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Abstract

The higher price of full fat dairy cheese is the major cause that encourages consumers to purchase analogue cheese
that depends on vegetable oils. Consequently, this study was designed to assess the various cheese analogues sold in Egypt.
Ninety-five cheese analogue samples (35 each of Mozzarella analogues and processed spread, as well as 25 processed
Cheddar) were examined microbiologically and chemically with an evaluation of their fatty acids profile. The moisture and
fat/ dry matter % of Mozzarella, processed cheese spread, and processed Cheddar were declared with the mean values of
49.53, 58.98, 51.88% and 62.53, 73.14, 60.16%, respectively. The total colony count mean was 6x107, 19x10%, and 1x10°
CFU/g in Mozzarella, processed spread and Cheddar cheese, respectively. The highest yeast count was noticed in Mozzarella
and Cheddar in a percentage of 94.29 and 92.00, respectively, while the maximum unacceptable ratio of molds was counted in
processed cheese spread (22.9%) based on Egyptian Standards (ES: 1132/2005). A high incidence of Staphylococcus and
Coliform counts were detected in the examined Mozzarella cheese samples. The results of potassium sorbate revealed that two
Mozzarellas, two Cheddar, and seven processed samples exceeded 1000 ppm in disagreement with the label. The saturated
fatty acids % in examined products ranged from 46.52 to 57.32. No samples were acceptable for ratios of poly unsaturated
fatty acids/saturated fatty acids (PUFA/SFA) and Omega-6 /Omega-3 (n6/n3) that were found uncompilable with the
nutritional guideline for healthy food announced by WHO (2003). This is one of few studies in Egypt that is designed to
evaluate the comparison between the selected analogue cheeses. Therefore, we recommend more studies on assessment of
analogue cheeses as well as types of fat that are used in their processing should be identified in regulations and included on

the label by law.

Keywords: cheese analogue; fat/dry matter %j fatty acids profile; microbiological assessment; potassium sorbate.

1. Introduction

Cheese is found to be one of the primary favorable and
public dairy products consumed in Egypt and over the
world as well. But dairy cheese is characterized mainly
by expensive ingredients and elevated manufacturing
and storage costs. Therefore, producers start tending to
replace the entire natural product with another low-
cost product represented in cheese analogues [1, 2].

The concept of cheese analogue expanded due to the
economic causes mostly as the reduction of the cost of
the manufacturing and the cheaper initial ingredients
with the simpler and rapid manufacturing process [3,
4]. This type of cheese also known as imitation cheese
is designed to be prepared by either partially or totally
replacing the protein and/or fat specific to milk with
other sources of plant origin and addition of other
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ingredients as stabilizers and emulsifiers to produce
the final product that similar to natural cheese in
appearance [4-6]. The other ingredients that may be
used are rice, soya bean, almond, and other products
free from milk fat [7].

The commonly developed examples of analogue
cheese are Mozzarella (due to highly involved in pizza
manufacturing), processed Cheddar cheese with
increased demand for a cheeseburger as well as
processed cheese spread packed in triangles form
referred to high popularity, especially to young
children [8]. The high meltability and ability to stretch
are the most attractive properties of low-moisture un-
ripened Mozzarella cheese [9, 10]. While processed
cheese spread with vegetable oils and fats is a cheese
that can be manufactured by heating a mixture of one
or more types of cheese with various degrees of
ripening plus the addition of emulsifying salts and
other ingredients as flavoring agents as well as may
use a dairy portion [11, 12]. The determination of
cheese composition as moisture and fat content are
considered important factors to define its acceptability
accompanied by clarifying and evaluating their
microbiological state [9, 13].

As well the addition of food preservatives is permitted
in cheese analogues to keep nutritional value
unaffected by enzymatic or chemical alteration and the
growth of spoilage microorganisms. Generally,
potassium sorbate is the predominant common
preservative used in cheese manufacture all over the
world [14]. The main aim of using sorbates is to
inhibit fungal growth, avoid spoilage and keep
products fresh as long as possible. Increase the level of
consumption of this preservative above the allowable
limit permitted by low as 0.1% in unripened and
prepacked or sliced cheese, as elevated levels of
consumption perhaps cause a hypersensitivity and
allergenicity reaction in some cases as well as
genotoxicity [15-18]. Hydrogenated or
nonhydrogenated palm oil is one of the main popular
vegetable oils that are highly used in the formulation
and production of cheese analogues. Although based
on an announcement by World Health Organization
(WHO, 2003), the consumption of a diet high in palm
oil content daily may lead to a high probability of
cardiovascular disease [19]. Palm oil comprises a high
percentage reaching up to 50% saturated fatty acid that
it is consisting of about 44% palmitic acid with about
5% stearic acid. The high levels of saturated fatty acid
may probably be linked with increased cholesterol in
the blood with a great incidence of cardiovascular
diseases [20]. A recent study by Pascual et al. [21];
showed that dietary consumption of a palm oil-rich
diet enhanced the development of metastasis. High
consumption and widespread use of Mozzarella and
the palatability of processed cheese spread help us to
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think about their quality and safety states evaluation.
So, this study is designed to investigate the
microbiological and chemical of these common cheese
analogues sold in Egypt markets as well as
presentation of their fatty acids profile, and some
chemical preservatives. In addition to determining to
what extent these products comply with Egyptian
standards.

2. Materials and Methods

Collection of samples

A total of 95 random samples (35 analog Mozzarella
cheese, 35 processed cheese spread, and 25 processed
Cheddar cheese samples) were collected from different
markets in Giza and Cairo Governates, Egypt to be
examined for some chemical and microbiological
parameters. In a complete aseptic situation, all samples
were transported in a cool isolated icebox as soon as
possible to the laboratory.

Chemical examination, determination of
preservatives, and fatty acids profile analysis of
cheese analogue samples

All samples examined by determination of total solids
and moisture content using oven drying method, while
fat content by Gerber method as chemical examination
is performed based on AOAC [22]. The determination
of chemical preservatives benzoate and sorbate was
done using High-Performance Liquid Chromatography
(HPLC, model HP Agilent 1200 series from
Germany). according to Pylypiw and Grether [15];
that done by homogenization and blending of 10 g. of
sample by 50 ml mobile phase then allowed to
separate for 5 minutes with transfer of 1 ml
supernatant and diluted using 10 ml mobile phase. As
well as filtering via Acrodisk filter (25 mmx0.45mm)
for samples and finally 2 ml was taken for
examination. While based on the method described by
Zhong et al. [23]; for nitrate and nitrite, the samples
were prepared by adding ten grams of samples into 50
ml deionized water then heating up to 70°C for
approximately 30 minutes. Finally, all prepared
samples were filtrated with added deionized water up
to 100 ml. and transferred to HPLC for analysis. The
fat extraction was applied using the Soxhlet method
[24, 25] and Folch method [26] for the evaluation and
identification of fatty acids profile for 30 samples for
different brands (10 for each) wusing Gas
Chromatography (GC, Perkin Elmer Auto System XL)
based on Zahran and Tawfeuk [27]. Firstly, the
analysis was done by transmethylation process by
forming Fatty Acid Methyl Esters (FAMEs).
Following by separation of FAMESs using injector and
detector temperature was 250°C with using a helium
as the carrier gas at flow rate of 1.2 ml/min. While the
column temperature was 140°C hold/5 min. and reach
240°C at a rate of 4°C every one minute with holding
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at final temperature (240°C) for 10 minutes. Each
0.001 ml of prepared sample (in n-hexane) was
injected in splitting ratio of 100:20. The identification
of FAMEs were performed by contrasting their times
of relative and absolute retention to 37 component
standards FAMESs. The composition of fatty acids was
recorded as the total peak area that converted into
percentage using GC.

Microbiological examination

The samples were prepared by the addition of 10 g of
sample and 90 ml of sodium citrate 2% solution
(HiMedia, RO14) as a diluent according to ISO 6887-
5: 2010 [28]. For additional dilutions, 9 ml of diluent
to was added to 1 ml of the preceding dilution.
Utilizing a vortex, agitated the tube carefully. For
enumeration of aerobic mesophilic count, an inoculum
of 1 ml from the prepared dilutions was transferred
and the plate count agar was poured on it (HiMedia,
MO091) and then plates were incubated at 32 +1°C for
48 +2 hours with counting the plates 25-250 colonies
referred to Ryser and Schuman [29]. The total
Staphylococci count was enumerated by inoculation
with 0.1 ml of previously prepared serial dilutions on
Barid Parker agar media (HiMedia, MU043) at 35°C
+2°C for 48 hours based on ISO 6888-1:2021 [32].
The yeast and mold count were determined using
Dichloran Rose Bengal chloramphenicol (DRBC) agar

(HiMedia, M1881) plates (for foods with water
activity >0.95). All the inoculated media (using the
spreading method) was incubated at 25°C for five
days. The plates with 10 to 150 colonies were counted
and calculated as described by Ryu and Wolf-Hall
[30]. Coliforms count MPN/g was assessed referenced
to Kornacki et al. [31]; using three tubes method of
Lauryl Sulphate Tryptose (LST) broth (HiMedia,
MO08O0).

Statistical analysis

All results obtained were analyzed in SPSS program
V25 (SPSS, 2017) [33] and were described as mean
+SEM. In addition to the estimation of the Least
Significant Difference (LSD) by using one-way
ANOVA was done, as a p-value (P<0.05) for the
recorded mean values.

3. Results
Table 1. Statistical analytical results of the tested chemical parameters of the examined samples and their degree of acceptability based on the
Egyptian standards
Values Legal No. of acceptable
Type of samples Parameters values* samples (%)
Minimum Maximum Mean +SEM
Mozzarella cheese (n=  Total solid % 40.00 56.80 50.47+0.66 NA
35) Fat % 20.00 46.00 31.53+0.87 NA e
Moisture % 43.20 60.00 49.53+0.66 <60 35 (100.00%)
Fat /DM% 50.00 85.59 62.53+1.58 > 60 18 (51.43%)
Processed cheese Total solid % 36.00 47.20 41.0220.50 NA
spread (n= 35)
Fat % 20.00 38.00 29.97+0.59 NA e
Moisture % 52.80 64.00 58.98+0.50 <55 20 (57.14%)
Fat /DM% 49.02 86.73 73.14+1.24 >65 31 (88.57%)
Total solid % 35.60 65.60 48.11£1.63 NA— e
P }rl"cess(ed %*;ddar Fat % 18.00 49.00 29.12+1.74 NA
cheese (n=
Moisture % 34.40 64.40 51.88+1.63 <48 14 (56.00%)
Fat /DM% 39.13 85.66 60.16+2.49 >65-60 14 (56.00%)

n: number of samples examined; SEM: standard error of mean

n: number of samples examined; SEM: standard error of mean; DM: Dry Matter

* Egyptian Standards (ES: 1132/2005 and ES: 1867/2005)

Data represented in (Table 1); revealed that
the fat% in all examined samples was found in a range
of 20-46%, 20-38%, and 18-49% in Mozzarella,
processed cheese spread, and processed Cheddar

cheese, respectively. While minimum to maximum
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percentages of fat/ DM were 50-85.59, 49.02-86.73,
and 39.13-85.66%, respectively. The mean values of
moisture % and total solid % were 49.53+0.66 and
50.47+0.66 in examined Mozzarella cheese samples,

respectively, followed by high moisture percent of
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processed Cheddar cheese with a mean value of
51.88+1.63% and 58.98+0.50% in processed cheese
spread samples.

Referenced to the results obtained in (Table
1); for evaluation of the compatibility of examined
samples with limits set by Egyptian Standard
according to the chemical parameters, the highest

percentage of samples acceptability referred to the

moisture content is Mozzarella cheese samples in a
percentage of 100.00. On the other side, the highest
ratio of accepted samples according to the Fat/ DM %
was the processed cheese spread (88.75%) followed by
the processed Cheddar cheese (56.00%) compared to
the lowest acceptable percentage in Mozzarella cheese

by 51.00%.

Table 2. Statistical analytical results of the tested microbiological parameters of the examined samples

Mozzarella cheese (n= 35) Processed cheese spread (n= 35) Processed Cheddar cheese (n=25)
No. (%) . Mean . . Mean
Parameters Min. Max. +SEM No. (%) Min. Max. Mean +SEM No. (%) Min. Max. +SEM
Total aerobic 6x10"+ )
" 33 9x10*> | 37x107 , 5 5 19x 10* 23 5 p 17x 10°
Co‘l‘;ﬁf‘ggggjg) (94.3%) 0.17x107 1 (14 39 80 | 4x10 +7x107 ©2.0%) | 3X107 | 19x100 1 g0
Total 5 s 7 x10% 17x10*
Staphylococci 32 %10 Ix10 3.90x10° | 1(2.9%) 4 %102 4 x10* £0.00 21 5 x10? 15x10° +8x10*
(CRU/g) ©L4%) (84.0%)
Total yeast 5 ; 5 x10"+ ) 5
33 1 x10 55%10 " 2 7x10° 23 ) 6 4 x10
count (CFU/g) (94.3%) 2x10 1 (2.9%) 7% 10 £0.00 (92.0%) 3 x10 2 x10f +1x10°
Total mold ) ) 15 %10+ 5 )
1 x10 2 x10 8 2 2 1x10° 2 ) 5 1x10
count (CFU/g) 2 (5.7%) 5x10 (22.9%) 1 %10 3 x10 40.28%10° 93.0%) 1 x10 1 x10 £0.00
Coliform count 5 24 x10°+ R
19 3 2 x10° 3 3 4 x10° 13 3 16 x10
(MPN/g) (54.3%) 14x10 1 (2.9%) 4 %10 10,00 (52.0%) 4 1 x10 —ox10

n= number of examined samples; No.= number of positive samples; Min.= minimum; Max.= maximum; S.E.M.= Standard Error of Mean; CFU=

Colony Forming Units

Microbiological data analysis in (Table 2);
showed that the incidence of total aerobic mesophilic
count in Mozzarella, processed spread and processed
Cheddar cheese were 94.3, 14.3, and 92.0% with the
range of 9 x10%-37x10, 80-4x10°, and 3 x10%19 x10°
CFU/g, respectively. However, Staphylococci were
counted in 91.4% and 84.0% of the tested Mozzarella,
and processed Cheddar cheese samples, respectively.
The Mozzarella cheese samples were the maximum
contaminated analogue with yeast (94.3%) compared
to processed Cheddar cheese (92%) with mean values
of 5 x10’+ 2 x10" and 4 x10°+ 1x10° CFU/g,

respectively.
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Furthermore, Coliforms prevalence in
Mozzarella and Cheddar cheese was 54.3 and 52.0%
with  MPN/g range of 3-24x10%and 4-1x10°,
respectively. The lowest prevalence and contamination
were observed in processed cheese spread (2.85%) for
total staphylococci, yeast, and coliform count with the
following mean values 4><102, 7x10? CFU/g, and
4x10° MPN/g, respectively, while it was the highest
contaminated by mold in eight processed spread
samples only with a mean value of 1x10%+ 0.28x10?

CFU/g.
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Figure 1: Degree of microbiological acceptability of Mozzarella, Cheddar and processed cheese spread samples according to Egyptian standard ES:

1867/2005 and ES:1132/2005; n= number of examined samples

As declared in (Figure 1); comparing to the
Egyptian Standards in microbiological data analysis
for the tested cheese analogue samples, processed
cheese spread samples were found to be the most
compatible product to the ES in a percentage of 97.14
based on total yeast and coliforms count. However, the

processed spread samples revealed the lowest accepted

category in the total mold count parameter. While
based on the Egyptian Standards ES: 1867/2005 [34]
and ES: 1132/2005 [11], only 5.71 and 12.00% of the
examined Mozzarella and processed Cheddar cheese
samples, respectively, agreed with the Egyptian
standards for total yeast count and 60% for coliforms

count.

Table 3: Statistical analytical results of sorbate in the examined cheese samples (Permissible < 1000 ppm) "

Type of samples No. of samples (%) Mean +SEM
Mozzarella 2(5.71) 1370£24.75
Processed Cheddar 2 (8.00) 1471+47.73
Processed spread 7 (20.00) 1261£35.35

* = referenced to EU: 1129/2011

No.= numbers of positive samples exceed permitted limit and data on label, SEM: standard error of mean

All samples showed a total aerobic
mesophilic colony count of < 10 CFU/g. were
examined using HPLC for their sorbate concentration
in two of Mozzarella, two of processed Cheddar, and
thirty processed cheese spreads. Some samples were
found to have sorbate salts above the permissible limit
(1000 ppm) set by EU: 1129/2011 [16] regulations for

unripened and sliced ripened cheeses. It was detected
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in mean values of 1370+24.75, 1471+47.73 and
1261+35.35 ppm in Mozzarella (5.71%), processed
Cheddar (8.00%), and processed spread cheese
(20.00%), respectively (Table 3). In addition, we
applied nitrate, nitrite, and benzoate on the same low-
count cheese samples which could not be determined

in examined samples by HPLC.
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Table 4. Individual fatty acid contents (fatty acids %) of examined cheese samples

Type of samples (Mean +SEM)

Fatty acids Mozzarella cheese Processed cheese spread Processed Cheddar cheese
Saturated fatty acids (SFA)
Butyric acid (C4:0) 0.01 £0.00* ND 0.14+0.089°
Caproic acid (C6:0) 0.01£0.00* ND 0.3120.203°
Caprylic acid (C8:0) 0.03+0.017° ND 0.42+0.269°
Capric acid (C10:0) 0.06+0.026" ND 0.97+0.625°
Lauric acid (C12:0) 0.36+0.054" ND 1.5120.974
Myristic acid (C14:0) 1.72+0.035% 0.50+0.082° 4.777£2.331°
Pentadecanoic acid (C15:0) 0.08+0.038" 0.14+0.00* 0.17£0.111*
Palmitic acid (C16:0) 44.5240.441° 29.17+2.524° 42.2142.108"
Heptadecanoic acid (C17:0) 0.08+0.028" ND 0.1120.073°
Stearic acid (C18:0) 5.23+0.066" 16.71+1.988° 6.72+1.223°
Arachidic acid (C20:0) 0.51£0.077 ND ND
Monounsaturated fatty acids (MUFA)
Myristoleic acid (14:1) 0.10+0.023* ND 0.30+0.192°
Cis-10-Pentadecenoic (C15:1) 0.09+0.045" ND 0.37+0.242°
Palmitoleic acid (C16:1), n9 0.26+0.042° 0.5720.096" 0.49+0.317°
Oleic acid (C18:1n9¢) 37.83+0.391" 44.64+0.676° 33.64+3.289"
Gadoleic acid (C20:1) 0.030.018 ND ND
Poly unsaturated fatty acids (PUFA)
Linoleic acid (C18:2n6¢) 8.42+0.105* 7.30£0.340° 7.28+1.538"
Linoleic acid (C18:2n6t) 0.03£0.022 ND ND
a- Linolenic acid (C18:3n3) 0.13+0.020" 0.69+0.116° 0.59+0.378°
v- Linolenic acid (C18:3n6t) 0.45+0.187* 0.27+0.044" ND

n: no. of examined samples; ND: Not detectable; Means with different superscript within the same row indicates significant difference (P < 0.05)

The fatty acids fractionation presented in

(Table 4); showed that palmitic fatty acid was the most
predominant fatty acid in Mozzarella and processed
Cheddar cheese with means of 44.52 and 42.21%,
followed by oleic acid with means of 37.83 and
33.64%, respectively. But in processed cheese spread,
the oleic fatty acid was the major fatty acid in the
percentage of 44.64 with the lowest palmitic FA
(29.17%) and the highest Stearic acid (16.71%)
compared to other products. Consequently, there was a

significant difference between processed cheese and

other examined cheese analogues based on their

palmitic, oleic, and stearic fatty acids content.

Based on the main constituent of PUFA was

linoleic acid in percentages of 7.28, 7.30, and 8.42 for

processed Cheddar, processed cheese spread, and

Mozzarella cheese, respectively (Table 4). Also,

there was a significant difference in a- Linolenic

acid (C18:3n3) between Mozzarella and other

analogue types that were lower than the processed

spread and processed Cheddar.

Table 5. Fatty acids indices and nutritionally important ratios of examined cheese samples

Parameter Type of samples (Mean +SEM)

Mozzarella cheese Processed cheese spread Processed Cheddar cheese
SFA 52.62+0.392° 46.52+0.593" 57.3243.700°
MUFA 38.31+0.467° 45.22+0.772° 34.81+2.538°
PUFA 8.55+0.152° 7.99+0.224* 7.86+1.160°
Trans fatty acids (TFAs) 0.48+0.182° 0.27+0.044" ND
UFA 46.86+0.536" 53.21+0.547° 42.67+3.697"
n3 0.13+0.020° 0.690.116" 0.58+0.374*"
n6 8.42+0.105° 7.30+0.340° 7.23+1.530°
PUFA/ SFA 0.16+0.0025* 0.17+0.0024* 0.14+0.025°
n6/n3 64.77+£7.039° 10.58+0.269° 12.47+0.174°
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ND: Not detectable; SFA= saturated fatty acids; MUFA= monounsaturated fatty acids; PUFA= poly unsaturated fatty acids; UFA= unsaturated fatty
acids; n3= omega 3; n6= omega 6; Means with different superscript within the same row indicates significant difference (P < 0.05)

Data presented in (Table 5) showed that the
highest concentration of saturated fatty acid was in
processed Cheddar cheese followed by Mozzarella and
the lowest one in processed cheese spread with values
of 57.32, 5262, and 46.52%, respectively.

Consequently, the maximum levels of

monounsaturated fatty acids were present in processed
cheese spread samples (45.22) and the minimum in
processed Cheddar cheese (34.81). Concerning PUFA,
the processed Cheddar cheese had a low value (7.86)

4. Discussion

In general, variations in manufacturing circumstances
between producers, utilizing different milk sources,
manufacturing techniques that involve temperature
variations and the utilization of starter cultures may be
the main cause for variations in the chemical structure
of cheese samples [35]. The moisture and fat to dry
matter (%) were important parameters mentioned by
Egyptian Standards to be followed, so it was necessary
to be determined and evaluated. In this study, referring
to analytical data in (Table 1), the fat (%) of
Mozzarella cheese samples was high among other
types of examined analogues and the results were
higher than that reported by Helal [36], while nearly
similar to Mehta [37]. Fat to DM (%) for Mozzarella
cheese was found to comply with the regulations set
by Egyptian Standards (ES:1132/2005) [11] as >
60.00% in high-fat soft cheese with vegetable oil on
the opposing lower result obtained by Zedan et al.
[13]. Total solids (%) results in Mozzarella cheese
were similar to the results of Zedan et al. [13] and
Mailam [38], but below than data of Abdalla and
Ibrahim [35]. While the moisture (%) was similar to
findings reported by Helal [36] and Mailam [38]. The
fat% in processed spread cheese samples was
approximately similar to data recorded by Suleiman et
al. [39] and higher than the results obtained by El-
Shibiny et al. [40], Cunha et al. [41], and Ghita et al.
[42]. In addition, the fat/DM (%) in our samples
exceeded the findings of El-Shibiny et al. [40] and
Ghita et al. [42]. However, moisture (%) was nearly
similar to Cunha et al. [41] and higher than Suleiman
et al. [39]. On the other side, the T.S% is lower than
the result reported by El-Shibiny et al. [40] but almost
identical to Ghita et al. [42]. The results of fat content
in this study on cheddar cheese were in agreement
with the findings of Kwak et al. [43] and Suleiman et
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and 7.99% in processed cheese spread samples with
the peak concentration of Mozzarella cheese (8.55).
On the calculation of the nutritional
significance of cheese analogue samples; the PUFA/
SFA were estimated in a range of 0.14-0.17. While
n6/n3 ratio was observed to be higher in all examined
cheese samples with the highest ratio of 64.77 for
Mozzarella cheese samples that had a significant
difference compared to processed spread and

processed Cheddar cheese (Table 5).

al. [39]. However, Piska & Stétina [44] and Abdel
Razig & Yousif [45] described moisture content in
processed cheese spread in the range of 51.0-64.21%
which was similar to our results. About 42.86 and
44.00% of examined processed spread and processed
Cheddar cheese samples were unacceptable to legal
moisture (%) announced by ES:1867/2005 [34],
respectively. de Medeiros Carvalho et al. [46]; was
declared that the difference in the moisture
percentages among cheese products is mainly
attributed to changes in the modes of its manufacture.
As well as some producers may choose to increase the
levels of moisture with the reduction in other
ingredients to improve their earnings [47]. The relative
variation and elevation in moisture content in cheese
products are considered as the favorable growth of
several microbes, especially the flourishing of fungi
that may be get via raw milk or throughout any step of
the production [48, 49]. APHA, 2004 [50]; stated that
total colony count, coliform as well as yeast and mold
count were regarded as significant indicators for the
products' microbiological and hygienic quality. The
aerobic bacterial count provides an overall safety
assessment of the product as a standard criterion for
inferior sanitation, faults during processing, handling,
and storage [51]. In (Table 2); the obtained result of
total colony count in Mozzarella was similar to
Tanweer [52] and Ali & Elsherif [9], but Francesca et
al. [53] reported lower results. The highest count of
staphylococci in our study with an incidence of 91.4%
which was nearly identical to the result obtained by
Garbaj et al. [54]. The findings of TCC for cheddar
cheese were similar to El-Diam and El-Zubeir [55],
while the result of total Staphylococcus count in
cheddar cheese was similar to that found by Halim et
al. [56]. Staphylococci serve as indicators of poor
cleanliness, and their significant prevalence suggests
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that proper hygiene standards were not followed
during the production, processing, and distribution of
dairy products [57]. Exposure of Mozzarella cheese to
the cutting process allowed them to come into contact
with surfaces, tools, and manipulators. Furthermore,
fractionating any solid product increases its exposed
surface, which raises the possibility of contamination
[58]. Putting into consideration the shredding and
slicing processes applied to Mozzarella and processed
Cheddar cheese, also a lack of process monitoring
explains the high count of bacteria determined in our
survey. Although, the processed cheese samples
results showed the lowest incidence in a percentage of
143 and 29 for aerobic plate count and
Staphylococcus counts, respectively, in agreement
with results declared by Nazem et al. [59]. That lowest
count mainly occurs due to the product undergoing
heat treatment and then packaging that there is no
further  processing that encourages  product
contamination. Due to the coliform organism's extreme
sensitivity to heat, the high occurrence of coliform is a
result of product pollution during or after heat
treatment or inefficient heat treatment [60]. The result
of coliform count in Mozzarella_cheese was in
agreement with Garbaj et al. [54], while higher counts
were obtained by Soliman [61]. In contrast, it was
higher than the results recorded by Marinheiro et al.
[58] and Mohamed et al. [62]. However, in cheddar
cheese, the coliform count is lower than that recorded
by Kamel and Halim et al. [63, 56], on the contrary,
the coliform count detected in processed spread was
nearly similar to the result clarified by Sallam et al.
[64]. The counts for positive samples were
unacceptable and much higher than the limits
suggested by the Egyptian Standards ES: 1867/2005
[34] and ES:1132/2005 [11] that mentioned not
exceeding 10 coliforms/g for Mozzarella and
processed Cheddar in numbers of 19 and 13 samples,
respectively and only one unacceptable sample of
processed cheese spread that may be attributed to post-
pasteurization contamination. The yeasts and molds
count obtained in Mozzarella cheese samples were
nearly comparable to Ali and Elsherif [9] and Serna et
al. [65], although our results were slightly higher than
those reported by Tanweer [52] and Mohamed et al.
[62]. On the other hand, the result obtained in our
study of processed Cheddar cheese was nearly in the
same line same line as Halim et al. [56] and Kamel
[63]. Conversely, the prevalence of mold was the most
reported in processed cheese spread that occur in eight
samples followed by Mozzarella and processed
Cheddar which was counted in two samples each. The
yeast and mold counts of processed spread were
similar to Nazem et al. [59]. Mold and yeast analyzed
in cheese may be associated with poor sanitary
measures during manufacturing, also raw milk was
measured as the chief reason, as cross-contamination
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and open-air or improper storage [63]. The way into
using chemical preservatives has increased currently,
the main one used in cheese manufacture is sorbic acid
or using of its potassium, calcium, and sodium salts.
Sorbic acid was identified as nontoxic and secure
unless some studies proved using it in large quantities
in a diet daily may cause allergies. As well as it may
assist in the elevation of potassium levels that may be
the cause of hyperkalemia [18, 66]. Sorbic acid has
been used in a variety of foods as a preservative
because of its anti-mold, anti-yeast, and antibacterial
activities, The Code of Federal Regulations [67];
expresses sorbic acid as generally recognized as safe
(GRAS) with good manufacturing practice limitations,
however European regulatory set a level for using
sorbic acid in sliced, pre-packed and layered cheese
lower at 1000 mg/kg [16, 68]. On the other hand, some
studies reported that an increase in the dose above
1000 ppm was found to be the reason for chronic
urticarial and atopic dermatitis [69]. Additionally, it
may cause off-flavor as kerosene flavor that occurs
from spoilage microorganisms in cheese contain sorbic
acid by decarboxylation of it [70]. Referenced to our
Egyptian labels on all examined samples, there 5.71,
8.00 and 20.00% of tested Mozzarella, processed
Cheddar, and processed cheese spread samples,
respectively, exceeded 1000 mg/kg of sorbates in a
range of 1084-1795 mg/kg. While Guarino et al. [71];
Zamani Mazdeh et al. [72] and Ozdemir et al. [66];
reported a sorbate level less than our examined
samples and lower than the limit allowed by law. The
limit of using potassium sorbate must be more
restricted and defined in the standard as well as the
actual concentration should be declared on the label as
the studies are still progressing in determining the
safety of this preservative, especially for daily dietary
usage. Egypt has insufficient adequate evaluation and
observation of saturated fatty acids percentages in
dietary foods with a lack of frequent upgrades. The
main issue is that SFAs are known to cause low-
density lipoprotein levels elevation, associated with
cardiovascular diseases and cancer progression [73-
75]. The fatty acids profile of processed Cheddar and
Mozzarella  analogue cheese samples  were
characterized by a high content of saturated fatty acids
expressed mostly in palmitic fatty acids as presented in
(Table 4 & 5). The processed cheese spread was high
in unsaturated fatty acids demonstrated in oleic acid
(44.64%) and SFAs (46.52%) as palmitic (29.17%)
and stearic acids (16.71%). Generally, these results are
nearly similar to Abdel-Ghany et al. [76] but below in
SFAs than data recorded by Al-Amiri et al. [77].
However, Ismail et al. [75] reported that triangles
processed cheese showed a high ratio of saturated
compared to MUSFs and Mozzarella cheese samples
with lower saturated than unsaturated fatty acids.
Although, all examined samples have PUFAs/SFAs
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ratio (0.14-0.17) minimum than specified by
nutritional health guidelines (< 0.45) set by WHO,
2003 [78]. While the n6/n3 ratio that was approved to
be less than 10 referenced to health guidelines was
found to be unacceptable in a range of 10.58-64.77%
in all examined cheese samples [79, 80]. Our reported
results of processed cheese were lower than that
recorded by Abbas et al. [81] for nutritional ratios
(n6/n3 and PUFAs/SFAs). The maximum percentage
of omega 3 was detected in processed cheese spread
samples 0.69% but omega 6 in Mozzarella cheese with
mean of 8.42% with the highest PUFAs %. In
agreement with our result, Al-Amiri et al. [77];
described a low P/S ratio (0.01) for triangle spreadable
processed cheese which was assessed as unhealthy.
From the nutritional point of view, the consumption of
dietary PUFAs would help in reducing the cholesterol
serum level resulting in less probability of CVD
(cardiovascular diseases) as well as may be associated
with prohibition in diabetes, asthma, hypertension, and
some cancers [77, 82].

5. Conclusion

The processed cheese spread was the most acceptable
product for Egyptian regulations, while processed
Cheddar and Mozzarella were low agreement and
recommended to be developed and monitor during
processing. In addition, as recognized in the fatty acid
profile that the ratio of saturated fatty acids was very
high, which counteracts the lead of initiation of cheese
analogue concept that replacing saturated fatty acid
with unsaturated one to ameliorate the consumer’s
health. So, we suggested that types of fat and its
fractions that are used in cheese analogue must be set
in regulations and the moisture % must be included on
the label. Also as reported that the potassium sorbates
did not comply with the label even if it is safe for
humans, it is considered fraud. The HACCP system is
commended to be established for developing products'
hygiene and application of sanitary standards during
product industrial procedures. Further studies are
needed to declare the overall acceptability of cheese
analogues sold in Egypt as well as determine the safety
of replacing milk fat with palm oil.
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