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Abstract
The bacteriological quality of ice cream sold to consumers in Trinidad was evaluated and factors that may contribute to its contamination were
assessed. The cross-sectional study was conducted on ice cream sold by supermarkets and street vendors across Trinidad. The frequency of
Salmonella spp., Listeria spp., Escherichia coli and staphylococci, as well as the total aerobic plate counts (TAPC) per g of ice cream were
determined using standard methods. The frequency of isolation of these bacteria was compared for imported and locally produced ice cream,
commercial and home-made, flavour, temperature and pH of the product. Of a total of 115 ice cream samples comprising 52 foreign commercial, 38
local commercial and 25 local home-made, all were negative for Salmonella and Listeria spp. while 1 (1.9%), 8 (21.1%) and 13 (52.0%), respectively,
were positive for staphylococci; and 2 (3.8%), 10 (26.3%) and 22 (88.0%), respectively, were contaminated by E. coli. The differences were
statistically significant (P<0.05). Overall, the TAPC per g of ice cream was 1.5x10%+2.9x10? for foreign commercial, 7.4x10*+£3.4x10° for local
commercial and 1.0x10°+2.5x10° for local home-made which were statistically significantly different (P<0.05). Brands of ice cream of foreign
commercial origin had significantly lower frequency of staphylococci, E. coli and lactose fermenters than those of local commercial and home-made
sources. Coconut flavoured ice cream had the highest prevalence and mean counts of aerobic bacteria tested, while vanilla ice cream had the lowest one.
The temperature and the pH of ice cream had a significant effect on its microbial load. Home-made ice cream in Trinidad appears to pose a high health
risk to consumers compared to imported brands. It is imperative that bacteriological standards be enforced in order to prevent ice cream-borne

gastroenteritis.
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Introduction

Ice cream, which is a milk product, is consumed globally and most
consumption occurs outside homes and amongst children during
the summer months in temperate countries and all year round in
tropical nations 3**. Although ice cream is a frozen product, it has
been documented to be contaminated by bacterial pathogens such
as Salmonella spp., Listeria spp., Yersinia spp., Staphylococcus
aureus, Escherichia coli, coliforms, Bacillus spp. amongst others
in many countries 7 - 17:25.26.39.42. 44 Contributing factors of ice
cream contamination include poor sanitary practices during
processing 24333336 yse of contaminated ingredients, particularly
shell eggs * 22334 contaminated scoop water *!, post-process
contamination *3235 and improper storage temperatures %%

The presence of pathogens in ice cream has been responsible
for epidemics of salmonellosis, primarily due to S. enteritidis '> %%
and listeriosis *!? elsewhere emphasizing the health risk posed to
consumers by ice creams. To avoid ice cream-borne gastroenteritis,
bacteriological standards have been established for ice cream by
several governments 2 *. In developing countries, although
bacteriological standards may exist, there is always the problem
of enforcement.

In Trinidad and Tobago, a tropical country with average
temperatures over 30°C almost all year round, ice cream is very
widely consumed. There has been an increase in the number of
ice cream vendors, mostly selling home-made ice cream. In 1971,
an epidemic of typhoid fever implicated home-made ice cream as
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the vehicle ¥’. Adesiyun * surveyed ice cream samples sold locally
and detected S. aureus and E. coli but no Salmonella was
recovered. To date, information is unavailable on the bacteriological
quality of imported and locally processed ice cream. There are no
reports on the factors that may affect its microbial quality under
local conditions.

The study was, therefore, conducted to compare the
bacteriological quality of ice cream originating from commercial
foreign and local sources, as well as home-made products and to
investigate the effect of brands, flavour, sale outlet, pH and
temperature on its microbial load. The presence of O157 strain
amongst isolates of E. coli was also determined.

Materials and Methods
Source of ice cream: The cross-sectional study design was used
to sample ice cream from supermarkets and street vendors from
commercial local and foreign manufacturers and from local home-
made sources. During the visit to the sale outlets, the most common
3 brands were sampled.

Administration of questionnaire: At the sale outlet, a short

questionnaire was administered to obtain information on the
conditions of storage, transportation and handling of the product.
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Sample collection: Twice weekly, outlets were visited for sample
collection. At the supermarkets, which served as sources of
commercial local and commercial foreign ice cream, samples were
collected in the sealed containers in which they were sold. For
home-made ice cream, usually sold in open containers, samples
were purchased in styrofoam cups provided by the vendors.

Determination of pH and temperature of ice cream: The portable
704 Metrohm temperature-compensated pH meter (Metrohm Ltd.,
Switzerland) was used to determine the temperature and pH of ice
cream samples immediately after purchase.

Isolation of Listeria spp.: A sterile spoon was used to scoop out
ice cream from the containers of purchase into sterile plastic cups
in the laboratory after which it was allowed to melt at room
temperature. The FAO procedure was used for isolation. Briefly,
for each sample, 25 g was weighed and added to 225 ml of Listeria
enrichment broth (LEB) (Oxoid Ltd., Basingstoke, Hampshire, UK)
and enriched for 48 h at 30°C. Enriched broth was then plated for
isolation on Listeria selective agar (LSA) containing Listeria
supplement (Oxoid Ltd., Basingstoke, Hampshire, UK) and
incubated at 35°C for 24 h after which colonies with typical
appearance of Listeria, greyish to black, were subcultured onto
blood agar plates and thereafter subjected to biochemical tests 2.

Isolation of Salmonella spp.: To detect salmonella in ice cream
samples, the procedure described by the FAO was used. Briefly,
25 g of melted sample was pre-enriched in 225 ml of lactose broth
(Oxoid Ltd., Basingstoke, Hampshire, UK) overnight at 37°C. As
enrichment, 1 ml of each pre-enriched sample was then used to
inoculate 9 ml each of selenite cysteine (SC) broth and tetrathionate
(TT) broth and incubated overnight at 42°C and 37°C, respectively.
Broth culture was then inoculated onto bismuth sulphite (BS) and
xylose lysine desoxycholate (XLD) and incubated overnight at
37°C. Salmonella was identified as earlier recommended '* 28,
Suspect isolates were subjected to the slide agglutination test
using the salmonella polyvalent antiserum A-I & Vi (Difco, Detroit,
Michigan, USA).

Detection and enumeration of staphylococci: For qualitative
detection of staphylococci, a loopful of molten ice cream was
inoculated into Baird Parker agar (BPA) and incubated at 37°C for
48 h. Colonies that were black or greyish-black were Gram-stained
and subjected to biochemical tests %. For quantitative evaluation
of staphylococci, 100-fold serial dilutions of molten ice cream in
sterile saline were inoculated onto BPA plates and incubated at
37°C for 48 h. Typical colonies were enumerated using a Quebec
Darkfield colony counter (Cambridge Instruments Inc., New York,
USA), counts were expressed as colony-forming units (cfu) per g.
The slide and tube coagulase tests ® were used to detect S. aureus
strains amongst staphylococcal isolates.

Detection and enumeration of E. coli: Ice cream samples were
subcultured onto eosin methylene blue (EMB) plates (Oxoid Ltd.,
Basingstoke, Hampshire, UK) and incubated overnight at 37°C to
detect the presence of E. coli. Colonies with greenish metallic
sheen were subjected to biochemical test 2. To quantify the
presence of E. coli in ice cream sample, 100-fold dilutions in
sterile saline were plated on EMB plates and colonies with typical
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appearance were enumerated. Counts were expressed as cfu per g
of ice cream.

Detection of 0157 strain of E. coli: Suspect isolates of E. coli
were identified using standard methods and subsequently plated
on sorbitol-McConkey agar (Oxoid Ltd., Basingstoke, Hampshire,
UK). Inoculated plates were incubated at 37°C overnight and
sorbitol fermenting (SF), which was reddish colonies, and non-
sorbitol fermenting (NSF) colonies, including cream or colourless,
were noted. All NSF isolates were plated on blood agar plates and
incubated at 37°C overnight after which the E. coli O157 antiserum
(Difco, Detroit, Michigan, USA) was used to detect O157 strain
by slide agglutination test.

Determination of total aerobic plate count: The dilutions of ice
cream used to enumerate staphylococci and E. coli in ice cream
were similarly plated on nutrient agar plates and incubated
overnight at 37°C. All colonies on plates with 30-300 colony
forming units were counted. The counts were expressed as total
aerobic plate count (TAPC) per g of ice cream.

Statistical analyses of data: The frequency of detection of
various bacteria in ice cream samples were processed using the
Statistical Package for Social Sciences (SPSS), version 10, and
compared with chi-square tests. All statistical tests were performed
2-tailed and interpreted at an alpha of 0.05. The one-way ANOVA
was used to compare the mean counts of the different types of
bacteria, as well as the total aerobic plate counts in ice cream of
various origins, flavours, brands, sale outlets, temperatures and
pH.

Results

All 115 samples of ice cream tested were negative for Salmonella
and Listeria spp. (Table 1). The TAPC per g of ice cream was
highest in local home-made products (1.0x10°+2.5%10°) and lowest
amongst foreign commercial products (1.5%x10%+2.9%10?). The
difference was statistically significant (P<0.05). A similar pattern
was observed for the prevalence and counts per g of ice cream for
staphylococci, E. coli, lactose fermenters and non-lactose

fermenters. All staphylococcal isolates were coagulase negative
staphylococci (CNS), i.e. non-S. aureus.

Samples from all 14 brands of ice cream contained aerobic bacteria
(Table 2). Of the 9 brands of commercial foreign sources, only 1
(11.1%) was positive for staphylococci, 1 (11.1%) for E. coli and 2
(22.2%) each for lactose fermenters and non-lactose fermenters.
Samples of the 2 brands of local commercial and 3 of local home-
made tested were positive for these bacteria.

Coconut flavoured ice cream, regardless of source, was most
contaminated both in frequency and counts compared to the other
4 popular flavours tested (Table 3). The mean TAPC per g was
2.0x10°+5.8x10° for coconut ice cream compared with
9.0x10°+4.1x10* for vanilla ice cream. The frequency of detection
of staphylococci, E. coli, lactose fermenters and non-lactose
fermenters was 53.8% (7 of 13), 84.6% (11 0f 13),91.7% (11 of 12)
and 83.3% (10 of 12), respectively, for coconut ice cream compared
with 14.3% (4 0f 28), 17.9% (5 0f 28),42.3% (11 0of 26) and 30.8% (8
0f26) for vanilla flavoured ice cream.

The microbial load of ice cream samples from the 8 sale outlets
studied varied from a TAPC per g of 2.7x10?+4.3x10? (Outlet E) to
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2.1x10%+6.6x10° (Outlet C) (Table 4). All samples collected from
Outlet E were negative for staphylococci and only 10% (1 of 10)
contained E. coli. A total of 120 isolates of E. coli were tested of
which 29 (24.2%) were NSF but none was O157 strain.

The microbial load of ice cream decreased as its temperature
decreased (Table 5). For ice cream samples with temperatures less
than -8.8°C, the mean TAPC per g was 8.2x10°+3.2x10* compared
with 1.1x10°+4.5x103detected for samples with temperatures above
-5.21°C. The frequency of isolation of aerobic bacteria across ice
cream of varying temperatures was not significantly different (p =
0.340). The difference in the frequency of detection of
staphylococci in ice cream samples across the temperature range
investigated was, however, statistically significant (p =0.03).

For the pH intervals (<6.463, 6.463-6.59, 6.58-6.71, 6.72-6.83 and
>6.83) of ice cream investigated, regardless of source of ice cream,
the pH had no statistically significant effect (P>0.05) on the
microbial load (TAPC per g) of samples studied. However,
significantly higher frequency of detection of lactose fermenters
(p=0.00) and non-lactose fermenters (p = 0.009) was observed at
low pH (less than 6.463), 81.0% (17 of 21 samples) than at
comparatively high pH (over 6.83), 26.7% (4 of 15 samples) for
lactose fermenters; while for non-lactose fermenters, at low pH,
66.7% (14 of 21) and at comparatively higher pH, 31.6% (6 of 19).

Discussion

It was significant that ice cream from foreign sources in Trinidad
had better bacteriological quality than those that were either
commercial or local home-made. This suggests that imported ice
cream sold in the country, although comparatively more expensive
than locally processed products, is safer for human consumption.
A similar finding on the bacteriology of imported versus local
product was reported for bottled water '° and raw meat ! in the
country.

It was no surprise that home-made ice cream, relatively
inexpensive and popular locally, had a high microbial load which
exceeded both local (Trinidad Public Health Laboratory, personal
communication) and international standards 2”-*. This is because
there are no regulatory controls on the microbial loads of ice cream
from these sources and therefore are susceptible to poor sanitary
practices during processing and at the sale outlets. Furthermore,
unlike the samples of commercial local and commercial foreign ice
cream studied, which were all sold in packages, home-made ice
cream were all sold open often by vendors in carts. The health risk
posed to consumers by home-made ice cream in the country can
therefore not be over-emphasized. Other investigators elsewhere
have similarly reported that home-made ice cream has significantly
higher level of bacterial contamination than commercial ice cream!”
.42 Home-made ice cream has also been documented to have
poor microbial quality elsewhere '>17-3%2426 and epidemics of ice
cream-borne gastroenteritis have been reported '> 162234,

It is interesting to find that despite the high level of contamination
of home-made ice cream, all samples tested, including those of
commercial foreign and commercial local origin, were negative for
Salmonella spp. and Listeria spp. Adesiyun 3 also failed to detect
Salmonella spp. from a total of 66 locally produced ice cream
studied. This finding is in agreement with the reports of De Centorbi
et al. '*, Maifreni et al. °, Aidara-Kane et al.” and Warke et al. *.
It is, however, pertinent to mention that failure to detect both
Salmonella and Listeria spp. from local ice cream does not make
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it safe since other pathogens not assayed for in the current study
may be present. In Trinidad and Tobago, both pathogens have
been recovered from pre-processed bovine milk *. Salmonella and
Listeria have been recovered from ice cream in other countries
making them unfit for human consumption and in a number of
cases were responsible for gastroenteritis !+ 1> 17:21:26:42,

The overall frequency of isolation of staphylococci (19.1%)
found in this study is considerably lower than reported by Masud
3land Wouafo et al. **. Home-made ice cream again had a
significantly higher frequency of staphylococci (52.0%) compared
with commercially processed (local and foreign) products. This
could be attributed to poor handling during preparation and
contamination from the environment during sale as reported by
Wouafo et al. “and Kanbakan et al. 2. Lower frequencies of
staphylococci and S. aureus have been also reported for ice cream
by Wouafo et al. *, Kanbakan et al. **and El-Sharef et al. V'

Regarding health concern, 88% of home-made ice cream
sampled were positive for E. coli, with as high as 96% contaminated
by enteric bacteria. This frequency is much higher than 51.4%
and 26.7% of home-made and commercial ice cream, respectively,
reported to be positive for E. coli . Comparatively, lower
frequency of isolation of E. coli from ice cream has been reported
for other countries 73!,

Coliforms and E. coli may contaminate ice cream during
processing through contaminated water or faecal material as a
result of poor sanitary practices. Pipeborne treated water
processed by the nation’s Water and Sewerage Authority (WASA)
was reported to have unacceptable coliform level in water supply
to urban and rural communities in Trinidad & “. It was also
demonstrated that containers or tanks used to store water at homes
contributed to coliform contamination of water *. There is,
therefore, a possibility that the water used during the production
and sale of'ice cream, particularly home-made one, may have served
as a vehicle for E. coli and other coliforms to contaminate the ice
cream studied. It is relevant to mention that at the sale outlet,
particularly when sold in open containers which require dispensing
of the product for sale, scoop water may serve as vehicle of coliform
contamination of ice cream as reported by Wouafo et al. *, Wilson
et al. *! and Kanbakan et al. 2.

Strain O157 was not detected amongst all isolates of E. coli
studied, an indication that ice cream sold in Trinidad is not expected
to be an important source of gastroenteritis due to verocytotoxigenic
E. coli (VTEC). However, El-Sharef et al. 7 reported that 1.3% of
home-made ice cream sold in Libya was contaminated by E. coli
0157. Milk-borne, including ice cream, gastroenteritis due to VTEC
strains are well documented in the literature 2%2*34, An earlier
study in Trinidad recovered VTEC strains from pre-processed
bovine milk 25,

Brands and sale outlets did not have a significant effect on the
ice cream samples per se, as the source (home-made, local
commercial or foreign commercial) appeared to be the most
important factor influencing the microbial quality of the product.
It was observed that all nine brands of ice cream from foreign
sources had both low frequency and mean counts of bacteria
tested, while the frequency and counts of all brands from local
sources (commercial local and home-made) were high.

In the country, vanilla ice cream, unquestionably the most
popular flavour, had a better bacteriological quality than coconut
flavoured ice cream which had the poorest quality (frequency and
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Table 5. Microbial load of ice cream by temperature of product on purchase.

Mean + SD counts, (cfu/g) of:

Range of No. of

No of

temperature (OC) samples Aerob_lc Staphylococci E. coli samples Lactose Non-lactose
A bacteria b fermenters fermenters
tested tested
1.1x10° = 1.6x10%+ 2.4x10°+ 3.2x10%+ 8.5x10%+
>-3.21 22 4.5x10° 7.5x10" 1.0x102 22 6.4x107 2.2x10°
2.8x10%+ 2.9x10'+ 5.7x10%+ 3.5x10°+ 1.6x10° +
-3.2210-63 20 7.4x10* 4.7x10" 2.2x10° 19 1.4x10* 4.6x10°
7.2x10%+ 42x10'+ 3.9x10'+ 2.5x10%+ 4.5x10%+
-6.410-7.45 24 2.5x10° 2.0x10° 8.5x10! 23 6.1x10? 9.6x10°
1.5x10*+ 1.0x10%+ 2.4x10'+ 1.3x10%+ 1.4x10%+
74610 -8.7 20 4.0x10* 3.1x10° 6.1x10" 19 3.1x10% 2.0x10?
8.2x10°+ 5.8x10°+ 1.3x10%+ 4.6x10°+ 2.6x10%+
<838 24 3.2x10* 2.2x10" 5.7x102 22 2.1x10° 8.5x10?

“No. of samples tested for aerobic bacteria, staphylococci and E. coli.
No. of samples tested for lactose fermenters and non-lactose fermenters.

count) of all the flavours studied. This finding is at variance with
the report of Maifreni et al. % where no statistically significant
difference was detected in the means of TAPC, coliforms and
yeast counts in various flavours of ice cream studied. It is known
that ingredients used in the preparation of ice cream are potential
sources of contamination %333,

It is worthy to note that the temperature of ice cream had no
significant effect on the mean TAPC per g, which was an
unexpected finding. High temperature or fluctuating temperatures
during storage of ice cream, particularly those sold in open
containers and in high ambient temperature, is known to facilitate
the multiplication of bacteria !-3°. Warke et al. * reported that in
10 days of frozen storage, L. monocytogenes counts grew to >1
log and 1 log cycle at 8-10°C and 2-4°C, respectively.

The normal range of the pH of'ice cream is close to neutral, 6-7 %,
all the samples of ice cream in the current study had pH values
within this pH range. Therefore, it was not a surprise that the pH
of the ice cream studied did not significantly affect its microbial
load. The finding that lactose fermenting bacteria were significantly
more recovered from ice cream with pH of <6.46 than those with
pH of >6.83 was expected. It may be explained in part by the fact
that most coliforms are lactose fermenters, which may, by their
activity, lower the pH of ice cream or they are more adapted to
survive in lower pH.

Conclusions
It was concluded that home-made ice cream sold in Trinidad and
Tobago pose the greatest health risk to consumers because of
their poor bacteriological quality. It is imperative that the authorities
initiate steps to ensure quality control of the product to which the
consumers are exposed. It is only, by doing so, that the risk posed
by the product to the public will be reduced.
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