericton,
NB Canada). The physicochemical parameters of water
were regularly verified and maintained within tolerable
limits for tilapia O. niloticus (El-Sayed, 2006; Ross, 2000).
Temperature (26 + 0.5°C), dissolved oxygen (9.2 + 1.6
mg/L), and pH (7.1 £ 0.4) were continuously monitored.
Ammonia (NH4 <0.01 mg/L), nitrites (NO2 <0.01 mg/L),
and dissolved CO, (< 0.01 mg/L) were measured weekly
using a Hach® Spectrophotometer; conductivity (117.8 £
1.2 ps/cm), alkalinity (9.2 = 0.1 mg/L CaCO,), and water
hardness (424 mg/L CaCO,) were also verified weekly.
The photoperiod (14h: 10 h light: dark) was maintained
with the help of incandescent lamps. A water flow of 1 L/
min, corresponding to 6 tank water renewals per hour, was
verified and adjusted daily.

Feed and diets

Diet composition and nutrient content are presented in
Table I. Three experimental diets were tested in triplicate:
1) Rcongo, a feed formulated from local ingredients
from the Democratic Republic of the Congo, 2) Rcanada,
a feed formulated with the same ingredients as the first
one, but acquired in Canada and 3) Rcommercial, a
fishmeal-based commercial feed (Corey Optimum 2 mm).
An indigestible silicon dioxide marker (Sipernat™50®
Evonik, Piscataway, NJ) was added to all three feeds
(1% w: w). These diets were formulated according to the
methods and recommendations regarding the nutritional
needs of Nile tilapia and the apparent digestibility of the
ingredients for the species (NRC, 1993, 2011; El-Sayed,
2006; FAO, 2015). One of the three feeds was fed in three
different randomly selected aquariums. The fish were fed
twice daily between 8:00 a.m. and 4:00 p.m. In order to
avoid any waste or loss of feed, the diet (4% of the body
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weight/day) was distributed in small meals that lasted one
hour, after faeces collection. The amount of ingested and
uneaten feed was recorded daily in every aquarium.

Table I. Biochemical composition and analysis of ex-
perimental diets in Nile tilapia Oreochromis niloticus'

Ingredients and produc-
tion costs

Experimental diets

Rcongo Rcan- Rcom-

ada mercial
Wheat bran (%) 46,7 46,7 -
Rice bran (%) 5 5 -
Corn (%) 5 5 -
Brewers grain (%) 5 5 -
Soybean meal (%) 233 23,3 -
Blood meal (%) 10 10 -
Bone meal (%) 2 2 -
African palm oil (%) 2 2 -
Sipernat™50 marker (%) 1 1 1

Feed cost USD/kg diet 0,38 0,50 1

Production costs USD/ 1,45 1,81 2,28
kg fish

Biochemical analysis

Dry matter (%) 89,6 89,1 90,4
Crude protein (%) 32,2 32,0 51,5
Lipid (%) 5,0 6,3 18,3
Gross energy, Mj/kg (kcal/ 19,7 19,9 23

kg) (4541) (4541) (5497)
Phosphorus (%) 1,0 1,0 1,4
Crude fiber (%) 9,7 9,3 1,2
Ash (%) 9,0 7,5 11,7

'Values are means of three fish in triplicate.

To prepare the feed, every dry ingredient was finely
ground (appx. 120 pm) using a crusher (Foss CT 193
Cyclotech™, Sweden), then weighed and homogeneously
mixed. Palm oil and Sipernat™50® were mixed together
before being added to the dry ingredient meal. Distilled
water was added to 45% in the final mixture to form a
homogeneous dough. The commercial feed, which had
been previously prepared, was crushed for 7 seconds
at 2500 RPM for 1 h 30 min with a blender (Retsch®,
Diisseldorf, Germany) in order to be able to integrate
the Sipernat. Using a extrusion machine with a helical
screw, the dough was pressed through the 1.9 mm mesh of
matrix # 9. The knife attached to the output of the granular
produced 2 mm long granules. The resulting granules were

the spheronized to standardize the particle size, according
to the Tilapia nutritional requirements guidelines (FAO,
2015). The feed produced was then dried overnight at
room temperature (25°C) under the fume hood, sieved and
stored at -20°C in sealed plastic bags until used.

Determination of protease activity in fish enzyme extracts

Prior to the start of the feeding study and one day
prior to final sampling, the fish were subjected to a 24 h
fast. Following harvest, fish were immediately euthanized
by 5 min bath in a concentrated tricaine methanesulfonate
solution (250 mg of MS-222 + 500 mg sodium bicarbonate/
liter of water), according to the protocol described by
Popovic et al. (2012). Euthanized fish were counted,
individually weighed and their total and standard lengths
were measured. They were then dissected by groups
of 4 randomly sampled subjects in each aquarium. The
digestive tract was carefully removed, stripped of visceral
fat and weighed. The intestine was isolated from other
digestive organs, its length was measured and then cut into
5 distinct segments, as described by Smith ez al. (2000).
The five intestinal segments were sectioned from the
cranial extremity, after the stomach, to the caudal extremity
in the following order: 1) hepatic loop (HL), 2) proximal
major coil (PMC), 3) gastric loop (GL), 4) distal major coil
(DMC), 5) terminal segment (TS). Each intestinal segment
was weighed and separately homogenized in distilled water
(1:10 ratio), using a homogenizer (Turrax® or Tissumizer®,
Cologne, Germany). The supernatant was collected after
centrifugation (16000 RPM x 30 min at 4°C) and stored
at -20°C until used as the aliquot for enzyme extraction.
Finally, the soluble proteins of the enzyme extracts were
determined by using the Bradford (1976) method, using
bovine serum albumin as a standard. It should be noted
that the original batch sampling, consisting solely of
juvenile tilapia, the entire intestine was collected for
protease analysis.

The activity of the intestine’s alkaline proteases was
measured by the Walter (1984) method, which uses 500
pl of casein (0.5%) as substrate in a 50 mM Tris-HCI
pH 9 buffer. The whole was mixed with 20 pl of enzyme
extract in 500 pl of buffer solution (50 mM Tris-HCI +
10 mM CaCl, pH 7.5) and incubated at room temperature
(25°C) for 0, 5, 10, 15 and 30 min. The reaction was
interrupted by the adding 500 pl of trichloroacetic acid
(TCA) 20% and centrifuged (12000 RPM x 5 min), before
submitting the supernatant to the spectrophotometer at
280 nm absorbance. For each enzyme sample, two sets
of Eppendorf microtubes (test and blank) were analyzed
in triplicate. However, the sequential addition of casein
substrate (0.5%) and trichloroacetic acid (TCA, 20%) in
the control sample was done before adding enzyme extract
into the mixture.



241 A. Tshinyama et al.

Table II.- Effect of diets on the concentration of soluble proteins, and volumetric and specific activities of alkaline

proteases in fish according to the diets used.

Parameter Experimental diets SEM p-value

Rcongo Rcanada Rcommercial Diet Segments
Soluble protein (mg/ml) 0.21 0.22 0.21 0.003 0.179 <0.001
Volumetric activity (U/ml) 94.2¢ 106.4° 89.6* 4.7 0.001 <0.001
Specific activity (U/mg) 449 4® 493.2 419.3° 23.8 0.006 <0.001

The values correspond to the mean of the observations in the intestinal segments. Values associated to different letters are significantly different according

to Tukey’s test (P <0.05). SEM, mean standard error.

Evaluation of digestive protease inhibition by plant
extracts

The plant solutions used in this experiment were prepared
from three diets and five vegetable ingredients considered
as agricultural by-products valued in animal feed (soybean
meal, wheat bran, rice bran, spent corn grain and brewers’
spent grains; Table I) and known to be very rich in protease
inhibitors by the aforementioned authors (El-Sayed, 1999,
2006). Dry ingredients were finely ground (120 pm) with
a blender (Moulinex®, France). The resulting powder (250
mg) was homogenized using a manual homogenizing kit
(Potter-ELV® and Wheaton®, USA) in 10 ml of buffer
solution (50 mM Tris-HCI pH 7.5) and centrifuged
(2000 RPM for 10 min at room temperature) for a final
concentration of 25 mg/ml. The supernatant containing the
plant proteins was collected and stored at -20°C for the
evaluation of inhibitory effects on proteases.

The inhibitory effect of plant solutions on fish
digestive proteases was evaluated according to the
protocol of Moyano et al. (1999), which was adapted from
the method presented by Garcia-Carrefio ef al. (1996), and
based on the measurement of residual protease activity
after the incubation of enzyme extracts with the solutions
containing inhibitors. A solution containing 10 pl of
enzyme extract and different volumes of inhibitor extracts
was incubated at room temperature (25°C) for 60 min
in 500 pl of buffer solution (50 mM Tris-HCI + 10 mm
CaCl, pH 7.5). Residual enzyme activity was evaluated by
means of a second incubation of the same mixture for 30
min in 500 pl of casein 0.5% + buffer 50 mM Tris-HCl
pH 9. The reaction was interrupted by the adding 500 pl
of trichloroacetic acid (TCA) 20% and centrifuged (12000
RPM x 5 min), before submitting the supernatant to the
spectrophotometer at 280 nm absorbance. For each plant
ingredient analyzed, two sets of Eppendorf microtubes
(test and control) containing the mixture were tested in
duplicate. The first series of microtubes (test) allowed
to evaluate the state of enzyme extracts incubated in
with varying volumes of plant extracts, while the second
series was used as a control of the enzyme activity in the
presence of variable volumes of buffer 50 mM Tris-HCI

pH 7.5 rather than plant extracts. Each microtube series
was simultaneously tested with its specific control, whose
reaction was stopped before the addition of casein 0.5%,
and immediately followed by a 15 min incubation period
at 4°C (on ice). Absorbance values were obtained from
protein hydrolysis and the enzymatic reaction in the control
tubes. Protease inhibition, expressed as a percentage, was
estimated as the difference in proteolytic activity between
the two series of tubes. Finally, the response curves (Fig.
2) were constructed based on the ratio increase observed
during the incubation of the plant solutions with the
predetermined quantities of enzyme extracts (9.4 to 300
ng of inhibitor/protease activity unit).

Statistical analysis

The software Ri389 (version 3.3.1) was used for the
statistical analysis of data. The measured parameters were
subjected to an analysis of variance (one-way and two-way
ANOVA). In the case of significant differences (P <0.05),
the results were subjected to Tukey’s multiple comparison
test (P <0.05) to determine if the treatment means were
different, and to determine factor effects.

Table II1.- Effect of diets on the inhibition of digestive
proteases (%) in intestines and/or intestinal segments.

Inhibitor sources SEM P-value

(Experimental diets)

Protease
sources®

Rcongo Rcanada Rcommercial

Initial pool 443+ 38.0% 34.1 1.6 P<0.001
HL 42.3%  40.5° 45.0° 0.8 P=0.030
PMC 40.3* 449 52.7¢ 1.9 P<0.001
GL 46.4 44.1 38.7 1.8 P=0.200
DMC 37.7*  34.3° 40.5¢ 0.9 P<0.001
Segment pool 41.7 41.0 443 0.6 P=0.060

*Protease sources represent different intestinal segments for adult tilapia
and entire intestine for the initial group. The values correspond to the
mean of the observations in the intestinal segments: HL, hepatic loop;
PMC, proximal major coil; GL, gastric loop; DMC, distal major coil.
Values associated to different letters are significantly different according
to Tukey’s test (p <0.05). SEM, mean standard error.
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RESULTS

Soluble proteins and protease activities in enzyme extracts

The results of the present experiment on the
concentration of soluble proteins and the activity of
alkaline digestive protease activity are shown in Table
II and Figure 1, respectively. Experimental diets did not
have a significant influence on soluble protein between
fish samples (P = 0.179), but significant differences were
found within intestinal segment types (P <0.001).

Fig. 1. Influence of intestinal segment on volumetric (U/
ml) (A) and specific (U/mg) (B) activities of alkaline
proteases in tilapia. *Logical order of the five intestinal
segments of tilapia immediately after the stomach: 1-HL,
hepatic loop; 2-PMC, proximal major coil; 3-GL, gastric
loop; 4-DMC, distal major coil; 5-TS, terminal segment.
Tilapia intestines from initial group.

As illustrated in Figure 1, intestinal segments had a
significant effect on the specific activity of the proteases
(p <0.001). This activity was higher in juvenile tilapias
of the initial group (766.9 + 55.1 U/mg) compared to
adults, in which the activity was greater in the first four
segments and lower in the fifth (i.e, 370.7 £ 49.5 U/mg
for HL, 489.6 + 48.8 U/mg for PMC, 686.7 = 111.9 U/

mg for GL, 454.8 + 115.1 U/mg for DMC and 268.0 +
23.5 U/mg for TS, respectively). The effect of diets on
specific protease activity was detected in fish (p = 0.0006),
showing a significant difference between the Rcommercial
and Rcanada diets (p = 0.004), while no difference was
observed between fish that were fed Rcongo and those
that were fed Rcommercial (p = 0.342) and Rcanada
(P=0.114).

Effects of diets on the inhibition of digestive proteases in
fish

The results of intestinal extract incubation with diet-
based solutions are included in Table I1I. These results show
that the diets used did not lead to a significant difference
in protease inhibition in all intestinal segments of adult
tilapia, with the exception of the three HL segments (p =
0.030), PMC (p < 0.001) and DMC (p <0.001), where the
Rcommercial diet resulted in higher inhibition compared
to Rcongo and Rcanada. The significant effect of diets on
protease inhibition was not found when the segments were
pooled (p = 0.06). However, for tilapia of the initial group,
the Rcongo diet resulted in higher protease inhibition, i.e.,
44.3 +2.2% vs. 38.0 + 1.7% for Rcanada and 34.1 + 0.8%
for Rcommercial.

Effects of added ingredients on the inhibition of digestive
proteases

The results of the incubation of fish intestinal extracts
with the selected feed ingredient solutions are included in
Figure 2. For all analyzed segments, high percentages of
protease activity inhibition were observed when intestinal
extracts were incubated with soybean meal solutions (p
<0.0001), i.e., 44.3 + 1.0% for HL, 65.8 + 5.0% for PMC,
64.2 + 3.2% for GL, 56.3 + 1.8% for DMC, and 66.9 +
8.8% for young tilapias of the initial group. Depending
on the intestinal segments, the protease inhibition caused
by the soybean meal was 23 to 80% higher than the other
ingredients. A protease inhibition greater than 20% with
small amounts of plant solutions (37.5 pg inhibitor/U
activity) was observed only for the enzymes from the GL
segment and the initial group (Fig. 2). Along with soybean
meal, wheat and rice bran also induced a significant
antinutritional effect on digestive protease activity,
followed by brewer’s spent grains who generated less
inhibition, and finally by corn whose inhibition did not
exceed 20% in all segments.

The three enzyme sources, which are represented by
three different diets, as well as the various ingredients used
in the present study (Table IV) resulted in a significant effect
on digestive protease inhibition (p <0.001). For certain
ingredients, variations in protease response to inhibition
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contained in the intestinal segments were observed: the
soybean meal, for example, resulted in higher protease
inhibition percentages in fish fed with the ingredients from
the Congo compared with those from Canada, i.e., 44.3
+ 1.0 to 65.8 + 5.0% inhibition vs. 43.1 + 2.1 to 48.9 +
2.4%, respectively. For rice bran, the inverse situation was
observed, i.e., 45.2 £ 0.6 to 56.2 + 1.1% protease inhibition
for fish that consumed the ingredients of Canadian
origin, compared to 24.2 £ 1.6 to 43.4 = 0.6% for those
who consumed ingredients of Congolese origin. In other

words, tilapia were more sensitive to protease inhibitors
in soybean meal from the Congo than Canada, and vice
versa for rice bran. On the other hand, corn generated less
inhibition than any other ingredient (p <0.0001), i.e. from
10.1 £ 1.4 to 23.8 £ 2.1% protease inhibition.

Assessment of protease sensitivity to inhibitors according
to fish age

Three digestive enzyme extracts were incubated in
vitro with plant solutions of three corresponding diets to

Fig. 2. Effect of the ingredients on the inhibition of digestive proteases (%) in intestines and/or intestinal segments logical order of
the five intestinal segments of tilapia immediately posterior to the stomach: A, hepatic loop (HL); B, proximal major coil (PMC);
C, gastric loop (GL); D, distal major coil (DMC); E, initial group; F, pooled segment.



Inhibitory Effects of Different Diets and Plant Ingredients in Proteases 244

Table IV.- Interaction between enzyme sources and
inhibitors on protease inhibition (%) in tilapia.

Enzyme source (E) Individual and pooled intestinal

segments
Inhibitors (I) HL PMC GL DMC Pooled
Enzymes Rcongo 32.54 36.1% 39.3® 31.4* 34.8°
Wheat bran 32.0¢ 31.6%¢ 44.1° 45.5% 383°
Wheat rice 3439 3629 43.4° 242° 345¢
Soybean meal 44.3¢ 65.8° 64.2¢ 56.3¢ 57.7°
Corn 17.9% 19.8* 20.0® 10.1*° 16.9°
Brewers grain 34.2¢ 26.9% 24.7° 20.6° 26.6°
Enzymes Rcanada 32.00 322 31.6* 37.5% 33.3*
Wheat bran 34.59 27.0* 29.9® 46.0% 34.3c
Wheat rice 452¢ 56.2F 50.9° 54.57 51.7¢
Soybean meal 43.1° 40.9¢ 43.0° 48.9° 44.0¢
Corn 14.1* 153* 11.3* 13.2@ 13.5°
Brewers grain 23,0 21.8> 23.0° 25.1° 23.2°

Enzymes Rcommercial 42.5® 33.54 37.2° 38.8% 38.0¢

Wheat bran 44.7¢ 40.19 473 42.6° 43.7¢
Wheat rice 55.80 25.2%¢ 323> 303¢ 35.9°
Soybean meal 5337 65.8° 68.7¢ 77.12 66.3¢
Corn 23.8% 222° 20.9° 16.0° 20.7®
Brewers grain 35.0¢ 14.2* 16.7® 28.0 23.5°
SEM 1.8 2.5 2.6 2.8 2.2
p value (E) <0.001 <0.001 <0.001 <0.001 <0.001
p value (I) <0.001 <0.001 <0.001 <0.001 <0.001
ExI <0.001 <0.001 <0.001 <0.001 <0.001

The values correspond to the mean of the observations in the intestinal
segments. Values associated to different letters (A, a) are significantly
different according to Tukey’s test (P <0.05). SEM, mean standard error.

assess the sensitivity of tilapia to protease inhibitors by age
(Fig. 3). Despite a much higher enzyme activity for juve-
nile extracts from the original group compared to adults (p
<0.001), i.e., 766.9 = 55.1 U/mg vs. 449.4 + 150.6 U/mg
for Rcongo, 493.2 + 188.0 U/mg for Rcanada and 419.3 +
138.4 U/mg for Rcommercial, these were relatively more
sensitive to protease inhibitors in the diet (P <0.02). The
observed inhibition percentages were 44.3 £ 2.1% for the
initial group vs. 41.7 + 4.9% for adults fed Rcongo, 41.0
+ 4.4% for those fed Rcanada, and 44.3 + 5.8% for those
fed Rcommercial.

Fig. 3. Enzymatic activity (U/mg) (A) et sensibilit¢ de
tilapias aux inhibiteurs végétaux des protéases digestives
(%) (B). *Sources d’extraits d’enzymes collectés au temps
initial et chez tilapias adultes nourris avec les 3 rations
utilisées.

DISCUSSION

Digestive protease activity

With regards to the results of this experiment (Table
II; Fig. 1), a variation in the responses of protease activity
was observed in association with the diet (p=0.006), even
though the Rcongo test-diet did not lead to a statistically
different activity from Rcanada and Rcommercial. This
effect on diets corroborates previous works that reported
that the activity of digestive enzymes may vary with fish
eating habits, feed composition and nutritional value of
diets (Moyano et al., 1999; El-Sayed et al., 2000; Santos
etal.,2013). Kohla ef al. (1992) recorded an improvement
in trypsin activity due to increased dietary consumption
in O. mossambicus and Colossoma macropomum
tilapias. Different responses of alkaline protease activity
were detected by Moyano et al. (1999) in three fish
species (tilapia, sea bream, and sole), as a consequence
of a variation in diets and their nutritional value. The
inspection of the digestive tracts of different fish species
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by Kolkovski (2001) allowed to identify digestive
enzymes that are associated with the dietary metabolism
(digestion, absorption and assimilation) of proteins, lipids
and glycogen.

However, despite differences in dietary crude protein
levels of Recongo (32.2%) and Rcommercial (51.5%) diets,
the presented results (Table II) also showed that the level
of protease activity was not significantly different between
fish that were fed these two diets. This seems to be in
disagreement with the aforementioned researchers who
support the concept of an intimate relationship between
enzyme activity and fish feeding, resulting in adaptation.
For example, a study published in NRC (1993) reported
relatively high proteolytic activity in the intestine of
tilapias after the administration of protein-rich diets.
Indeed, the increase in soluble protein or protease activity
in tilapia has been reported as a means of compensating for
their inhibition and avoiding the decrease in digestibility
of dietary proteins. This increase depends on a change in
pancreatic secretion, which varies according to the diet
(El-Sayed et al., 2000). A similar observation was made in
the experiment of Papoutsoglou and Lyndon (2006), who
observed an increase in chymotrypsin activity in fish of
Anarhichas minor species, as a means of adapting to low
levels of dietary protein.

Many divergent opinions were also issued in regards
to the physiological responses of fish according to their
species. Santos et al. (2013) stressed the existence of
divergent results regarding the relationship between fish
enzyme activity and feed composition. For example, by
measuring 6 different enzyme activity levels in 11 teleost
species, Chakrabarti et al. (1995) attributed the observed
similarities in enzyme activities to the lacustrine habitat of
fish, as these authors did not find a relationship between
enzyme activity and dietary habits. According to the
work of Haard et al. (1996), the physiological adaptation
of fish oriented to compensate for protease inhibition
by overproducing enzymes was valid in salmonids.
However, Anderson et al. (1991) reported the difficulty
of tilapia to compensate for protease inhibition, hence the
consequences leading to decreased digestibility of plant
proteins. By comparing herbivorous and carnivorous fish,
Chan et al. (2004) confirmed the hypothesis that digestive
enzyme activity is strongly correlated with fish phylogeny
rather than the diet because they did not observe a strong
correlation between diet and the profile of digestive
enzymes.

Since the effect of the studied diets was not
significantly proportional to their crude protein content
(Tables I, II), it can be assumed that changes in protease
activity, such as the one observed in this study, may be
related to in vitro testing and sample manipulation. This

could also be valid for soluble protein concentrations of
the enzyme extracts, which were not significantly different
in spite of different crude protein contents of the studied
diets. Several authors suggested that the different methods
used by various researchers for assessment of enzyme
activity in fish further limit possible comparisons (Hidalgo
et al., 1999; Chan et al., 2004). Depending on the fish
species and type of tissue analyzed, it was suggested
that the level of enzyme activity may vary with ambient
temperature during enzyme incubation (Hidalgo et al.,
1999; Kolkovski, 2001). Other authors also demonstrated
variations in enzyme activity due to manipulations during
sampling and preparation of enzyme extracts (Alarcon et
al., 1998; Hidalgo ef al., 1999; Chong et al., 2002).

When considering the age of fish, analysis of Figure
1 shows that enzyme extracts from juveniles of the initial
group showed higher protease activity, compared to the
adults (represented by five intestinal segments; HL, PMC,
GL, DMC, and TS, respectively). This could be justified
by the fact that for most species, young fish (larvae
and juveniles) are generally exposed to greater protein
needs (30-50%) for their growth. They are particularly
fond of tiny animals and zooplankton for their nutrition,
especially when they are in the wild (El-Sayed, 2006;
Hlophe and Moyo, 2013). This nutritional preference
could thus predispose them to secrete more proteolytic
enzymes in their digestive tract, compared to adults of
the same species. These results are supported by a report
published in NRC (1993) which recorded relatively higher
proteolytic activities in young tilapia compared to adults.
On the other hand, the inverse situation was reported by
Kolkovski (2001), which observed that enzyme activities
were relatively lower in larvae than adults of different
species, after feeding.

The present results (Figure 1) nevertheless showed that
the first four intestinal segments distinguished themselves
from the fifth by their higher proteolytic activity. These
observations are consistent with several previous studies
conducted on O. niloticus tilapia. Tengjaroenkul et al.
(2000) identified two peptidases (leucine-aminopeptidase
and dipeptidyl aminopeptidase IV) on the enterocytes’
microvilli of the first four intestinal segments of tilapia,
with the strongest activities in the first three intestinal
segments. This arrangement is close to that observed in the
present experiment, even though the strongest proteolytic
activities were recorded in the first four segments rather
than the first three, with a very sharp emphasis on the third
segment. However, these authors (Tengjaroenkul et al.,
2000) stressed the importance of these particular intestinal
segments because of their content in peptidases capable
of peptide hydrolysis, in particular peptides in which
the N-terminal position contains the amino acid proline
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(dipeptidyl aminopeptidase IV) and all the common
amino acids except proline (leucine aminopeptidase). In
the light of these results and referring to other research
on the morphology and physiology of the intestinal tract
of Nile tilapia, it can be considered that although the
digestive system of this species is relatively simple and
non-specialized, the first four segments, representing more
than 90% of the total length of the intestine, have played
an important role in the degradation of peptide (Smith
et al., 2000; Tengjaroenkul et al., 2000; El-Sayed 2006).
This is consistent with previous research that showed that
even though omnivorous fish are not as well equipped as
carnivores in terms of digestive proteases that effectively
digest feed proteins (Chakrabarti et al., 1995; El-Sayed,
2006; NRC, 2011; Chaudhuri et al., 2012; Hlophe and
Moyo, 2013), they may nevertheless possess a proteolytic
potential allowing them to use hardly digestible plant
proteins (Kuz’mina, 1990; Kuz’mina and Kuz’mina,
1990; Hidalgo et al., 1999). However, the lower enzymatic
reaction recorded in the fifth and last segment (Fig. 1) would
probably be due to its low participation in the hydrolysis
of peptides, due to the resorption of the proteolytic
and protein enzymes by the intestinal mucosa and the
regressive variations of the pH involved in the distal third
of the gastrointestinal tract (Hofer and Schiemer, 1981;
Hofer et al., 1982; Hidalgo et al., 1999; Smith et al., 2000;
Tengjaroenkul et al., 2000; El-Sayed, 2006).

Inhibition of digestive proteases

Considering the results hereby presented, we have
observed, same as other authors in previous work (Moyano
et al., 1999; El-Sayed et al., 2000), the existence of
protease inhibitors in vegetable diets and ingredients. Their
negative effects on digestive proteases and variations in
the physiological responses of fish were clear (Tables III,
IV; Fig. 2). This is consistent with authors who reported
that protease inhibitors are particularly abundant in legume
seeds, but also in cereals and agricultural by-products, and
a thermal treatment is incapable of completely eliminating
the inhibitory effects, especially for oilseeds such as
soybeans (Liener, 1989; Alarcon et al., 1999, 2001; Francis
et al.,2001; Drew et al., 2007).

Of all five ingredients analyzed in this study, soybean
meal had the greatest inhibiting action (Fig. 2; Table IV).
Research on the high percentage of protease inhibition in
fish from plant-sourced feeds, including soybeans, has
been documented by several authors. In vitro incubation
of treated and untreated soybean meal inhibitors in the
presence of tilapia digestive proteases allowed El-Sayed
et al. (2000) to obtain high inhibition percentages (60.9 +
0.3%1t0 80.1+0.5%), which are close to the values obtained
in this study. In their experiment on the characterization of

intestinal trypsin in tilapia, Zhou ef al. (2013) detected a
strong inhibition of intestinal protease activity, which was
induced by both the inhibitors contained in soybeans and
different metal ions. According to El-Sayed et al. (2000),
tilapia is more sensitive to protease inhibitors of soybean
meal, with an in-vitro level of protease inhibition above
60%.

In addition to tilapia, the inhibitory effect of soybeans
and other plant feeds have been evaluated several times in
both salmonids and other carnivorous fish. The experience
of Moyano et al. (1999) revealed that the digestive
proteases of tilapia and sea bream were more sensitive
to protease inhibitors present in soybean meal, resulting
in a very high inhibition percentage (40%), even with
very small solution quantities (62.5 mg/unit of activity).
Despite the pretreatment of seeds, Alarcon et al. (1999)
observed the persistence of alkaline protease inhibition
in sea bream Sparus aurata after having administered a
soybean meal-based diet, i.e. 42.6 = 6.7% for raw meal
and 39.9 + 3.0% for extracted meal. In their experience
on salmonids, Krogdahl et al. (1994) observed a high
sensitivity of fish to trypsin inhibitors contained in soy-
based diets. Aside from soybean meal, protease inhibition
percentages induced by other analyzed plant ingredients
(wheat bran, rice bran, brewers grain) were highlighted in
this study. Although the sensitivity of digestive proteases
to agricultural by-products has not been the subject of
many evaluations, their antinutritional effect has been
documented by several authors (El-Sayed, 2006; Médale
and Kaushik, 2009; Médale et al., 2013; Burel and
Meédale, 2014). For example, the experiment of Nobah e?
al. (2014) on hybrid tilapia showed that rice and wheat
bran diets did not induce the best growth rates, when
compared to T4AGF commercial feed. Bamba et al. (2008)
did not record a better growth of Nile tilapia fed with
wheat and rice bran compared to those that were fed corn
bran. However, among the few assessments of the impact
of these ingredients on digestive proteases inhibition is
the study of Moyano et al. (1999), who simulated wheat
bran consumption and observed a proportional increase
of the inhibitory effect up to 40% in sea bream. On the
other hand, sole was highly susceptible to wheat bran with
approximately 60% inhibition of protease.

Referring to similar research, the results of this study
(Fig. 3) confirmed the hypothesis that omnivorous fish,
in this case tilapia, would be more sensitive to protease
inhibitors than carnivorous fish (e.g., trout). For example,
by incubating intestinal extracts of three different fish
species with soybean meal solutions, Moyano et al. (1999)
found O. niloticus showed a high sensitivity (> 60%) to
the digestive protease inhibitors present in this ingredient,
whereas Solea senegalensis (African sole) was highly
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resistant (< 30%). These authors made the same statement
with corn germ meal, by registering over 20% inhibition
for tilapia, and low inhibition (< 20%) was observed for
sole and sea bream Sparus aurata, two carnivorous species.

It should be recalled that the two test diets’
formulation Rcongo and Rcanada was based on a massive
incorporation of the plant ingredients. Thus, the fact that
there was no significant difference between the effect of
Rcongo and Rcommercial on protease inhibition (Table
III), would negate the hypothesis that high quantities
of plant ingredients in diets would increase inhibitor
concentration (El-Sayed, 1999, 2006; Drew et al., 2007;
Médale et al., 2013; Burel and Médale, 2014). However, the
high inhibition observed with the Rcommercial diet could
be due to its components, which remain unknown for most
commercial diets. Other authors have also observed high
protease inhibition in fish fed commercial feed. Mitchell et
al. (1993) cited by Alarcon et al. (1999) recorded protease
inhibition induced by soy-based commercial diet in
salmonids ranging from 10 to 86%. El-Sayed et al. (2000)
also observed significant protease inhibition (37%) after
incubating tilapia enzyme extracts with plant solutions of
the fish meal-based control diet.

The percentages of protease inhibition recorded
with individual ingredients were generally superior to
those of the diets (Fig. 2; Tables III, IV). This situation
could be justified by the physiological adaptation of the
fish’s digestive enzymes to the diets used, rather than to
the crude ingredients (Haard et al., 1996; Santos et al.,
2013). Moreover, according to the literature, the negative
effects related to the use of ingredients containing protease
inhibitors could be associated to several factors, such as the
type of ingredient, the amount of ingredient incorporated,
the duration of the experiment and the sensitivity of the
fish species to antinutritional factors (Moyano et al.,
1999). Two types of inhibitors responsible for negative
effects were identified in the plant ingredients: a Kunitz
thermolabile inhibitor (20000-25000 moles) with several
trypsin-related disulfide bridges, and a thermostable
Bowman-Birk inhibitor (6000-10000 moles) containing a
high proportion of disulfide bonds capable of inactivating
trypsin and chymotrypsin (Kunitz, 1947; El-Sayed e? al.,
2000).

Nevertheless, alternatives have been identified to
counteract inhibitory effects of plant ingredients and
to improve their digestibility, such as pretreatment and
supplementation with exogenous proteases. For example,
the experiment presented in Hlophe-Ginindza et al.
(2016) on O. Mossambicus revealed that fish subjected to
Natuzyme50® protease supplemented diets showed better
growth performance and higher protease activity, compared
to the control group. Although many of the aforementioned

authors are unanimous that the pretreatment of plant
ingredients does not effectively reduce their inhibitory
effects on digestive proteases, Alarcon et al. (2001)
observed a different trend. After studying two snapper
species (Lutjanus argentiventris and L. novemfasciatus),
they observed that a pretreatment at very high temperatures
was effective in reducing the inhibitory capacity of plant
ingredients on alkaline proteases, but that an acid treatment
had no effect.

CONCLUSION

This study was conducted to assess the inhibitory
effects of plant ingredients on fish digestive proteases.
The sources of inhibitors used included three experimental
diets and five different agricultural by-products (soybean
meal, wheat bran, rice bran, spent corn grain, brewers
grains). The results showed that tilapia was more sensitive
to protease inhibitors when compared to similar studies.
The first four intestinal segments distinguished themselves
from the fifth by their higher proteolytic activities.
The existence of protease inhibitors in diets and plant
ingredients was demonstrated; of all plant ingredients,
soybean meal had the greatest inhibiting activity, followed
by wheat and rice bran, and brewers’ spent grains. Corn
grain had the lowest level of protease inhibition (about
20%) than all other studied ingredients. However, in
vitro methods show certain limitations due to variations
in the extracts’ responses, and the lack of significant
differences between the effects of diets on enzyme activity
and protease inhibition. Thus, as many researchers have
suggested, the use of other methods such as the zymogram
electrophoresis technique (SDS-page) appears to be a
more sensitive biochemical tool to detect and thoroughly
characterize protease sensitivity to inhibitors (Alarcén et
al., 1999, 2001; Moyano et al., 1999; Santos et al, 2013).
Finally, supplementation of diets with exogenous protease
or further processing to reduce or remove antiproteases
should be considered to improve the feeding value of
plant-based byproducts.
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ABSTRACT

Changes in the body composition of the host fish in case of disease is an important and informative indicator of type
of parasite and level of its intensity. Several anabolic and catabolic changes take place in fish body to counteract this
invasion. In present study proximate composition (% of dry matter, ash, protein, fat contents) and mineral composition
of Indian and Chinese carps affected with Lernaea were compared with those of healthy, unaffected animals. There were
differences in the biochemical profiles of whole body tissues between healthy and lernaeid fishes cultured under semi
intensive conditions for three months. In healthy experimental fishes there were significant differences between body
constituents expect ash contents. In diseased species there was considerable increase in moisture, and ash contents with
proportionate decrease in dry matter, protein and fat. Mineral composition was compared between control and treated
fishes indicated that all minerals tested varied significantly (P<0.05). Variations were quite evident within as well as
between groups however; differences were more prominent between Catla catla (heavily infected) and Cyprinus carpio
(with no infection) for Na, K, Ca, Fe, Zn and P. There was decrease in mineral contents in fishes from control group
infected with Lernaea from that of treated healthy fishes. Cyprinus carpio was totally free of Lernaea attack hence
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composition remained the same both in control and treated group.

INTRODUCTION

In Pakistan carp fish farming is on rise in both public
and private sector due to its adaptation to the current
environment and ease of its culture. Presently C. catla,
L. rohita, C. mrigala (Indian major carps) C. idellus, H.
moiltrix and C. carpio (Chinese carps) are successfully
cultured in 7829 fish farms covering an area of 45650 acres
throughout the country (Punjab Fisheries Department,
2010). They are well accepted among consumers due to
their nutritional value presumably having anti-cancerous
effects, minimizing risk of heart ailments and consequently
prolonging life expectancy (Jhingran and Pullin, 1985;
Kulikove, 1978). In addition to its superiority in nutritional
value it is also more efficient in converting food to body
tissues than other farm animals.

Previously wild waters have been the main sources
of food fish supply. From the last several years industrial
revolution, drought and indiscriminate fishing has
heavily damaged existing fish fauna. People gradually
moved from extensive open water fish catches to more
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controlled facilities with better output. This intensification
with better production incentives introduced diseases
and other ailments in culture waters due to interactions
and close orientations. Parasitic disease, among others
remained prominent in this type of culture which not
only resulted in heavy losses but still carries major share
inflicting heavy losses to this resource (Kabata, 1985).

L. cyprinacea Linnaeus (1758), commonly called
the anchor worm is one of the most studied parasites
of freshwater fishes. It is widely distributed in Africa,
Asia, North America and Europe (Kabata, 1979; Lester
and Hayward, 2006; Post, 1987; Roberts, 1989) and
recently has been reported in native fishes from Brazil
(DeMagalhaes, 2006) and Western Australia (Hassan et
al., 2008). L. cyprinacea is more prevalent in still and
slow moving water than in fast flowing streams (Hoffman,
1976). Due to its external attachment this parasite can
have serious pathogenic effects on the skin and fins of the
fish and young and feeble fish are always more at risk of
its attack. Heavy infestation can result in significant crop
losses. L. cyprinacea is the only species of the genus that
is known to have worldwide distribution because it lacks
the host specificity shown by most other members of the
genus (Tidd, 1934; Uzmann and Rayner, 1958). In current
fish culture practices C. idellus, H. molitrix, C. catla and
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L. fimbriatus appeared more susceptible to Lernaea attack
than C. carpio and L. calbasu where L. cyprinacea L.
cyprinacea is apparently totally absent irrespective of to
the type of fish culture and species combinations except L.
rohita which demonstrated comparatively more resistance
in monoculture than it experienced in polyculture system.
Even when challenged with much higher copepodid
intensity, it failed to produce any infectious symptoms
(Hemaprasanth et al., 2011). Economic losses due to
ectoparasite infestation are not restricted to direct damage
to fish bodily functions and growth but also disfigure
its physical appearance rendering it unsuitable for
consumption and for sale if this happens in ornamental fish
culture (Piasecki et al., 2004).

Immediate after attack parasite, tries to get hold of
metabolic products of the host for utilization of its own
benefits. Fish respond to this stimulus by manipulating and
changing its nutrient contents and further dietary intakes.
So changes in the body composition of the host fish in
this case is an important and informative indicator of type
of parasite and level of its intensity. Different macro and
micronutrients play a pivotal role; some are mobilized
at the place of infection while others are involved in
strengthening body immunity. Among all of them, protein,
fats, vitamins and minerals immediately reacts to foreign
particles in variable forms, so their accurate assessment
can give an idea about the level of infection and status
of fish. Therefore, accurate information on the level and
nature of fats, protein, vitamins and minerals and when
and how they vary in relation to body changes is important
for maintaining fish health, growth, reproduction and its
suitability for consumers. This data also helps in selecting
the most appropriate species for environment linked culture
and fitness for human consumption (Dempson et. al., 2004).

Investigations concerning the change of fish bio-
chemical composition in relation to their biology and
physiology with respect to sex, age, nutrition and
environmental factorshavebeencarriedoutbymanyworkers
(Hadjinikolova and Tzekov, 1990; Ottolenghi ef al., 1995;
Hadjinikolova et al., 2000; Olivera—Novoa et al., 2002;
Hadjinikolova and Zaikov, 2006; Hadjinikolova, 2008).

A number of studies on the Lernaea infestation,
prevalence, intensity and susceptibility have been
undertaken and many are on their way (Tasawar and
Naseem, 1999; Tasawar et al., 2007a; Tasawar et al.,
2007b; Tasawar et al., 2009; Piasecki, 2004; Kir, 2007)
on different fish species at their different developmental
stages and sexual differences. However, relationship
between nutrient composition, parasitic infestations and
determination of its health status and which nutrients or
their level resist attack of parasite and how and when
different remedial measures can be considered what

remedial measures, still remains unexplored. Present study
was therefore, planned to investigate what type of changes
parasites induces in body of fish and if fish body deters its
attack what is something special in one species and absent
in others which results in selective attack of this parasite.

MATERIALS AND METHODS

Experimental site

The experiment was managed in four earthen rearing
ponds (59m X 30.5m x 1.8m) located at Fisheries and
Aquaculture Department of University of Veterinary and
Animal Sciences, Ravi Campus Pattoki. Locally culturable
6fishspeciesviz. C.idellus, H. moiltrix, L. rohita, C. mrigala,
C. catla and C. carpio were used as experimental animals.

Experimental design

In this trial two-group simple randomized design
(Kothari, 2004) was used in which group without any
treatment served as “control” and the second group
tremed as “treatment” treated with DDVP. Each group
randomly received two equal sized ponds. All the ponds
were randomly stocked with 6 locally culturable fish
species with standard combination ratios (Table I). Fishes
in all the ponds received isonitrogenous and isocaloric
diets with 40% crude protein and composed of fish meal,
guar meal, soybean meal, cotton seed meal, corn gluten
and canola meal. Feed was offered to fish @ 4% their
wet biomass daily twice a day at 9.00 and 16.00 hours.
At the outset of trial all the fish species were weighed,
measured and comprehensively examined for presence of
L. cyprinacea and general health condition. Fishes from
both groups were dealt uniformly except administration of
regular applications of DDVP (@ 0.25 ppm) in treatment
group while there was no any medication in control group.
Physico-chemical parameters of pond water were also
recorded during the study period.

Proximate analysis

Duplicate samples of healthy and infected fishes
of each species were collected from the experimental
ponds. Parasites were removed and weight and length of
fishes were recorded. Proximate compositions of diets
were determined according to the Association of Official
Analytical Chemists (AOAC, 2010). Moisture and dry
matter test of healthy and infected fish samples were
carried out in convection oven at 60 °C till constant weight.
Ash determination was carried out in muffle furnace at
550 °C for 5-6 hours. Crude protein in all the samples was
subjected to Kjeldahl method and crude fat was calculated
according to the Bligh and Dyer (1959) method using
Soxhlet apparatus.
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Table I.- Morphometric measurements of experimental fish species at the initiation of trial.

Fish Species Total No. of Fish

Pond Type of fish Weight Range Avg.

Length Range Avg. Length

Stocked No. group (2 Weight (g) (cm) (cm)
L. rohita 450 Fishes/pond 1 treated 285-1040 662.5 26.7-5.2 35.9
C.mrigala  and fed @ 4% body 2 treated 400-1010 705 25.2-45.4 35.3
C. idella weight twice a day
H. molitrix (L. rohita: C. mrigal: C. 3 control 280-1530 805 28.1-50.1 39.1
C. catla idellus: H. molitrix: C.
C. carpio catla: C. carpio)

140: 80: 80: 60: 40:50 4 control  535-1260 898 267-475 371

=450

Mineral analysis

Mineral contents of samples were determined by
atomic absorption spectrometry and flame photometry
according to the methods of AOAC (2010). Wet digested
samples were subjected to flame photometers for the
determination of Na and K whereas, phosphorus, iron,
zinc, calcium, cupper, and magnesium contents were
determined by Atomic Absorption Spectrophotometer
(Hitachi model 170-10).

TableIl.- Feed formula used during the course of studies.

Ingredients % Crude % Contribu- % Protein
protein of tion in feed contribu-
ingredient formula tion

Fish meal 50 20 10.0

Soybean meal 45 30 13.5

Maize gluten 60 24 13.7

Wheat bran 14 5.0 0.7

Rice polish 12 3.0 0.36

Maize grains 9.8 8.0 0.78

Molasses 3 8.0 0.24

Mineral mixtures - 1.0 -

Vitamins - 1.0 -

Total 100 39.28

Statistical analysis

One way Analysis of variance (Factorial ANOVA)
followed by Duncan Multiple Range test was used to
evaluate the statistical significance of differences among
the species using SAS software version 9.1, however,
factorial ANOVA was applied for the comparison of treated
and controlled fish parameters. Differences between the
means of different parameters were considered significant
at p<0.05. Pearson correlation was done between Physico-
chemical parameters.

RESULTS

Bio-chemical analysis

Proximate analysis of healthy (non infected) fish
revealed that there was significant difference between body
constituents of experimental species except ash contents.
Dry mater was the lowest in C. idella (16.33+£0.07%)
followed by C. catla (17.07+£0.8%) while it was the highest
in C. mrigala (23.39+4.34%). Highest value for crude
protein was observed in L. rohita (26.00+4.24%) which
differed significantly from rest of the species in treated
group. Crude fat significantly varied in C. catla and C.
mrigala (7.30£0.28 and 10.55+£0.92%) whereas values of
crude fatremained the same in remaining species (Table I1I).

In control (infected fishes) group there was
considerable increase in moisture, and ash contents with
proportionate decrease in dry matter, protein and fat (Table
IV). The various chemical constituents varied significantly
from that of treated group (Table V). C. carpio was totally
free of Lernaea attack hence composition remained the
same both in control and treated group.

Mineral analysis

When mineral composition was compared between
control and treated fishes, all minerals tested varied
significantly (P<0.05). Variations were quite evident
within as well as between groups. Differences were more
prominent between C. catla (heavily infected) and C.
carpio (with no infection) for Na, K, Ca, Fe, Zn and P
(Table VI). Similar differences were also observed among
other species too (Tables VI and VII). There was decrease
in mineral contents in fishes from control group infected
with Lernaea from that of treated healthy fishes (Table
VII). C. carpio was free of such ailments during these
studies.

Water quality parameters remained within acceptable
ranges and were uniform in ponds from both groups (Table
IX).
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Table I1L.- Proximate analysis of fishes from treated group.

Parameters Dry (%) Moisture (%) C. Fat (%) C. Protein (%) Ash (%)
C. catla 17.07+0.8° 73.75+0.63° 7.30+0.28° 12.65+0.49° 5.47+2.44°
C. mrigala 23.394+4.34+ 66.75+£2.33¢ 10.55+0.92+* 13.13£0.00° 3.28+1.24°
L. rohita 24.17+1.48* 77.74£1.22%® 8.1+1.41® 26.00+4.24+ 5.80+0.85¢®
C. idella 16.33+£0.07 78.75+0.63* 9.50+2.26® 13.16+0.05° 3.80+0.28®
H. molitrix 18.89+1.26° 69.15+1.34¢ 7.55+0.64® 15.00£1.41° 5.28+0.45®
C. carpio 23.75+2.88¢ 76.35+2.88® 9.35+0.77%® 14.00+1.41° 3.1£0.14°
Figures with different superscript letters are significantly different from each other at p<0.05.
Table IV.- Proximate analysis of fishes from control group with L. cyprinacea infestation.
Species Dry matter (%)  Moisture (%) C. fat (%) C. protein (%) Ash (%)
C. catla 11.7+0.28° 82.9+0.82° 5.35+0.21° 7.75+0.78°¢ 12.85+0.49*
C. mrigala 20.80+3.25* 76.61+4.34% 6.9+0.99° 9.95+0.35" 8.80+0.42°
L. rohita 19.95+0.35° 79.20+1.41® 5.9+0.28® 23.10£1.4® 8.20+0.99°
C. idella 13.90+0.57° 83.67+0.082 5.10+0.57° 8.75+0.35b 9.80+0.85°"
H. molitrix 13.75+0.78° 81.10+1.26% 5.00+0.14° 9.70+0.28% 13.95+1.06*
C. carpio 23.75+2.88* 76.35+2.88® 9.35+0.77% 14.00£1.41° 3.1+£0.14*®
Table V.- Comparison of macronutrients in fishes from treated and control group.
Species Treatment Dry matter % Moisture % Fat % Protein % Ash %
C. catla Treated 17.07+0.882 73.75+0.638 7.30+0.288 12.65+0.4982 54742 444
Control 11.7+0.288° 82.9+0.824° 5.35+0.218° 7.75+0.78% 12.85+0.494°
C. mrigala Treated 23.39+4.344a 66.75+2.33¢ 10.55+0.924=  13.13+0.0%° 3.2841.244
Control 20.80+3.254° 76.614+4.3448> 6,940,994 9.9540.358° 8.80+0.42B°
L. rohita Treated 24.17+1.484 77.74£1.22482  8.1+].4]14Ba 26.00+£4.24%  5.80+0.854
Control 19.95+0.354° 79.20£1.4148°  5.940.284B° 23.10+1.44° 8.20+0.995°
C. idella Treated 16.33+0.0748=  78.75+0.634 9.50+2.26*%  13.16+0.05%*  3.80+0.28"°
Control 13.90+0.578° 83.67+0.084 5.104+0.578° 8.75£0.355%*  9.80+0.85%
H. molitrix  Treated 18.89+1.268 69.15+1.34% 7.55+0.64%8  15.00+1.418  5.28+0.45%
Control 13.75+0.788% 81.10£1.26%8>  5.00+0.148° 9.70+0.28%  13.95+1.06°
C. carpio  Treated + control ~ 23.75+2.88% 76.35+£2.88A%  9.35+0.774B  14.00+1.41%  3.1+0.14*

Note: Figures with different superscript letters are significantly different from each other at p<0.05.

DISCUSSION

Proximate analysis

Protein, fats, carbohydrates, vitamins and minerals
are the main constituents of fish feed as well as of body.
After consumption these nutrients are processed and
then finally become part of the body. Fish body is hence
a true representative of fish feed. Changes in feed or
environmental perturbations changes fish behavior and

body processes which ultimately jeopardize nutrient
balance of the body and its composition. Nutrient level in
muscle and blood tissue is therefore, an important indicator
of'its functional normality and health status. This issue was
comprehensively addressed in current studies and it was
investigated how whole fish bio-chemical profile differs in
healthy and infected fish and how this state of affairs can
be controlled to obviate heavy production and economic
losses.
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Table VIL.- Mineral contents of fishes from treated group.
Minerals  C. catla C. mrigala L. rohita C. idella H.molitrix C. carpio
Na 37.96+ 0.56* 25.48+0.66% 34.2+0.42° 24.58+0..86¢ 34.61+1.32° 27.09+0.34¢
K 48.12+0.53° 34,22+ 0.45¢ 44.41+£0.61° 41.02+ 0.96¢ 31.85+0.91¢ 45.30+0.28°
Ca 16.18+ 0.40* 13.70+0.00° 15.8+0.61% 15.28+0.54¢ 16.85+1.06* 14.20+0.98¢
Mg 2.82+0.06¢ 3.07£0.01° 2.97+0.04° 3.00+0.02° 3.05+£ 0.08° 3.20+ 0.007°
Fe 1.45+ 0.01* 1.42+0.04* 1.28+£0.07° 1.04+0.01¢ 1.22+0.02° 1.04+0.00°
Zn 1.34+ 0.06* 0.49+ 0.04¢ 1.01£0.02° 0.70+£ 0.10° 0.52+0.02¢ 0.91+0.05°
Cu 0.0114 0.00b° 0.05+ 0.001* 0.02+0.00° 0.000£0.00° 0.01+£0.01% 0.005+0.006%
P 0.79+ 0.03? 0.41+ 0.007° 0.45+0.04¢ 0.41£0.01¢ 0.66= 0.00° 0.07+ 0.008¢
Note: Figures with different superscript letters are significantly different from each other at p<0.05.
Table VII.- Mineral contents of fishes from control group infected with L. cyprinacea.
Minerals  C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio
Na 29.60+0.87* 22.20+0.56¢ 22.98+0.30° 20.11+0.01¢ 21.81+0.54¢ 27.09+0.34¢
K 37.88+0.45° 27.12+1.52¢ 41.824+2.29° 27.75+0.63¢ 25.50+0.20¢ 45.30+0.28°
Ca 11.07+0.18° 11.98+0.44° 14.81+0.69* 13.85+0.91° 10.10+0.00¢ 14.20+0.98¢
Mg 1.00+0.00° 2.45+0.21¢ 1.31+0.01° 2.75+0.21* 1.20+0.000° 3.20+ 0.007*
Fe 0.99+0.00°¢ 1.44+0.00* 1.3240.00° 1.00+0.00°¢ 0.99+0.00° 1.04+0.00¢
Zn 0.78+0.12" 0.46+0.05°¢ 1.01£0.01# 0.44+0.03 ¢ 0.26+=0.04¢ 0.91£0.05°
Cu 0.002+0.001% 0.001+0.00° 0.003+0.001° 0.00£0.00¢ 0.001+0.00° 0.005+0.006%
P 0.81+0.08* 0.40+0.03°¢ 0.50+0.02° 0.45+0.006° 0.52+0.001°" 0.07+ 0.008¢
Note: Figures with different superscript letters are significantly different from each other at p<0.05.
Table VIII. Comparison of minerals (ppm) concentrations in treated and control group.
Species  Health Na(ppm) K(ppm) Ca(ppm) Mg (ppm) Fe (ppm)  Zn (ppm) Cu (ppm) P (ppm)
status
C.catla  Treated 37.950.55% 48.12 0.53* 16.18 0.40%  2.820.06°* 1.450.01** 1.34 0.06** 0.01 0.0015¢*  0.79 0.0342
Control 29.60 0.87%° 37.88 0.45% 11.07 0.18°®  1.00 0.00%° 0.99 0.007* 0.78 0.12"® 0.002 0.001B¢® 0.81 0.08®
C. mrigala Treated 25.48 0.66 34.22 0.45" 13.70 0.00°®  3.07 0.01% 1.420.044* 0.49 0.04>* 0.05 0.0014*  0.41 0.007¢
Control 22.20 0.56° 27.12 1.52€% 11.98 0.448°  2.450.214* 1.44 0.007® 0.46 0.05® 0.001 0.00%®  0.40 0.03¢
L. rohita  Treated 34.250.42B% 44.410.615% 15.83 0.61AB%" 2.97 0.045> 1.28 0.07% 1.01 0.02%° 0.02 0.008" 0.45 0.04¢
Control 22.98 0.305° 41.822.294% 14.81 0.694*  1.31 0.01% 1.320.00%° 1.010.01%* 0.003 0.0014* 0.50 0.028%
C.idella Treated 24.58 0.86°* 41.02 0.96% 15.28 0.54AB¢ 3.00 0.025% 1.04 0.01¢* 0.70 0.10°* 0.00 0.00¢* 0.41 0.01¢
Control 20.11 0.01®® 27.750.63° 13.850.918  2.750.214 1.00 0.00° 0.44 0.03 0.00 0.00% 0.45 0.006<
H. moli- Treated 34.61 1.328% 31.850.91E* 16.851.06*  3.050.08%° 1.220.02%° 0.52 0.02"¢ 0.01 0.018*  0.66 0.0055°
trix Control 21.810.54%® 25.50 0.20°® 10.10 0.00°  1.20 0.00% 0.99 0.007¢¢ 0.26 0.04"¢ 0.001 0.000%° 0.52 0.0018°
C. carpio Treated 27.09 0.34¢* 45.30 0.28% 14.200.98°*  3.20 0.007* 1.04 0.00° 0.91 0.05% 0.005 0.0065* 0.07 0.008"¢

control

Figures with different superscript letters are significantly different from each other at p<0.05.
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Moisture, dry matter, ash, crude fat and protein
contents of healthy fish were very close to the previous
findings (Zelepuchin, 2007; Hadjinikolova, 2008; Ali et
al., 2005; Natarajan and Sreenivasan, 1961; Salam and
Janjua, 1992; Salam and Mahmood, 1993; Salam and
Davies, 1994; Salam, 1983; Kalita ez al., 2008) and were
significantly higher than infected fishes except C. carpio
which did not show any difference whether normal or
infected at the termination of experiment. It is very obvious
from our studies that there is drastic reduction of nutrient
levels in infected fish which might be due to several
reasons, prevention of fish from feeding, mobilization
of nutrients to the site of infection and development and
strengthening of immune system to defend against attack.
Our findings were in accordance with the conclusions of
Doriicii (2000) who observed similar trend of nutrient
decrease in prawn (C. lavaretus) infected by D. bothrium
species (Cestoda). Findings of Love (1980), Medford and
Mackay (1978) corroborate our studies.

Table IX.- Mean values for water quality parameters
during the course of study.

Parameters Mean+Stdv. Mini- Maxi-
mum mum
DO (ppm) 5.9+0.8 35 6.7
pH 8.3+0.4 7 8.9
TDS (ppm) 1421.0+£337.5 805 1813
Salinity (ppt) 0.8+0.1 0.8 1.1
Temp.(°C) 31.6+1.9 27.5 355
EC (uS/cm) 2.1£0.1 19 25
PO,? (ppm) 0.5+£0.5 0 1
NO, (ng/L) 0.7+£0.2 02 1
CI'' (ppm) 311.4443.8 220 437
Secchi Disk Visibility (cm) 25.6+9.4 11 28

664.7£389.2 156 1875
1291.0+£807.0 156 1375

Zooplanktons (mL")
Phytoplankton (mL')

Meakins (1974), Tierney (1991), Milinski (1984),
Pennycuick (1971), Walkey and Meakins (1970) reported
that parasitic worms of fish endeavor for energy sources
with their respective host and cause severe impairment to
their body parts. Meakins (1974) reported that infected
stickleback female’s gonadosomatic index depressed
around half of the healthy ones may be due to the
competition of parasite for energy with sticklebacks.
Tierney (1991) further investigated that infected fish eat
less than that of healthy ones irrespective of season and

have great effect on the composition of fish as observed in
our studies but also on their gonadal development, may be
due to the parasite competition for nutrient reserves.

Like other nutrients fats also have direct relationship
with percentage of water present in the body and fluctuate
with changes in environment as well as in body (Sinclair
and Duncan, 1972). These relationships exist in various
fish species (Brett ez al., 1969; Iles and Wood, 1965; Salam
et al., 1993) and were also present in our studies in both
healthy and infected species. Ash contents and moisture
increased in infected fish while protein, fats and dry matter
of fish body thus reducing its flesh quality. Our findings
contradicts to those of Floreto et al. (2000) who while
working with healthy and shell-diseased lobsters reported
that protein, lipid and ash levels in muscles were not
significantly different between the two groups but quite
significant differences were present when we compared
protein and fats between two groups. Protein and fat
contents, however, decreased in hepatopancreas and
hemolymph of diseased lobster which favorably supports
our findings that disease has significant bearing on the
nutrient level too.

Changes in liver nutrient levels (Floreto et al., 2000)
may be due partly its function as nutrient synthesis and
reservoir (Factor, 1995; Torreblanca ef al., 1993) but
unlike them we observed all these nutrients in whole
body with quite tangible differences between both healthy
and diseased fish. Leung ef al. (1990) was of the view
that animal uses them during poor feeding and/or when
a disease ensues. In a similar study on American lobster
larvae, Anger et al. (1985) reported that loss of lipid-
storing capacity of the R-cells of the hepato-pancreas was
induced by starvation and the larvae eventually died even
if feeding was successfully resumed. Direct or indirect
consequences of disease may have caused similar damage
to the hepato-pancreas of affected fish. Also, if reduction in
the hepato-somatic index were due to reduced feed intake,
then there would have been a corresponding reduction in
the protein content. Prince (1997) noted lower levels of
serum protein and lower numbers of circulating hemocytes
in the hemolymph of affected lobsters and postulated that
blood cells are destroyed through phagocytosis and lysis to
ward off the infection.

Mineral analysis

In fish, minerals perform important roles in
osmoregulation, intermediary metabolism, and in
formation of the skeleton and scales (Lall, 1981). Mineral
requirements of fish are difficult to measure because many
minerals are required in only trace amounts which fish can
absorb through feed consumption and normal respiration. It
is also very difficult to obtain mineral-free feed ingredients
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for experimental diets. Most practical diets provide the
major mineral requirements through fish meal which is
also a major source of protein. However, diets which rely
heavily on plant protein sources must be supplemented
with carefully balanced mineral premixes. The minerals
required in finfish diets include calcium, zinc, manganese,
cobalt, selenium, iodine and fluorine. The functions of
some of these have been described in detail by NRC, 1977
and 1981. The potential for toxicity of minerals must also
be carefully assessed since fish are very sensitive to excess
amounts of minerals which cause toxicity, weakens fish
immune system and ultimately invite variety of infections
that may lead to parasitic diseases.

Paterson ef al. (1981) demonstrated that an imbalance
of dietary minerals in certain diets predisposes Atlantic
salmon to bacterial kidney disease under specific
environmental conditions. They fed Atlantic salmon on a
diet containing high levels of iodine (4.5 mg/kg feed) and
fluorine (4.5 mg/kg feed) and observed a low incidence
of symptomatic bacterial kidney disease than the fish fed
with low levels.

Kirchgessner and Schwarz (1986) studied the effect
of varied protein and energy supply on the retention of
major elements (Ca, P, K, Na, Mg) and trace elements (Fe,
Cu, Zn, Mn). They observed that composition of nutrients
(crude protein, crude fat, crude ash) determine mineral
(Ca, P) contents in carp carcass. With increasing energy
supply the Ca and P values diminished. On average, 1 kg
of carcass contained 6.1 g Ca, 5.0 g P, 2.1 g K, 0.85 g Na,
0.25 g Mg, 20 mg Fe, 1.1 mg Cu, 63 mg Zn and 0.70 mg
Mn. Pirestani et al. (2009) reported comparatively higher
mineral values than ours which might be due to different
source of fishes i.e. Caspian sea. Gokoglu (2002) reported
similar values for Na (60 mg g') in both fresh and marine
water fish. Ozyurt (2009) also observed Na contents of
pike perch (66.51 mg/100 g) and common carp (61.25
mg/100 g) in the same ranges. Na content of European
catfish (130.10 mg/kg) was significantly higher than the
others (P < 0.05), but had similarities with blue whiting
(136 mg/100 g) (Martinez-Valverde et al., 2000).

In general, K level is usually higher than sodium in
both C. catla and C. carpio. K levels were also lower than
the findings of Otitologbon et al. (1997) for fresh water
fish species. Magnesium is needed for bone, protein, and
fatty acid formation, formation of new cells, B vitamin
activation, muscle relaxation, blood clot formation, and
energy metabolism. Aquatic food products, like other
animal products, are poor sources of magnesium (Lall,
1995). The magnesium content of freshwater fish species
was reported as 18-36 mg/100g by Otitologbon et al.
(1997) and Lall (1981) reported 18-36 mg 100 g and 16-
113 mg 100 g' respectively. Copper contents remained

between 0.08 and 0.13 mg 100 g that were comparatively
lower than previous studies. The high intakes of Cu could
cause health problems such as liver and kidney damage.
Food and Agricultural Organization permits Cu for human
consumption up to 0.3 mg/100 g in fish and fishery
products (FAO, 1983). Cu contents of experimental fishes
were found to be lower than the legal limit of FAO (1983)
that further decreased in the diseased condition that makes
the fish deficient in certain minerals.

Fish requires Zn in low concentrations if it exceeds
required limits then it causes toxicity. Ozyurt (2009)
observed Zn contents of 1.25-1.32 mg g' in pike
perch, common carp and European catfish which were
comparatively higher than ours. According to Turkish
Food Codex (2002/63), Anonymous suggests permitted Zn
levels for fish are 5 mg 100 g'. It is well known that that
species, size, age, sex, developmental stage food source,
environment (water chemistry, salinity, temperature, and
contaminants), and method of food processing (Lall and
Parazo, 1995; Otitologbon et al., 1997) influence level of
minerals and requirements in fish. Diseased fish not only
disturbs the nutrient balance in fish body but also make
it unfits for human consumption both nutritionally and
pathologically. Normal values for mineral analysis were
also in accordance of Hussain et al. (2018) in the tilapia.
All values for tilapia were within the normal rage given by
NRC (1981).

These studies have shown a slightly lower level of
protein (12.65+0.49%) and fat (7.30+0.28%) in C. catla
than rest of the species. The protein was the highest
(26.00+4.24%) in L. rohita while the fats were the highest
(10.55+0.92%) in C. mrigala and C. carpio the second
highest. Similarly looking at mineral profile there is not
much difference so it is hard to say that level and type
of nutrients are solely responsible for Lernaea attack.
Pathogenicity is a complex of so many factors, which
encompass environmental, biological, and physiological
factors so still lot remains to be explored before suggesting
any concrete recommendation that which factor is more
active and critical in inviting and attracting this parasite.
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ABSTRACT

Present study was conducted to study the ichthyofaunal diversity and health status of fish inhabiting
balloki headworks. To study the morphological parameters, a large number of specimens were captured
that belonged to 19 species from different commercial fish landing sites in the year of 2015. The results
showed that the species wise order of catch from different landing sites were Labeo rohita > Cirrhinus
mirigala > Labeo calbasu > Oreochromis mossambicus > Wallago attu > Sperata sarwari > Cirrhinus
reba > Notopterus notopterus > Catla catla > Labeo boga > Cyprinus carpio > Chitala chitala >
Ctenopharyngodon idella > Hypophthalmichthys molitrix > Mastacembelus armatus > Mastacembelus
pancalus > Channa marulius > Channa punctata. Approximately all the above species were present in
all selected sites but Cyprinus carpio showed highest catch with the total number of 229 and Chanan
marulius showed lowest catch with total number of 05 in river Ravi at balloki headworks. In river Ravi
during the study period based on winter and summer months, water temperatures ranged between 11-16
and 18-34 (C°), dissolved oxygen (DO) 8.9-9.5 and 7.1-8.0 (mg/l), pH 6.2-8.0 and 6.5-8.0, electrical
conductivity (EC) 801-808 and 815-832 (S/m), turbidity 5.0-7.4 and 5.7-60 (FTU), total dissolved solids
(TDS) 433-441 and 441-447 (mg/1) respectively. pH and water temperature were the same at all sites.
The skin, gills, fins, kidney, liver and gall bladder were all infested with parasites. The study revealed the
existence of different species of parasites including: protozoa, monogenean, trematodes and five species
of crustaceans. Lernaca on Catla catla was observed as the most prevalent species for the parasites
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whereas, Aoricthys aor showed the lowest infestation.

INTRODUCTION

he Punjab Province has a large irrigation system-based

on diversion from five main rivers i.e. the Indus, the
Jhelum, the Chenab, the Ravi and Sutlej. Punjab irrigation
system is accompanied by a set-up of drainage system.
The drains were originally constructed to meet farming
drainage, counter the problem of water logging and to
collect the spare irrigation water and flood water.

The rich diversity of fishes of river Ravi has been
rapidly decreasing due to habitation destruction, excess of
flood, harmful means of fishing, pollution, extensive use
of pesticides and insecticides and introduction of exotic
species etc. Taking into consideration the importance of fish
and regular monitoring of water bodies for fish diversity,
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0030-9923/2018/0013-0261 $ 9.00/0
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present survey was conducted in some of the lotic water
bodies inhabiting the area of Balloki headworks, so that
immediate steps regarding conservation may be taken.

Ever increasing anthropogenic activities are severely
affecting and demeaning river habitats. This habitat
degradation combined with changes in natural flows of
rivers is changing the patterns of sharing of the fish fauna
in these water bodies. Ganasan and Hughes (1998) found
that fish assemblages are particularly useful indicators
of ecosystem health especially when they involve high
valued species. Therefore, the information on diversity
indicates as a very useful tool for differentiating habitats,
diagnosing the worldly changes in the ecosystem, and
formulating the saving strategies (Costa and Schulz, 2010;
Dale and Beyeler, 2001; Lin and Caramaschi, 2005; Sarkar
etal., 2010).

River Ravi is one of the tributary rivers of River Indus
irrigating the plains of province of Punjab in Pakistan. Only
few reports on Ichthyofauna of the Ravi River are available
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(Mirza and Ahmad, 1987; Mirza et al., 2006). These
reports provided checklists of the fish fauna found but
lacked information on any index of faunal diversity. There
was an urgent need to determine the current Ichthyofaunal
diversity of the river so that it could be incorporated in
the development of conservation strategies. Balloki
headworks (Latitude: 31° 13° 10 N, Longitude: 73° 51”35
E) on river Ravi is located at a distance of about 42 miles
from Lahore in the south-west direction. This barrage is
very important for commercial fishing but receives 168
cusecs of effluents from nearly 200 industries and 3136
cusecs of home waste water from Lahore city as reported
by Atlas (2002) without any treatment.

Water quality deals with the physical, chemical and
natural characteristics in relation to all other hydrological
properties. Any characteristic of water that effects the
survival, reproduction, development and creation of
aquaculture species, influences management decisions,
causes environmental impacts or reduces product quality
and safety can be considered a water quality up-and-
down. Other factors being the same, aquaculture species
will be healthier, production will be more, environmental
impacts will be less and quality better in culture systems
with “good” water quality than in those with “poor” water
quality (Lin and Caramaschi, 2005).

The present study was, therefore, carried out to

evaluate the fish species diversity and spatial variation
in diversity and composition of fish assemblages in river
Ravi at balloki headworks.

MATERIALS AND METHODS

Experimental sites

Head balloki is situated at river Ravi. Length of
River Ravi in Pakistan is 422 miles. Catchment Area of
river Ravi is 15,741 miles2. The Ravi is the smallest of
the five main eastern tributaries of the Indus. It rises in the
basin of Bangahal and drains the southern slopes of the
Dhanladhar. The river leaves the Himalayas at Baseeli in
India (Fig. 1).

Fish sampling

Fish species were collected from different the landing
sites and used to measure total length (cm), standard length
(cm) and body weight (gm) from the commercial fish catch
of during the research period (Sep. 2014-May, 2015). The
fishes were preserved in 10%formalin solution injections
of 20”Formalin were also given in the gut region to the
large sized fishes. Parameters like species identification
(Mirza, 2003), Shannon-Weaver index and Simpson index
were taken and fish samples stored in jars (Shannon and
weaver, 1963).

Fig 1: Balloki headworks fish landing sites.1, Balloki bridge landing site; 2, balloki camp landing site; 3, khanki pul landing site;

4, khokhar nagar landing site; 5, syedwala landing site.
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Physico-chemical analysis of the water

Water quality parameters were measured through the
whole period of the experiment based on the winter and
summer months. Water temperatures, dissolved oxygen
(DO), pH, Electrical Conductivity (EC), turbidity, total
dissolved solids (TDS) were all measured thorough YSI
multiparameter.

Water samples for analysis of ammonium ions were
collected in 500 ml plastic bottle. The sampling started on
21st September 2014 and continued up to March 22, 2015.
Atthe time of sampling, the air and water temperatures were
recorded by using alcohalic bulb and digital thermometers.
Light penetration was recorded with the help of Secchi’s
disk. Dissolved oxygen was determined by using an
oxygen meter. pH and conductivity were determined by
using digital pH and conductivity meter (Model WTW-pH
720). While all other parameters were determined by the
methods as described by Boyd and Tucker (1998).

Examination of fish health

Parasitological examination was performed according
to Robert (1978). Skin scrapping of fresh fish samples for
external parasites was carried out. The sticky substance
obtained from the skin and fins were separately washed
into disinfected petri dish using physiological saline. The
gills were extracted and also washed into sterile petri dish
as with the mucus and viewed under the microscope at x
100 magnification. Wet squash preparations were made of
internal organs like kidney, liver and intestine. The squash
preparations were fixed for 60 sec in absolute methanol.
Slides were then stained with parasitologic iodine
microscopic studies. Bacteria were also stained according
to Robert, 1978.

RESULTS

The fish diversity survey was conducted on head
Balloki Headworks on River Ravi from September, 2014 to
April, 2015. Total 1703 fish specimens were collected from
landing sites of Balloki, river Ravi belonged to 19 species,
14 genera, 8 families and 7 orders (Table I). Cyprinus
carpio showed the highest catch with a total number of
229 (13.5 + 4.3 %) specimens followed by Wallago attu
(225,13.2 = 1.8 %) and Sperata sarwari (214, 12.6 + 3.6
%). Channa marulius showed the lowest catch of only 5
(0.29 £ 0.3 %). It was observed that large number of fishes
were present during winter (October to December) i.e., in
the months of low water level than summer. The results
showed that highest catch of fishes was recorded in the
month of December whereas the lowest catch of fishes was
recorded in the month of May (Table II).

263

Table I.- List of fish species found in the River Ravi.

Sr. No. Scientific Names

Local Name

O 0 39 O L A W N~

W W W W W W W W N N N DD DN DN DN NN = = = = = = = = =
N N L AW = O 0 0NN R W= O LV OB WD~ O

(98
o0

Gudusia chapra
Notopterus notopterus
Labeo calbasu

Labeo gonius

Labeo rohita

Labeo dero

Cirrhinus mrigala
Cirrhinus reba

Gibelion catla
Ctenopharyngodon idella
Amblypharyngodon mola
Aspidoparia morar
Systomus sarana

Puntius chola

Puntius ticto

Puntius sophore

Puntius conchonius
Crossocheilus diplocheilus
Garra gotyla
Osteobrama cotio

Chela cachius
Salmophasia bacaila
Salmophasia punjabiensis
Securicula gora

Esomus danricus
Barilius modestus
Barilius vagra

Mystus cavasius

Mystus bleekeri

Mystus vittatus

Rita rita

Heteropneustes fossilis
Ompok bimaculatus
Ailia punctata
Clupisoma garua
Eutropiichthys vacha

Pseudeutropius atheri-
noides

Xenentodon cancila

Palli

Pari
Di,Kalbansu,Kalu
Seercha
Rohu,Dambra
Challi
Mrigal,Mori
Reba,Sunni
Thaila

China rohu
Mola,Chilwa
Common chilwa
Jundoori
Chola barb
Rittatus,Popra
Sophore popra
Rosy barb
Dogra

Pather chat
Palero

Bidda

Small chal
Punjabi chal
Big chal
Soomara
Lahori chilwa
Lahori chilwa
Tingara
Bleekri tingara
Keenger fish
Tirkanda
Singhi
Pallu,Pafta
Pootals
Bachwa

Jhalli

Pootlas

Cowa tokia, Kan
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39 Channa punctate Daula,Guddu

40 Sicamugil cascasia Gachkigura

41 Chanda nama Sheesha

42 Chanda ranga Ranga sheesha

43 Chanda baculius Baculius sheesha

44 Glossogobius giuris Guloo

45 Colisa fasciata Chidu, Kangee,
Fider

46 Colisa lalia Choti kangee

47 Oreochromis aureus Stein- Golden tilapia

dachner

Month wise relative percentage of fishes is shown
in table. Highest percentage of fishes (18%) was found
in the month of December, 2014. Lowest percentage of
fishes (1.5) was found in May, 2015. The contribution
of some exotic fishes, Hypophthalmichthys molitrix,
Ctenopharyngodon idella and Oreochromis mossambicus
has also been shown during the present period of studies,
which confirmed the overflow of water from river

M. Imran et al.

Ravi during the flooding season. Numerically the most
abundant order was Cypriniformes represented by 47.37%
of the total individuals followed by Osteoglossiformes,
Siluriformes, Channiformes, Mastacembeliformes was
represented by 10.53% and Biloniformes and Perciformes
were represented by 5.26% respectively. The rank
abundance curve of fish species was plotted to display the
relative species abundance of the fish species collected
(Fig. 1). The species rank abundance plot showed a greater
proportion of intermediate abundant species.

In order to show the sampling similarities in different
species, the data was subjected to Multivariate Cluster
Analysis for preparation of Dendrogram using Euclidian
distance. The results showed that at Eucladian distance of
almost 16, all the fish species were arranged in five different
groups on the basis of their abundance and similarities.
Labeo boga, Notopterus notopterus, Ctenopharyngodon
idella and Hypophthalmichthys molitrix formed the first
group with less number of fishes. Xenentodon cancila,
Mastacembelus armatus and Mastacembelus puncalus
formed second group in this particular river. Labeo rohita,
Wallago attu and Cirrhinus mrigala formed the last cluster
with highest number of fishes in the present studies.

Table I1.- Different fish species of balloki headworks and the adjoining areas of the river Ravi.

Species AU S O N D J F M APR MA Total % age MEAN STDV VAR SEM
Chitala chitala 0 3 7 18 20 15 17 3 0 0 83 5 8.3 827 68 26
Cyprinus carpio 25 24 30 35 45 33 17 10 7 3229 135 229 13.5 183 43
Labeo calbaso 15 21 21 20 25 21 16 12 10 1 162 9.51 16.2 7.07 50 22
Labeo boga 10 8 4 5 7 3 7 0 0 50 2.94 5 33 11 1
Catla catla 10 8 6 7 10 6 2 0 62 364 6.2 336 11 1.1
Sperata sarwari 15 18 25 30 43 30 21 20 9 3 214 126 214 11.4 130 3.6
Cirrhinus reba 15 11 17 15 17 15 3 2 0 0 95 5.58 9.5 7.34 54 23
Labeo rohita 6 3 5 4 7 6 4 3 3 1 42 247 42 1.81 33 06
Channa striata 1 7 15 20 25 17 10 8 5 5 123 722 12.3 675 46 2.1
Wallago attu 20 23 25 28 30 27 23 20 19 10 225 13.2 22.5 5.72 33 1.8
Channa marulius 0 1 0 0 3 0 1 0 O 0 5 0.29 0.5 0.97 09 03
Xenentodon cancila 10 13 10 8 7 3 1 75 4.4 7.5 3.5 12 1.1
Channa punctuata 15 15 10 15 3 2 1 72 4.23 7.2 596 36 1.9
Z‘;f;‘t‘:jmbd”s 0 2 3 5 5 0 1 1 0 0 17 1 17 2 4 06
lﬁif;f;mbelus o 0 0 1 5 3 2 3 0 0 14 08 14 178 32 06
Total 195 188 241 222 309 206 145 108 63 26 1703 100 170.3

Percentage 11 11 14 13 18 12 9 63 4 1.5 100

S, September; O, October; N, November; D, December; J, January; F, February; M, March; Ap, April; Ma, May; STDV, Standard Deviation; VAR, Vari-

ance; SEM, Standard Error of Mean.
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Table IIIL.- Relative % Representation of fish orders.

No. No. of Orders

No. of families No. of genera No. of species Relative % representation of order

| Osteoglossiformes | 1
2 Cypriniformes | 6
3 Siluriformes 2 2
4 Beloniformes 1 1
5 Channiformes 1 1
6 Perciformes 1 1
7 Mastacembeliformes 1 1
Total 8 14

2 10.53
9 47.37
2 10.53
1 5.26
2 10.53
1 5.26
2 10.53
19 100

Table IV.- Seasonal fluctuations of diversity indices, species richness and species evenness of fish species in the pres-

ent studies.

Months Shannon- Weaver

Simpson Index of

Simpson Index of Species Rich- Species Even-

Index (H) Dominance (D) Diversity (1-D) ness (SR) ness (E)
August, 2014 2.52534 0.08865 18.9113 2.4653 0.95691
September, 2014 2.57466 0.08725 18.9127 3.0555 0.90874
October, 2014 2.54227 0.10081 18.8991 3.0925 0.87956
November, 2014  2.58898 0.091 18.909 3.1362 0.89572
December, 2014 2.67581 0.08306 18.9169 3.1413 0.90876
January, 2015 2.48265 0.10001 18.8999 3.0058 0.87626
February, 2015 2.48652 0.10146 18.8985 3.4206 0.86027
March, 2015 2.36139 0.11649 18.8835 2.799 0.89478
April, 2015 2.03085 0.16402 18.8359 2.1722 0.88198
May, 2015 1.80945 0.21893 18.781 2.4554 0.82351

The value of Shannon-Weaver index (2.67581)
and Simpson index of diversity (18.9169) were highest
in December and lowest in May (1.80945 and 18.781).
Similarly, Simpson index of dominance (D) was highest
in May (0.21893) and lowest in December (0.08306). The
species richness (SR) was highest in February (3.4206)
and lowest in April (2.1722) and species evenness (E) was
highest in August (0.95691) and lowest in May (0.82351)
(Tables 111, IV).

The total discharge of water (Cusecs) in river Ravi at
balloki headworks was measured by Flood and Drainage
division, Punjab Irrigation Department, Lahore. The
highest discharge was in August (45370 Cusecs) whereas
the lowest discharge was in the month of January (6614) in
the river Ravi at balloki headworks. The fish diversity was
rich and consisting of different number of species which
was used as a food source as well as for the economical
importance.

Monthly variations in physico-chemical parameters

A statistical summary of different water parameters
recorded during the whole year shown in table V. Maximum
air and water temperature were recorded in May (37.78 °C
and 23 °C) and minimum in January (16.60 °C and 11 °C).
Both the temperatures started to increase from February,
reached at peak during summer (April and May) and then
dropped suddenly in August, mainly due to rain fall and
mixing of incoming cold water of river with hot flood plain
stagnant water.

pH was maximum in May (8.2) and minimum in
March (6.2). pH started increasing steadily from January to
May due to increase in temperature until May and dropped
from Sep. 2014 to Jan, 2015. The increase in pH in warm
months may be due to the increase of CaCO3 in stagnant
waters and increased amount of nitrates, phosphates
and ultimately eutrophication in summer. DO is a very
important indicator of a water body’s ability to support
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aquatic life. In present studies maximum concentration of
dissolved oxygen was present from November (8.0 mg/l)
to February (7.68 mg/1) being maximum in December ((9.5
mg/l), while minimum amount of Oxygen was observed
in summer, being lowest in May (7.1 mg/l). Oxygen
concentration started increasing from Oct, 2014.

Electrical conductivity was highest in May (832
ps/cm)) and lowest in January (801ps/cm). Electrical
conductivity increased with increase in temperature. In
warm month’s evaporation in water bodies resulted in
decrease in total quantity of water, causing increase in
electrical conductivity. Similar trend was observed in case
of total dissolved solids. It is seen that a linear relationship
existed between TDS and EC.

Turbidity was found highest in May (60) and lowest
was from September to April, being minimum in February
(5FTU). Transparency values were recorded maximum
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in December (142 cm) and minimum in May (27 cm).
Transparency and turbidity were inversely proportional to
each other. The physico-chemical characteristics of water
analyzed during the study period are given in Table V.

Diseases of fishes

The study reveals the existence of different species
of parasites including: species of protozoa, monogenean,
trematodes and five species of crustaceans (Table VI).
Most common parasite was Lernaea on Catla catla
whereas, Aoricthys aor showed lowest infestation. Highest
parasitic load was recorded at balloki bridge on river
Ravi. Class Monogenea is a group of parasitic worms
commonly found on fishes. These parasites feed on mucus
and epithelial cells of the skin and gills and sometimes on
the blood. These parasites found in captive and wild fishes
and this is found in Ravi and caused excessive mortalities.

Table V.- Physical-chemical parameters of ravi river from August 2014 to May 2015.

Season Air Land- Water Dis- pH Salinity Electrical TDS Tur- Visi- Total Total Al- Chlo-
Temp. ing site temp. solved conductiv- bidity bility Hard- Kkalinity rides
oxygen ity (EC) (FTU) (cm) mness (mg/l) (mg/l)
Winter 23.72 1 l6c 9.5 8 0.12 808ms/cm 438mg/l 7.4 84.36 136 111 23
months 1878 2 13 8.9 7 0.098 805 435 7.2 &3 133 110 25
1692 3 11 9 6.2 0.1 802 433 5.2 142 130 111 26
16.60 4 12 9.1 7.5 0.1 806 440 6.5 108 140 108 35
29.26 5 13 9 7.1 0.097 801 441 5 100 144 107 27
31.36 6 14 9.42 8 0.1 808 436 4.80 105 146 114 29
Mini 11 8.9 6.2 0.097 801 433 5 83 130 107 25
Maxim 16 9.5 8 0.1 808 441 7.4 142 146 114 35
Mean 13.17 9.15 7.30 0.10 804.40 437.00 6.02 103.73 138.1 110.17 27.50
STDEV 1.85 0.25 0.71 0.01 2.87 3.34 1.10 2281 637 2.63 4.29
S.E. 0.70 0.10 0.28 0.0035 1.29 1.50 047 876 256 1.01 1.71
Summer 4032 1 18 7.2 7.2 0.11 815 444 5.7 92 150 113 27
months 37 65 2 19 7.1 6.7 0.14 817 445 28 95 152 117 30
3534 3 22 8 7 0.14 822 445 22 58 156 118 28
37.78 4 23 7.3 82 0.11 832 442 60 27 146 109.25 24
29.03 5 22 7.7 6.6 0.13 820 441 29 42 118 98 21
29.75 6 20 7.2 6.5 0.12 823 447 11 90 126 111 22
Mini 18 7.1 6.5 0.11 815 441 5.7 27 118 98 21
Maxim 34 8.0 8.0 0.14 832 447 60 95 156 118 30
Mean  20.67 7.42 7.03 0.12 821.5 444 2595 6733 141.33 111.04 2533
STDEV 199 0.36 0.63 0.01 6.41 2.29 20.51 2876 15.64 7.71 3.60
S.E. 0.80 0.14 0.25 0.01 2.43 0.89 7.79 11.89 634 2095 1.45
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Table VL.- Fish health status of the of the landing sites of the River Ravi.

Sr. No. Landing site Fish family Fish

Monogenea and other parasites Monogenea Family

1 Khokhar nagar  Siluridae Wallago attu Bychowskella pripathu Daclylogyridae
landing site Thaparoclidus gomtius Daclylogyridae
Bychowskyella wallagonia Daclylogyridae
Chauhanellus indicus Daclylogyridae
Cyprinadae Ctenotharyngdon idella - -
Cyprinadae Labeo calbsu Dactlylogyrus labei Daclylogyridae
Dactlylogyrus vicinus Daclylogyridae
Paradacly logyrus catalius Daclylogyridae
Cyprinadae Catla catla - -
Cyprinadae Labeo rohita Dactylogyrus batae Dactylogyrus
Dactylogyrus glossogobii Dactylogyrus
Khan ki pull Cyprinadae Ctenotharyngdon idella Lernaea oryzophila -
2 landing site Cyprinadae Labeo calbsu Dactlylogyrus labei Daclylogyridae
Cichlids Oreochromis niloticus Learnea -
3 Balloki bridge  Cichlids Cattla cattla Ichthyobodo, Apiosoma, Lernaea -
landing site Bagridac  Labeo rohita Clonorchis spp. -
4 Balloki camp Osphrano-  Chana stritor - -
landing site midae
5 Sayedwala Bagridac  Labeo rohita Clonorchis spp. -

landing site

D. minutus and Gyrodactylus elegans were most
common monogenea parasites of the study areas. Learnea
is found on the fins, skin and gills in Catla catla and
Hypophthalmichthys molitrix. Clonorchis spp. identified in
the intestine of Labeo rohita and Cirrhinus mrigala while
protozoan cysts were found in the intestine of Aoricthys
aor. Parasites were more prevalent in fish of 8 to 14 cm
total length size range.

DISCUSSION

The ichthyofaunal diversity study on river Ravi was
conducted from Sep. 2014 to Apr. 2015. In this study 19
species of 14 different genera, 8 families and 7 orders
were recorded from the river Ravi. The Cyprinus carpio
was found to be the most dominant fish in river Ravi. The
Cyprinidae was found to be the most dominant family
which includes many species.

In Pakistan about 30 species of which the
following economically important species Labeo rohita,,
Noemacheilus choprai, Noemacheilus Gibelion catla,
Cirrhinus mrigala, Cirrhinus reba, Noemacheilus naziri

and Channa striata, Channa marulius, Sperata sarwari,
Wallago attu, Rita rita, Bagarius bagarius, Tenualosa
ilisha, Notopterus notopterus become rare in River Ravi.

Freshwater environments, unlike the marine ones, are
subjected to variations in the environmental factors such as
temperature, dissolved oxygen, light penetration, turbidity,
density, etc. These factors are responsible for division of
organisms in different freshwater habitats according to
their adaptations, which allow them to survive in that
specific habitat (Jaffries and Mills, 1990). The spreading
of a fish, therefore, depends entirely on its facility to
accommodate itself to a variety of physical conditions
and degree of vitality by which it is enable to survive
under more or less sudden changes (Rehage and Loftus,
2007). This is not the first study on seasonal variations in
physical and chemical parameters of River Ravi but it is
first study at balloki headworks. Temperature fluctuations,
both diurnal and seasonal are more evident in freshwater
habitats.

Flowing waters however, lack wide fluctuations in
temperature hence directly related to each other (Odum,
1971). Photoperiod and temperature were maximum in
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warmer months (Sep. 2014 and May, 2015). Dissolved
oxygen also showed negative relationship with temperature
and photoperiod. The minimum value of turbidity (5§ FTU)
was observed in Feb. 2015 and highest value (60 mg/L)
was recorded in the May, 2015 on the onset of floods and
rains. Salam and Rizvi (1999) and Ali et al. (2003, 2005)
reached the same results while working on River Chenab
and Rachna Doaab, respectively. Density of river varies at
different sites and different times. These differences may
be due to variations in temperature and salt concentration
of water. Akhtar and Nawaz (2012) also found fluctuations
in water density with increase or decrease in total dissolved
solids. The change in density due to temperature fluctuations
is more important however, specific gravity and density are
related with each other.

The pH of water is important because many biological
activities can occur only within a narrow range. Thus,
any variation beyond acceptable range could be fatal to a
particular organism. Akhtar and Nawaz (2012) reported
favorable range of pH 6.5-9.0 at daybreak, are suitable for
fish production. pH range in the present study was 6.2-8.2
touching the upper limit of favorable range in River Ravi,
which indicates that water is suitable for fish production.

Dissolved oxygen showed maximum values in winter
season as it is inversely proportion to water temperature (Ali,
1999). Similar type of results was observed in present study
as dissolved oxygen decreased with increase in temperature.
Dissolved oxygen also had an inverse relationship with
photoperiod. When the photoperiod was long, the dissolve
oxygen value was low and when photoperiod was short,
dissolved oxygen value was high. Ali ef al. (2000) and Zeb
et al. (2011) also arrived at the same conclusion. Several
factors influence the conductivity including temperature,
ionic mobility and ionic valencies. In turn, conductivity
provides a rapid mean of obtaining approximate knowledge
of total dissolved solids concentration and salinity of water
sample (Odum, 1971). Zeb et al. (2011) reported that total
hardness acts as limiting factor for alkalinity. Calcareous
water with alkalinity more than 50 ppm is most productive,
zero- 20ppm for low production, 20-40 ppm for medium
production and 40-90 ppm for higher production.

Examination of some specimens showed that it was
infected with three opportunistic fungal genera, Aspergillus
sp., Mucor sp. and Rhizopus sp. The gills, abdomen and
caudal fin were the most affected areas by the fungi.
Aspergillus sp. was the prevalent fungus isolated from koi
followed by Mucor sp. and Rhizopus sp. Aspergillus spp.
and Mucor sp. grew well on three culture media. Posterior
part of both the fishes had significantly higher infection than
anterior part.

Aspergillo mycosis is principally a disease of tilapia
(Oreochromis sp.) caused by Aspergillus sp. as reported by

M. Imran et al.

Olufemi (1985) and Woo and Bruno (2014). These fungal
species are infectious through contamination of fish feed
(Saleem et al., 2012). Moreover, the fungal load increase
significantly during storage and is more definite at high
moisture levels in ground and tree nuts (Zeb ef al., 2012).
The factors which enhance the threat of fungal infection
through feeds include environmental temperature (27°C),
humidity level greater than 62% and moisture level in the
feed above 14%. Poor water quality is one of the most
important factors favoring the growth of fungus (Igbal ez al.,
2012b). The infection on sensitive area like gills and eyes
of fish become fatal, as the growth of fungal hyphae in eyes
may cause partial or complete blindness. In such condition
the treatment and cure is impossible and ultimately the
fishes die (Srivastava, 2009; Igbal et al., 2012a).

The results of the present study were also comparable
with studies conducted on the parsitic fauna by Rohde et
al. (1995), Ho and Kim (1997), Roberts (2004), Siddique
et al. (2009), Medeiros and Maltchik (2002), Igbal and
Saleemi (2013) and Abbas et al. (2014). The most common
parasite present in river water body were Learnea and D.
minutus. The differences in species may be due to different
climatic conditions, parasite host specificity and different
host examined. The absence of L. lophiara, L. arcuata in
Ctenopharyngodon idella in the present study was difficult
to explain.
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