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ABSTRACT

Background: Foodborne illness are caused by the consumption of food that is contaminated with either bacteria or
their toxins and the most common causes are psychotropic bacteria which cause major public health problem. The aim
was to detect and enumerate pathogenic bacteria in locally made ice cream.

Methods: 250 locally made ice cream samples were randomly collected from automatic soft machines and dipping
cabinets in the markets of Zakho city over a period of ten months starting in July 2016 to May 2017. All collected
samples were transported to the microbiology laboratory. The most probable number methods used for detection and
enumeration of pathogenic psychotropic bacteria.

Results: In general, both types of ice cream samples were showed heavy contamination with aerobic bacteria. The
Staphylococcus aureus (MRSA) counts exceeded the standard limits in all samples; the count in dipping cabinets'
samples was higher than automatic soft machines samples whereas Coliform count in automatic soft machines
samples was higher than dipping cabinets' samples. High incidence of Salmonella and Listeria monocytogenes had
been detected in all ice cream samples and the range in samples from automatic soft machines were higher than
samples obtained from dipping cabinets.

Conclusions: This study indicates a high prevalence of pathogenic psychrotrophs in unpacked ice cream and poor
hygiene during production, which make local ice cream unsuitable for consumption and it is indicating the need to
monitor the hygienic quality of markets and the health authorities must be informed about such cases to avoid food
poisoning.

Keywords: Coliform, E. coli, Ice cream, Listeria monocytogenes, Psychrotrophs, Staphylococcus aureus MRSA,
Salmonella typhi

INTRODUCTION

Foodborne diseases are caused by the consumption of
food that is contaminated with either bacteria or their
toxins. The most common causes of foodborne illness are
Salmonella spp., Escherichia coli, Listeria
monocytogenes and Staphylococcus aureus.**

Psychrotrophic bacteria have an optimal temperature for
growth above 15°C and maximum temperature above
20°C which make these bacteria widespread in natural
environments and in foods.® The nutritional components
of ice cream are enriched with minerals, proteins and
fatty acids thus making it a perfect growth medium for a
large spectrum of microorganisms, including a range of
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Psychrotrophic bacterial species. Many studies have
reported the prevalence of pathogenic Psychrotrophic in
ice cream.!®12 Despite the effective removal of
Staphylococcus aureus via pasteurization in milk, its low
infective dose and ability to survive unfavourable
environments make this bacterium a serious risk to
consumers.t%1314 Jce cream can be contaminated with
Staphylococcus aureus by the introduction of flavourings
and ingredients (nut and chocolate) during ice cream
production or from the nasal cavities and hands of
carriers during food production.’ The pathogenicity and
the ability of Staphylococcus aureus to cause diseases is
attriouted to the their heat stable enterotoxins.'®
Staphylococcus aureus produces fifteen enterotoxins.
Although the role of newly identified enterotoxins in food
poisoning is not fully clarified, 95% of staphylococcal
food poisoning are caused by the five classical
enterotoxins (SE, type A, B, C, D and E).%

Summer season in Duhok city this year was extremely
hot, with an average high temperature of approximately
43°C (109.4 °F) and frequent electrical outages, which
led to temperature abuses during the storage,
transportation and distribution of ice cream. Under these
conditions, injured bacterial cells within ice cream have
an opportunity for recovery, which was considered as the
main cause of foodborne illness.}*” The main
microorganism activated under these conditions is
Salmonella  spp., which  causes  Salmonellosis.
Salmonellosis is the most common foodborne illness and
is associated with the major outbreaks from ice cream
consumption.®*2° |t s responsible for one million
domestically acquired foodborne illnesses and more than
300 deaths each year in the United States.® Salmonella
can survive for very long periods under less than optimal
growth conditions and may originate from the inadequate
pasteurization of milk, use of poultry eggs or cross-
contamination of pasteurized ice cream in tankers.182

Listeriosis is food poisoning caused by eating foods
contaminated with the Listeria monocytogenes bacterium
and ranging from flu-like syndrome or gastroenteritis to
deadline infection of nervous system causing meningitis
and abortion in pregnant women.?? Listeria is a
facultative intracellular psychrotrophs bacterium that can
survive and persist in a variety of frozen foods and food
processing environments.? Listeria species are incredibly
and hardy able to grow in refrigerator at 4°C to 37°C the
body’s internal temperature.?* Low temperate around 4°C
is not sufficient to prevent growth of L. monocytogenes as
even small inoculums of bacteria held at these
temperatures may outgrow competing organisms and
capable of produce an infective dose sufficient to cause
disease.? The presence of any Listeria monocytogenes in
food may be an indicator of poor hygiene.?® Many studies
cited the incidence of Listeria monocytogenes in dairy
milk and ice cream.%2327

Other foodborne pathogenic bacteria such as Escherichia
coli are also present in the ice cream,'*?82° which is the

main cause of diarrhoea, vomiting and food poisoning
during summer. No microbial cells can resist long
pasteurization conditions, but there is an opportunity for
bacterial contamination due to the poor personal hygiene
of people handling the ice cream and from contaminated
water.%0

Because ice cream is the most consumed product during
summer, especially by children, it must be
microbiologically safe.®%!  Therefore, a microbial
investigation of this product can provide valuable
information on the quality of the raw milk, the
ingredients and the sanitary conditions during the
processing and packing stages. The aim of this study was
to assess the prevalence of foodborne pathogenic bacteria
in locally made ice cream sold at Zakho markets.

METHODS

This research was carried out over a period of ten months
starting in July 2016 to May 2017. Two hundred and fifty
samples of unpacked locally produced ice cream were
randomly collected from five different markets of Zakho
city. The locally produced ice cream was divided into two
types; one collected from automatic soft machines and
other collected from dipping cabinets. All samples were
transported to the microbiology laboratory in Zakho and
Bardarash technical institute in an icebox within one hour
of collection and were kept frozen at -15°C until further
microbiological analysis.

Microbiological analysis

To assess the prevalence of pathogenic bacteria in ice
cream samples, the most probable number method was
used for the detection and enumeration of pathogenic
aerobic bacteria, Staphylococcus aureus and Coliform,
Salmonella and Listeria monocytogenes from unpacked
locally produced ice cream.

Detection and enumeration of aerobic bacteria

Serial dilutions up to 10 was made by adding 10 mL of
ice cream sample to 90 mL of buffered peptone water
(0.85% NaCl+0.1% peptone) then 1 mL of each dilution
add to each three tubes containing 9 mL of nutrient broth
(as enrichment broth) then incubate at 37°C for 24 hours.
Following incubation period, a loopful was streaked on
Nutrient Agar.3? The plates were incubated at 35°C for 48
hours and presence of typical colony on an agar plate was
considered a positive result for the corresponding MPN
tube. AIll typical colonies confirmed by standard
biochemical reactions.® The number of tubes that contain
the target bacteria had been recorded to obtain the most
probable number.

Detection and enumeration of Staphylococcus aureus

Pre-enrichment step made by addition of 25 mL of each
sample to 225 mL of Ringer solution and serial dilutions
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up to 102 then 1 mL of each dilution add to each of the
three tubes containing 9 mL of Brain Heart Infusion broth
(as selective enrichment broth) and incubate at 37°C for
24 hours. Following incubation, a loopful was streaked
on Mannitol Salt Agar.®? All plates were incubated at
35°C for 48 hours and yellow colony was selected and
their identity was confirmed by standard biochemical
reactions and their susceptibility to methicillin were
tested.3334 the number of tubes that contain the target
bacteria had been recorded to obtain the most probable
number.

Detection and enumeration of coliform

For the enumeration of Coliform, serial dilutions up to
102 were made by adding 10 mL of each sample to 90
mL of buffered peptone water as pre-enrichment step
then 1 mL of each dilution add to each of the three tubes
containing 9 mL of MacConkey broth (as selective
enrichment broth) and incubate at 37°C for 24 hours.
Following incubation, a loopful was streaked on
MacConkey Agar plates.®? The plates were incubated at
35°C for 48 hours and pink colony was selected and their
identity was confirmed by standard biochemical
reactions.®® The number of tubes that contain the target
bacteria had been recorded to obtain the most probable
number

Detection and enumeration of salmonella

For detection and enumeration of Salmonella spp. Most-
probable-number (MPN) technique was used. Serial
dilutions up to 102 were made by adding 25 gram of each
ice cream sample to 225 ml sterile buffered peptone
water (0.85% NaCl+0.1% peptone) as pre-enrichment
broth, then 1 mL of each dilution was add to each of the
three tubes containing 9 mL of Tetrathionate broth (as
selective enrichment broth) and incubate at 37°C for 24
hours than a loopful was streaked on Salmonella Shigella
Agar.® The plates were incubated at 35°C for 48 hours
and black centre colony was selected and their identity
was confirmed by standard biochemical reactions. 33
Subculture on Triple Sugar Iron (TSI) slants and
incubated at 37°C for 24 hours. The number of tubes that
contain the target bacteria had been recorded to obtain the
most probable number.

Detection and enumeration of Listeria monocytogenes

The Most-probable-number (MPN) technique was used to
detect and enumerate L. monocytogenes. The ice cream
samples were left at room temperature for 30 min until
fully melted. 25 grams of each sample was suspended in
225 ml sterile buffered Listeria enrichment broth and
serial dilutions made up to 102 then 1 ml of each dilution
add to each MPN tubes and incubated at 30°C. Selective
supplements (10 mg/liter acriflavin hydrochloride, 40
mg/liter nalidixic acid, and 50 mg/liter cycloheximide)
were added after 4 hours and incubation continued for an
additional 44 hours. Following incubation, a loopful of

Enriched cultures was streaked on Gum base-nalidixic
acid tryptone soya Agar which was incubated at 37°C for
up to 48 hours. The presence of typical L.
monocytogenes colonies on an agar plate was considered
a positive result for the corresponding MPN tube. A
subset of typical colonies was picked and Confirmation
of Listeria isolates were done by Latex Agglutination test
(Oxoid, UK), and differentiation of Listeria
monocytogenes from other Listeria spp. was done by
Oxoid Biochemical Identification System (O. B. I.
S.mono test kit, Oxoid).3:3

Statistical analysis

Statistical analysis was carried out using the statistical
package for social sciences (SPSS) software version 16.
Chi-square tests used to compare the mean counts of the
total aerobic plate, total Coliform plate, Staphylococcus
aureus, Listeria monocytogenes and Salmonella spp.

RESULTS

Automatic Soft Machines ® Dipping Cabinet
250

200

100 +—

(x104 MPN /o)

50 — —

Delal Barzan Bazar Bedare Semalka Tenahi
Bridge Road Road Road Road Road
Road

Figure 1: Total aerobic bacteria count (MPN/g).

The results of this study illustrate the prevalence of
psychrotrophs pathogenic bacteria in local made ice
cream sold in markets in Zakho city. According to food
safety and standard regulations, all samples showed a
heavy contamination of aerobic bacteria, exceeding the
standard limits 25*10* MPN/g. The bacterial load in
samples obtain from the Automatic Soft Machines is
shown in Figure 1. The counts of total pathogenic aerobic
bacteria ranged between lowest values 54*10* MPN/g to
highest value 197*10* MPN/g obtain from Delal Bridge
Road, followed by samples from Bazar Road. however,
the bacterial counts for samples obtained from the
dipping cabinets is ranged from 16.3*10* MPN/g to
196*10* MPN/g, and the highest count observed from
samples taken from Bazaar Road followed by samples
from Delal Bridge Road (Figure 1).

All local ice cream samples exceeded 100 MPN/g of
Staphylococcus aureus (MRSA), which is considered
heavily contaminated, with the counts for samples from
Automatic Soft Machines ranged between 150 MPN /g
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and 380 MPN /g, the highest load of value 380 MPN/g
observed in the samples from Delal Bridge Road (Figure
2).

700
600
500 —
:ln 400 — —
é 300 —
200 — —
" 13_1 L
0 Delal
Brid Barzan Bazar Road Bedare | Semalka | Tenahi
& Road Road | Road | Road
Road
 Staphylococcus aureus (MRSA) 380 150 200 300 340 300
Coliform Count 500 300 450 550 570 580
Salmonella Count 280 111 210 189 240 88
W Listeria monocytogenes 52 50 38 51 28 27

Figure 2: Bacteriological quality of ice cream samples
collected from automatic soft machines.

The Staphylococcus aureus (MRSA) counts for samples
from dipping cabinets ranging between 149 MPN/g and
550 MPN/g; the highest load was 550 MPN/g, in the
samples obtained from Delal Bridge Road as shown in
Figure 3.

LeLkhL

Delal Barzan | Baza | Bedwe | Semalka | Tenahi

Bridge Road Road Road Road Road
Road

1 Staphylococeus aureus (MRSA) | 530 149 210 380 500 520
Coliform Count 350 105 400 340 360 250
Salmonella Count 264 15 45 101 145 80

M [isteria monocytogenes 45 5 30 26 3 25

Figure 3: Bacteriological quality of ice cream samples
collected from Dipping Cabinets.

According to the industry standards, the presence of
Coliform (Escherichia coli) in ice cream should not
exceed 100 MPN/g. the range of Coliform (E. coli) in the
samples obtained from Automatic Soft Machines was 300
MPN/g to 580 MPN/g, which exceeded the standard
limits (Figure 1). The samples from dipping cabinets for
Coliforms (E. coli) ranged between 105 MPN/g and 400
MPN/g, with the highest Coliform load observed in
samples from Barzan Road, followed by samples from
Delal Bridge Road (Figure 2).

Salmonella should be absent in 25 grams of a sample, as
recommended by the food safety and standard
regulations.” In this study, all samples showed

Salmonella typhi contamination in as low as 1 gram of
the sample. The range of Salmonella typhi in samples
from Automatic Soft Machines ranged from 88 MPN/g to
280 MPN/g, with the highest load observed for samples
taken from Delal Bridge Road (280 MPN/g) (Figure 1).
The count of Salmonella typhi from samples obtained
from dipping cabinets also showed heavy contamination,
ranging between 15 MPN/g and 264 MPN/g, with the
highest count of 264 MPN/g from samples taken from
Delal Bridge Road (Figure 2).

The count of Listeria monocytogenes in ice cream should
be absence in 25 grams of sample and in present study,
all samples showed Listeria contamination in as low as 1
gram of the sample. The range of L. monocytogenes in
samples from Automatic Soft Machines ranged from 27
MPN/g to 52 MPN/g, with the highest load observed for
samples taken from Delal Bridge Road (52 MPN/g) as
shown in Figure 1. Heavy contamination with L.
monocytogenes was shown also in samples obtained from
dipping cabinets with ranging between 5 MPN/g and 45
MPN/g, with the highest count of 45 MPN/g from
samples taken from Delal Bridge Road (Figure 2).

DISCUSSION

Daily product such as ice cream is a quite complex frozen
food containing milk, sugar, fats and emulsifiers and on
condition that no bacteria contaminate any of the milk
and ingredients after or during processing then ice cream
while frozen is one of the safer commodities.®®
Depending on storage condition and available water,
bacterial grow could be rapid in melted ice cream. If
melted ice cream were contaminated and allowed to
remain at elevated temperatures, freezing temperatures
later would not make the product safe.*

This research shows the current status of bacterial quality
of ice cream being sold in Zakho city, all 250 ice cream
samples showed heavy contaminated with pathogenic
aerobic bacteria. Similar results had been reported by
many researches in different countries.*®*! the level of the
contamination was higher in samples obtain from dipping
cabinets than in those from Automatic Soft Machines,
which suggests poor sanitation, the use of contaminated
equipment (e.g., spoons) and poor personal hygiene
during production.*

AlBerfkani et al, reported presence of S. aureus in all
packed ice cream samples sold in Zakho.** We found the
microorganism at a higher rate than the above mentioned
study. The levels of contamination by S. aureus (MRSA)
in the dipping cabinet samples was higher than those in
the Automatic Soft Machines samples, which indicate the
poor personal hygiene and hard contaminated of the
manufacturer. The main reservoir of S. aureus (MRSA)
in human is the nasal cavity and skin from these sources;
staphylococci find their way into air and dust, into
clothing and in other place from which foods are
contaminated. Since staphylococcal food poisoning is
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intoxication and depends on the ability of food concerned
to support the growth of the staphylococci, which
produce the toxin. It is therefore important to consider
that the processing and handling of the food products
should be so designed to minimize contamination and to
make unfavourable medium for the growth of these
organisms. When susceptible foods are produced with
low numbers of staphylococci, they will remain free of
enterotoxin if kept either below 4°C until consumed. The
factors that contribute mostly to staphylococcal food-
borne outbreaks may be due to inadequate refrigeration,
preparing food far in advance of planned service, infected
persons practicing poor personal hygiene, inadequate heat
processing and holding food in warming devices at
bacterial growth temperature.*243

The present study revealed that ice cream samples were
heavily contaminated with Coliforms. Although using
Automatic Soft Machines for the production of ice cream
minimizes direct hand manipulation and cross-
contamination, the contamination levels were higher than
in the samples from dipping cabinets due to
unpasteurized  milk,  contaminated  water  and
contaminated machine tanks.** The levels of Coliform
contamination also exceeded the standard limits in
samples obtained from dipping cabinets due to a lack of
personal hygiene of the manufacturer and improper
storage (e.g., frequent electrical cut off in the city).
Similar, finding was also reported high incidence of
E.coli form count in ice creams marketed in Irag, Turkey,
India and other countries.*045-47

Salmonella spp. are resistant to freezing temperatures and
consumption of ice cream contaminated with
enterobacteria such as Salmonella has been the cause of
several outbreaks. The nationwide outbreak of
Salmonellosis was most likely the result of contamination
of pasteurized ice cream premix during transport in
tanker trailers that had previously carried non-pasteurized
liquid eggs containing S. enteritidis.® In our research the
Salmonella typhi count was exceeded the standard limits
in every sample tested, which suggests that all of the
products are unsuitable for consumption. These results
can be supported by the work of various other
researchers.’*4046 These bacteria can survive for a long
time in ice cream but cannot survive in pasteurized milk.
Their presence indicates post-process contamination and
tanks that are contaminated with raw ice cream. The
consumption of such products may result in case of food
poisoning.4748

Listeria monocytogenes is Psychrotrophic pathogenic
bacterium and can cause listeriosis, which is
characterized by fever, muscle ache and gastrointestinal
symptoms, such as nausea or diarrhea. The infection can
affect the nervous system causing headache, confusion,
loss of balance or even convulsion. Healthy people are
occasionally infected with L. monocytogenes, but rarely
present serious symptoms, which make presence of L.
monocytogenes in ice cream is a public health concern.

The count of L. monocytogenes was exceeded the
standard limits in every sample tested, which indicate that
all ice cream samples are unsuitable for human
consumption. Although L. monocytogenes cannot survive
in pasteurized milk, L. monocytogenes have the ability to
survive for a long time in frozen product such as ice
cream and their presence indicates poor hygiene during
manufacture. Presence of such pathogenic bacteria in ice
cream presume that there is a potential health risk to the
consumer and indicate the need for the implementation of
monitoring of these microorganisms as much by
producers as by health inspectors.

In the present study Listeria monocytogenes isolated from
all locally produced ice cream samples and the load of
bacteria in samples obtain from Automatic Soft Machines
were higher than Dipping Cabinet samples either due to
poor hygienic measurements and poor surveillance on
product or contamination during production, processing,
transportation and storage. Similar results were reported
by other research-2327,

CONCLUSION

The current investigation illustrates heavy contamination
with Psychrotrophic pathogenic bacteria in ice cream due
to low standards of hygiene in the service of locally made
ice cream sold in Zakho markets. The high load of total
microorganisms exceeds the standards of food safety and
regulations; therefore, it is necessary to develop hygienic
statutes for locally made ice cream. The pathogenic
aerobic bacteria count was high in locally made ice
cream, which indicates contamination during storage. The
heavy contamination of locally made ice cream with
Coliform and Salmonella illustrates poor sanitation
during the preparation and storage of the products. The
high load of Staphylococcus aureus (MRSA) in almost all
of the samples represents the poor personal hygiene and
the use of contaminated flavors and integrates, and
presence of L. monocytogenes indicates poor hygiene
during manufacture. It is clear from the results that ice
cream from both dipping cabinets and Automatic Soft
Machines is unsuitable for consumption in the Zakho
markets, Duhok province, Kurdistan region, Irag.
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