2026, Scienceline Publication
World™ Veterinary Journal

Jir

World Vet J, 16(1): 159-170. ISSN 2322-4568

DOI: https://dx.doi.org/10.54203/scil.2026.wvj15
PII: S232245682600015-16

Microbiological Quality and Adulterants of Cattle
Milk in Egypt

Mona Mohamed Hassan Soliman'*(®)| Azza Sayed Mohammed Abuelnaga'*’, Khaled Abd EI-Hamid Abd EL-
Razik?”’, Mai Mohamed Kandil'’, and Eman Ramadan Hassan®

'Department of Microbiology and Immunology, National Research Centre, Giza, Egypt
Department of Animal Reproduction, National Research Centre, Giza, Egypt
®Department of Poultry and Rabbits Diseases, National Research Centre, Giza, Egypt

*Corresponding author's Email: mona_nrc.micro@yahoo.com

ABSTRACT

Milk is a rich, highly nutritious food; therefore, it is essential to ensure its purity by eliminating harmful microbes
and adulterants that could affect public health. This cross-sectional, laboratory-based analytical study aimed to
evaluate the hygienic quality of milk and detect chemical adulterants, with a focus on differentiating buffalo milk
from cow milk by utilizing PCR to detect cow and buffalo DNA. A total of 110 milk samples, including raw milk,
pasteurized milk, and milk powder from milk shops and dairy companies in Cairo and Giza governorates in Egypt,
were collected. The present findings revealed that raw milk exhibited the highest levels of standard plate count (7 x
10° + 1.7 x 10° CFU/mL), Staphylococcus aureus (1.9 x 10° + 2.9 x 10° CFU/mL), coliforms (2.8 x 10% £ 3.1 x 10
CFU/mL), and Escherichia coli (E. coli) 0157 (7.4 x 10 + 7.8 x 10) and yeast (1.7 x 10% + 1.7 x 10> CFU/mL),
indicating poor hygiene and presenting significant public health concerns. Pasteurized milk and milk powder
exhibited superior but variable microbial quality, although mold contamination levels remained consistent across all
milk sample types. Sugar, soap, starch, salicylic acid, and formalin were detected at 2%, 6%, 16%,20%, and 6% in
raw milk, respectively. Starch was found at 2% and 10% in pasteurized milk and milk powder, and salicylic acid
was detected at 10% in milk powder. In the current study, 40% of the raw milk was cattle milk, 50% was buffalo
milk, and 10% was mixed milk. In addition, 50% of the pasteurized milk was from cows, 26% from buffalo, and
24% was mixed milk from cows and buffalo. Milk powder was 100% from cows. The current results indicated that
although pasteurized milk and milk powder are safer choices, raw milk poses notable chemical and microbiological
risks, underscoring the need for stronger regulations to reduce milk contamination.
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INTRODUCTION

Milk is a distinctive component of the human diet, containing numerous micro- and macronutrients and serving as an
appropriate medium for the proliferation of various microbes. Furthermore, despite the significant impact of the dairy
industry on humans, particularly children and newborns, it also plays an important role in the world economy (Ibrahim
et al., 2022; Xue et al., 2023). The safety and quality of milk and dairy products depend on proper hygiene and sanitation
protocols, milk-handling practices, farm management, milking procedures, storage and transportation methods, animal
health, and the water used to clean milk equipment, udders, teats, and related surfaces. These are the principal risk
factors that mitigate microbial contamination of milk and safeguard consumers and the public from milk-borne diseases
(Garedew et al., 2012; Deddefo et al., 2023). Milk and milk-derived products have significant potential to cause serious
food-borne diseases in underdeveloped countries. Raw milk and its derivatives may contain several pathogenic bacteria,
including Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), Salmonella spp., Campylobacter spp., and
Listeria monocytogenes, which may pose significant health risks upon consumption (Gebremichael et al., 2024). The
relative abundance of yeasts and molds can differ significantly, with yeasts often predominating, although molds are
found in different ecosystems (Abuelnaga et al., 2022).

When milk is not properly pasteurized, its microbial count can increase. To make milk safe and extend its shelf life,
dairy businesses use heat treatment. Since most Egyptian milk is ultra-high-temperature (UHT) sterilized, many
customers consider it expensive and prefer buying raw milk (Ahmed et al., 2022).

Milk adulteration is a worldwide concern, especially in developing countries. Unfortunately, mixing milk with other
dangerous chemicals can lead to a wide range of health issues for customers. Quality and safety are typically negatively
impacted. Adulteration of milk is a multi-step process that starts with the animals' owners and moves through the
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milkman, then to rural collection points, and finally to large processing factories. The main reason for adulteration is to
maximize profit at the expense of people's health, driven by poverty, a lack of education, and weak law enforcement at
all levels (Swar et al., 2021). Milk and its derivatives can be adulterated using different methods to increase volume and
viscosity, enhance their physical appearance, and prolong their shelf life (Singh and Gandhi, 2015). Furthermore,
common adulterants in milk include the addition of food additives such as vegetable protein, less expensive fats, starch,
glucose, whey, salt, and water, which are known as economically motivated adulterants and pose serious health hazards
(Tomaszewska-Gras, 2016). In addition, milk adulteration resulting from the addition of harmful chemicals, such as
urea, formalin, detergents, boric acid, salicylic acid, hydrogen peroxide, and melamine, has significant adverse effects on
consumer health (Salih and Yang, 2017). There are numerous serious health consequences related to consuming
adulterated milk and milk products. For instance, milk's peroxides and detergents can cause gastrointestinal implications
such as colitis and gastritis. Furthermore, excessive starch in dairy products can lead to severe diarrhea. Urea present in
milk may cause renal failure. Additionally, consuming milk contaminated with carbonates and bicarbonates can interfere
with the development and reproductive health of humans (Mohammed and Abdel-Aall, 2024).

Detection methods for milk adulteration need to be both rapid and accurate. Two approaches are employed to
identify milk adulterants, including qualitative and quantitative techniques. The qualitative method relies on color
detection via chemical interactions. Quantitative detection methods are more complicated, including polyacrylamide gel
electrophoresis, polymerase chain reaction (PCR), liquid chromatography, and enzyme-linked immunosorbent assay
(ELISA; Garcia et al., 2012). Immunological methods are generally preferred (Zachar et al., 2011); however, when
assessing milk from closely related animals, they often produce false-negative results. Scientists are therefore looking
for more robust and sensitive alternative methods. The most widely used and comprehensive DNA-based assay method
is PCR, which can replicate genetic information even when DNA is severely damaged (Pirondini et al., 2010). Recent
molecular techniques, such as the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
assay, can differentiate among milk types. Additionally, PCR-RFLP is more cost-effective than other methods, such as
real-time PCR. The cytochrome b gene is said to be highly polymorphic and useful for differentiating between cow and
buffalo milk (Abuelnaga et al., 2022).

This study aimed to assess the hygienic quality of milk and identify chemical adulterants, while specifically
distinguishing high-cost buffalo milk from low-cost cow milk through the detection of cow and buffalo DNA using PCR.

MATERIALS AND METHODS

Ethical approval

The present study was conducted in accordance with the milk sampling and handling guidelines of the Microbiology
and Immunology Department in the National Research Centre (Giza, Egypt) and followed all relevant institutional
procedures for sample collection, transportation, and storage.

Sampling and study design

The present study used a cross-sectional, laboratory-based analytical method. A total of 110 milk samples were
collected from the governorates of Cairo and Giza in Egypt, comprising 10 milk powder samples, 50 raw milk samples
obtained from milk shops, and 50 pasteurized milk samples sourced from ten different dairy companies located in Cairo
and Giza governorate from June 2023 to June 2024. The sample size, along with factors such as product availability,
variability among different milk types, and logistical considerations, was determined based on similar studies by Alles et
al. (2018), Ibrahim et al. (2021), Ndungi et al. (2021), and Chiarlone et al. (2025) to adequately represent the main milk
types for microbiological quality assessment. Random sampling was used to obtain representative coverage of the
available products in the study area. Raw milk samples (500 mL) were aseptically collected from milk shops into sterile,
labeled containers after thorough mixing to ensure homogeneity. Pasteurized milk was obtained from unopened retail
packages, and approximately 500 mL from each package was used for further analysis. Milk powder samples (250 g)
were obtained from unopened commercial packages and aseptically transferred into sterile airtight containers and stored
at 4 °C until analysis. All samples were collected in hygienic conditions and immediately transported to the
microbiology and immunology department at the National Research Centre in Giza governorate for analysis.

Microbiological assessment of milk

Bacterial counts of milk

The tested milk samples underwent standard plate counts for total bacteria, coliforms, E. coli, Staphylococcus spp.,
and Salmonella spp. counts, following established microbiological procedures for milk and dairy products (Chye et al.,
2004; Abuelnaga et al., 2022). Escherichia coli was identified by the presence of characteristic colonies on eosin
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methylene blue (EMB) agar (Oxoid, UK), followed by biochemical analysis according to the procedures in Bergey’s
Manual of Determinative Bacteriology by Holt et al. (1994). The Staphylococcus spp. count was determined using the
plate count method outlined in the Bacteriological Analytical Manual and standard dairy microbiology guidelines. The
Staphylococcus aureus count was assessed using the direct plate count method on Baird-Parker agar, which was
supplemented with egg yolk-tellurite emulsion (Oxoid, UK). This method is recommended for isolating and counting
coagulase-positive staphylococci from milk and dairy products (Lancette and Bennett, 2001; Gebremedhin et al., 2022).

Fungal count in milk samples

A tenfold serial dilution of milk samples was prepared in sterile 0.1% (weight/volume) peptone solution. Tenfold
serial dilutions were prepared by transferring 1 mL of the milk sample into 9 mL of sterile 0.1% (weight/volume)
peptone water, then thoroughly mixing. Subsequent dilutions were created by transferring 1 mL from the previous
dilution into another 9 mL of diluent. A duplicate Petri dish was filled with 1 mL of each prepared milk dilution. Then,
each petri dish was filled with 10-20 ml of molten Sabouraud dextrose agar (SDA) (Oxoid, UK), cooled to 42-45°C.
After gently rotating the media and dilutions in both clockwise and counterclockwise directions, the media were allowed
to solidify at ambient temperature (Abuelnaga et al., 2022). For 3-5 days, plates were incubated in an incubator at 25°C
with lids inverted to prevent contamination. Dull-white, creamy, yellow, pink, regular, and asymmetrical shapes were
counted and considered a yeast colony, and yeast count/gram was approximated and noted. Additionally, the plates were
stored at 25°C for 5-7 days in the reverse position for mold count. The plates were examined frequently during the
incubation period for distinctive star-shaped structures characteristic of mold morphology, and the colonies were
assigned numbers and indices (APHA, 1992).

Detection of chemical adulteration of milk

A total of 110 milk samples were analyzed for the presence of chemical adulterants, including sugar, starch, acids,
soap, and formalin.

Detection of sugar

Five mL of strong hydrochloric acid was added to ten mL of milk in a glass test tube. After thorough mixing, 0.1 g
of powdered resorcinol was added, and the mixture was stirred gently. After that, the test tube was heated for five
minutes in a boiling water bath. The presence of sugar (sucrose) in the milk was indicated by the development of a red
color during heating (Sharma et al. 2012).

Detection of starch

Three mL of milk was placed in a test tube and kept in a boiling water bath for five minutes. After incubation, the
test tube was cooled, and the contents were well mixed with a few drops of 1% iodine solution. The presence of starch in
milk was indicated by its blue-black color (Sharma et al., 2012).

Detection of acids

Five mL of milk was poured into a test tube. Concentrated sulphuric acid was added in small amounts. Gently shake
the test tube, then add 0.5% ferric chloride solution dropwise with continuous mixing. Ensure the contents are
thoroughly combined. The appearance of a buff coloration indicates the presence of benzoic acid, whereas a violet
coloration confirms the presence of salicylic acid (Singh and Gandhi, 2015).

Detection of soap

A glass test tube was filled with ten mL of milk, and then an equal volume of hot water was added. Then, one or
two drops of phenolphthalein indicator were added, and the contents were gently mixed. The development of a pink
color detected the presence of soap in the examined milk sample upon addition of the phenolphthalein indicator (Singh
and Gandhi, 2015).

Detection of formalin

Two mL of milk was placed in a glass test tube, and two mL of a 90% sulphuric acid-ferric chloride mixture was
added gently. The development of a brownish-pink ring at the boundary of the two layers indicated milk adulteration
with formalin (Sharma et al., 2012).

Species adulteration detection using polymerase chain reaction

A total of 110 milk samples (25 mL each) were centrifuged at 2200 g for five minutes to sediment the milk. To
prevent casein blockage, 1 mL of the sediment was mixed with 200 pL of Tris-EDTA buffer (containing 1 mM EDTA,
10 mM Tris-HCl at pH 7.6, and 300 uL of 0.5 M EDTA at pH 8) and then centrifuged at 3000 g for 10 minutes (Murphy
et al., 2002; Psifidi et al., 2010). Following the manufacturer's instructions, the milk pellet was diluted in 200 ul of
phosphate-buffered saline, and DNA was extracted using the GF-1 Tissue DNA extraction kit (Cat. -No. GF-TD-050,
Vivantis Co., Malaysia). After being eluted in 50 pL of elution buffer, DNA was stored at -20°C for further analysis
(Abuelnaga et al., 2022). Species-specific primers were designed from published mitochondrial cytochrome b sequences
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of cattle and buffalo (Table 1).

The PCR reaction was performed in a 25 pl reaction volume containing 12.5 ul of 2 x COSMO PCR RED Master
Mix (Cat. W1020300X, Willofort Co., UK.), 1 ul (0.1 mM) of each primer, 1 pl of the purified DNA, and 9.5 pl of
double-distilled water. The PCR reaction steps included one cycle at 95°C for two minutes, followed by 35 cycles of
95°C for one minute, 30 seconds of annealing, 45 seconds at 72°C, and a final 10-minute extension at 72°C (GS-96
gradient thermocycler, Hercuvan, Malaysia; Table 1). ViSafe Red Gel Stain (Vivantis Co., Malaysia) was used to stain
1.5% agarose gels for electrophoresis to visualize the amplified PCR products. The InGenius3 gel documentation system
(Syngene, UK) was used to visualize amplified products after electrophoresis alongside a 100 bp DNA ladder at 100 V
(Abuelnaga et al., 2022).

Table 1. Species-specific PCR primers for the amplification of cattle and buffalo DNA in different milk samples from
Egypt (2024)

Species  Sequence Anneal, PCR Reference
P g Temp.  product

F- GACCTCCCAGCTCCATCAAACATCTCATCTTGATGAAA-R ]
Catle o T AGAAAAGTGTAAGACCCGTAATATAAG - R 59°C  274bp  Matsunaga etal. (1999)

F- TAGGCATCTGCCTAATTCTG -R o .
Buffalo F- ACTCCGA TGTTTCATGTTTCT -R 61°C 242bp  Rajapaksha et al. (2003)

Statistical analysis

The present results were statistically analyzed using SPSS 14 for ANOVA and descriptive statistics (mean,
maximum, minimum, and standard deviation). One-way ANOVA was performed to compare mean values among raw,
pasteurized, and milk powder samples, with statistical significance set at p-value less than 5% (p < 0.05).

RESULTS

In the current study, raw milk exhibited the highest levels of standard plate count at 7x10° + 1.7x10° S. aureus at
1.9x10% + 2.9x10°% coliforms at 2.8x10% + 3.1x10% and E. coli O157 at 7.4x10 + 7.8x10 CFU/mL (Table 2; Graph 1).
Pasteurized milk indicated significantly lower microbial loads (p < 0.05) compared with raw milk. Milk powder
consistently had the lowest microbial counts and exhibited notably greater microbial quality than raw milk. The
comparison of the three milk types indicated that the standard plate count revealed significant differences among the
groups (p < 0.05). Specifically, for S. aureus, coliforms, and E. coli 0157, the differences were highly significant (p <
0.05). Raw milk exhibited the highest levels of contamination, posing clear public health risks. Pasteurized milk
demonstrated enhanced but variable microbial quality. Milk powder exhibited superior microbiological safety. The
current results confirmed that milk processing significantly reduced the microbial loads, making processed milk
considerably safer than raw milk (p < 0.05). In the present investigation, the yeast count differed significantly among the
three milk types (Table 3; Graph 1). Raw milk had significantly higher yeast counts with mean + SD (1.7x10%1.7x10?)
than both pasteurized milk (1.2x10 £2x10) and milk powder (0.95x10 +1.3%10, p < 0.05).

Pasteurized milk and milk powder did not differ significantly from each other, but both had much lower yeast
counts than raw milk (p < 0.05). The difference in mold counts among the milk types was not statistically significant (p
> 0.05).

In this study, Aspergillus and Penicillium were the most common molds isolated, accounting for 40% and 32% in
raw milk, and 24% and 20% in pasteurized milk, respectively. Milk powder had the lowest mold counts with 20% and
10% for Aspergillus and Penicillium, respectively (Table 4).

In the current study, sugar and soap were found in 2% and 6% of raw milk samples, respectively, but not in
pasteurized or milk powder samples (Table 5; Graph 2). Starch was detected in raw milk, pasteurized milk, and milk
powder at 16, 2, and 10%, respectively. Salicylic acid was found in 20% of raw milk samples and in 10% of milk
powder samples, but it was not present in pasteurized milk. Formalin was detected only in raw milk at 6% and was not
found in pasteurized milk or milk powder.

The primers produced distinct species-specific fragments of 274 bp for cattle milk and 242 bp for buffalo milk
(Figures 1 and 2). In the current study, 40% of the raw milk was cattle milk, 50% was buffalo milk, and 10% was mixed
milk (Table 6). In pasteurized milk, 50% consisted of cattle milk, 26% comprised buffalo milk, 24% was blended milk,
and 100% of the milk powder was cattle milk only.
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Table 2. Microbial examination of different cattle and buffalo milk samples in Egypt (2024)

Raw milk Pasteurized milk (N Milk powder
Parameter (N = 50) - 50) (N = 10) P-Value
Min. 1.7x10° 0 0
Sta”‘t’ard plate  ppay. 6x10° 1.8x102 5.5x10°
coun
! Mean + SD (7x10%+ 1.7x10°) (2.7x10 + 4.7x10) (1.6x10° + 1.9x10°%) 0.012
Staphvl Min. 1.8x10° 0 0
auél‘rzu;’ 0COCCUS  Max. 8x10° 0 1.1x10?
Mean + SD (1.9x10% + 2.9x10%) (0.00 + 0.00) (3.9%10 + 4.4x10) <0.001
Min. 0.3x10 0.1x10 0
Coliform Max. 8x10? 0.7x10 10x10
Mean + SD (2.8x10°+ 3.1x10%)  (0.06x10 + 0.16x10) (3.6x10 + 3.8x10) <0.001
Min. 0.1x10 0 0
E. coli 0157 Max. 2x102 0 0.9x10 <0.001
Mean + SD (7.4x10 + 7.8x10) (0.00 £ 0.00) (0.3x10 £ 0.34x10)
Values are expressed as Mean + SD (CFU/mL).
1000000.00-7
) B standard plate count
Error bars: +/- 5D .Staphylcccccus aureus
[ coliform
B Ecali 0157
O veast
100000007 B 1iold
10000.00—
c
@ 1000 .00
= |
100,00
10,00
Raw milk Pasteurized milk Milk powcdler
Groups
Graph 1. The mean values of bacterial and fungal count in the tested cattle and buffalo milk samples in Egypt (2024)
Table 3. Mycological examination of different cattle and buffalo milk samples in Egypt (2024)
Raw milk Pasteurized milk (N Milk powder
Parameter (N= 50) - 50) (N = 10) P-Value
Min. 0.1x10 0 0
Yeast Max. 5x10? 8x10 4x10
Mean + SD (1.7x10% + 1.7x10? (1.2x10 + 2x10) (0.95x10 + 1.3x10) <0.001
Min. 0 0 0
Mold Max. 5x10? 7.7x10 1.5x10
Mean + SD (0.11x10 £ 0.16x10) (1.3x10 + 1.9x10) (0.39%10 + 0.5x10) 0.322

Values are expressed as Mean + SD (CFU/mL).

163



Soliman et al., 2026

15 -

10 -

Raw milk

m Sugar

u Soap m Starch

m Salcylic acid

m Formaline

Pasteurized milk

Milk powder

Graph 2. The percentage of chemical adulterants in the examined milk samples in Egypt (2024)

Table 4. Different mold species isolated from the cattle and buffalo milk samples in Egypt (2024)

Raw milk (N = 50)

Pasteurized milk (N = 50)

Milk powder (N = 10)

Mold spp.

No. (%) No. (%) No. (%)
Aspergillus 20 40 12 24 2 20
Penicillium 16 32 10 20 1 10
Rhizopus - - 1 2 - -
Cladosporium 1 2 1 2 - -
Alternania 1 2 - - - -
Mucor 1 2 1 2 1 10
Fusarium - - - - - -
Scopulariopsis 2 4 - - - -
Geotrichum spp. 3 6 - - 1 10

Table 5. Detection of chemical adulteration in different cattle and buffalo milk samples in Egypt (2024)

Items Raw milk (%) Pasteurized milk (%) Milk powder (%6)
Sugar 2 - -
Soap 6 - -
Starch 16 2 10
Salicylic acid 20 - 10
Formalin 6 - -

Table 6. The PCR results of different milk samples of cattle and buffalo species in Egypt (2024)

Raw milk (N = 50) Pasteurized milk (N = 50) Milk powder (N = 10)
Mold spp.
No. (%) No. (%) No. (%)
Cattle milk only 20 40 25 50 10 100
Buffalo milk only 25 50 13 26 - -
Mixed milk 5 10 12 24 - -
No: Number
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Figure 1. The PCR product of the cattle and buffalo milk samples using species-specific primers on an agarose gel. A: Screening of milk
samples for cattle DNA (274 bp), B: Screening of commercial milk samples for buffalo DNA (242). M: Molecular marker (100 bp)

Figure 2. The PCR product of the cattle and buffalo milk samples using species-specific primers on an agarose gel. C: Screening of milk
samples for cattle DNA (274 bp), D: Screening of commercial milk samples for buffaloes DNA (242). M: Molecular marker (100 bp)
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DISCUSSION

Globally, there is increasing concern about the safety and quality of milk and milk products due to microbial
contamination caused by improper handling and hygiene practices. Milk and dairy products are major carriers of milk-
borne diseases, including diarrheal illnesses caused by Salmonella, Campylobacter, STEC, Staph, and Bacillus species
(Almashhadany et al., 2022). Additionally, milk and dairy products can cause severe invasive infections, including
listeriosis, brucellosis, tuberculosis, Q fever, and cryptosporidiosis. Historically, these products have been linked to
typhoid, diphtheria, and scarlet fever, all of which have greatly impacted global public health (Almashhadany et al.,
2022; Gebremichael et al., 2024).

In the present study, the mean standard plate count was consistent with findings of Mahrous et al. (2023) in Egypt,
as they reported a mean count of 2.9 x 10°+ 0.16 x 105 CFU/mL, while El-Leboudy et al. (2017) documented an average
of 2.6 x 10°+ 0.2 x 10° CFU/mL in raw milk. Similarly, Bille et al. (2009) in Namibia reported standard plate count
ranging from 7.8 x 10%o 1.3 x 10® CFU/mL of raw cow's milk collected from dairy farms. Abdul Kader et al. (2015)
reported an elevated standard plate count from raw cow's milk samples at 38.1x10° CFU/mL across different farms in
Bangladesh. Additionally, Oladipo et al. (2016) reported aerobic plate counts for raw cow's milk samples in Nigeria
ranging from 0.2 x 10° to 4.2 x 10° CFU/mL. Faisal and Ahmed (2018) in Ethiopia reported 5.96 x 10® CFU from milk
containers in the distribution centre, while the total aerobic plate count in raw cow's milk samples from the storage area
at a dairy farm was 3.4 x 10® CFU/mL. Conversely, Abuelnaga et al. (2022) reported a total aerobic count of 1.6 x 10°
CFU/mL from raw cow's milk samples in Egypt.

Staphylococcal food poisoning is one of the most common causes of gastroenteritis worldwide. Initial signs
typically include abdominal discomfort, nausea, and vomiting within 2 to 6 hours, and may occasionally be followed by
diarrhea. Signs of Staphylococcal food poisoning appear after consuming thermostable staphylococcal enterotoxins at a
dose of approximately 0.1-1.0 mg/kg body weight (Ahmed et al., 2022). The present result of S. aureus count aligns with
the findings of Mahrous et al. (2023) from Egypt, who reported a mean count of 2.7 x 103 + 7.8 x 102 CFU/mL, and
Abuelnaga et al. (2022), who recorded a highly comparable mean value of 1.7 x 103 CFU/mL.

The presence of coliforms in raw milk might be attributed to factors such as improper milking practices, use of
contaminated water, poor herd hygiene, and inadequate washing and maintenance of equipment (Mahrous et al., 2023).
Coliform count in the present study was comparable to those reported by Bille et al. (2009) in Namibia, who
documented a range of 2.4x102 to 2.3x103 CFU/mL, and by Mahrous et al. (2023) in Egypt, who obtained a mean count
of 9.29x102 + 3.8x102 CFU/mL. In contrast, elevated counts have been reported by Banik et al. (2014) with a range of
4.2x10% to 1.0x10° CFU/mL and also Chowdhury et al. (2022) with a range of 0.6x10° to 7.8x10° CFU/mL. Conversely,
Abuelnaga et al. (2022) reported notably lower levels, with a mean count of 2 x 10t + 0.4 x 10t CFU/mL.

Foodborne fungi produce toxic compounds called mycotoxins, which are extremely harmful to animal and human
health. Although food processing may eliminate the microorganisms themselves, any preformed mycotoxins can remain,
as these heat-stable compounds are not easily destroyed. Fungi can cause infections or allergic reactions. Yeasts and
molds primarily contaminate milk through airborne contaminants, poor storage conditions, or packaging materials,
causing different problems in dairy products (Ahmed et al., 2022). Molds and yeasts are undesirable contaminants in
milk and dairy products, as their presence, even in low numbers, can negatively affect product quality (Elkot et al.,
2025). In the current study, the mean yeast count was similar to that reported by Abuelnaga et al. (2022), who
documented a mean count of 2.4x10° + 7.6x10? CFU/mL in Egypt. Several studies have reported varying microbial
counts in Egypt. Ahmed et al. (2022) documented a notably high mean count of 1.29x107 + 2.48x107 CFU/mL. In
contrast, El-shinawy et al. (2018) found a considerably lower mean of 6.22x102 + 3.62x102 CFU/mL. Regarding mold
counts, Abuelnaga et al. (2022) reported similar results with a mean of 4x10 + 1.9x10 CFU/mL, and also El-shinawy et
al. (2018) recorded a mean mold count of 2.23x102 + 9.3x10* CFU/mL, while Ahmed et al. (2022) observed elevated
levels, with a mean of 1.04x10° &+ 2.52x10° CFU/mL. Additionally, the average mold count across studies was noted as
0.11x10 + 0.2x10* CFU/mL.

High total bacterial counts in pasteurized milk may result from high contamination by equipment and personnel, late
pasteurization, and inadequate heating procedures, underscoring the importance of stricter post-processing hygiene
(Ahmed et al., 2022). In the current study, the standard plate counts for pasteurized milk were in accordance with El-
Ziney (2018), who reported a mean count of 2.95x10* + 0.62 CFU/mL. However, higher counts were observed by
Ahmed et al. (2022), with a mean of 1.55x10* + 2.25x10* CFU/mL, as well as by Kumala et al. (2021), who recorded
mean values of 2.10x10' and 2.94x10* CFU/mL. Staphylococcus aureus was not detected in the current study, as the
presence of Staphylococcus in pasteurized milk can be attributed to inadequate pasteurization, the persistence of
pathogens, or post-pasteurization contamination resulting from poor processing, improper handling, or insufficient
worker hygiene (Ahmed et al., 2022). Coliforms are the most important bacteria and serve as indicators of fecal
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contamination, implying the presence of other microbes from the digestive tract. Coliforms can be eliminated during
pasteurization; therefore, a positive coliform test in pasteurized milk indicates either inadequate pasteurization or post-
pasteurization contamination (Ahmed et al., 2022). In the present study, the total coliform count was not detected.
Different findings were reported by Ahmed et al. (2022), who recorded a mean count of 9.96x10 + 9.52x10 CFU/mL.
Since most fungi are destroyed by heat treatment, their presence typically indicates post-heat-treatment contamination
(Elkot et al., 2025). The mean total yeast and mold count of the present study was lower than the results reported by
Ahmed et al. (2022), with a mean yeast and mold count of 1.46x102+1.64x102 cfu/ml and 1.54x102 + 3.06x102 CFU/mL,
respectively.

The total bacterial count in milk powder was consistent with the findings of El-Etriby (2017), who reported 2.1x103
+ 0.12x103% CFU/mL, and also Ibrahim et al. (2021) reported a mean of 4.97x102 £ 1.21x102 CFU/g, while Halim et al.
(2022) observed a higher count of 28.15x107 + 23.4x10” CFU/g. In the current study, Staphylococci in milk powder were
similar to those obtained by Ibrahim et al. (2021) with a mean of 0.94x10% + 0.21x10? CFU/g. In contrast, Halim et al.
(2022) reported higher values, with a mean of 18.38x10° + 11.52x10°. The coliform results in the present study were
similar to those of lbrahim et al. (2021), who reported counts less than 3 CFU/g, whereas Halim et al. (2022) reported a
mean of 28.74x10° + 10.557x10° for coliforms. Regarding the total yeast count in the present study, Ibrahim et al. (2021)
reported lower values, with a mean of 0.65x10? + 0.05x10* CFU/g. Conversely, Halim et al. (2022) found higher counts,
with averages reaching 3.09x10° + 1.96x10% CFU/mL. According to the current results, the mean total mold count was
0.39%x10 £ 0.5x%10. This lack of significance may be attributed to naturally low mold levels, sample variability, or the
small sample size in the milk powder group. Comparable findings were reported by Ibrahim et al. (2021), who recorded
counts exceeding 10 CFU/g, whereas Halim et al. (2022) observed higher levels, with a mean count of 12.16x10? +
9.74x102 CFU/mL.

Since most imported dairy products meet international standards, a high bacterial count in milk powder indicated
recontamination. No microbial growth was observed during or after manufacturing. Factors such as the heat resistance of
spore-forming bacteria, unsanitary storage conditions, post-heat-treatment contamination, poor packaging, mishandling,
and poor human hygiene all contribute to recontamination (Halim et al., 2022).

Previous studies have identified different mold species, including Mucor spp., Aspergillus flavus, Aspergillus niger,
Aspergillus fumigatus, Absidia spp., Penicillium spp., Geotrichum candidum, Cladosporium spp., Phoma spp., and
Fusarium spp. Similarly, Elbarbary et al. (2022) observed that the most prevalent mold genera in examined milk
samples were Aspergillus spp., Penicillium spp., Cladosporium spp., Alternaria spp., Mucor spp., Rhizopus spp., Absidia
spp., and Fusarium spp., with Aspergillus species being the most dominant.

Chemical adulteration in the current study varied across milk types, with raw milk showing the highest
contamination. Sugar and soap were detected in small proportions of raw milk, while starch appeared more frequently,
especially in raw samples. Salicylic acid was also common in raw milk and present in milk powder, whereas formalin
was found only in a limited number of raw milk samples. Different results were reported by Tubesha in Palestine (2025),
who stated that all milk samples tested were free of starch, formalin, and carbonate.

In many countries, including India, Pakistan, Italy, and Nepal, where both cow and buffalo milk are widely
produced and sold, milk adulteration is a common problem. Cottenet et al. (2011) proposed a species-specific real-time
PCR method targeting the cytochrome b gene to address this issue. This method can detect cow milk content ranging
from 0.1% to 2%, combined with buffalo milk.

CONCLUSION

The present findings revealed that raw milk poses significant microbiological and chemical hazards, primarily due to
poor hygiene and adulteration. Elevated bacterial and yeast counts, along with the presence of chemical adulterants such
as sugar, soap, starch, salicylic acid, and formalin, indicated the improper handling and storage conditions that threaten
consumer health. Pasteurized milk demonstrated improved microbial quality but still exhibited variability among
samples, whereas milk powder proved the safest product, reflecting effective processing and preservation. The PCR-
based method for species identification indicated the presence of mixed and buffalo milk mainly in raw and pasteurized
samples, while milk powder was exclusively cattle-derived. The current results highlighted the urgent need for stricter
monitoring, improved sanitary practices during milk collection and distribution, and the enforcement of regulatory
measures to lower milk adulteration and defilement in the study area. Future studies should involve larger, regionally
diverse samples, utilize advanced detection techniques, and assess intervention strategies to further enhance milk safety
and quality control.
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