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ABSTRACT

Background and objective: Milk adulteration is an illegal treatment for milk in Egypt.
Therefore, the goal of the current investigation was to identify and evaluate the potential milk
adulterations that suppliers from different sources in EI-Beheira governorate added to cow's
and buffalo's milks. Materials and methods: A total of 180 samples of cow's and buffalo's
milks (90 each) from different sources in EIl-Beheira governorate (farmer's houses,
supermarkets and collecting milk centers, each 30 for each species) were collected randomly.
The physicochemical analysis was performed, in addition to, detection of common
commercial additives as well as antibiotics' residues. Results: The physicochemical
parameters of specific gravity and freezing point reflected the addition of water in the
examined cow's and buffalo's milk samples; in addition to, the detection of adulterants, in
which, the milk samples from supermarkets had higher antibiotics' residues in a percentage
of 20%, and also sodium bicarbonate, melamine and formalin in incidences higher than those
from farmers' houses and collecting milk centers. Conclusion: The examined cow's and
buffalo's milk samples from different sources were adulterated especially from the
supermarkets which had higher incidences of sodium bicarbonate, melamine and formalin in
addition to antibiotics' residues. Hence, these adulterants were dangerous to consumers'
health, and did not satisfy recommended standards.
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INTRODUCTION components. It contains proteins, lipids,
carbs, minerals, vitamins and other nutrients
necessary for supporting life and preserving
excellent health (Poonia et al., 2017). The

safety and authenticity of milk have come

Milk is known to be a nutrient dense
food dueto its variety of nutritional

under increasing scrutiny and concern as a
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Unfortunately, milk has been interfered by
adding synthetic nutrients to maximize
profits (Singh and Gandhi, 2015). To increase
milk's volume and, consequently, profit
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margin, dealers commit the malpractice of
adulterating it by either adding inexpensive
ingredients or removing valuable ones
(Chauhan et al., 2019).

One of the keyways to adulterate milk is by
adding water, skimming (either partial or
complete), both and additives (like
preservatives). Milk adulteration is a multi-
chain process that begins with the owner of
the animal, the milkman, rural collection
stations, and ultimately, massive processing
facilities (Swar et al., 2021). Overly
documented milk adulterants include diluents
(water and ice), thickeners (starch, glucose,
urea, flour, salt and chlorine), preservatives
(sodium carbonate, sodium bicarbonate and
formalin), reconstituting agents (seed oils,
cane sugar, animal fats and milk powder), and
cosmetics (detergent/soap and bleaching
powder) (Afzal et al., 2011; Kandpal et al.,
2012; Shaikh et al., 2013; Singh and Gandhi,
2015; Chauhan et al., 2019; Lahankar et al.,
2019). In addition to antibiotic residues, that
resulted from the use of antibiotics in dairy
animals (Chen et al., 2019).

Various techniques for detecting milk
adulterants, while quantitative detections are
intricate and varied, qualitative detections of
adulterants in milk can be accomplished with
ease using chemical reactions. Quantitative
detection methods vary depending on the type
of adulterants found in milk. For instance, LC
(liquid  chromatography) and ELISA
(enzyme-linked immunosorbent assay) are
the most popular methods for spotting foreign
proteins; PCR (polymerase chain reaction)
and PAGE (polyacrylamide gel
electrophoresis) are frequently used to spot
adulterants in the milk of a certain species
(Azad and Ahmed, 2016; Pooniaet al., 2017).

Milk adulteration is an issue that not only has
a negative impact on the human health that
comes at a high cost to society but also
prevents milk's beneficial components from
being properly utilized, which is crucial for
healthy body development. In Egypt, the
dairy value chain is deeply ingrained in rural

communities and is essential to the rural
economy, as well as to the livelihoods of
farmers and micro and small-scale dairy
producers. Therefore, it is necessary to
frequently and randomly check markets for
adulteration of milk, in which, this present
study's objective was to identify the
adulteration of cow's and buffalo's milks in
farmer's houses, supermarkets and collecting
milk centers in El-Beheira governorate, as
well as, to assess the effectiveness of the
controls put in place to stop adulteration.

MATERIALS AND METHODS

Collection of milk samples:

A total of 180 random samples of cow's and
buffalo's milks (90 each) were collected from
different sources in El-Beheira governorate,
Egypt, including farmer's houses (30 cow's &
30 buffalo’'s milk samples), supermarkets (30
cow's & 30 buffalo's milk samples) and
collecting milk centers in the form of bulk
milk tank (BMT) (30 cow's & 30 buffalo’s
milk samples). The milk samples were
collected in sterile jars and then transferred to
the laboratory with a minimum of delay.

Preparation of the samples:

Each milk sample (500 ml) was thoroughly
mixed before being divided into 3 sub-
samples; the first was used for
physicochemical analysis; the second for the
detection of common commercial additives,
while the third for the detection of antibiotics'
residues.

Physicochemical analysis:

The physical and chemical characteristics of
the milk samples were determined shortly
after arrival to the laboratory. Fat%,
protein%, specific gravity and freezing point
were determined using an automatic milk
analyzer  (MilkoScan™  FT1, FOSS
Analytical A/S, Postbox 260, DK-3400
Hillergd, Denmark) in the Animal Health
Research Institute, Food Hygiene
Department, Shebin EI-Kom branch, Egypt.
MilkoScan FT1 is in compliance with AOAC
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(Association of Analytical Chemists) and
IDF (International Dairy Federation).

Detection of common commercial additives:
The examined additives included palm oil,
urea, sodium bicarbonate, citric acid,
melamine, formalin and starch.

The detection of palm oil was performed by a
simple rapid technique by Ramani et al.
(2019), in which 2 ml of milk fat/ghee was
taken in a clean dry test tube and heated to 60-
70°C for 10 min; then afterl ml of ferric
chloride solution (0.008 M) was added in that
test tube, and there after 0.3 ml potassium
fericynide solution (0.03 M) was added and
mixed for 30 seconds; thereafter the color
change was observed; for pure ghee the color
would be light green and for adulterated ghee
the color varied from lime green to blue.

Urea, sodium bicarbonate, citric acid,
melamine and formalin were determined by
using an automatic milk analyzer
(MilkoScan™  FT1)  according  to

RESULTS

Physicochemical analysis:

manufacturer instructions (AOAC, 2013).
Starch was detected according to the Indian
standards (IS 1479 part I, 1961 reaffirmed
2003), in which about 5 ml of milk in a test
tube was subjected to boiling condition and
allowed to cool to room temperature, then
after 1-2 drops of iodine solution was added,
the development of blue color indicated the
presence of starch which disappeared when
sample was boiled and reappeared on
cooling; the limit of detection of method was
0.02%.

Antibiotics' residues were detected by the
using of Twin sensor BT kit (Delvotest ®SP
NT, DSM Food Specialties B.V., P.O. Box 1,
2600 MA Delft, the Netherlands).

Statistical analysis:

The data collected on different parameters
were analyzed statistically by using
frequency, percentage, mean, and standard
deviation. Differences were considered
significant at p<0.05.

Table 1: Mean values of some physicochemical parameters of the examined milk samples

Milk source Milk species Fat% Protein% Specific gravity Freezing point
Farmers' houses Cow's mill_< 3.26+0.29  3.07+0.46 1027.6+3.94 -0.496+0.03
Buffalo's milk  6.61+0.68 3.57+0.37 1021.5+7.3 -0.548+0.05
Supermarkets Cow's mill_< 3.45+0.26  3.18+0.24 1028.2+3.29 -0.462+0.18
Buffalo's milk  7.07+1.95 3.96+0.47 1006.8+12.9 -0.525+0.02
Collecting milk Cow's milk 3.96+0.4  3.15+0.29 1025.2+8.06 0.0471+0.07
centers (BMT)  Buffalo's milk 6.88+1.29 3.51+0.49 1010.6+7.86 0.561+0.04
Detection of common commercial additives:
Table 2: Detection results of palm oil and urea in the examined milk samples
Milk source Milk species Palm oil Urea
+ve/30 (%) Mean+SD
Farmers’ houses Cow's milk 2/30 (6.67%) 22.83+11.09
Buffalo's milk 6/30 (20.00%) 36.67+12.45
Supermarkets Cow's milk 4/30 (13.33%) 18.03+8.83
Buffalo's milk 16/30 (53.33%) 16.57+17.35
Collecting milk Cow's milk 2/30 (6.67%) 23.87+6.79
centers (BMT) Buffalo's milk 4/30 (13.33%) 35.87+4.35
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Table 3: Incidence of some additives in the examined milk samples

Sodium

Milk source  Milk species . Citric acid Melamine Formalin
bicarbonate
+ve/30 (%0) +ve/30 (%) +ve/30 (%) +ve/30 (%)
Farmers' houses Cow's milk  2/30(6.67%)  0/30 (0.00%)  0/30 (0.00%) 2/30 (6.67%)
Buffalo's milk 4/30 (13.33%)  2/30 (6.67%)  0/30 (0.00%) 2/30 (6.67%)
Supermarkets Cow's milk  4/30 (13.33%)  0/30 (0.00%)  4/30 (13.33%)  8/30 (26.67%)
P Buffalo's milk 10/30 (33.33%) 2/30 (6.67%)  8/30 (26.67%) 20/30 (66.67%)
Collecting milk v 0 0 0 0
centers (BMT) Cow's milk  0/30 (0.00%)  6/30(20.00%)  0/30 (0.00%) 1/30 (3.33%)
Buffalo's milk  0/30 (0.00%) 14/30 (46.67%) 0/30 (0.00%) 1/30 (3.33%)

Detection of antibiotics' residues:

Table 4: Incidence of antibiotics' residues in the examined milk samples

Milk source Milk species Antibiotics' residues
+ve/30 (%)
Farmers' houses Cow's milk 2/30 (6.67%)
Buffalo's milk 4/30 (13.33%)
Cow's milk 6/30 (20.00%)

Supermarkets

Buffalo's milk

6/30 (20.00%)

Collecting milk centers Cow's milk 0/30 (0.00%)
(BMT) Buffalo's milk 2/30 (6.67%)
DISCUSSION

Dairy products are a group of food that plays
an important role in nutrition of the
population. Upon somewhat expensive raw
material, milk might be a desirable product
for alterations by partially substituting it with
other dairy and non-dairy substances
(Giglioti et al., 2022). Authorities are aware
of the issue of dairy adulteration; thus, it is
imperative to create efficient ways for
identifying goods that have been faked or
otherwise contaminated (Hanganu and Chira,
2021). To ensure that consumers receive milk
of high quality and safety, the Egyptian
Standards for Specification have established
regulations governing the manufacturing of
raw milk (Egyptian Standards, 2013; Ghaffar
etal., 2019).

136

In general, cow's milk samples were more
likely to be tampered with by adding water
than buffalo’s milk since cow's milk has low-
fat content and will show any partial loss of
fat. Retailers are therefore pressured to add
more water to cow's milk than to buffalo's
milk (Mansour et al., 2012). Regarding fat
content, the current findings in Table 1
revealed that the examined buffalo's milk
samples had an average fat level that was
much greater than those of cow milk's with
averages 3.45 and 7.08%, respectively.
Similar to the obtained results, Abbas et al.
(2017) revealed that the fat contents of cow's
and buffalo’'s milk were 4.1 and 6.30%,
respectively.
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According to the data recorded in Table 1, the
specific gravity of cow's and buffalo's milk
from different sources ranged between 1.025
- 1.028 and 1006 - 1021, respectively, which
were below the Egyptian standards, that
stated the specific gravity of cow's milk is
1.028 -1.034 with an average of 1.032 and for
buffalo’'s milk is 1.033 - 1.036 with an
average of 1.034 (Egyptian Standards, 2013).
These findings reflected that the examined
cow's and buffalo's milk samples had been
diluted with by the addition of water (Table
1). Moreover, the obtained results in Table 1
showed slight variation in freezing points
which indicated adulteration by addition of
water, in which, the addition of water was the
main cause of lowering freezing points than
the Egyptian standard (- 0.53 to -0.56)
(Egyptian Standard, 2013).

Hence the food items like milk or milk
products are always tense to be adulterated by
unscrupulous traders for earning more
money. Adulteration with cheaper quality of
oils (vegetable oil) and fats were getting a
serious concern for food law enforcement
agencies. As crooks involved in the business
of ghee production are using designed
oils/fats with or such oil that has almost same
fatty acids profile of milk fat or ghee.
Therefore, the present study examined the
adulteration by addition of palm oil as a
foreign fat (Table 2), in which, the obtained
results found the presence of palm oil in the
examined cow's and buffalo's milk samples
from the supermarkets (13.33 and 53.33%,
respectively), followed by bulk milk tank of
the collecting milk centers (6.67 and 13.33%,
respectively). According to the results
reported in Table 2, Parmar (2005) reported a
similar outcome.

The obtained results for the urea content in
the examined cow's and buffalo's milk
samples were recorded in Table 2. The
obtained results were agreed with Swathi and
Kauser (2015) for raw cow’s milk.

In order to extend the shelf life of milk,
formalin is added to raw milk. This additive
has the potential to pose significant health
risks (Chanda et al., 2012; Salih and Yang,
2017). The data in Table 3 cleared the
adulteration by addition of formalin,
particularly in the examined cow's and
buffalo's milk samples from the supermarkets
(26.67% and 66.67%, respectively).
Additionally, the supermarkets' samples had
higher levels of chemical residues including
sodium bicarbonate and melamine (Table 3).
These results are analogous to those of
Chanda et al. (2012) who discovered 10%
sodium bicarbonate and 20% formalin as
additional preservatives in raw milk samples
from Bangladesh.

For starch, all the examined milk samples
were starch-free; this conclusion is consistent
with those made by Islam et al. (2013);
Mohammed and Zubeir, (2021), whom
discovered that no milk had been
contaminated with starch. In contrast, Bari et
al. (2015) found starch in 66.67% of the milk
samples were contaminated with starch.

When focusing the light towards the detection
of antibiotics' residues in the examined milk
samples, Table 4 provided the results
showing more prevalent (20%) in the milk
samples from the supermarkets. Abo El-
Makarem et al. (2020) analyzed the
oxytetracycline residues in market raw milk
samples  obtained from  Alexandria
governorate, Egypt.

Chemical residues in raw milk can also
impact upon food safety (McCarthy etal.,
2018). Citric acid is a useful organic
compound that is commonly used in food. It
is used in milk-washing, which involves
mixing whole milk with a spirit, separating
the milk into curds and whey, and then
removing the curds using a coffee filter or a
centrifuge and detected in milk due to lack of
resining of system. Melamine is also added to
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milk to cheaply improve the protein content
(Liu et al., 2012).

Conclusion and Perspective

The examined cow's and buffalo's milk from
different sources were adulterated especially
from the supermarkets which had higher
incidences of sodium bicarbonate, melamine
and formalin in addition to antibiotics'
residues. Therefore, the milk monitoring for
detection of any adulterants must be done
regularly.
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