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ABSTRACT

Due to the popularity and familiarity of Syrian cheese in Egypt, this study aimed to assess
the sensory, chemical, and microbiological quality of Halloumi, Akawi, and Mudaffara
cheese brands produced in Egyptian markets. 105 cheese samples (35 each of Halloumi,
Akawi, and Mudaffara cheese) were randomly obtained from different dairy shops,
hypermarkets, and online pages in the Giza and Cairo governorates. Sensory evaluation
indicated a significant difference (P<0.05) between the overall mean of Halloumi cheese
(85.60 +£0.76) and the other two types: Akawi 82.97 +£0.59 and Mudaffara 82.54 +0.36. For
the microbiological quality assessment, all samples were examined for the prevalence of total
staphylococci, coagulase-positive staphylococci (CPS), coliforms, enterococci, salmonella
species, aerobic spore formers, Bacillus cereus, anaerobic spore formers, yeasts, and molds.
The highest mean value for total staphylococci (67x10°+ 25x10° CFU/g) was recorded by
Akawi cheese samples. Suspected E. coli isolates were detected in 34.28%, 48.57%, and
28.57% of Halloumi, Akawi, and Mudaffara cheese samples, respectively. Aerobic spore
formers were counted with high incidence in all examined samples, with an overall mean of
14x10%+ 1.0x10° CFU/g and a B. cereus overall mean of 21x10%+ 5.0x10> CFU/g. Anaerobic
spore formers were found with low counts and an overall mean (13.5+4.2 MPN/g). Regarding
the chemical composition, all parameters were insignificantly different between the three
cheese types, except for salt% in Halloumi cheese, which was significantly (P<0.05) lower
than other types. Therefore, standardized methods for manufacture, an integrated surveillance
system and good manufacturing practice (GMP) during production were crucially
recommended.
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INTRODUCTION

Cheese is a fermented milk-based
solid dairy product, with approximately 750
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cheese varieties, featuring a variety of
flavors, textures and forms. Around 35 %
of all milk is used for cheese production.
Cheeses can be classified based on their
method of coagulation (rennet-coagulated,
acid-coagulated, and heat/acid-coagulated);
ripening (internally bacterially ripened,
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mold-ripened, and  surface-ripened),
moisture content (soft, semi-hard and hard)
and producing countries: United Kingdom
(Cheddar), Italy (Parmesan and
Mozzarella), France (Roquefort and
Camembert), Germany, (Emmental),
Greece (Feta), Egypt (Domiati, kareish and
Mish) and Syria (Halloumi, Akawi, and
Mudaffara) cheese (Fox et al, 2017,
Hayaloglu, 2017 and Khanal et al., 2019).

Global cheese production is expected to
reach 22.17 million metric tons by 2025. As
compared to the 19.52 million a year in
2020, the market for cheese in Egypt has
shown a positive compound annual growth
rate (CAGR) of 9.85% from 2016 to 2021,
with a sales value of 28,683.05 million in
2021, a 6.21% increase from the year before
(Global data, 2023 and Statista, 2023).

After the civil war in Syria in 2011,
UNHCR Egypt registered more than
153,000 Syrian refugees by the end of 2023
(UNHCR, 2023). They create job
opportunities in various sectors, including
food production and serving, especially
cheese production, which continues to gain
popularity in the Egyptian market. Several
factors have contributed to the growing
popularity of Syrian cheese in the Egyptian
market, including the unique taste (tangy
and salty) and texture (crumbly yet
creamy), its affordability compared to other
imported cheeses, the innovative marketing
strategies of Syrian immigrants, and the
increasing trend towards healthier food
options (Hassan, 2021).

Some types of Syrian cheeses are plastic
curd or “Pasta filata” cheeses that require
plasticizing treatment of fresh curd in hot
water, which gives the cheese its
characteristic ~ fibrous structure, high
elasticity, and melting and stretching
properties. Syrian cheeses are recognized as
white brined cheeses with mild acidity, a
salty taste, a white to yellowish color, a firm
texture, and the ability to be easily sliced.
The most popular Syrian cheeses in the
Egyptian market are Halloumi, Akawi, and

Mudaffara  cheeses.  Halloumi  and
Mudaffara cheeses are considered semi-
hard to hard; Akawi cheese is semi-hard.
They can be consumed fresh, grilled, or
fried, but they are commonly used as a
topping on pizza, bread, and pastries
(Abou-Donia, 2005; Toufeili and Ozer,
2006 and Tarabiya ef al., 2024).

The chemical compositions, sensory
characteristics, and textural and functional
properties of cheese are all important
characteristics that determine the global
quality and consumer perceptions. These
properties are influenced by a number of
factors, including milk composition,
processing conditions, proteolysis, and pH
(Sameen et al, 2008 and Loudiyi & Ait-
Kaddour, 2018).

Cheese contains many essential nutrients
with unique health aspects. The protein in
cheese is almost 100% digestible, which
after proteolysis yields various bioactive
peptides (BPs), similar to hormones that
regulate the body. For lactose-intolerant
individuals, cheese consumption is more
comfortable than other dairy products.
Furthermore, the digestibility of fat in
different cheese varieties ranges between
88% and 94%, making it a vital source of
saturated and essential fatty acids in the
diet. The majority of cheese contains high
amounts of vitamin A, riboflavin, vitamin
B12, and minerals: calcium, phosphorus,
and magnesium (O’Brien and O’Connor,
2017).

The microbiological quality of cheese is
influenced by several factors, including the
quality of raw materials, methods of
production, applied hygienic measures
during manufacture, packaging, and
storage. These conditions can also lead to
the growth of harmful microorganisms,
which may pose a public health risk and
cause economic problems due to a reduced
shelf life of the cheese (Mohamed et al.,
2019 and Mohamed et al., 2022).
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Various bacteria are considered indicators
to monitor the hygienic conditions in food,
such as total aerobic mesophilic bacteria,
coliforms, Escherichia coli, staphylococci,
coagulase-positive Staphylococcus aureus,
Salmonella species, Clostridium
perfringens, Bacillus cereus, yeast, and
mold (Mohamed et al., 2019 and Compaore
etal., 2022).

Staphylococci are indicators of poor
personal hygiene, and their presence may be
referred to neglected hygienic measures. S.
aureus is an important food-borne pathogen
that has the ability to produce heat-resistant
enterotoxins, which are potent emetic
agents causing staphylococcal food
poisoning. It is considered the third most
important cause of food-borne diseases in
the world (Mohamed et al, 2019 and
Compaore et al., 2022).

The presence of coliforms in cheese
indicates  environmental and  fecal
contamination. Their observation with high
levels in dairy products indicates product
contamination  post-pasteurization  or
inadequate pasteurization (Mohamed et al.,
2019). E. coli is one of the major significant
bacteria, which has a bad effect on both
humans and animals. It could also
deteriorate raw milk and other milk
products as a result of poor hygienic
measures (Hussien et al, 2019).
Enterococci have been considered a more
reliable index of environmental fecal
contamination and sanitary quality than
coliforms, especially in ripened cheese with
high salt content, as most of them are quite
salt-tolerant and relatively resistant to
freezing (Boehm and Sassoubre, 2014).

Salmonella is a major food-borne pathogen
that has caused several outbreaks of
Salmonellosis worldwide. More than 2500
Salmonella serotypes are of public health
concern. Two  major groups are
distinguished: ~ typhoid  salmonellosis
[Salmonella enterica subsp. enterica serovar
Typhi (S. Typhi) and Salmonella enterica

subsp. enterica serovar Paratyphi (S.
Paratyphi)] and non-typhoid salmonellosis
(other Salmonella serovars). Salmonellosis
is characterized by fever, diarrhea, nausea,
abdominal pains, and vomiting (Elafify et
al., 2019).

Spore formers, either aerobic or anaerobic,
are highly heat resistant and have the ability
to cause defects in cheese, especially those
held at elevated temperatures. Spore former
counts are used as purchase specifications
to specify the quality of cheese (Vidic et al.,
2020). B. cereus is an aerobic spore-
forming bacterium, which has
pathogenicity and spoilage-causing
capabilities in the dairy industry. It is
responsible for 2 food poisoning models:
diarrheal and  vomiting  syndrome.
Anaerobic spore formers cause blowing of
semi-hard and hard cheeses during
ripening, resulting in textural defects, off-
flavors, and cheese loss, as it is not suitable
for consumption (Adam et al., 2021 and
Porcellato ef al., 2023).

Yeast has a negative effect as a spoilage
organism in cheese. The main defects
caused by this spoilage yeast are fruity,
bitter, or yeasty off-flavors, gas production,
discoloration changes, and softening of
texture. Also, presence of mold is
undesirable, as it may influence the
organoleptic characteristics of the cheeses.
In addition, it can produce mycotoxins,
which represent a potential health hazard
(Mohamed ef al., 2019 and Awaad et al,
2023b).

Although cheese is generally considered a
safe food, because of the physicochemical
and antagonistic properties of lactic acid
bacteria, 0.4% of all foodborne outbreaks
were related to contaminated cheese. In
1998-2011, out of 90 outbreaks attributed to
cheese, 38 (42%) were due to cheese made
with unpasteurized milk, 44 (49%) to
cheese made with pasteurized milk, and the
pasteurization status was not reported for
the other eight (9%) (Gould et al., 2014 and
Choi et al., 2016).
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In light of these facts, the current study was
planned to evaluate the sensory, micro-
biological, and chemical quality of the most
common Syrian cheeses produced and sold
in Egyptian markets.

MATERIALS AND METHODS

Collection of samples:

A total of 105 random Syrian cheese
samples (500 g each) were collected from
different dairy shops, hypermarkets, and
online pages in the Giza and Cairo
governorates, Egypt, from March to May
2023. Collected samples were transferred in
an insulated icebox to the laboratory
immediately to be examined for:

I.Sensory evaluation:

Sensory evaluation of Halloumi and Akawi
cheese samples was conducted according to
the score card designed by Sakr ef al., 2011
as follows: flavor (60) points, body &
texture (30 points), saltiness (5 points), and
appearance (5 points), with a total score of
100 points. While Mudaffara cheese
samples were sensory evaluated according
to the score card recommended by Bakheit
and Foda (2012), in which the score for
flavor (40 points), color (20 points), body &
texture (20 points), acceptability (20
points), and total score (100 points). Five
experienced sensory panelists (from both
sexes in the age range of 2555 years) were
chosen from the Food Hygiene and Control
Department staff members at the Faculty of
Veterinary Medicine, Cairo University,
Egypt. Samples under evaluation were cut,
placed into white porcelain plates, and
presented to the panelists randomly. Panel
members were also instructed to report any
defects or unpleasant flavor.

II. Microbiological analysis:

1- Preparation of samples: The collected
samples were prepared following the
guidelines of ISO 6887-1: 2017.

2- Preparation of decimal dilution
according to ISO 6887-5: 2020.

Ten g of cheese were added to 90 ml of
sterile sodium citrate 2% solution

(HiMedia, RO14) as a diluent, then
homogenized using a stomacher (Lab-
Blender 400) for 1 minute to make a 10!
dilution. Further decimal dilutions were
prepared in sterile peptone water
according to ISO 6887-5: 2020. The
samples prepared were subjected to the
following examination:

a- Determination of total staphylococci
count (CFU/g): by the spreading
technique using Barid Parker agar plates
(HiMedia, MUO043) according to
APHA, 2015.

b- Determination of coagulase-positive
staphylococci (CPS) count (CFU/g):
suspected S. aureus colonies were
emulsified in 0.5 ml reconstituted
coagulase plasma with EDTA, and the
coagulase-positive S. aureus count was
determined according to APHA, 2015.

c- Determination of coliform count
(MPN/g): the technique recommended
by APHA, 2015 was performed using 3
fermentation tubes of Lauryl Sulphate
Tryptose (LST) broth (HiMedia,
MO080).

d- Isolation of Escherichia coli: from
each gassing Lauryl Sulphate tube, a
loopful of suspension was added to a
tube of E. coli broth and incubated at
45.5 £ 0.2°C for 24 £+ 2 hours. From
each gassing tube, streak a loopful to an
Eosin Methylene Blue (EMB) agar plate
(HiMedia, M317) according to APHA,
2015.

e- Determination of enterococci count
(CFU/g): the technique recommended
by APHA, 2015 was applied using KF
Streptococcus  (KF) agar medium
(HiMedia, M1007).

f- Isolation of salmonella species:
isolated on Xylose Lysine Desoxycolate
(XLD) agar medium (HiMedia, M031)
according to BAM, 2023.

g- Determination of aerobic spore
formers count (CFU/g): the technique
recommended by APHA, 2015 was
conducted on the heat-shocked sample
dilutions using standard plate count
plates (Himedia, MO091A)
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supplemented with 0.1% soluble starch.
Determination of Bacillus cereus
count (CFU/g): the organism was
counted and isolated from the heat-
shocked sample dilutions on Mannitol
Egg Yolk Polymyxin (MYP) agar plates
(HiMedia, M636) according to APHA,
2015.

Detection of anaerobic spore formers
was carried out using the stormy
fermentation  test  described by
Cruickshank ef al., 1969, using 3 test
tubes containing 10 ml of sterile
skimmed milk, inoculated with one
gram of cheese sample. Inoculated
tubes were sealed with paraffin wax
after heat treatment at 80°C for 30
minutes, followed by incubation at 37°C
for five days. The results obtained were
recorded.

Anaerobic spore former count
(MPN/g): was carried out according to
the technique recommended by APHA,
2004 by heat shocking 3 test tubes
containing Reinforced Clostridial Broth
(HiMedia, M443) and previously
inoculated with 1 ml of each dilution
before sealing with thioglycolate agar,
followed by incubation at 37°C for
seven days. The MPN/g of each sample

was calculated.

k- Yeast and mold count (CFU/g) was
carried out according to APHA, 2015,
using the pouring technique on
Sabouraud Dextrose Agar plates
(HiMedia, MHO063), which were
incubated at 25°C for five days.

III. Chemical analysis:

1- Preparation of samples: All samples
were prepared for chemical analysis,
according to AOAC (2019).

2- Chemical analysis: the techniques
described by AOAC (2019) were
carried out on the prepared cheese
samples for determination of salt % by
the Volhard method; Titratable acidity
% by the titrimetric method; total solids
% and moisture % by the evaporation
method; and fat % by Gerber’s method
and Soxhlet method. Solids-not-fat%
and the fat to total solid % was
calculated.

IV. Statistical Analysis

The statistically analyzed data were

expressed as mean = Standard Error of

Mean (SEM). Multiple comparisons of

means were performed using the least

significant difference at the significance
level (P<0.05) wusing SPSS program
version 26 (SPSS, 2019) for windows.

RESULTS
Table 1: Statistical analytical results of sensory evaluation of Syrian cheese samples (35
each)
Halloumi Akawi Mudaffara
Mean Mean Mean
Parameters Min Max + Parameters Min Max + SEM Parameters Min Max +
SEM SEM
51.04 Flavor
Fzzz;" 42 586 ° (2)'2? Fzgz;" 41.80 57.80 + (taste & odor) 302 36 iﬁg
) 0.50 (40) '
Body and Body and
25.92 24.12 Body and 16.94
texture 20 28.8 texture 21.60 27.20 152 194
(30) +0.31 (30) +0.21 texture (20) +0.17
Saltiness 4.0 Saltiness 4.03 17.11
®) 340  4.50 40.04 ®) 3.25 5 10.06 Color (20) 154 192 40,15
Appearance 3.76 Appearance 3.78 Acceptability 16.14
®) 3.10 5 £0.05 ®) 3.10 445 £0.05 20) 15 17.8 011
Total score 85.60 Total score 82.97 Total score 82.54
(100) 78.15  94.8 +0.76 (100) 73.05 90.15 +0.59 (100) 79 87 40,36

SEM: Standard Error of Mean
* Mean values of overall acceptability with different lowercase letter superscripts within the same row are significantly (p
<0.05) different.
N.B.: Results in this table for each parameter are the average of the 5 panelists’ evaluations in the score card.

5
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Table 2: Statistical analytical results of microbiological examination of Syrian cheese samples (35 each)

Types of

samples Halloumi cheese AKkawi cheese Mudaffara cheese Overall
Microbiologic Positive Positive Positive
al analysis samples samples samples
(CFU or Min  Max MS"'E*‘;‘,[* Min  Max Mseé‘;‘,[* Min  Max MS‘E:‘: MS‘;;‘;‘:
MPN/g) No. % No. % No. %
S. 5. S. 5
Total SPhYL 35 100 30x10 40x10° 318;:100? 35100 30x10° 79x10° 627;:100? 35 100 20x102 18x10° 12;3%? S
Coagulase- 3 5
” 37x10° 32x10° \ ,
positive 35 9143 99 30x10' & 35 100 90  20x10° & 28 80 2x10* 90x1o¢ SO 100E 49x10%%
Staphylococci 12x103 9 0x10° 34x10 11x10
count i
Total 19x10° 10x10° ., R
coliforms 35 100 21  21x10° + 35 100 23 53x105 £ 35 100 2.0x10% 75x10° 726;X1100f léill%si
count 9x10° 2x10°
. 24x10° 34x10° R R
f‘)“:ﬁi“““‘ 22 62.8526x10% 83x10° = 10 28.57 7.0x10> 12x10° = 25 71.42 6.0x10> 59x103 1253i(1)03i 2323i?0f
5.0x10° 12x10° ’ ’
. 13x10° 14x103 R R
:)i:::zccf,l:;rte 34 97.14 20x10° 48x10° = 34 97.14 23x10> 48x10° = 35 100 7.0x10* 60x103 1253i(1)03i 114;i?03i
2.0x10° 2.0x10° : :
o 12x10? 29x10? R R
Bacillus 25 7142 1.0<10° 66x10°  + 31 8857 1.0x10° 30x10°  + 31 88.57 2.0x10> 30x10° 207107 21x10°%
cereus count 3.0x10? 10x102 9.0x10°  5.0x10
Anaerobic
spore former 28 80 4.0 93 15487 29 82.85 3.0 14 69+1228 80 40 93 15.947.7 13.5+42
count
87x10° 91x10° . 75%10%k
CT(:’l:flltyea“ 35 100 36x10° 46x107 = 35 100 15x10° 84x107 = 35 100 33x10> 31x10’ i“flxxl?o(, 13x10°
22x10° 29x10°
37x10° 14x103 ,  20x10°
:(:’J?l'tm"'d 16 45714.0x10* 20x10* + 11 3142 1.0x10> 60x10° % 12 34.28 1.0x10® 20x10} ffgxl?oz +£7x103
17x103 6.0x10°
87x10° 91x10° . 75x10°%
Totalyeast & 55 15 36,108 46x107 = 35 100 15x10° 84x107 = 35 100 4.0x10° 31x107 P10 300
mold count 22%10° 29%10° + 11x10

SEM: Standard Error of Mean

Number

CFU: Colony Forming Units.

MPN: Most Probable

Table 3: Statistical analytical results of chemical examination of Syrian cheese samples (35 each)

Types of Halloumi cheese Akawi cheese Mudaffara cheese Overall
samples
Chemical Mean
. . Mean + . . Mean + Mean +
analysis Min Max SEM Min Max + Min Max SEM SEM
SEM
Salt % 244 4.84 4+0.11° 2.73 9.67 8.9+0.33* 7.25 9.71 9.28+0.12*  7.52+0.27
Titratable = o, 076 04£0.03* 007 090 03£0.03° 014 072 040020 O30
acidity %
TS % 29 59.5 44.3+1.22 19.5 555 43.3+£1.5% 23 68.5 43942.1° i‘:gé
M"Lj:““ 40.5 71 55.7£1.1° 445 80.5 56.7+1.5* 315 77 seipqe 0142095
Fat % 9 25.31 15.940.82 6.1 30.7  17.2+#1.1* 6.5 27.4 15.1£1.1¢  15.73£0.57
SNF% 10.19 40.56  28.5+1.4* 5.50 43.62 26.6£1.8°  4.40 59 27.442.7*  27.54+1.13
Fatto TS 20.20 71.30 36.3£2.2*  14.02 7326  39.2£3* 13.87  80.89 38.7+3.82 38.02+1.69

%

SNF: Solids Not Fat

different.

TS: Total Solids

SEM: Standard Error of Mean
*Mean values with different lowercase letter superscripts within the same row are significantly (p <0.05)
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Figure 1: Degree of acceptability of Halloumi, Akawi and Mudaffara cheese samples versus

Egyptian Standard

28.5... .

= Halloumi cheese = Akawi cheese = Mudaffara cheese

DISCUSSION

Various Syrian cheeses, such as Halloumi,
Akawi, and Mudaffara, are now available in
Egyptian markets, with a high level of
acceptance from Egyptian consumers.
According to the Codex Standard for
cheese, these cheeses are considered
ripened cheeses, which have a white to
yellowish color and a compact texture
suitable for slicing, with none/few
mechanical openings. These cheeses have
been ripened and preserved in brine without
rind. They are used either for direct
consumption or for adding to other food

recipes (Codex Alimentarius: 208-1999 and
Tarabiya ef al., 2024).

Results of the sensory evaluation of
examined Syrian cheese samples are
presented in Table (1). The scores indicated
a significant difference (P<0.05) between
the overall mean of Halloumi cheese (85.60
+0.76) and the other two types: Akawi
82.97 £0.59 and Mudaftara 82.54 +0.36).
The high score of Halloumi cheese could be
attributed to its rich flavor and body &
texture mean scores. Nearly similar results
were recorded by Sakr ef al., (2011), while
lower ones were recorded by Kaminarides
et al., (2007) and El-Demerdash et al,
(2008). On the other hand, Atasever et al.
(2003) noted higher scores for Halloumi
cheese.

The mean scores of saltiness and
appearance were nearly identical in
Halloumi and Akawi cheese (4.0 +0.04;
3.76 £0.05 and 4.03 +0.06; 3.78 +0.05),
respectively. Higher data were recorded by
El-Demerdash et al. (2008), Sakr et al.
(2011) and Moatsou et al. (2019).

Mudaffara cheese showed high scores with
a mean value (16.14 +£0.11), which may be
due to its production from non-pasteurized
raw whole milk with a high percentage of
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salt and rennet to obtain a firm coagulum
that could be shredded and added to
different recipes (Abdalla er al, 2013).
Similar scores were reported by El gabali et
al., (2022), while lower scores were
reported by Farah and El Zubeir, (2019).

The quality of cheese is related to the
quality of the raw materials, the conditions
of hygienic production, and the method of
production. As cheeses are highly
nutritious, having a high-water content and
nearly neutral pH that encourage the
persistence and growth of various
microorganisms (Hayaloglu, 2022).

Staphylococci are environmental
microorganisms that may contaminate raw
milk and its products directly or
accidentally (Morar et al, 2021).
Staphylococci were found in all (100%) of
the three cheese types examined. Akawi
cheese samples had the  highest
Staphylococci count, ranging from 30x10°
CFU/g to 79%10° CFU/g, with a mean value
0f67x10°+25x10° CFU/g (Table 2). Lower
counts were reported by Mansour et al.
(2020), Ulusoy et al., (2020) and Hussein et
al. (2023).

S. aureus is a halophilic microorganism that
can survive in white-brined cheeses with
high salt content, even at low pH (El-kholy
et al., 2018). It could be recovered from
80%, 91.43%, and 100% of the examined
Mudaffara, Halloumi, and Akawi cheese
samples, respectively, with an overall mean
of 49x10% + 11x10° CFU/g (Table 2). Lower
incidences were reported by Al-kotami et
al. (2013) and Hussein ef al. (2023). Similar
counts were recorded by Al-kotami et al.
(2013), while lower results were recorded
by Elgaml ef al. (2017) and Sheet et al.
(2020). It is crucial to mention that S.
aureus count is significant above 10°
CFU/g, as it becomes able to produce
enterotoxins with a concentration higher
than 20-100 ng, at which the illness
symptoms appear on the consumer (Schelin
etal., 2011).

Although the Syrian standard for this type
of cheese (SASMO: 2179/2007) permits the
presence of such a pathogen until a count of
10? CFU/g, its presence is considered illegal
according to the Egyptian standard for
semi-hard cheeses (ES: 1183/2005) as one
of the foodborne pathogens. Therefore, only
8.57%, 0%, and 20% of the examined
Halloumi, Akawi, and Mudaffara cheeses
were considered acceptable according to
Egyptian specifications, that may constitute
a public health issue to the consumer
(Figure 1).

Coliform bacteria are regarded as hygienic
indicator organisms, since their presence in
foods may indicate insufficient sanitary
conditions and the presence of other enteric
pathogens, in addition to economic losses,
due to their capability for early blowing in
white-brined  cheeses  (Bintsis  and
Papademas, 2002 and Halkman and
Halkman, 2014). Coliforms were detected
in all examined cheese samples (100%)
with an overall mean of 12x10°+ 3x10°
MPN/g. Similar results were recorded by
Al-kotami et al., 2013, while lower results
were given by Elgaml et al., 2017; Mansour
et al., 2020 and Sheet et al, 2020. The
Egyptian standard for semi-hard cheeses
(ES: 1183/2005) stated a total coliform
count less than 10 MPN/g as acceptable.
Therefore, none of the examined cheese
samples were considered acceptable, that
may be of concern to the Egyptian food
safety authority (Figure 1).

E. coli is present in the intestines of humans
and animals, and are released into the
environment in fecal material. Its presence
in raw milk and other milk products is
indicative of poor hygienic measures. Also,
its presence is considered a major health
risk to consumers (Price and Wildeboer,
2017). Suspected E. coli isolates were
detected in 34.28%, 48.57%, and 28.57% of
Halloumi, Akawi, and Mudaffara cheese
samples, respectively (Figure 2). Slik and
Abou Ghorra (2007), Al-kotami et al
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(2013) and Hussein et al. (2023) could also
isolate E. coli from Syrian cheese samples.

Enterococci group bacteria, a subgroup of
fecal Streptococci, serve as a valuable
bacterial indicator to determine the extent of
fecal contamination and are more specific
than coliforms (Boehm and Sassoubre,
2014). Enterococci were recovered with the
highest incidence in Mudaffara cheese
samples (71.42%), followed by Halloumi
cheese samples (62.85%) and Akawi cheese
samples (28.57%), with an overall mean of
22x10° + 3.0x10° CFU/g (Table 2). The
results obtained were lower than those
reported by Atasever et al., 2003. The
presence of enterococci in examined cheese
samples could be explained by the fact that
some enterococci can survive even short-
time pasteurization (72°C/15 seconds) or
flash pasteurization (85°C/16 seconds)
(Wierzchowska et al., 2020).

In Egypt, milk originating from rural areas
is often implicated in food-borne
salmonella infection in humans. Lack of
proper hygienic measures adopted during
the manufacture of dairy products is the
major reason for high incidences. However,
few reports had surveyed the prevalence
of Salmonella spp. in dairies in Egypt
(Elafify et al, 2019). In all examined
samples, salmonella species failed to be
detected. This result is aligned with Slik and
Abou Ghorra, 2007, who failed to isolate
any of the salmonella species organisms
from Syrian cheese samples.

The dairy industry faces many problems
associated with spore-forming bacteria.
First, their presence is impossible to remove
completely from milk. Second, their spores
are highly hydrophobic and will attach to
pipeline surfaces where they might multiply
and sporulate again. The third problem is
that spores are heat resistant; they could
survive pasteurization or even ultra-high
temperatures (UHT). Meanwhile, spore-
forming bacteria greatly impact the quality,
safety, and economy of cheese manufacture

(Sobeih, 2009; Gopal et al, 2015 and
Montebello et al., 2018).

Aerobic spore formers were counted with
high incidence, ranging from 97.14 to 100%
in all the examined cheese samples, with an
overall mean of 14x10°+ 1.0x10° CFU/g.
The most encountered and
problematic bacillus species in the dairy
industry is B. cereus, which was isolated
from Halloumi (71.42%), Akawi (88.57%),
and Mudaffara (88.57%) cheese samples,
with mean values of 12x10% + 3.0x10?,
29x10% £ 10x10? and 20x10* £ 9.0x10°
CFU/g, respectively (Table 2). Mainly two
types of disease syndrome are caused by B.
cereus. Diarrheal syndrome is caused by an
infective dose (10*-10° cells/g) with
production of heat-labile enterotoxins and
an emetic type of illness; the dose is about
10°-10® cells/g. Moreover, B. cereus can
contribute to economic losses through
reduced shelf life of final products and
spoilage via spoilage enzymes like lipase,
lecithinase, and protease (Tewari and
Abdullah, 2015).

Anaerobic spore formers are commonly
found in milk, as they are prevalent
throughout the dairy farm environment.
Most of them are saprophytes and normally
grow in soil, silage, and water, and their
presence in dairy products is indicative of
manure and soil contamination (Ozdemir et
al., 2010). Anaerobic spore formers were
found in Halloumi, Akawi, and Mudaffara
examined cheese samples with incidences
of 80%, 82.85%, and 80%, respectively
(Table 2). The high incidence of anaerobic
organisms may be attributed to neglected
hygienic = measures  during  cheese
production and handling.

In white-brined cheeses, fungi are not
included as starter cultures and are
frequently denoted as contaminants. They
are found in raw milk, brine, air, production
surfaces, cheese vats and cloths, curd-
cutting knives, and other equipment. Their
propagation in white brined cheeses
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depends on numerous factors, such as the
composition of milk, nutrient availability,
interactions  with  coexisting  micro-
organisms, production, addition of
preservatives such as potassium sorbate,
and storage conditions (Geronikou et al.,
2020; Awaad et al., 2020 and Awaad et al.,
2023a). Total yeast and mold were counted
in all examined cheese samples (100%),
with a minimum count of 4.0x10°, a
maximum count of 84x107 and an overall
mean count of 75x10° £ 13x10° CFU/g
(Table 2). A lower incidence was reported
by Al-kotami et al. (2013), while the results
of Sheet et al., (2020) were aligned with our
study. Al-kotami et al. (2013), Sheet ef al.
(2020) and Ulusoy et al. (2020) recorded
lower counts for yeast and mold than our
study. According to (ES: 1183/2005), total
yeast count must not exceed 100 CFU/g.
Therefore, all the samples examined were
not compliant with the standards. While
according to (ES: 1183/2005) total mold
count must not exceed 10 CFU/g, therefore
48.57%, 65.71% and 62.85% were
considered acceptable of the examined
Halloumi, Akawi and Mudaffara cheeses,
respectively (Figure 1).

Salt, acidity, total solids, moisture, and fat
percentages were measured for all
examined samples, and results were
tabulated in Table (3). In most cheese
varieties, salt enhances flavor, draws whey
out of curd, and controls undesirable
microorganisms  (Guinee, 2004 and
Metwally, 2006). Regarding the salt
percentage in examined cheese samples,
Halloumi cheese recorded the lowest mean
value (4.0+0.11) with a significant
difference (P<0.05), followed by Akawi
(8.9+0.33) then Mudaffara (9.28+0.12).
According to Hayaloglu, 2017 Halloumi
cheese is salted by about 3% dry salt with
or without brine, while Akawi and
Mudaffara cheeses are salted in brine with
10 and 15% NaCl, respectively. It takes
time for salt to penetrate evenly into the
cheese, uniform salt distribution may not be
possible in brined or surface-ripened
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cheeses (Mukhiddinov et al, 2022) that
could explain the wvariation in salt
percentages between examined samples,
especially for Akawi cheese (2.73-9.67%).
Al-kotami et al., (2013) and Elgaml et al.,
(2017) reported salt percentages aligned
with our results, while Slik and Abou
Ghorra, (2007) reported higher results.
Lower figures were found by Harfouch,
(2013) and Hayaloglu & Karabulut, (2013).
According to (ES: 1183/2005) for semi-
hard cheese, salt% is about 5%. Therefore,
all examined Halloumi cheese 100% and
8.57% of Akawi cheese were acceptable,
while 100% of Mudaffara cheese samples
were not acceptable (Figure 1).

Acidity percentage directly affects cheese
moisture, mineral content, texture, and
flavor development; besides it is the most
important control factor for growth of
spoilage and pathogenic  organisms
(McSweeney, 2007). Data presented in
Table 3 showed no significant differences in
the mean values of titratable acidity
between the 3 cheese types. Nearly similar
findings were recorded by Slik and Abou
Ghorra, (2007) and Al-kotami et al., (2013).
However, Sakr et al., (2011) reported higher
figures. On the other side, Shenana, (2002);
Abou-Donia et al., (2005); Guven et al,
(2008), and Sbeeh & Harfouch, (2022)
obtained lower values.

Roughly, cheese matured in brine has a
moisture content that varies between 50 and
58% (El Soda et al., 2011). Regardless of
the cheese types, data presented in Table 3
showed no significance difference in the
moisture percentages of the three types of
examined Syrian chesses, with an overall
mean 56.14+0.95. For Halloumi cheese, the
mean value (55.7+1.1) was nearly similar to
those obtained by Elgaml et al, 2017 and
higher than those obtained by Papademas,
2006. Regarding Akawi and Mudaffara
cheese, the mean wvalues for moisture
content were 56.7£1.5 and 56+2.1,
respectively. The obtained results were
lower than those obtained by Gandhi &
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Shah, 2016 and Sbeeh & Harfouch, 2022.
According to (ES: 1183/2005) for semi-
hard cheese, the moisture percentage should
be less than 48%. Therefore, only 5.71,
14.28 and 20 % of the examined Halloumi,
Akawi, and Mudaffara cheese samples,
respectively, are considered acceptable
(Figure 1).

Although Akawi cheese showed slightly
higher fat content than Halloumi and
Mudaffara cheese samples, there were non-
significant differences between their mean
values (Table 3). Similar figures were
recorded by Slik and Abou Ghorra, (2007)
and Al-kotami ef al., (2013), while higher
percentages were recorded by Hayaloglu &
Karabulut, (2013); Elgaml ef al., (2017) and
Sbeeh & Harfouch, (2022).

Codex Standard for cheese (Codex
Alimentarius: 208-1999) considers the fat
to total solids percentage, as an essential
composition and quality factors. This
parameter is an essential requirement for
evaluating the chemical composition of
semi-hard cheeses in both Syrian
(SASMO:289/2002) and Egyptian
standards (ES: 1183/2005). The obtained
results showed no significant difference in
the mean value of Fat to T.S % of different
cheese samples, where Halloumi cheese
ranged from 20.20 to 71.30% with a mean
value of 36.3+2.2%, for Akawi cheese
14.02 to 73.26% with a mean value of
39.2+3% and for Mudaffara cheese 13.87 to
80.89% with a mean value of 38.7+3.8%.
Lower results were reported by Slik and
Abou Ghorra, (2007) and Al-kotami ef al.,
(2013), while higher results were stated by
Elgaml et al, (2017) and Sbeeh &
Harfouch, (2022). By comparing the results
of the fat to TS % of the examined samples
against Egyptian standards (ES: 1183/
2005), 14.28%, 31.42% and 25.71% of
Halloumi, Akawi, and Mudaffara cheese
were considered accepted, respectively.
The apparent variation among the results of
fat to TS % in the examined cheese samples
may be attributed to using raw milk from
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different sources with variable fat content,
in addition to the lack of SOPs of
manufacturing.

CONCLUSION

In this study, Syrian cheese (Halloumi,
Akawi, and Mudaffara) samples sensory
evaluation  showed  great  overall
acceptability. However, the microbiological
analysis concluded with high incidence of
contaminants with high counts, including
some pathogenic bacteria. By analyzing the
chemical composition of different cheese
samples, great variations were found.

The detected low microbial quality of
examined cheese samples encourages the
use of different preservatives, modifying
some processing steps and packaging
strategies. Also, application of good
manufacturing practice (GMP) during
production, and maintenance of storage
conditions till cheese consumption is
necessary. HACCP system should be
introduced in the Syrian cheese industry in
Egypt to improve its quality and safety. As
a newly introduced dairy product to the
Egyptian market, a specific standard should
be designed by the Egyptian organization
for standardization, with continuous
monitoring by authorities to guarantee its
application.
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