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Abstract

Milk and cheese were recognized as highly nutritious food due to their high protein, fat and minerals (calcium,
phosphorus, iron, and vitamins). Accidental contamination of food through the handlers could have resulted in
many kinds of bacteria especially Staphylococcus aureus in the dairy products. Therefore, this study aimed to
study variation in bacterial isolation percentage and the bacterial counts in raw milk and locally produced soft
cheese in local markets in Baghdad. A total of 150 samples of raw milk and local soft cheese (75 for each) were
collected from different regions of Baghdad city from October 2020 to July 2021 to study the evaluation of
bacterial contamination. The isolation percentage of total coliform, Fecal coliform, Escherichia coli and
Staphylococcus aureus in the raw milk were 82, 69, 54 and 42%, respectively. While in the soft cheese, the
isolation percentage for coliform, Fecal coliform, Escherichia coli and Staphylococcus aureus were 90, 74, 60
and 45%, respectively. Furthermore, high percentages of bacterial isolation were recorded during summer. The
recorded data showed significant (P<0.05) variation for both raw and soft cheese according to months, and soft
cheese had a higher isolation percentage than the raw milk samples. The average values of bacterial count
values that were isolated from October to February in the raw milk of the total coliform, fecal coliform, E. coli
and Staph aureus were 5.57, 4.25, 3.77 and 2.94 cfulogio/mL respectively, which were recorded during the cold
months. While the recording of the average values from March to July as hot months were 6.02, 5.02, 5.22 and
3.23 CFU log10/mL, respectively. The average bacterial values in the soft cheese were 6.02, 5.03, 4.97 and
3.67cfu logio /g, respectively, from October to February and were significantly (P<0.05) less than the summer
from March to July, which recorded 7.17, 6.32, 5.01 and 4.15cfu logio/g respectively. The high contamination
found in the soft cheese and during hot months compared with raw milk and cold months, respectively, is a sign
of unsanitary manufacturing conditions such as post-process contamination, high temperature in summer, and
lack of refrigeration during long-distance transportation.
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requirements (3). Accidental food contamination

Milk and cheese were recognized as highly nutritious
food due to their high protein, fat and minerals
(calcium, phosphorus, iron, and vitamins) (1). These
nutrients make it a significant source for infants,
newborns, and adults (2). Bacteriological analysis
indicates the quality and safety of products that comply
with  standards, specifications and regulatory

through the handlers could result in many kinds of
bacteria, especially Staphylococcus aureus, in the raw
milk or its products (4). Subclinical mastitis is also a
source of Staphyaureus, which causes food poisoning
(5). E. coli is an enteric pathogen, and it also could be a
source of public health concern that might be
contaminated cheese around the world (6). The total
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coliform term refers to the large group of Gram-
negative rod-shaped bacteria, thermotolerant coliform,
and faecal origin bacteria isolated from the
environment (7). Coliforms are opportunistic pathogens
that cause a wide range of infections, while many
others are part of the normal intestinal flora (8). These
organisms in the milk and milk products indicated the
improper handling and/or unsanitary production of milk
and milk utensils (9). Fecal coliforms cover a small
percentage of the total coliform population. Many
studies indicate that E. coli is the primary coliform
representing the fecal environment (10). Raw milk can
be contaminated in two ways: internal contamination or
endogenous contamination when an animal is infected
with one of the microorganisms and transferred to the
blood (systemic infection) or by infecting the udder;
these microorganisms may be transferred into the raw
milk (11). The second way is external or exogenous
contamination when milk is contaminated during or
after the collection process by faeces, the exterior of the
udder and teats, skin and other environmental
contamination (11). The contamination of raw milk by
spoilage and pathogenic microorganisms can be
affected by many factors, including the health status of
dairy animals, hygienic milking process, storage
conditions, environment, farm management practices,
location and season variation (12). Thus, this study
aimed to study variation in bacterial isolation
percentage and the bacterial counts in raw milk and
locally produced soft cheese in local markets in
Baghdad.

2. Materials and Methods

2.1. Sampling

A total of 150 samples (75 for each raw milk and
locally produced soft cheese) were collected from six
regions of Baghdad. The three regions of Rusafa
district were (Al-Saadar city, Fadhiliya and Al-Sadria)
and the three regions of Karch district were (Abu
Ghraib, Radwaniyah and Al-Shiela). All samples (raw
milk and locally produced cheese) were collected
randomly from local markets and homemade in

Baghdad during cold and hot months. The samples
were kept in the ice box using sterilized bottles and
polyethene bags. Then samples were transported to the
Veterinary public health laboratory/ College of the
Veterinary Medicine/ University of Baghdad for further
investigation. Samples were analyzed from October to
February 2020 as (cold months) and from March to
July 2021 as (hot months).
2.2. Preparation of Samples for Bacterial Isolation

Seventy-five raw milk samples were collected in
aseptic conditions. One ml sample was transferred
aseptically into a screw-capped test tube containing 9
mL of sterile 0.1% peptone water (Himedia). Samples
were serially diluted up to 107 using 10-fold serial
dilutions (7). Seventy-five soft cheese samples were
purchased from a local supermarket and homemade;
ten grams of each prepared sample were transferred
into sterile warmed water (40-45°C) 90 mL of (2%
sodium citrate) was purchased from BDH (England),
homogenized for (2-5) minutes with a homogenizer
(Sigma Aldrich/ Germany). Ten-fold dilution (10-10°
) was prepared for the different bacterial enumerations
(13).
2.3. Isolation and Bacterial Counts

0.1 L of tested sample from each dilution (10? to
107) that had been previously prepared from both raw
milk and soft cheese were put in the empty sterile plate,
and 10 to 15 mL of sterile VRB agar (Himedia)
incubated at 37 °C and 44.5-45.5 °C for total and fecal
coliform respectively for 24 hours. Dark red colonies
were considered typical coliforms on the VRB agar
(14). Eosin methylene blue agar (EMB) (Himedia) was
used to isolate, and identification of E. coli using a
sterile L-shaped bent glass; the plates were allowed to
dry and inverted and incubated for 24-48 hours at 37
°C, and colonies with a green metallic sheen were
considered positive result table 1. Mannitol salt agar
(Himedia) was used to isolate presumptive coagulase-
positive staphylococci in the milk and incubated at 37
°C for 24 hours (15). Some Staph aureus isolates were
able to ferment mannitol sugar and created large golden
colonies surrounded by broad yellow zones (16). Baird
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parker agar supplemented with 5% egg yolk tellurite
(DIREVO/Germany) emulsion was used to isolate
Staph aureus. The samples were spread evenly on the
soiled agar using a sterile L-shaped bent glass. The
plates were allowed to dry. After that, plates were
inverted and incubated at 37 °C for 24-48 hours (17).
Staph aureus colonies appeared as dark grey-black
shiny convex, narrow and white, surrounded by a zone
of clearing colonies (18). All positive Staph aureus and
E.coli isolates were subjected to biochemical and
serological tests such as catalase, DNase, Gram stain,
Dry spot Staph aureus and Latex mast staph. Staph
aureus and total coliform produced a negative result of
the oxidase test, while E. coli and fecal coliform
produced positive results as a purple colour (19). Total
coliform, fecal coliform, Staph aureus and E. coli
produced positive results for the catalase test as a
bubble production because they all produced catalase

enzyme (16). Staph aureus gave positive results as
agglutination to the dry spot and latex mast staph (20);
S. aureus produced DNase on the DNase agar as a
yellow zone surrounding the colonies (16). Staph
aureus is a Gram-positive bacteria recognized by
gram's staining method as a coccus and violet-coloured
due to the ability of these bacteria to absorb crystal
violet (21), as shown in table 1.
2.4. Statistical Analysis

Statistical data analysis was performed using SAS
(Statistical Analysis System - version 9.1). Two-way
analysis of variance (ANOVA) and Least significant
differences (LSD) post hoc tests were performed to
assess significant differences among means for more
than two groups, whereas an independent t-test was
used for two groups. The Chi-square test was used to
assess the differences between the two proportions.
P<0.05 is considered statistically significant (22).

Table 1. The cultural, biochemical and serological characterization of Staphylococcus aureus, total coliform, fecal coliform, and E. coli
isolates from raw milk and locally produced soft cheese

Microorganisms

S. aureus Total coliform  Fecal coliform E. coli
Baird-Parker agar Mannitol salt
Media supplement with agar VRB agar VRB agar EMB agar
egg yolk emulsion g
The description of the  black colonies with  Colonies with Colonies with Colonies with Colonies with dark
. e colour and a green
culture media Shining colour golden yellow dark red dark red -
metallic sheen
Gram stain Positive Negative Negative Negative
Catalase Catalase positive (bubbles) Positive Positive Oxygen bubble
DNase The clear zone around the colony
Oxidase Negative Negative Positive Positive

Dry spot staph. aureus
Latex mast staph

Agglutination
Agglutination
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3. Results and Discussion

The differences in the isolation percentage of total
coliform, fecal coliform, E. coli and Staph aureus in the
raw milk and locally soft cheeses obtained from various
local retail markets and homemade in Baghdad city are
shown in tables 2 and 3. The results reported that there
were significant differences (P<0.05) between raw milk
and soft cheese samples; among the 75 raw milk
samples tested, 82% (62/75) of samples were
contaminated with coliforms. The incidence of fecal
coliform in the raw milk was (69%; 52/75). E. coli
bacteria 54% (41/75) and Staph aureus 42% (32/75);
among the 75 cheese samples tested, about 90%
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(67/75) were contaminated with coliforms, 74% fecal
coliform (56/75), 60% of samples contaminated with
E. coli (45/75). The months' isolation percentage of
total coliform, fecal coliform, E. coli and S. aureus
showed a significant (P<0.05) variation in both raw
milk and soft cheese. The soft cheese had a
significantly (P<0.05) higher incidence of total
coliform, fecal coliform, E. coli and Staph aureus
(90%, 74%, 60%, and 45%, respectively) than in the
raw milk samples (82%, 69%, 54% and 42%
respectively) table 2 and 3. Therefore, the soft cheese
had a high isolation percentage and was more
contaminated than raw milk, as shown in table 4.

Table 2. The incidence and isolation percentage (%) of total coliform, fecal coliform, E. coli and S. aureus isolated from raw milk
samples in different regions of Baghdad according to the months

Month v No of Bacteria
onths ear sample Total coliform Fecal coliform E. coli S. aureus
October 8 7/7 (100%) 6/7 (85%) 57 (71%) 3/7 (42%)
November 2020 8 6/7 (85%) 57 (71%) 417 (57%) 3/7(42%)
December 7 6/8 (75%) 5/8 (62%) 4/8 (50%) 3/8 (37%)
January 8 6/8 (75%) 5/8 (62%) 4/8 (50%) 3/8 (37%)
February 7 5/8 (62%) 4/8 (50%) 3/8 (37%) 3/8 (40%)
March 7 57 (71%) 417 (57%) 317 (42%) 3/7 (42%)
April 2021 7 6/7 (85%) 57 (71%) 417 (57%) 3/7 (42%)
May 7 6/7 (85%) 57 (71%) 417 (57%) 417 (57%)
June 8 7/8(87%) 6/8 (75%) 4/8 (50%) 3/8 (37%)
July 8 8/8 (100%) 7/8 (87%) 6/8 (75%) 4/8 (50%)
Total 75 62/75 (82%) 52/75 (69%) 41/75 (54%) 32/75 (42%)
P-value 0.24 0.43 0.51 0.68

Table 3. The incidence and isolation percentage (%) of total coliform, fecal coliform, E. coli and S. aureus isolated from soft cheese

samples in different regions of Baghdad according to the months

Month v No of Bacteria
onths ear sample Total coliform  Fecal coliform E. coli S. aureus
October 8 7/7 (100%) 6/7 (85%) 5/7 (71%) 3/7 (42%)
November 2020 8 6/7 (85%) 6/7 (85%) 417 (57%) 3/7(42%)
December 7 7/8 (87%) 6/8 (75%) 5/8 (62%) 4/8 (50%)
January 8 6/8 (75%) 5/8 (62%) 4/8 (50%) 3/8 (37%)
February 7 6/8 (75%) 5/8 (62%) 4/8 (50%) 4/8 (40%)
March 7 6/7 (85%) 5/7 (71%) 417 (57%) 2/7 (28%)
April 2021 7 6/7 (85%) 5/7 (71%) 417 (57%) 3/7 (42%)
May 7 7/7 (100%) 5/7 (71%) 417 (57%) 417 (57%)
June 8 8/8(100%) 6/8 (75%) 5/8 (62%) 4/8 (50%)
July 8 8/8 (100%) 7/8 (87%) 6/8 (75%) 4/8 (50%)
Total 75 67/75 (90%) 56/75 (74%) 45/75 (60%) 34/75 (45%)
P-value 0.18 0.33 0.46 0.71
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Table 4. Relationship between bacterial counts in the milk and cheese samples

Samples No of sample  Total coliform Fecal coliform E. coli Staph aureus
Raw milk 75 62 (82%) 52 (69%) 41 (54%) 32 (42%)
Soft chees 75 67 (90%) 56 (74%) 45 (60%) 34 (45%)
Chi-square value 1.38 0.52 0.43 0.10
P-value 0.23 0.46 0.50 0.74

There were significant differences (P<0.05) in the total
coliform between hot and cold months for raw milk and
soft cheese. In cold months the total coliforms were less
than in hot months for both samples table 5. The average
values of the total coliforms in the raw milk from
October to February were 5.57cfulogie /ml during cold
months and 6.02 CFU logio/ml during hot months. In the
soft cheese samples, the average values of total coliform
were 7.17cfulogio /g during hot months from March to
July, while 6.02cfulogio/g during cold months (Table 5).
The total coliform counts were recorded more during hot
months than the cold months (P<0.05) for both raw milk
and soft cheese samples. Soft cheese samples were more
contaminated with coliform than the raw milk samples,
as shown in table 5.

The average value of the fecal coliforms counts from
October to February in the soft cheese samples was
more than raw milk (5.03cfulogie /g) during cold
months and (6.32cfulogio /g) from March to July during
hot months (Table 6). While the counts were 4.25 and
5.02 cfulogi/mL during cold and hot months,
respectively, in the raw milk. According to the months,
there were significant differences significantly
(P<0.05) between fecal coliform in both raw milk and
soft cheese samples. Soft cheese samples were
significantly more contaminated with fecal coliform
than raw milk (P<0.05), and the higher value was in
July, as shown in table 6.

E. coli counts with average values in the raw milk
from October to February (3.77 cfulogio/mL) during

cold months were lower than in the hot months from
March to July (5.22 cfulogio /mL) (Table 7). The
average counts of soft cheese samples from October to
February were (4.97cfulogw /g) during cold months,
and from March to July were (5.01cfulogio /g) during
hot months. There were significant differences
(P<0.05) in the E. coli counts between raw milk and
soft cheese samples and among the months. Soft cheese
samples were with higher counts than raw milk samples
significantly (P<0.05). E. coli counts during cold
months were lower than during the hot months
significantly (P<0.05) (Table 7).

The average value of Staphaureus presumptive
counts in the raw milk from October and February
was (2.94 CFU logio/ml) during cold months, and
from March to July, was (3.23 CFU logio/ml) during
hot months, and the higher value was in July (Table
8). The average counts for the soft cheese samples
from October to February were (3.67 cfulogio /g)
during cold months, and from March and July were
(4.15cfulogio /g) during hot months, and the higher
was in July (Table 8). There was a significant
difference (P<0.05) among the counts of Staphaureus
between hot and cold months and between raw milk
and soft cheese samples. The results showed more
Staphaureus counts in soft cheese than in raw milk.
Staph aureus counts during hot months were
significantly higher (P<0.05) than in cold months in
both raw milk and soft cheese samples, and the
highest value was in July (Table 8).
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Table 5. Total coliform counts in the examined raw milk and soft cheese samples collected from different regions of Baghdad according to the months
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Samples

Raw milk

(Mean%SE) (CFU logio /mL)

Soft cheese

(Mean£SE) (CFU logio /g)

October 5.00B+0.35¢ 6.11A+0.44¢d
2020 November 4.278+0.409 6.307+0.56%
December 6.23°+0.472 6.78/+0.52%
January 6.23A+0.522 5.098+0.53¢
February 6.167+0.47% 5.84A+0.49%
Average 5.57B+0.44 6.02+0.50%
March 5.42B+0.42b¢ 6.27/+0.24¢%d
April 5.308+ 0.42¢ 6.23A+0.39%
2021 May 6.30840.472 7.88A+0.53%
June 6.708+0.482 7.30A+0.612
July 6.428+0.482 7.73A+0.612
Average 6.028+0.45% 7.17°40.47%
LSD 0.80

Means with a different small letter in the same column are significantly different (P<0.05)
Means with a different capital letter in the same row are significantly different (P<0.05)

Table 6. Fecal coliform counts in the examined raw milk and soft cheese samples collected from different regions of Baghdad according to the months

o w Raw milk Soft cheese
Months (Mean+SE) (CFU logio /mL) (Mean+SE) (CFU logio /9)
October 4.147+0.36° 4.29A+0.274
2020 November 4.37A+0.33b¢ 4.31A+0.354
December 4.298+0.30° 5.42A+0.34
January 4.118+0.46°¢ 5.34A+0.41bc
February 4.348+0.31% 5.787+0.20
Average 4.258+0.350c 5.03A+0.31%
March 4.38B+0.38% 5.307+0.33¢
2021 April 5.32B+0.232 6.29A+0.220
May 5.98+0.332 6.29A+0.24b
June 5.21B+0.312 6.29A+0.60°
July 4.25B+0.21°¢ 7.45+0.60%
Average 5.028+0.29% 6.32/+0.39%
LSD 0.91

Means with a different small letter in the same column are significantly different (P<0.05)
Means with a different capital letter in the same row are significantly different (P<0.05)

Table 7. E. coli counts in the examined raw milk and soft cheese samples collected from different regions of Baghdad according to the months

o w Raw milk Soft cheese
Months (Mean=SE) (CFU logio /mL) (Mean%SE) (CFU logo /g)
October 3.338+0.27¢ 5.37A+0.472
2020 November 3.38B+0.28¢ 4.38°+0.44°
December 3.385+0.30° 4.39°+0.38°
January 4.38A+0.28° 4.43A+0.42°
February 4.418+0.23° 5.84A+0.342
Average 3.778+0.27" 4.97°+0.41°
March 4.39A+0.23° 4.35°+0.36°
April 5.304+0.242 4.35B+0.35P
2021 May 5.39A+0.40° 5.73A+0.45¢
June 5.70A+0.412 5.29A+0.502
July 5.32A+0.312 5.34A+0.512
Average 5.22A+0.32% 5.017+0.43%
LSD 0.85

Means with a different small letter in the same column are significantly different (P<0.05)

Means with a different capital letter in the same row are significantly different (P<0.05)
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Table 8. Staph aureus counts in the examined raw milk and soft cheese samples collected from different regions of Baghdad according
to the months

v w Raw milk Soft cheese
Months (Mean+SE) (CFU logio /mL) (Meam+SE) (CFU logio /g)
October 2.308+0.29¢ 3.667+0.27%
2020 November 3.43A+0.14° 4.352+0.26%
December 3.42A+0.19° 3.27°£0.31b
January 3.38A+0.30° 3.37A+0.30
February 2.26B+0.25¢ 3.27A+0.24¢
Average 2.94B+0,23b¢ 3.67A+0.27®
March 2.37B+0.26¢ 3.70A+0.20%
April 3.30+0.25° 3.33A+0.28¢%
2021 May 3.398+0.30P 4.05A+0.28
June 2.20A+0.29¢ 4.428+0.31%
July 4,92A+0.228 4.84A+0.222
Average 3.23B+0.262 4.15+0.252
LSD 0.62

Means with a different small letter in the same column are significantly different (P<0.05)
Means with a different capital letter in the same row are significantly different (P<0.05)

The prevalence of total coliform, fecal coliform,
Staphaurues, and E. coli showed significant variation in
the months, which was higher in hot months than in the
cold months (Tables 2 and 3). This could be due to high
ambient temperature and fewer refrigeration conditions
that encourage the growth and multiplication of
bacteria (23).The isolation percentage was less than
Ahmed (24), who recorded that the percentage of
Staphaureus in the soft cheese was (73.33%) from the
30 examined samples. The percentage of Staph aureus
was lowest compared to coliform and E. coli, as shown
in tables 2 and 3, and this could be due to the fact that
the source of milk was from healthy animals and not
infected with mastitis, which led to an increase in Staph
aureus percentage, and that the source of bacteria was
mainly from fecal and water contamination of milk (5).
In Turkey, Honish, Predy (25) found that about 4% of
soft cheeses are contaminated with coliform. The
increased contamination of soft cheese samples
compared to raw milk samples (Table 4) agree with
Drudy, Mullane (26), who indicated that the cheese
contamination was caused by low-quality raw milk that
was used for cheese manufacturing, processing under
unhygienic conditions, and an unsuitable starting
culture for fermentation during ripening. Subclinical

mastitis, caused by E. coli, can also cause sporadic high
coliform levels (27). Fusco, Quero (28) reported that
Staphaureus was recorded at 54% in the raw milk
samples; while Jargensen, Mathisen (29) found that the
contamination with Staphaureuswas reported in 75% of
bovine raw milk samples. Furthermore, El-Diasty and
El-Kaseh (30) indicated that the mean total coliform
7.0x10° was CFU/ml for raw milk samples. The current
study's variances include varied healthy practices
during milking, weather fluctuations, herd cleanliness,
dirty water, geographical distribution, poorly kept
washed equipment, and unhealthy milking processes
(25). The presence of coliform contamination in raw
milk and milk products indicated sloppy manufacturing
and/or improper handling of milk or milk utensils (31).
Total coliform and fecal coliform have probably gotten
more attention than most other types of bacteria from
the public health aspect because of their usefulness as
indicator organisms for anticipating unsanitary
conditions during different milk production, handling
and processing. They are responsible for the spoilage of
milk and milk products, acting as good indicators for
the presence of other pathogens (10). The high
contamination of raw milk samples occurs due to poor
sanitation, storage, production times and temperature
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(32). This result agreed with Muhammad, Altaf (33),
who found that the number of coliforms in raw milk
was higher during warm months. The high counts of E.
coli in the soft cheese compared to the raw milk result
agree with Hassan and Afify (34), who reported that the
incidence of E. coli were (6%) and (86%) in the raw
milk and cheese that collected from different shops and
farmers houses in Egypt. Because E. coli bacteria can
grow in a variety of substrates and use a variety of
carbohydrates and other organic compounds, the
presence of high E. coli counts in the raw milk and its
products degrade the quality of the final product,
making it unmarketable during storage or even unfit for
human consumption, leading to economic losses,
particularly during summer season (35). The significant
differences (P<0.05) among the counts between raw
milk and soft cheese and between hot and cold months
in the soft cheese samples (Table 8) agree with Fadaei
(36) who reported that the number of S. aureus in the
summer more than those in winter in the raw cow milk.
The contamination with a high incidence rate of S.
aureus with mean log counts of 6.930 pointed out the
significant amount of contamination in locally produced
buffalo soft cheese samples, which could provide a
public health risk to Iragi consumers (37). The presence
of S. aureus in cheese usually means that milk had been
contaminated by poorly udders or external surfaces of
dairy animals, or by infected, unclean hands of dairy
workers, raw milk contamination used in cheese
manufacturing, or by their sneezing and coughing (38).
Insanitary equipment, failure to wash the udders before
milking, no mastitis investigations, unhealthy milking
vessels and milk containers or tanks, long delivery times,
high temperature, lack of farmers' education, and poor
personnel hygiene all of these was contributing to the
contamination with an increased number of bacteria and
contaminated the milk samples (36). Yadav, Singh (39)
indicated that the total coliform and fecal coliforms were
0-1000 and 20-100 CFU/100ml respectively in summer,
while 2-490 and 2-50 CFU/100ml respectively in winter
and explained that the high temperature was a crucial
factor that enhances growth and proliferation of bacteria.

The climate significantly impacts bacterial growth;
therefore, this study focused on the isolation and
detection of bacterial counts that occur during hot and
cold months of local products sold in Baghdad.

During hot months, the high contamination of raw
milk and soft cheese with coliform, E. coli and Staph
aureus bacteria occurs due to high temperature and lack
of refrigeration. Low-quality raw milk used in cheese
manufacturing and processing under unhygienic
conditions leads to more contaminated cheese than raw
milk. The high contamination occurs during the hot
months compared to cold months could be attributed to
unsanitary manufacturing conditions such as post-
processing contamination, pasteurization failure, the
high ambient temperature in the summer and the lack
of refrigeration in the long distance during milk
transportation. Therefore, hygienic practices are
required during the raw milk collection, transportation,
and storage, particularly during the hot months.
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