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Abstract

The supplementation with herbal and medicinal plants to animals showed positive effects on feed
digestion, performance and animal’s health. Fifteen multiparous Egyptian buffaloes (537 + 18.1 kg
body weight), 7 days after parturition, were randomly assigned to 3 treatments in a quintupled
3 x 3 Latin square design in a 63-day experiment. Each experimental period lasted 21 days
(15 days of adaptation + 7 days for measurements and samples collection). Buffaloes were as-
signed according to their previous milk production, weight and parity to study the effect of fen-
nel (Foeniculum vulgare) or ginger (Zingiber officinale) supplementation on feed utilization and
lactational performance. Buffaloes were fed a basal diet of concentrates, berseem clover and rice
straw in a ratio of 60:30:10 dry matter (DM) basis. The first group was fed the basal diet with no
additive as the control treatment, while other buffaloes were fed on the basal diet supplemented
with 75 g fennel or ginger/buffalo daily. Additives supplementation did not affect feed intake; how-
ever, fennel followed by ginger improved (P<0.05) dry matter, organic matter, crude protein and
neutral detergent fiber digestibilities compared to the control. Without affecting blood chemistry,
fennel and ginger supplementation improved (P<0.05) production of milk and energy corrected
milk, fat concentration and milk energy content and output. Fennel followed by ginger decreased
the somatic cell count (P=0.035) compared with the control. Fennel and ginger improved feed
efficiency (P<0.05) compared with the control. Fennel increased the proportion of milk trans-10,
cis-12 C18:2 (P=0.028), total conjugated linoleic acid without affecting other fatty acids. It is con-
cluded that fennel or ginger at 75 g/buffalo/d improved nutrient digestibility and milk production
of lactating buffaloes. Fennel improved milk nutritive value more than ginger.
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For many years, herbal and medicinal plants feed additives have been used to
stimulate appetite and digestion in ruminants and keep animal’s health (Cedillo et al.,
2015; Salem et al., 2017). Moreover, phytogenic compounds have been used in lieu
of performance promoters (i.e., antibiotic ionophores) (Matloup et al., 2017; Khattab
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et al., 2020). Phytogenic additives include, for example, essential oils, herbs or seeds
(Abd El Tawab et al., 2020).

Fennel (Foeniculum vulgare) is a plant belonging to the family Apiaceae (Dhayalan
et al., 2015). The main phytoconstituents in fennel are anethole, limonene, a-pinene,
fenchol, fenchone and estragole (Hajalizadeh et al., 2019). Such compounds give fennel
strong pharmacological activities, including antibacterial, antioxidant, and hepatoprotec-
tive activities (Kooti et al., 2015; Ghazy et al., 2021). Saeedi et al. (2017) stated that
supplementing the starter diet of Holstein dairy calves with fennel for 2 weeks improved
their growth and decreased the weaning age. Furthermore, Hajalizadeh et al. (2019)
observed that feeding growing lambs for 80 days on diet supplemented with fennel
at 1.5% of diet increased feed intake, feed conversion, final body weight and live weight
gain.

Ginger (Zingiber officinale) is a plant belonging to the family Zingiberacae, with
a long history of medicinal use in human due to its biological active compounds.
Ginger contains volatile oil that can affect ruminal fermentation and feed diges-
tion (Zhang et al., 2011). Al-Musodi and Jaafar (2019) evaluated the supplementa-
tion of ginger to lactating Iraqi goats at 60 g/kg of concentrate diet for 5 months,
and observed increased milk yield and milk contents of solids not fat, protein and
lactose.

Limited data are available on the effect of ginger and fennel on lactational perfor-
mance of lactating buffaloes. We hypothesized that feeding fennel or ginger would
improve nutrient digestion, resulting in enhanced lactational performance of buffa-
loes. Therefore, the objective of the present experiment was to compare the effects
of fennel or ginger on feed utilization, milk production, milk composition and milk
somatic cell count (SCC) of in early lactation Egyptian buffaloes.

Material and methods

Study location

The experiment was carried out at the Agriculture Experimental and Research
Station, Faculty of Agriculture, Cairo University (Egypt). The farm was located at
latitude 30°01°47.6” N and longitude 31°11°42.5” E. The analyses were performed
at the laboratory of dairy animal production, National Research Centre (Egypt). Buf-
faloes were managed in accordance with the Guide for the Care and Use of Agricul-
tural Animals in Agricultural Research and Teaching, 3rd edition, 2010 (Federation
of Animal Science Societies, Champaign, IL, USA).

Buffaloes and management

During the first week of lactation, fifteen lactating Egyptian buffaloes (537+ 18.1 kg
body weight, 4 + 1 parity, 7 + 1 days in milk, previous milk production 7.8 + 0.1 kg/d)
were assigned randomly to one of three experimental treatments in a quintupled
3 x 3 Latin square design, with three treatments, three periods, and 5 buffaloes per
treatment within each period (resulting in 15 replicates per treatment for the whole
experiment) for 63 days. Each experimental period lasted 21 days: 15 days of adap-
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tation to the new additive + 7 days for measurements (feed intake, milk yield) and
samples collection (sampling of feed and orts, feces, blood, milk).

Buffaloes were divided into three barns in soil-surfaced free stalls (122 x 175
cm?/buffalo), under shade, without any bedding and with free access to water. Buf-
faloes were ad libitum fed a diet containing (per kg dry matter (DM)) 600 g of con-
centrate feed mixture, 300 g of Egyptian berseem clover (7rifolium alexandrinum),
and 100 g of rice straw (Oryza sativa) to meet their nutrient requirements according
to NRC (2001) recommendations. Adjustments were made to the diets to ensure col-
lection of orts. The nutrient contents of feed ingredients and basal diet are shown in
Table 1. Individual buffaloes were weighed monthly on a multi-purpose platform
scale.

Table 1. Composition of ingredients and experimental basal diet fed to the Egyptian buffaloes (g/kg

DM basis)

Concentrate . .

foed mixture! Berseem clover | Rice straw | Basal diet!
Dry matter 903.2 890.1 928.5 901.8
Organic matter 922.9 884.4 853.5 904.4
Crude protein 165.0 128.3 20.1 139.5
Ether extract 46.8 54.4 13.0 45.7
Non-structural carbohydrates 414.0 2242 1213 327.8
Neutral detergent fiber 297.1 471.5 699.1 391.4
Acid detergent fiber 175.1 380.7 458.0 265.1

'The control diet consisted of concentrates feed mixture, berseem clover and rice straw at 60:30:10 on DM
basis.

Buffaloes were fed their diets without any additives (control treatment) or sup-
plemented with fennel or ginger at 75 g/buffalo daily. Dried, food grade, fennel and
ginger obtained from a local supplier in Egypt were used. Diets were offered twice a
day at 08:00 and 16:00 h. The additives were mixed with concentrate portion to indi-
vidual buffaloes, once daily, before the morning feeding at 08:00 h to ensure the full
dose was received. Fennel or ginger has been administered more than the daily diet.
Buffaloes were offered the portion of concentrate feed mixture, followed by berseem
clover and then rice straw. Samples of berseem clover, concentrate mixture and rice
straw were taken daily, composited weekly, dried at 60°C in a forced-air oven for 48
h (method 930.15) (AOAC, 1997) and stored for chemical analyses.

Feed intake and nutrient digestibility

During the collection periods, feed intake was recorded daily by weighing the
offered diets and refusals from the previous day. During the last week of each period
(7 days), a nutrient digestibility trial was carried out in which acid insoluble ash was
used as an internal indigestibility marker, and coefficients of digestion were calcu-
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lated according to Ferret et al. (1999). Fecal grab samples were collected from all
buffaloes twice daily at 07:00 and 15:00 h, dried at 60°C in a forced-air oven for 48
h and pooled by buffalo.

Dried feed, orts and fecal samples were ground to pass a 1-mm screen and
analyzed for DM (method 930.15), ash (method 942.05), nitrogen (method
954.01) and ether extract (EE; method 920.39) according to AOAC (1997) official
methods. Neutral detergent fiber (NDF) was determined by the procedure of Van
Soest et al. (1991) with the use of an alpha amylase and sodium sulfite and expressed
exclusive of residual ash. Acid detergent fiber (ADF) was analyzed according
to AOAC (1997) (method 973.18) and expressed exclusive of residual ash. Con-
centrations (g/kg DM) of non-structural carbohydrates (NSC) = 1000 — (NDF +
crude protein (CP) + EE + ash), and organic matter (OM = 1000 — ash) were cal-
culated.

Sampling and analysis of blood serum

On the last day of each experimental period, 10 mL of blood samples were taken
4 h after feeding from the jugular vein of all buffaloes into a clean dry tube without
anticoagulants. Blood samples were centrifuged at 4,000xg for 20 min at 14°C. Se-
rum was separated into 2-mL Eppendorf tubes and frozen at -20°C until analysis. By
using specific kits (Stanbio Laboratory, Boerne, Texas, USA) and following manu-
facturer instructions, blood serum samples were analyzed for concentrations of total
protein, albumin, urea-N, glutamate-oxaloacetate transaminase (GOT), glutamate-
pyruvate transaminase (GPT), glucose, and cholesterol. Globulin concentration was
calculated by subtracting albumin values from their corresponding total protein val-
ues.

Milk sampling, and milk composition

During sample period of each experimental period (7 days), buffaloes were ma-
chine milked twice daily at 09:00 and 21:00 h, and samples (100 g/kg of recorded
milk yield) were collected at each milking. A mixed sample of milk (proportional to
amounts produced in the morning and evening) was taken daily. Milk samples were
analyzed for total solids, solids not fat, fat, protein, lactose and ash using infrared
spectrophotometry (Milkotester LM2, Belovo, Bulgaria).

The gross energy content in milk was calculated according to Tyrrell and Reid
(1965). The milk energy output (MJ/d) was then calculated as milk energy (MJ/kg) x
milk yield (kg/d). Energy-corrected milk (ECM) was calculated according to Sjaunja
etal. (1991).

Milk was freshly analyzed for SCC using NucleoCounter SCC instrument (Ch-
emoMetec, Allerod, Denmark) based on ChemoMetec’s proven technology of fluo-
rescence image cytometry.

Statistical analyses

The Shapiro-Wilk test was used to test the normal distribution of variables. For
the small number of variables that showed significance for the Shapiro-Wilk test,
data transformation (i.e., natural log) was applied before reanalyzing the normality
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of the residuals. Data were analyzed using a quintupled 3 x 3 Latin square design,
with three periods and three treatments. Individual buffaloes were the experimental
units. Data for variables measured daily for each week were averaged before statisti-
cal analyses. The statistical model included the fixed effect of square and treatment
and the random effects of period and buffalo nested within square:
Y[/'kl =m+ Si + T/+ Pk+ BI(SE) + E;'/'kl’

where Y is each individual observation for a given variable, m is the overall
mean, S, is the square effect, T, is the treatment effect, P, is the period effect, B,(S) is
the effect of buffalo within square, and E,, is the residual error. Statistical analyses
were performed using PROC MIXED of SAS Version 9.4 (SAS Inst., Inc., Cary, NC,
2020). The probability of difference option of the least squares means statement was
used for multiple comparisons of means. In addition, means also were compared us-
ing orthogonal contrasts (i.e., control vs. the average of fennel and ginger; and fennel
vs. ginger).

Results

Feed intake, digestibility and blood measurements

Fennel or ginger supplementation did not affect feed intake (Table 2). Fennel
followed by ginger improved digestibility of DM (P=0.001), OM (P=0.002), CP
(P=0.003) and NDF (P=0.025) compared with the control with greater NSC di-
gestibility (P=0.025) and digestible CP (P=0.003) for fennel compared with the con-
trol.

Additives supplementation did not affect the concentrations of serum total pro-
teins, albumin, globulin, urea-N, glucose, GPT, GOT or cholesterol (Table 2).

Lactational performance

Fennel and ginger improved production of milk (P=0.007), ECM (P=0.021) and
milk energy output (P=0.039) (Table 3). Moreover, fennel and ginger supplementation
showed greater milk fat concentration (P=0.03) and milk energy content (P=0.028)
compared with the control. Fennel followed by ginger decreased (P=0.035) the SCC
compared with the control. Both fennel and ginger improved feed efficiency calcu-
lated as milk/feed intake (P=0.034) or ECM/feed intake (P=0.036) compared with
the control.

Fennel and ginger showed greater proportions of cis-9, trans-11 C18:2 (P=0.032),
while fennel improved the proportion of trans-10, cis-12 C18:2 (P=0.028), total con-
jugated linoleic acid (CLA) (P=0.031) and omega-6/omega-3 ratio (P=0.02); how-
ever, decreased (P=0.01) polyunsaturated fatty acids (PUFA) (Table 4).
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Discussion

Feed intake, digestibility and blood measurements

Fennel and ginger supplementation did not affect feed intake, revealing unaf-
fected diet palatability with additives supplementation (Kholif et al., 2018 a). Hajali-
zadeh et al. (2019) observed improved diet palatability with fennel fed at 0.75% and
1.5% of diets for 80 days. Moheb et al. (2015) observed that feeding fennel byprod-
uct did not affect feeding intake of growing AfsharixChal male lambs. Differences
may be related to the dose of additives, animal species, fed diets or physiological
stage.

Fennel and ginger supplementation improved nutrient digestibility (DM by 5.7
and 5.1%, OM by 9.7 and 9.1%, NSC by 7.7 and 6.3%, respectively). These results
suggest that the used levels of additives were behind the level that causes some prob-
able negative effects on ruminal microflora and fermentability (Zhang et al., 2011;
Kholif et al., 2018 c). The negative effects may be due to inhibiting Gram-positive
and Gram-negative bacteria, due to the active components in supplementations (EI-
ghandour et al., 2015; Valdes et al., 2015). Ginger supplementation increases the
secretion of saliva resulting in increased secretion and activity of digestion enzymes
and finally increases the digestion processes (Ernst and Pittler, 2000). Srinivasan
(2005) reported stimulated secretion of digestive enzymes with most of the herbal
plants.

Fennel and ginger supplementation enhanced fiber digestibility (NDF by 9.7 and
7.8%, respectively), which may be due to the ability of plant secondary metabo-
lites to increase cellulolytic bacterial number (Giannenas et al., 2011; Ebeid et al.,
2020 a). Fennel contains anethole, limonene, a-pinene, fenchol, fenchone and
estragole (Hajalizadeh et al., 2019), while ginger contains camphene, neral,
B-bisabolene, ar-curcumene, B-eudesmol and other compounds that have antimicro-
bial activities against ruminal protozoa but without any negative effects on ruminal
cellulolytic activity (Benchaar et al., 2008; Ebeid et al., 2020 b). Mahmoud et al.
(2020) observed improved nutrient digestibility with fennel supplementation at 0.7%
of diet of Holstein-Friesian x Black and White Lowland crossbred lactating cows for
90 days.

Result of blood parameters indicates that buffaloes in the present study were
healthy, and that animals were not experiencing any stressful conditions (Rivero et
al., 2016). Additives supplementation did not affect blood biochemistry. The mini-
mal effects of fennel and ginger feeding on serum total protein, albumin, and urea-N
indicate unaffected nutritional status of buffaloes, marginal protein catabolism, and
healthy kidney conditions (Kholif et al., 2016). Additionally, these results indicate
minimal effect on liver activity. Liver has important role in protein metabolism, and
any deterioration in its cells will be reflected in the total serum proteins and levels
of serum GOT and GPT (Mbuh and Mbwaye, 2005). The unaffected serum globulin
level is an indicator of a stable immune response of the body.

The minimal effects on serum GOT and GPT indicate the health status of the
livers and the absence of liver pathological lesions of the animals (Pettersson et al.,
2008). However, treatments improved OM and NSC digestibility, concentrations of
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serum glucose were not affected. The minimal effect of treatment on feed intake may
explain these results. The minimal effects on serum glucose indicate marginal body
fat mobilization (McGuffey et al., 2001). Lakhani et al. (2019) evaluated the effect
of supplementing growing buffalo calves (15-18 months of age) with phytogenics
mixture containing fennel at 2 or 4% of feed intake for 120 days. They observed
that fennel supplementation increased the concentrations of total protein, albumin,
globulin, GOT and GPT and decreased cortisol and glucose without affecting the
concentration of triglycerides, urea and alkaline phosphatase. Variations between ex-
periments might be due to variations in experimental design, doses of additives, diets
and animal physiological stage.

Lactational performance

Fennel and ginger improved production of milk by 10.5 and 11.6% and ECM
by 16 and 16.8%, respectively. Increasing milk production with supplementations,
without affecting feed intake was reflected as improved feed efficiency by 8.3 and
12.5% for fennel and ginger treatments, respectively, compared with the control (Sa-
lem et al., 2014). Generally, the improved milk production is a direct result of the
cumulative effects of improved nutrient digestion (Salem et al., 2014; Kholif et al.,
2021 b). Ginger and fennel help to increase the absorption of essential nutrients,
causing greater milk production (Belewu, 2006; Mahmoud et al., 2020). Moreover,
ginger increases the stability of the gastrointestinal ecosystem through inhibition
of pathogenic microorganisms growth (Belewu, 2006), resulting in improved milk
production. Phytogenic supplementation improves feed utilization and absorption of
nutrients, activates the immune system, and stimulates the endocrine system (Bhatt,
2015; Kholif et al., 2021 a). Al-Musodi and Jaafar (2019) observed greater milk pro-
duction with ginger supplementation to lactating Iraqi goats for 5 months. Recently,
Mahmoud et al. (2020) observed increased milk production with fennel supplemen-
tation to Holstein-Friesian x Black and White Lowland crossbred lactating cows at
0.7% of total DM of diet for 90 days.

Fennel and ginger increased milk fat concentration by 17.9 and 16.1%, respec-
tively. This result is in consistence with the observation of Mahmoud et al. (2020),
who supplemented lactating cows with fennel at 0.7% of total diet for 90 days. How-
ever, we did not study ruminal fermentation, one can speculate that increasing milk
fat is a result of increasing ruminal acetate (Kholif et al., 2018 b, 2019) with fennel
and ginger supplementation. Experiments (Kholif et al., 2017 a; Morsy et al., 2018)
showed increased ruminal acetate with herbs (lemongrass and rosemary) and plant
seeds (mustard and cumin) supplementation to lactating Damascus goats at 10 g/goat
daily for 12 weeks.

The use of ethnoveterinary medicine with some herbals and phytogenic supple-
mentations may present a cheaper and sustainable alternative to synthetic medicines
(Dilshad et al., 2010; Kholif et al., 2018 b). Somatic cells in milk are a mixture of
milk-producing cells and immune cells that are secreted in milk during the normal
course of milking and are used as an index for estimating mammary health and milk
quality of dairy animals (Alhussien and Dang, 2018). Low number of milk SCC
indicates better milk products with a longer shelf life (Alhussien and Dang, 2018).
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In the present experiment, fennel followed by ginger decreased the SCC by 56 and
85%, respectively, indicating reduced mammary inflammatory response and better
milk quality compared to control group. Variations between fennel and ginger may
attributed to the qualitative and quantitative differences in biochemical constituents
of the plants (Dilshad et al., 2010). The concentrations of biochemical constituents
like phenolics, polyphenols, terpenoids, essential oils, alkaloids, lectins and polypep-
tides differ between plants (Cowan, 1999).

Supplementations with fennel and ginger affected milk fatty acid profile.
Mahmoud et al. (2020) observed altered milk fatty acid profile of lactating cows
receiving fennel at 0.7% of total diet. They observed increased omega-3, PUFA, and
CLA, while decreased saturated fatty acids (SFA) proportions. Fennel and ginger in-
creased the proportions of cis-9, trans-11 C18:2 by 15%. Moreover, fennel increased
the proportion of trans-10, cis-12 C18:2 by 12.3%, and omega-6/omega-3 ratio by
11.7%. Milk fatty acid profile is very sensitive to dietary manipulation and feed
supplementations (Kholif et al., 2017 b; Azzaz et al., 2020). Fennel and ginger con-
tain bioactive constituents that may affect ruminal biohydrogenation of fatty acids
(Jayanegara et al., 2012; Kholif et al., 2019). Moreover, fennel and ginger contain
bioactive components with antimicrobial activities against some species of ruminal
microbes. Helander et al. (1998) observed antibacterial activity with phytochemi-
cals against Gram-positive bacteria, which participate in ruminal biohydrogenation
process of the UFA in the rumen (Hobson and Stewart, 1997). Phytochemicals have
the ability to decrease the number and the activity of ruminal microbes that are re-
sponsible about the biohydrogenation of dietary UFA, which cause increased UFA
transformation from rumen to milk (Kim et al., 2016). In the present experiment, the
proportions of total UFA were not affected; however, fennel increased monounsatu-
rated fatty acids proportion.

Fennel and ginger increased proportions of CLA by 12.8 and 8.5%, respectively,
which is an important indicator of improved milk quality as a functional food for
human consumers. Milk CLA plays a good role in decreasing the risk of cardiovas-
cular disorders and possesses anticarcinogenic properties (Abedi and Sahari, 2014).
Moreover, CLA plays an important role in the prevention of atherosclerosis, cancer
and hypertension, and enhancing the immunity of human consumers (Bhattacharya
etal., 2006). Increasing milk CLA is related to the sensitivity of ruminal Butyrivibrio
fibrisolvens and Butyrivibrio proteoclasticum (the main ruminal bacteria responsi-
ble for the production of CLA before its transformation to the mammary glands)
to phytochemicals (Buccioni et al., 2015; Wang and Lee, 2015). Milk CLA mainly
originates from the ruminal biohydrogenation of C18:2 and the endogenous synthe-
sis from vaccenic acid through ruminal biohydrogenation via 4°-desaturase in the
mammary gland (Corl et al., 2001). Mahmoud et al. (2020) observed altered milk
fatty acid profile of lactating cows receiving fennel for 90 days, including increased
omega-3, PUFA, and CLA, and decreased SFA proportions.

Conclusion
Under the conditions of the present study, using of fennel or ginger at 75 g daily
in the diet of lactating Egyptian buffaloes did not affect feed intake; however, im-
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proved nutrient digestibility. Supplementations improved milk production and milk
fat content. Minimal differences were observed between fennel or ginger supple-
mentation; therefore, both of them are recommended. Fennel improved the nutritive
value of produced milk compared to ginger supplementation. Further investigations
are necessary to explore other effects of different levels of fennel and ginger on rumi-
nal fermentation, nutrient digestion and lactational performance, to confirm or deny
the observed positive effects of fennel and ginger in the present experiment.

References

Abd El Tawab AM. Kholif AE., Khattab M.S.A,, Shaaban MM,, Hadhoud FI.,
Mostafa MMM.M.,Olafadehan O.A. (2020). Feed utilization and lactational performance of
Barki sheep fed diets containing thyme or celery. Small Rumin. Res., 192: 106249.

Abedi E, Sahari M.A. (2014). Long-chain polyunsaturated fatty acid sources and evaluation of
their nutritional and functional properties. Food Sci. Nutr., 2: 443-463.

Al-Musodi M.F, Jaafar H.M. (2019). Effect of dietary Zingiber officinalis root powder and vi-
tamin E—selenium on milk yield and its chemical composition in lactating Iraqi female goats. IOP
Conf. Ser. Earth Environ. Sci., 388: 012022.

Alhussien M.N, Dang A.K. (2018). Milk somatic cells, factors influencing their release, future
prospects, and practical utility in dairy animals: An overview. Vet. World 11, 562-577.

AOAC (1997). Official Methods of Analysis, 16th ed. Association of Official Analytical Chemists,
Washington, DC, USA.

Azzaz HH,Kholif AE, Abd El Tawab AM., Khattab M.S.A, Murad H.A,,Ola-
fadehan O.A. (2020). A newly developed tannase enzyme from Aspergillus terreus versus com-
mercial tannase in the diet of lactating Damascus goats fed diet containing pomegranate peel. Livest.
Sci., 241: 104228.

Belewu M.A. (2006). A functional approach to dairy science and technology, 1st ed. Adlek Printing
Enterprises, Ilorin, Nigeria.

Benchaar C., Calsamiglia S,,Chaves AV, Fraser GR,Colombatto D, McAl-
lister T A, Beauchemin K.A. (2008). A review of plant-derived essential oils in ruminant
nutrition and production. Anim. Feed Sci. Technol., 145: 209-228.

Bhatt N.(2015). Herbs and herbal supplements, a novel nutritional approach in animal nutrition. Iran.
J. Appl. Anim. Sci., 5: 497-516.

Bhattacharya A, Banu J, Rahman M, Causey J, Fernandes G. (2006). Biological
effects of conjugated linoleic acids in health and disease. J. Nutr. Biochem., 17: 789-810.

Buccioni A, Pauselli M., Viti C, Minieri S., Pallara G, Roscini V,, Rapacci-
ni S, Marinucci M.T,, Lupi P, Conte G.,, Mele M. (2015). Milk fatty acid composi-
tion, rumen microbial population, and animal performances in response to diets rich in linoleic acid
supplemented with chestnut or quebracho tannins in dairy ewes. J. Dairy Sci., 98: 1145-1156.

Cedillo J, Kholif AE., Salem AZM., Elghandour MMM.Y,, Vazquez JF, Alon-
so M.U,Barbabosa A, Chagoyan J.C.V, Reyna A.G. (2015). Oral administration of
Sauce llorén extract to growing lambs to control gastrointestinal nematodes and Moniezia spp.
Asian Pac. J. Trop. Med., 8: 520-525.

Corl B.A,Baumgard LH.,Dwyer D.A,,Griinari JM., Phillips B.S,Bauman D.E.
(2001). The role of A9-desaturase in the production of cis-9, trans-11 CLA. J. Nutr. Biochem., 12:
622-630.

Cowan M.M. (1999). Plant products as antimicrobial agents. Clin. Microbiol. Rev., 12: 564-582.

Dhayalan M, Anitha Jegadeeshwari L., Nagendra Gandhi N. (2015). Biological
activity sources from traditionally used tribe and herbal plants material. Asian J. Pharm. Clin. Res.,
8:11-23.

Dilshad SM.R,Rehman N.U,Ahmad N.,Igbal A. (2010). Documentation of ethnoveteri-
nary practices for mastitis in dairy animals in Pakistan. Pak. Vet. J., 30: 167-171.



268 N.H. Fahim et al.

Ebeid HM.,Kholif AE,Chrenkova M,,Anele U.Y. (2020 a). Ruminal fermentation kinet-
ics of Moringa oleifera leaf and seed as protein feeds in dairy cow diets: in sacco degradability and
protein and fiber fractions assessed by the CNCPS method. Agrofor. Syst., 94: 905-915.

Ebeid HM.,Mengwei L,Kholif AE,Hassan Ful,Lijuan P,Xin L,Chengjian Y.
(2020 b). Moringa oleifera oil modulates rumen microflora to mediate in vitro fermentation kinetics
and methanogenesis in total mix rations. Curr. Microbiol., 77: 1271-1282.

Elghandour MMMM.Y,, Kholif AE., Bastida A.Z, Martinez D.LP, Salem A.ZM.
(2015). In vitro gas production of five rations of different maize silage and concentrate ratios influ-
enced by increasing levels of chemically characterized extract of Salix babylonica. Turkish J. Vet.
Anim. Sci., 39: 186-194.

Ernst E., Pittler M.H. (2000). Efficacy of ginger for nausea and vomiting: A systematic review of
randomized clinical trials. Br. J. Anaesth., 84: 367-371.

Ferret A,Plaixats J,Caja G,Gasa J,Prid P. (1999). Using markers to estimate apparent
dry matter digestibility, faccal output and dry matter intake in dairy ewes fed Italian ryegrass hay or
alfalfa hay. Small Rumin. Res., 33: 145-152.

Ghazy O.A.,Fouad M.T,,Saleh HH.,Kholif A E,Morsy T.A.(2021). Ultrasound-assisted
preparation of anise extract nanoemulsion and its bioactivity against different pathogenic bacteria.
Food Chem., 341: 128259.

Giannenas I.,Skoufos J,Giannakopoulos C,Wiemann M.,,Gortzi O,Lalas S.,
Kyriazakis L. (2011). Effects of essential oils on milk production, milk composition, and rumen
microbiota in Chios dairy ewes. J. Dairy Sci., 94: 5569-5577.

Hajalizadeh Z., Dayani O, Khezri A, Tahmasbi R, Mohammadabadi MR.
(2019). The effect of adding fennel (Foeniculum vulgare) seed powder to the diet of fattening lambs
on performance, carcass characteristics and liver enzymes. Small Rumin. Res., 175: 72-77.

Helander M., Alakomi H.-L.L.,, Latva-Kala K., Mattila-Sandholm T., Pol L,
Smid EJ, Gorris LGMM., von Wright A. (1998). Characterization of the action of
selected essential oil components on gram-negative bacteria. J. Agric. Food Chem., 46: 3590-3595.

Hobson PN, Stewart C.S. (1997). The rumen microbial ecosystem. Springer Netherlands, Dor-
drecht. https://doi.org/10.1007/978-94-009-1453-7

Jayanegara A, Kreuzer M, Leiber F. (2012). Ruminal disappearance of polyunsaturated
fatty acids and appearance of biohydrogenation products when incubating linseed oil with alpine
forage plant species in vitro. Livest. Sci., 147: 104—-112.

Khattab M.S.A,, Kholif AE., Abd El Tawab AM., Shaaban M.M., Hadhoud F.I.,
El-Fouly H.A.,Olafadehan O.A. (2020). Effect of replacement of antibiotics with thyme
and celery seed mixture on the feed intake and digestion, ruminal fermentation, blood chemistry, and
milk lactation of lactating Barki ewes. Food Funct., 11: 6889-6898.

Kholif AE,Morsy TA, Gouda G.A,,Anele UY., Galyean M.L. (2016). Effect of feed-
ing diets with processed Moringa oleifera meal as protein source in lactating Anglo-Nubian goats.
Anim. Feed Sci. Technol., 217: 45-55.

Kholif AE, Matloup OH., Morsy T. A, Abdo M.M.,, Abu Elella AA,Anele UY,
Swanson K.C. (2017 a). Rosemary and lemongrass herbs as phytogenic feed additives to im-
prove efficient feed utilization, manipulate rumen fermentation and elevate milk production of Da-
mascus goats. Livest. Sci., 204: 39-46.

Kholif AE,Morsy TA,Matloup O.H,Anele UY,Mohamed AG,El-Sayed AB.
(2017 b). Dietary Chlorella vulgaris microalgae improves feed utilization, milk production and con-
centrations of conjugated linoleic acids in the milk of Damascus goats. J. Agric. Sci., 155: 508-518.

Kholif AE,Gouda G.A,Anele U.Y,Galyean M.L. (2018 a). Extract of Moringa oleifera
leaves improves feed utilization of lactating Nubian goats. Small Rumin. Res., 158: 69-75.

Kholif AE,Gouda G.A.,,Olafadehan O.A.,,Abdo M.M. (2018 b). Effects of replacement of
Moringa oleifera for berseem clover in the diets of Nubian goats on feed utilisation, and milk yield,
composition and fatty acid profile. Animal, 12: 964-972.

Kholif AE., Kassab AY., Azzaz HH, Matloup OH., Hamdon H.A., Olafade-
han O.A., Morsy T.A. (2018 c). Essential oils blend with a newly developed enzyme cocktail
works synergistically to enhance feed utilization and milk production of Farafra ewes in the subtrop-
ics. Small Rumin. Res., 161: 43-50.



Fennel and ginger in the diet of lactating buffaloes 269

Kholif AE,Gouda G.A,,Galyean ML,Anele UY,Morsy T.A. (2019). Extract of Mor-
inga oleifera leaves increases milk production and enhances milk fatty acid profile of Nubian goats.
Agrofor. Syst., 93: 1877-1886.

Kholif AE., Hassan A.A., El Ashry GM,, Bakr MH.,, El-Zaiat HM.,, Olafade-
han O.A., Matloup OH, Sallam S.M.A. (2021 a). Phytogenic feed additives mixture en-
hances the lactational performance, feed utilization and ruminal fermentation of Friesian cows.
Anim. Biotechnol., 32: 708-718.

Kholif AE,Hassan A.A,Matloup O.H,El Ashry G.M. (2021 b). Top-dressing of chelated
phytogenic feed additives in the diet of lactating Friesian cows to enhance feed utilization and lac-
tational performance. Ann. Anim. Sci., 21: 657-673.

Kim M.J., Jung US., Jeon SW, Lee JS., Kim WS., Lee SB, Kim Y.C., Kim B.Y,
Wang T, Lee H.G. (2016). Improvement of milk fatty acid composition for production of func-
tional milk by dietary phytoncide oil extracted from discarded pine nut cones (Pinus koraiensis) in
Holstein dairy cows. Asian-Australas. J. Anim. Sci., 29: 1734-1741.

Kooti W, Moradi M., Ali-Akbari S., Sharafi-Ahvazi N.,, Asadi-Samani M.,
Ashtary-Larky D. (2015). Therapeutic and pharmacological potential of Foeniculum vulgare
Mill: A review. J. Herb. Med. Pharmacol., 4: 1-9.

Lakhani N,Kamra DIN,,Lakhani P,Alhussien M.N.(2019). Immune status and haemato-
biochemical profile of buffalo calves supplemented with phytogenic feed additives rich in tannins,
saponins and essential oils. Trop. Anim. Health Prod., 51: 565-573.

Mahmoud AEEM, Rahmy HAF, Ghoneem W.M.A. (2020). Role of caraway, fennel and
melissa addition on productive performance of lactating Frisian cows. Pakistan J. Biol. Sci., 23:
1380-1389.

Matloup OH,Abd El Tawab AM., Hassan AA, Hadhoud FI, Khattab M.S.A.,
Khalel M.S,,Sallam SM.A., Kholif A.E. (2017). Performance of lactating Friesian cows
fed a diet supplemented with coriander oil: Feed intake, nutrient digestibility, ruminal fermentation,
blood chemistry, and milk production. Anim. Feed Sci. Technol., 226: 88-97.

Mbuh J.V,Mbwaye J. (2005). Serological changes in goats experimentally infected with Fasciola
gigantica in Buea sub-division of S.W.P. Cameroon. Vet. Parasitol., 131: 255-259.

McGuffey RK,Richardson L.F,Wilkinson J.I.D.(2001). Ionophores for dairy cattle: cur-
rent status and future outlook. J. Dairy Sci., 84: E194-E203.

Moheb S.Z, Fatahnia F, Alipour D. (2015). Effect of fennel by-product on performance
of growing lambs and gas production parameters of their diets. Iran. J. Anim. Sci., 46:
Pe201-Pe210.

Morsy TA., Kholif AE., Matloup OH, Elella A./A, Anele UY, Caton J.S. (2018).
Mustard and cumin seeds improve feed utilisation, milk production and milk fatty acids of Damas-
cus goats. J. Dairy Res., 85: 142-151.

NRC (2001). Nutrient Requirements of Dairy Cattle, 7th ed. National Academies Press, D.C., USA.

PetterssonJ,HindorfU,PerssonP,BengtssonT.Malmqvist U,Werkstrom V.,
Ekelund M. (2008). Muscular exercise can cause highly pathological liver function tests in
healthy men. Br. J. Clin. Pharmacol., 65: 253-259.

Rivero N, Salem AZM., Ayala M., Elghandour M\M.Y,, Kholif AE., Barbabosa
A.,Camacho LM,Rojas S.,Jolivares Cipriano M. (2016). Influence of Salix baby-
lonica extract, exogenous enzyme of xylanase and their combination on blood haematological and
biochemical profile in sheep and goats. Indian J. Anim. Sci., 86: 1140-1144.

Saeedi S.,Dayani O, Tahmasbi R, Khezri A. (2017). Effect of supplementation of calf
starter with fennel powder on performance, weaning age and fermentation characteristics in Hol-
stein dairy calves. J. Anim. Physiol. Anim. Nutr. (Berl), 101: 81-87.

Salem AZM,Kholif AE,Elghandour MM.Y.,,Buendia G,Mariezcurrena M.D,,
Hernandez S.R.,Camacho L.M. (2014). Influence of oral administration of Salix babylonica
extract on milk production and composition in dairy cows. Ital. J. Anim. Sci., 13: 10-14.

Salem AZM., Elghandour MMM.Y,, Kholif AE.,Lépez S.,Pliego AB.,Cipriano-
-Salazar M,,Chagoyéan J.C.V,de Oca Jiménez RM., Alonso M.U. (2017). Tree
leaves of Salix babylonica extract as a natural anthelmintic for small-ruminant farms in a semiarid
region in Mexico. Agrofor. Syst., 91: 111-122.



270 N.H. Fahim et al.

Sjaunja L.O.,Baevre L,Junkkarinen L.,Pedersen J,Setala J. (1991). A Nordic pro-
posal for an energy corrected milk (ECM) formula. EAAP Publ., 50: 156-157.

Srinivasan K. (2005). Spices as influencers of body metabolism: An overview of three decades of
research. Food Res. Int., 38: 77-86.

Tyrrell HE, Reid J.T. (1965). Prediction of the energy value of cow’s milk. J. Dairy Sci., 48:
1215-1223.

Ulbricht TL.V,Southgate D.A.T. (1991). Coronary heart disease: seven dietary factors. Lancet,
338: 985-992.

Valdes K.I,Salem AZM.,,Lopez S.,Alonso M.U,Rivero N,Elghandour MM.Y.,
Dominguez LA,Ronquillo M.G,,Kholif A.E. (2015). Influence of exogenous enzymes
in presence of Salix babylonica extract on digestibility, microbial protein synthesis and performance
of lambs fed maize silage. J. Agric. Sci., 153: 732-742.

Van Soest PJ,Robertson JB., Lewis B.A. (1991). Methods for dietary fiber, neutral de-
tergent fiber, and nonstarch polysaccharides in relation to animal nutrition. J. Dairy Sci., 74:
3583-3597.

Wang T, Lee H.G. (2015). Advances in research on cis-9, trans-11 conjugated linoleic acid: a major
functional conjugated linoleic acid isomer. Crit. Rev. Food Sci. Nutr., 55: 720-731.

Zhang T.T.,Yang ZB.,Yang WR.,Jiang S.Z,Zhang G.G. (2011). Effects of dose and ad-
aptation time of ginger root (Zingiber officinale) on rumen fermentation. J. Anim. Feed Sci., 20:
461-471.

Received: 19 X1 2020
Accepted: 20 12021



