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Abstract

Yoghurt and cheeses are important rich food for the human, however they might be subjected to
adulteration, which alter their quality. This study investigated the effect of milk adulteration on the
processing properties of yoghurt and Sudanese white cheese and their chemical composition. Cheese and
yoghurt were made from milk with known amounts of added water, penicillin, and ammonium chloride;
separately. The obtained data showed that no fermentation occurred when the milk was diluted by the
addition of 25% water, ammonium chloride and penicillin. The fermentation period and yield of yoghurt
were significantly (P<0.001) affected when adding water. The fermentation period was longer and the
yoghurt yield was less in 15% diluted milk yoghurt compared to the control yoghurt. The values of the
chemical composition of yoghurt were significantly decreased when diluted milk was used for making
yoghurt. Similarly, the coagulation time and yield of the cheese were significantly (P<0.001) affected by the
diluted milk. However, the data showed non-significant (P>0.05) variation for the coagulation time, yield
and compositional content of Sudanese white cheese made from milk containing 3 mL and 5 mL/ liter
penicillin. The values of total solids, fat, protein, and salt in the cheese were significantly (P<0.01) affected
by the addition of water. The results revealed that the salt content of Sudanese white cheese were not
significantly (P>0.05) affected by the addition of 15% and 25% water. The total solids, fat, protein, and salt
contents of the cheese were affected by the addition of ammonium chloride to the milk, they revealed
45.5+0.94% vs. 43.63+0.86%, 22.86+1.46% vs. 21.94+2.46%, 15.31+1.82% vs. 14.86+0.93% and 5.36+1.86%
vs. 5.79+0.36%, respectively in the milk with 3% vs. 5% added ammonium chloride. This study concluded
that yoghurt and Sudanese white cheese processing, yield and chemical composition were affected by
milk adulteration.
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Introduction

Animal products including dairy products are rich in proteins that are known for their high
nutritional values and hence they are vulnerable to many adulterations with cheaper products to
maximize producers” profits [1]. The practice of milk adulteration resulted in the reduction of milk
quality and its contamination with hazardous substances will impact the health of the consumers [2].
Moreover, milk products such as yoghurt and cheese are among the most nutritious foods due to their
contents of high-value protein. Thus, those high price products might be subjected to adulteration
with low-quality products or with foreign substances [3].

Milk and its products are rich in nutrients and their consumption as the human diet is currently
increasing [4]. Moreover, the consumption of dairy products is expected to grow and therefore, a
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faster precise way for the authentication of these products is required
to save the public health [5]. Furthermore, authentication of milk
products should involves accurate detection methods capable of
confirming that the milk product matches the stated labels, which
conform some laws and regulations [6]. The application of near-
infrared spectroscopy and hyperspectral imaging for the detection of
cheese and yogurt fraud are highlighted [5].

Milk adulteration is considered a multi-chain process because it
starts from the farms by the animal owner, then by sales including
milkmen and rural collection centers and ends with the processers in
the processing units [7]. Milk fraud as a malpractice in developing
countries is becoming an increasing problem due to the increased
demand, growth in competition in the dairy market as well as the
increase in the complexity of the milk supply chain and the lack of
strict food safety laws [8]. Thus, the authenticity of dairy products has
become an urgent issue for producers, researchers, governments and
consumers. The outcome of the increase in falsification procedures
will lead to loss of money and minimizing the consumers’ confidence

[9].

High level of adulteration in the retail trade of sheep dairy
products was detected and only 27.5% of the yoghurt samples and
20% of the cheese samples contained pure sheep milk. Moreover, the
adulterant by cow’s and goat’s milk revealed 37.5% and 22.5% of the
examined yoghurt and 35% and 17.5% of the tested cheese samples,
respectively [10]. Yoghurt is traditionally produced by the bacterial
fermentation of milk with a starter culture and its popularity is due
to its reduced fat content, special texture and flavor, nutritional
content and health benefits [11]. Although yoghurt and its related
products are favored by many people, various adulteration in milk
and yoghurt products showed great public concern about the quality
and safety of yoghurt [12].

'The addition of cheese whey to milk as a fraud was high and the
economic effects are due to the low yield for dairy products and the
reduced nutritional value of milk and its derived products as well as
some safety issues [13]. Because cheese has a higher price compared
to other dairy products, it is subjected to fraud worldwide [14].

Different types of health issues occur especially in children of
5-10 years of age due to adulterated milk and milk products, they
might suffer from weak eyesight, diarrhea and stomach disorders,
while, adults might suffer from cardiac attack and gastrointestinal
problems. Moreover, adulteration is harmful to human health as
it induces respiratory diseases such as gastro-intestinal problems
and diarrhea [15]. The adulterants mostly found in raw milk sold
in Khartoum State were the addition of water, the presence of
salt and antibiotics especially during the late summer season [16].
This study was conducted with the objective of investigating the
processing properties of yoghurt and Sudanese white cheese made
from intentionally adulterated milk (water, ammonium chloride salt
and penicillin). Also, the chemical composition of produced yoghurt
and Sudanese white cheese were evaluated.

Material and Methods

Descriptions of yoghurt and Sudanese white cheese
preparation

The milk used in this experiment was brought from the Animal
Production Research Centre farm (Kuko) using clean bottles and
transported to the laboratory of the Department of Dairy Production,

University of Khartoum, where processing and examinations of
produced yoghurt and Sudanese white cheese were done.

Nine trials were conducted to process both yoghurt and
Sudanese white cheese from adulterated and controlled milk.
Water (0%, 15%, and 25%), penicillin (0 mL, 3 mL, and 5 mL)
and ammonium chloride salt (0%, 3%, and 5%) were added to a
specific amount of milk (6 liters for cheese and 1 liter for yoghurt).
Then each milk samples were processed into yoghurt and Sudanese
white cheese to evaluate the effect of adulterants on the processing
properties of yoghurt and cheese including time of coagulation and/
or fermentation and yield for both products.

Adulterated milk and yoghurt processing

Milk was first divided into nine groups (1 liter for each group),
according to the amounts of added ammonium chloride (0%, 3%,
and 5%), added penicillin (0 mL, 3 mL, and 5 mL) and added water
(0%, 15%, and 25%) to prepare the yoghurt samples.

According to Tamime and Robenson [17], one liter of milk
(for each trail) was pasteurized (95°C for 15 seconds) and 20 mL of
starter culture (Streptococcus thermophiles and Lactobacillus bulgaricus)
produced by Chris Hansen (Denmark) were added directly to the
milk followed by agitating to ensure homogenous distribution. After
raising the temperature of the mix to 42-44°C, then the mixture
was packed into plastic cups (100 grams). The filled cups were
incubated at 42-44°C for 4-6 hours. The cups were removed from
the incubator and stored in a refrigerator (8°C).

Adulterated milk and cheese processing

Milk was divided into nine groups (6 liters for each group)
according to added ammonium chloride (0%, 3%, and 15%), added
penicillin (0, 2 mL, and 5 mL) and added water (0%, 5%, and 15%)
to prepare the Sudanese white cheese. The milk was strained by a
clean cloth, heated to 62°C for 30 minutes and cooled to 40°C. The
animal rennet (Chris Hansen- Denmark) was added (1.3 g/50 L
milk) and the mixture was left to develop a curd. After complete
coagulation, the curd was cut into small cubes for whey separation,
and then the curd of each cheese was poured into wooden jars
(30x30x30 cm) lined with a clean cloth and left for 12 hours [18].
The whey of each produced cheese was collected separately into a
clean container, cooled and used for preservation of the particular
cheese.

Analytical methods for yoghurt and Sudanese white cheese
Assessment of processing properties of yoghurt and cheese

The average fermentation time of yoghurt and coagulation
time of cheese were estimated per hours. Also, the cheese yield was
calculated as the weight of the cheese obtained and expressed as Kg.

Chemical analysis

The obtained yoghurt samples were chemically analyzed for total
solids, fat, protein, ash, and acidity. Meanwhile, the Sudanese white
cheese samples were chemically analyzed for total solids, fat, protein,

ash, acidity, and salt.

The total solids content of all produced yoghurt and Sudanese
white cheese samples was determined according to the method of
AOAC [19]. The fat content was determined by the Gerber method
and the protein content was determined by the Kjeldahal method
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[19]. Also, the ash and titratable acidity of yoghurt were determined
according to the standard method of AOAC [19]. Meanwhile, the
salt content of cheese was determined according to the method
described previously [20].

Statistical analysis

Statistical analysis was performed using the SPSS program
version 16 [21]. General Linear Models were used to determine the
fermentation time, yield and the chemical composition of yoghurt
and cheese that were made using intentionally adulterated milk.
Means were separated using the least significant difference at P<0.05.
Graphs were plotted using Microsoft Excel sheet.

Results and Discussion

Effect of adulteration on fermentation period and yield of
yoghurt

The fermentation period of yoghurt samples revealed significant
(P<0.01) variations in the milk with the different levels of added
water (Table 1). As it was longer in yoghurt samples made using
milk containing 15% added water (2.46£0.01% hours) compared
to the control samples (2.30+0.16% hours). Meanwhile, no
fermentation occurred when the milk was diluted with 25% water
(Table 1). Moreover, the addition of up to 15% water to milk on
plain yoghurt quality during refrigerated storage was detected [22].
The starter culture kinetics were affected in addition to the change of
color and texture [22]. This is the expected results as the diluted milk
is expected to produce watery yoghurt. However, the average yield of
yoghurt samples was significantly (P<0.001) higher (0.92+0.01 Kg)
in the control yoghurt samples (Table 1). Variations of incubation
and fermentation period for yoghurt made using the milk of sheep
(3-4), goats (3—4) and camel (16-18) was demonstrated. As, firm,

slightly firm and watery consistency was observed for yoghurt,
respectively [23].

This study also demonstrated that no fermentation was
obtained when ammonium chloride and penicillin were added to
the milk before yoghurt processing. This study supported the fact
that antibiotic residues in foodstuffs products that are processed
by microbial fermentation, such as fermented milk products can
interfere with the fermentation process by inhibiting the starter
cultures, leading to manufacturing accidents and poor-quality foods
[24]. Moreover, antibiotic residues showed a negative influence
on the processing properties of cultured dairy products (mainly
yoghurt and cheese) by inhibiting starter cultures, causing allergy
and sensitivity in people and increasing the risk of antibiotic resistant
organisms and thus economic impact [25]. On the other hand, the
lactic acid production was reduced with the increase of stabilizers
concentration, while showing an increasing trend with fermentation
time [26]. Moreover, enzyme addition, together with starter culture
addition were found to increase yoghurt viscosity and yield stress
[27]. However, the yield and the amount of free whey released were
significantly (P<0.05) affected by the addition of thickening agents;
the yield ranged from 29.71+6.59% to 80.98+6.08%, with an
overall average of 55.38+5.33% [28].

Effect of added water on chemical composition of yoghurt

The compositional contents were affected when yoghurt was
made from milk adulterated with water (Table 2). Moreover, no
fermentation was obtained in milk samples with 25% added water
(Table 2). The total solids contents were significantly affected by
adding water to the milk (Table 2). A lower value was found in yoghurt
samples made from 15% diluted milk (12.75+0.06%) compared to
the control yoghurt (14.65£0.01%). Similarly, A lower mean level

Table 1. Effect of added water to the milk on fermentation time and yield of yoghurt.

Levels of added water (%) Fermentation time (hours) Yield (Kg)
0 2.30°+0.16 0.92°+0.01
15 2.46°+0.01 0.76*+0.03
25 No fermentation

Significant level ** HHX

Means in each row bearing the same superscript a, b, ¢, .. letters are not significantly different (P>0.05)

**=(P<0.01)
*** = (P<0.001)

Table 2. Effect of added water to the milk on the chemical compositions of yoghurt.

Chemical composition (%) Levels of added water (%) Significant level
0 15 25

Total solids 14.65°+0.01 12.75°+0.06 *

Fat 5.14°£1.20 2.20°+1.01 No fermentation e

Protein 4.25°+0.83 2.75°+0.33 *xx

Ash 0.83°+0.18 0.65°+0.13 e

Titratable acidity 0.79°+0.35 0.71°+0.06 *

Means in each row bearing the same superscript a, b, ¢, .. letters are not significantly different (P>0.05)

*=P<0.05
*** = P<0.001
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of total solids was found in the set yoghurt made from whole milk
powder mixed with skim milk powder samples (14.00£0.87%)
than those made using whole milk powder (15.29+0.524%) [29].
Moreover, high solids content in branded yoghurt samples was
reported compared with those of unbranded samples [30]. The
reason was attributed to the presence of a high quantity of stabilizer
present in the branded samples and non-standardized or adulterated
milk was used for unbranded yoghurt preparation [30]. Similarly,
the difference in the total solids content may be due to the difference
in fat, protein, ash, and sugar content of yoghurt samples [31].
Moreover, the level of added material, milk total solids content, and
the level of reduction of milk volume during boiling and storage
duration play the key role in determining the total solids content of
Dahi yoghurt [32]. Thus, the addition of water to the milk leads to
the reduction in its nutritional value including the protein and fat
contents [16,33,34]. On the other hand, milk from different animal
species also was found to affect yoghurt properties [23,35]. When
yoghurt is made from pure sheep milk or a mixture of sheep and
camel milk shorter coagulation time was obtained in comparison to
those made from pure camel milk, which is due to the more liquidity
status of camel milk [35].

The fat content (Table 2) showed a highly significant difference
in the yoghurt made using milk with 15% added water (2.20+1.01%)
compared with the control one (5.14+1.20%). It was low in yoghurt
made using diluted milk. The reason behind the lower level of
fat content found in this study might be due to the preparation
of yoghurt from diluted milk. The examination of 10 locally
produced and 6 commercial brands of sweetened yoghurt samples
in Bangladesh revealed that both branded and unbranded sweetened
yoghurt samples had fat contents that ranging between 1.56+0.09
and 2.63£0.2%, which were low compared to the standard level
(3%) [36]. This result was in line with the previous report, which
stated that the variation in fat content between different Indian Dahi
(yoghurt) samples might be due to the lack of quality control or
adulteration of milk [31]. Similarly, significant variation (P<0.001)
was found between the yoghurt samples that were produced by
the different manufacturers in Khartoum State in their chemical
composition, as 73 of the examined yoghurt samples (50.7%) were
found to have a lower fat content than the standard [37]. Yoghurt
that with low fat showed whey separation, taste alterations and a
reduction in acceptability by the consumer [38].

The average protein content of yoghurt samples was significantly
(P<0.001) higher (4.25£0.83%) in the control yoghurt samples
compared to the yoghurt made from milk with 15% added water
(2.75£0.33%) as shown in Table 2. The protein content of yoghurt
made from full cream milk, skimmed milk, cow milk, and tiger-nut
milk ranging from 4.78 to 5.23%, skimmed milk yoghurt had the
highest crude protein content (5.23%), while full cream yoghurt had
the lowest (4.78%) [39]. Similarly, the protein content (3.71+0.02-
4.33+0.15%) was high in the local and commercial brands of
sweetened yoghurt samples compared to the standard level of 3.2%
in Bangladesh [36]. Yoghurt was found to be adulterated using
non-milk proteins, including vegetable protein powder, edible or
industrial gelatin, and soy protein powder have been frequently used
for yoghurt adulteration [11]. This study supported the previous
one, which stated that the potential risk of unknown adulterated
yoghurt for consumers necessitates stringent regulatory measures to
reduce such malpractices [22].

The ash content of yoghurt was significantly affected by the
water addition to the milk as higher value was found in control
yoghurt samples (0.83+0.18%) as shown in Table 2. Similarity, a
lower mean level for the ash (0.769+0.10 vs. 0.770+0.081%) was
reported in the set yoghurt made from whole milk powder mixed
with skim milk powder compared to the samples made using whole
milk powder [29]. Similarly, the ash content of yoghurt taken from
shops was higher than that of the household [40]. Moreover, a
significant difference (P<0.05) in the ash content among different
homemade and small-scale dairy plants buffalo yoghurt was reported
[41]. The highest ash content was found in home-made (0.94%) and
the lowest ash percent was found in small-scale dairy plants (0.90%).

The acidity of yoghurt was significantly affected by adding water
to the milk from which yoghurt was made (Table 2). It was higher
in the control yoghurt (0.79£0.35%). The acidity of reconstituted
mixed milk (whole and skim milk powder) set yoghurt was higher
(0.847+0.127%) compared to reconstituted whole milk set yoghurt
(0.770+0.081%). Moreover, the increase in titratable acidity might
be because of the high total solids and fat content of whole milk set
yoghurt that influences the lactic acid bacteria activity [29]. The data
obtained in this resultis also in line with those obtained for the acidity
of local unbranded sweetened yoghurt (0.66+0.05- 0.72+0.05%),
while it was low compared to those obtained for commercial branded
sweetened yoghurt (0.71+0.05-0.77+0.05%) [36]. The difference in
acidity content of different yoghurt samples might be due to the use
of variable quantities of bacterial culture, processing conditions, and
preservation method [31]. The widespread practice of adulterating
milk using water in developing countries has a significant negative
economic on milk products like yoghurt [22].

Upon the addition of ammonium chloride or penicillin during
this study to the milk before yoghurt processing, no fermentation
was observed. However, ammonium sulphate was reported in the
sweetened yoghurt samples examined in Bangladesh [36]. The
selection of penicillin in this is mainly because of its commonly
used for the treatment of animal disease [42]. Penicillin; which is
also commonly used in most farms in Sudan; revealed the highest
resistance towards the isolated bacteria [43].

Effect of added water, ammonium chloride, and penicillin on
coagulation period and yield of Sudanese white cheese

The average cheese coagulation time (2.26+0.01 hours) was
significantly (P<0.001) higher in the cheese samples made from
the milk containing 25% added water. However, the average yield
of the cheese samples (0.89+1.34 Kg) was significantly (P<0.001)
higher in the cheese samples made from the control milk (Figure 1).
Previously, a relationship was shown between the increase of cheese
yields and the reduction of the coagulation time [44]. Therefore, this
is leading to economic loss as the higher the recovered percentage of
solids, the greater is the amount of the obtained cheese. This result
is similar to that which indicated the importance of highlighting the
role of both the coagulation and cheese yield traits as they normally
influenced by milk composition especially fat and protein content
[45]. The variations obtained in the content of Sudanese white
cheese are mainly because of differences in milk composition and
manufacturing methods [46]. More time is reported for coagulating
camel milk into cheese [44,47,48], which might be due to the large
size of casein micelles [49]. In addition, the yield of fresh cheese was
significantly correlated to the fat and protein contents, this variable
alone explained 77% of fresh yield variability [50]. However, it was
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2.5
P<0.001

L.5

0.5
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W coagulation hrs

15% 25%

yield (kg)

Figure 1. Effect of added water on coagulation and yield of Sudanese white cheese.

reported that cheeses are a very diverse category of dairy products,
the composition and structure of which can vary greatly depending
on the type, milk pre-treatment and manufacture process, and
maturation regime [51].

The average coagulation period for the cheese made from the
milk with added ammonium chloride was significantly (P<0.001)
higher (1.50+0.33 hours) in the cheese samples made from milk with
5% added ammonium chloride (Figure 2). However, the average
yield obtained for the cheese was significantly (P<0.05) higher in
the samples made using the control milk (Figure 2). However,
the yield and coagulation time of cheese were not significantly
(P>0.05) affected by the addition of the levels of penicillin used, the

P<0.05
1.5
1 =
I
0.5

0% 3%

W coagulation hrs

average coagulation time was low (1.27+0.01 hours) in the cheese
samples made from the control milk. The average yield was lower
(0.90+0.63 kg) in the cheese samples from the milk containing 5
mL of penicillin/6 liter of milk (Figure 3). However, it was reported
that antibiotic residues in cheese can interfere with the fermentation
process by inhibiting the starter cultures and thus poor-quality
products [24].

Effect of added water on the chemical composition of cheese

The means of total solids, fat, protein, and salt content were
significantly (P<0.001) higher in the cheese samples made from
free-added water milk. They revealed 45.7+£1.79%, 16.67+1.42%,
20.30+1.87%, and 3.75+0.85%, respectively (Table 3).

5%
yield (kg)

Figure 2. Effect of added ammonium chloride on coagulation and yield of Sudanese white cheese.
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Figure 3. Effect of added penicillin on coagulation and yield of Sudanese white cheese.

The addition of water to cheese milk also affects the total solids
content of cheese (Table 3). Compared to the results shown in
Table 3, higher total solids content was reported for the Sudanese
white cheese in the markets of Khartoum North (47.8%) [52], in
South and West Darfur states (52.84%) [53] and in New Halfa,
eastern Sudan (50.88+5.57%) [54]. Meanwhile, the total solids
revealed 48.14% and 45.76% for traditionally produced Sudanese
white cheese samples and those produced by the modern industry,
respectively [46]. The factors that affect the quality of the Sudanese
white cheese and its nutritional value include the compositional
content of the food materials used and their nature, the preservative

and the packing used [55].

Total solids parentage decreased as the added water increased
(Table 3). The total solids losses in whey were significantly affected
(P<0.01) by the fat and protein contents, and initial pH of the milk
[56]. Higher total solids, fat, and ash content were found in the
whey of camel cheese, which is indicative of the watery content of

camel milk [44].

Fat content was decreased as the added water increased
(Table 3). Similar protein levels were reported previously [53,54],
meanwhile, lower values for the Sudanese white soft cheese were
reported [52]. However, high fat content was reported for both the

Sudanese white cheese samples obtained from traditional producers
(21.10%) and those produced by modern industry (22.35%) in
Khartoum State [46]. Moreover, the different fat percentages of milk
showed significant differences (P<0.05) in the fat content of cheese
[57]. Also, the fat content of 4 studied types of cheeses revealed
significant differences, which is due to the decrease in the moisture
content [58]. In addition, it was found that as the fat content of milk
decreased, the moisture, protein, and calcium contents of the cheese
increased significantly because moisture did not replace the fat on
an equal basis [59]. Cheese had the highest adulteration rate among
dairy products and the replacement of ingredients and reduced fat
are some of the important factors in its adulteration [60]. Also, in
cheese, the most common frauds that were reported include using
milk from other species, mixing milk and the addition of vegetable
oils or soybean oil [14].

Cheese protein content was significantly affected by the addition
of water (Table 3). Variations were reported in the protein content
of the Sudanese white cheese. A lower protein content was obtained
in Sudanese white cheese samples (15.9%) collected from the
supermarkets of Khartoum North [52]. Also, lower protein content
was found in the Sudanese white cheese samples examined from the
traditional producers (13.07%) and those produced by the modern

Table 3. Effect of water adulteration on the chemical compositions of Sudanese white cheese.

Chemical composition (%) Added water (%) Significant level
0 15 25

Total solids 45.71°+1.79 38.12°+1.85 29.11°¢£1.96 *rE

Fat 16.67°+1.42 10.23°+1.33 8.10°+1.23 Hx

Protein 20.30°+1.87 16.23°+2.13 11.36+1.83 i

Salt 3.75°+0.62 3.32°+0.85 3.12<4£0.37 bl

Means in each row bearing the same superscript a, b, ¢, .. letters are not significantly different (P>0.05)

N.S: Non significant (P>0.05)
*#** = P<0.001
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industry (15.36%) in Khartoum State [46]. However, higher values
were reported in South and West Darfur states (23.79%) [53] and
New Halfa, eastern Sudan (23.38+4.80%) [54]. On the other
hand, a part of soya proteins and soya milk is also added to bovine
milk either for sale as fluid milk or in the preparation of cheese for
revenue maximization [61]. This might be because cheese yield is
strongly influenced by the composition of milk, especially fat and
protein contents, and by the efficiency of the recovery of each milk
component in the curd [45].

Effect of added ammonium chloride on the chemical
composition of cheese

Table 4 showed that the means of total solids, fat, protein and
salt content were significantly (P<0.01) affected by milk adulteration
with ammonium chloride.

The total solids content of the Sudanese white cheese was
significantly affected by the addition of ammonium chloride (Table
4) and was significantly (P<0.01) high in the control cheese samples
(47.71£1.79%). Cheese was reported to be adulterated with sale [60].
The total solids content of the control cheese was substantially higher
(P<0.01) than the others [62]. In comparison to the control, the
addition of Moringa, Bidara and Bay leaves herbal extracts and their
combination resulted in the reduction of the total solids content of
cheese [62]. Moreover, the total solids and protein contents of milk
were the most significant predictors of Chevre cheese yield [63].

The average fat content was higher (22.86£1.46%) in the cheese
samples from milk containing 3% added ammonium chloride.
Meanwhile, the average protein content was higher (17.82+0.94%)
in cheese samples made from milk free from ammonium chloride
(Table 4). Similarly, using milk with different fat content for the
production of Sudanese white cheese was significantly (P<0.05)
influenced the level of salt content of the cheese [55]. Moreover, salt
levels of the cheese are considered the major factor that contributed
to the variation of ash content in the cheese [54,64—66]. Salt level
in cheese has a major effect on lipolysis, proteolysis and para-casein
hydration during ripening [67]. Moreover, the changes in protein
content of the cheese made by adding different salt percentages to
milk may be attributed to the proteolytic activity during storage

[68].

Salt content of Sudanese white cheese was significantly affected
by the addition of ammonium chloride to the milk (Table 4).
The cheese made from milk adulterated with the addition of 5%
ammonium chloride revealed the highest average salt content
(5.79£0.36%) as shown in Table 4. However, the average salt in

traditionally produced Sudanese white cheese samples was reported
as 7.57+2.28% and a range of 5.0 to 15.0%, while that obtained
from the modern industry revealed a mean of 4.06+1.29% and a
range of 3.0 to 7.0% [46]. This result was similar to those reported
on the effect of partial substitution of NaCl with KCl on the chemical
composition of Halloumi cheese, as a significant difference was
found in ash, sodium, and potassium contents among experimental
cheeses at the same storage period [69]. Moreover, the ash, sodium,
and potassium contents increased significantly during the storage
using some salt treatment [69]. Also, replacing NaCl with KCl
resulted in a significant reduction of the moisture content of the
cheeses up to 17 days of ripening [70]. Furthermore, Sheibani ez al.
found that the chemical compositions of experimental cheeses using
different salt levels at day 0 (right after pressing) revealed significant
(P<0.05) reduction in salt that was affected by both the moisture
and salt-in-moisture contents of the experimental cheeses [71]. This
goes in line with Sudanese standards that the average fat content of
Sudanese white soft cheese should not exceed 20% and the ash to be
5% as the lowest value [72].

Effect of added penicillin on the chemical compositions of
cheese

In the present study, the total solids, fat, protein and salt
content of Sudanese white cheese were not significantly (P>0.05)
affected by adding the 3 levels of penicillin to the milk (Table 5).
The averages total solids content of cheese samples made from the
milk without the addition of penicillin (control) and the addition
of 5 mL/6 liters were lower (56.95£0.86%) than the average total
solids content of cheese samples made from milk with 3 mL/6
liter added penicillin (Table 5). The mean of fat content revealed
24.95+1.94% for Sudanese white cheese made from milk free from
penicillin compared to that made using milk containing 3 mL/6 liter
of penicillin (24.95+0.86%). The average protein content was higher
(26.41£1.83%) in the cheese samples made from milk containing
3 mL/6 liters and 5 mL/6 liters of penicillin. However, the mean
salt content of Sudanese white cheese was higher (3.40£0.72%) in
the cheese made from control milk with no addition of penicillin

(Table 5).

Antibiotic residues affect cheese-making process by inhibiting
the growth of the starter cultures, acidification, milk curdling as well
as ripening [73]. Fortunately, penicillin G residue was not detected
in cheese, while it was found in the whey at concentrations similar to
those added to raw milk [74]. Similarly, the cheese-making process
was unaffected by the presence of most antibiotics evaluated, as only
erythromycin and oxytetracycline were significantly prolonging

Table 4. Effect of milk adulteration with ammonium chloride on the chemical compositions of Sudanese white cheese.

Chemical composition (%) Added ammonium chloride (%) Significant level
0 5
Total solids 47.71°£1.79 45.5°+0.94 43.63+0.86 **
Fat 20.36°+1.83 22.86°+1.46 21.94°+2.46 **
Protein 17.82°+0.94 15.31°+1.82 14.86°+0.93 **
Salt 3.50°+0.86 5.36°+1.86 5.794¢0.36 **
Means in each row bearing the same superscript a, b, ¢, .. letters are not significantly different (P>0.05)
*=P<0.05
**=P<0.001
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Table 5. Effect of milk with added penicillin on the chemical compositions of Sudanese white cheese.

Chemical composition (%) | Added penicillin (mL/6 liter) Significant level
0 3 5

Total solids 56.95+0.82 56.96+0.98 56.95+0.86 NS

Fat 24.95+1.94 24.91+0.86 24.95+1.03 NS

Protein 26.40+2.64 26.41+1.91 26.41+£1.83 NS

Salt 3.40+0.72 3.39+0.83 3.39+0.36 NS

NS: Non significant (P>0.05)

the time required for cheese production (122+29 and 108+25
minutes, respectively) [73]. Although the antimicrobial drugs can
also interfere with the manufacture of dairy products, decrease acid
and flavor production associated with butter manufacture, reduce
the curdling of milk, and cause improper ripening of cheeses [75].
Moreover, the occurrence of antibiotic residues might affect the
quality and safety of raw milk and its products [76]. Also, safe
milk must not contain any antibiotic residues and their occurrence
in the milk of dairy farms, which is an indication of the misuse of
antibiotics [77]. Moreover, generally, for the production of cheese,
various kinds of milk or other additives have been used [78,79].
This has economic concern in the food industry as food fraud is
considered a major problem [80,81]. The regulatory agencies spend
a lot of money to assess and reduce food fraud because it has a
fundamental connection to nutrition and public health [82,83]. In
addition, the loss of confidence by investors, customers, consumers
and authorities caused by food fraud and adulteration events can be
far more damaging than the direct economic impact [84].

Conclusion

Based on these result, yoghurt and Sudanese white cheese quality,
yield and chemical composition were significantly affected by the
milk adulteration. The contents of total solids, fat, protein, ash, and
titratable acidity in yoghurt were decreased by increasing the levels of
the added water to the milk. Also, the cheese yield was significantly
affected by the added water to the milk. The chemical composition
of cheese showed significant variation due to the addition of
ammonium chloride to the milk. The present study recommends that
more efforts are needed to minimize the malpractice of adulteration
of milk and to establish its standardization to produce high-quality
milk and dairy products.
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