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In this study, 19 cheese samples from six common Egyptian cheese types were evaluated for 
microbiological safety and bacterial diversity using 16S rRNA gene amplicon sequencing analysis. 
Results showed that the total viable count exceeded 5.2 log CFU g

-1
 in 13 cheese samples. Further, the 

count of Enterobacteriaceae varied in the range 2.0 to 6.7 log CFU g
-1

 in 17 samples. PCR-based 
detection of pathogenic strains confirmed the absence of Listeria spp. and Salmonella spp. Furthermore, 
16S rRNA gene amplicon sequencing analysis revealed the richness and diversity of the bacterial 
communities inhabiting the Egyptian cheese samples. Besides unfavorable bacteria, such as 
Enterobacteriaceae, 10 genera were present in 74% of the examined samples, predominantly including 
lactic acid bacteria and salt-tolerant bacteria. These insightful findings provide a deeper understanding 
of the typical bacterial profiles of different Egyptian cheese types and can be applied to standardize 
cheese production and improve cheese quality and safety. 
 
Key words: Egyptian cheese, microbiota, food safety, fermentation product, Amplicon sequencing. 

 
 
INTRODUCTION 
 
Based on cheese processing-related archeological 
evidence, it is believed that Egypt, as the heart of the 
Middle East, was the origin and first provider of cheese. 
This has not only been illustrated by old Egyptian 
drawings (El-Gendy, 1983), but has also been proven by a 
recent discovery of the oldest cheese material (Greco et 
al., 2018). In addition to its historical significance, 
Egyptian cheese is also of great importance from 
economic, social, nutritional, and food safety perspectives. 
Presently, Egypt is ranked as one of the top two 
cheese-producing and consuming countries in Africa and 
the Middle East. Further, in  Egypt,  cheese, owing  to  

its pleasant taste as well as its high protein, fat, and 
mineral contents, is a main part of meals, including lunch 
in schools (PM Food & Dairy Consulting, 2016).  

Traditional cheeses, including soft and hard types, are 
primarily obtained from cow and buffalo milk. Specifically, 
hard-type Romy cheese, also known as Ras cheese, is 
produced in the shape of wheels following processing 
steps similar to those employed in the production of 
Gouda cheese, except for a few differences, especially in 
the subsequent dry salting step (for 4 to 5 weeks) 
following cheese brining, which gives Ras cheese its 
distinct sharp and salty flavor (Ismail et al., 2014). Further,  
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soft traditional Egyptian cheeses include Karish, Mish, 
Domiati, Tallaga and Istanbuli cheeses. Specifically, 
Karish cheese is a fresh, healthy, and defatted cheese 
that is processed, usually using traditional methods, 
without any ripening step. Furthermore, it is used for the 
production of a yellowish-brown fermented cheese known 
as Mish cheese via pickling in microaerophilic conditions, 
with the addition of salt, milk, nutritive substances, oriental 
spices, and some plants, using old Mish cheese as the 
starter. This is usually followed by storage in warm 
conditions for a period of approximately one year to 
ensure ripening. Thus, Mish cheese with a sharp, salty, 
and pungent taste is obtained (Ismail et al., 2014). 

Domiati cheese, the most popular white brined cheese 
in Egypt and other Arab countries that shows close 
resemblance with Feta cheese in Greece, is known for its 
unique processing technique that involves “milk salting,” 
during which 5 to 14% salt is directly added to the milk at 
the initial production step. The cheese obtained may be 
eaten fresh or as is often the case, the salted whey is 
removed, and the cheese is further stored for 4 to 8 
months for ripening. Additionally, Tallaga Cheese with a 
creamy, spreadable soft texture and a minimal salty taste 
is obtained by the same method if low salt is added. 
Finally, to obtain Istanbuli cheese, which is characterized 
by a crumbly texture and Jalapeno chili studding that 
gives it a remarkable spicy flavor, the salt starter is added 
to pasteurized milk before culturing (Ismail et al., 2014). 

Generally, the safety of cheese, which was previously 
considered as a potentially hazardous food (PHF) that 
facilitates microbial growth, especially when good hygiene 
and safety practices are not followed during its 
preparation, is considered to be time/temperature control 
(TCS) dependent. Outbreaks related to the consumption 
of dairy products were reported all over the world, so it is 
necessary to verify the safety of cheese in order to 
achieve the safer diet (Costard et al., 2017; Makino et al., 
2005; Lance et al., 2005; MacDonald et al., 2005). It has 
been suggested that traditional Egyptian cheeses do not 
comply with both Egyptian and international cheese safety 
standards (Sayed et al., 2011). Various pathogenic 
bacteria, including Escherichia coli, Salmonella spp., 
Staphylococcus aureus, Bacillus cereus, and Listeria spp., 
which are possible sources of human infection and food 
poisoning, have been isolated from traditional Egyptian 
cheeses (El-Eyiby, 2017; Hassan and Goma, 2016). In 
particular, Salmonella spp. and L. monocytogenes are 
relatively resistant to osmotic pressure and acid stress, 
and can survive and proliferate during child storage (Melo 
et al., 2015; Leyer and Johnson, 1992). Cheese is a 
ready-to-eat food that is eaten without heating, so if these 
harmful microorganisms are contaminated in cheese, it 
may cause serious food poisoning. 

Even though current industrial development standards 
for the commercial production of cheeses require milk 
pasteurization, most traditional Egyptian cheeses are 
made without pasteurization (Ismail et al., 2014) since it is  

 
 
 
 
well-known that these traditional practices contribute 
significantly to the original sensory characteristics of 
cheese, in addition to the associated health benefits 
(Montel et al., 2014). Cheeses made with raw milk are 
increasingly preferred by consumers due to their richer 
and more varied flavors than cheeses made with 
pasteurized milk (Yoon et al., 2016; Casalta et al., 2009). 
The development of cheese flavor is largely due to the 
naturally occurring microbial community, primarily in raw 
milk (Montel et al., 2014). However, such practices may 
be a threat to public health. It has also been reported that 
traditional cheeses are characterized by microbial 
community richness and diversity. Microorganisms such 
as lactic acid bacteria involved in cheese fermentation 
also contribute to suppressing the growth of pathogenic 
bacteria by producing bacteriocins and organic acids 
during cheese production (Montel et al., 2014; Yoon et al., 
2016). Therefore, understanding the microbial flora in 
cheese is essential for producing safer cheese. However, 
analyzing these bacterial communities using culture- 
dependent methods is still challenging. 

In this regard, the importance of using culture- 
independent methods, particularly 16S rRNA gene 
amplicon sequencing, which is based on the use of 
next-generation sequencing (NGS) technology, has been 
highlighted in several food science-related studies. 
Specifically, 16S rRNA gene amplicon sequencing 
analysis has been used for the characterization of the 
microbial communities in Danish raw milk cheeses 
(Masoud et al., 2011), the Polish cheese, Oscypek 
(Alegría et al., 2012), water buffalo mozzarella (Ercolini et 
al., 2012), artisanal Irish cheeses (Quigley et al., 2012), 
Latin-style cheeses (Lusk et al., 2012), and Iranian Liqvan 
cheese (Ramezani et al., 2017). However, as far as we 
know, this method has not been previously applied to 
characterize traditional Egyptian cheeses. 

Therefore, the objective of this study was to assess the 
microbiological safety and biodiversity of the bacterial 
communities in six types of traditional Egyptian cheeses 
(Karish, Mish, Domiati, Tallaga, Istanbuli, and Romy 
cheeses) using both culture-dependent and culture- 
independent methods, particularly, NGS technology.  
 
 
MATERIALS AND METHODS 

 
Cheese samples 

 
A total of 19 different commercial cheese samples corresponding to 
six traditional Egyptian cheese types were obtained from the Cairo 
and Kalyobia governorates in Egypt. Thereafter, the samples were 
categorized under two major groups: Soft cheese samples (Karish, 
Domiati, Tallaga, Mish, and Istanbuli cheeses, samples C1-C3, 
C4-C6, C7-C10, C11-C13 and C14-C16, respectively) and hard 
cheese samples (Romy cheese, samples C17-C19). After 
transportation to the laboratory, the cheese samples were stored at 
4°C until analysis. Detailed information regarding the cheese types 
as well as the markets from which they were obtained are presented 
in Table 1. 
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Table 1. Details of traditional Egyptian cheese samples used in this study. 
 

Cheese type Name of cheese  Sample code Source Location* 

Soft 

Karish  

C1 Local market D 

C2 Supermarket B 

C3 Local market E 
    

Domiati  

C4 Supermarket A 

C5 Supermarket B 

C6 Supermarket C 
    

Tallaga 

C7 Supermarket A 

C8 Local market E 

C9 Supermarket B 

C10 Supermarket C 
    

Mish 

C11 Local market A 

C12 Supermarket C 

C13 Local market E 
    

Istanbuli 

C14 Supermarket A 

C15 Supermarket B 

C16 Local market E 
     

Hard Romy 

C17 Supermarket A 

C18 Supermarket B 

C19 Supermarket C 
 

*A: Down town of Cairo, B: Maadi/ cairo, C: New Cairo, D: Helwan/Cairo, E: Kalyobia 
Source: Authors 

 
 
 
Measurement of cheese salt concentration  
 
Salt concentration was measured using a digital salt meter (LAQUA 
Twin Salt-22, Horiba, Kyoto, Japan). Specifically, 10 g of each 
cheese sample was homogenized with 10 mL of distilled water in a 
stomacher bag. Thereafter, 1 mL of each homogenized cheese 
sample was used for the salt concentration measurement. 
 
 
Enumeration of viable bacterial counts 
 
In a stomacher bag, 10 g of each cheese sample was homogenized 
with 90 mL of 0.85% saline solution for 30 s and then serially diluted. 
Thereafter, 1 mL of each dilution series was inoculated onto 
appropriate Petrifilm count plates (3 M, St. Paul, MN, USA), and to 
obtain the total viable cell (TVC) and Enterobacteriaceae (EB) 
counts, 3M aerobic count (AC) plates and Enterobacteriaceae count 
plates (EB/VRBG) were used, respectively. Specifically, the plates 
were incubated at 37°C and viable bacteria were counted after 24 
and 48 h for EB/VRBG and AC, respectively. Further, De Man 
Rogosa Sharp Media (MRS) agar plates (MRS, Oxoid, Hampshire, 
UK) were used to count lactic acid bacteria (LAB) using the 
spread-plate method after incubation for 72 h at 30°C.  

 
 

Detection of pathogenic bacteria (Listeria spp. and Salmonella 
spp.) 
 
Listeria spp. were isolated on PALCAM agar media (Merck KGaA, 
Darmstadt, Germany) in accordance with the ISO 11290 method 
with modifications. Briefly, 10 g of each cheese sample was primarily 

enriched in 90 mL of half-Fraser broth (Oxoid) and incubated at 
30°C for 24 h. This was followed by the transfer of 1 mL of this 
enriched solution into a 9-mL Fraser broth (Oxoid) and incubation at 
30°C for another 24 h. The cultures were then plated on PALCAM 
agar solid media using spread-plate and streaking methods. Further, 
the plates were incubated at 30°C and examined after 48 h. For the 
detection of Salmonella spp., 10 g of each cheese sample was 
homogenized in 90 mL of Trypticase Soy Broth “TSB” (BD, Becton 
Dickinson, NJ, USA) as a pre-enrichment media and incubated 
overnight at 37°C. Thereafter, 1 mL of the enriched broth was 
transferred into a 9-mL Hajna Tetrathionate Broth (EIKEN, Tokyo, 
Japan) and incubated overnight at 37°C. Finally, the samples were 
streaked on deoxycholate hydrogen sulfide lactose agar (DHL) 
media (EIKEN) and incubated again at 37°C for 24 h. 

Suspected colonies were then sub-cultured on the specified solid 
media for each strain under the same incubation conditions. 
Thereafter, single colonies were picked, purified, pelleted, and used 
for DNA extraction, which was performed using a Nucleo Spin DNA 
extraction kit (Macherey-Nagel, Düren, Germany) according to the 
manufacturer’s instructions. Additionally, for the specific detection of 
Listeria spp. and Salmonella spp., a designed pair of forward and 
reverse primers, as described by Phraephaisarn et al. (2017) and a 
set of primers described by Rahn et al. (1992) were used, 
respectively. The PCR reaction was then performed in a GeneAmp 
thermal cycler (PCR System 9700, Applied Biosystems, Foster City, 
CA, USA). For Listeria spp., amplification was conducted for 40 
cycles under the following conditions: 95°C for 5 min, 95°C for 10 s, 
60°C for 30 s, 72°C for 30 s, and a final extension step at 72°C for 3 
min. For Salmonella spp., 30 amplification cycles were run under the 
following cycling conditions: 95°C for 5 min, 95°C for 15 s, 65°C for 
45 s, and 72°C for 20 s using a GeneAmp thermal cycler.  
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Table 2. Chemical and microbiological properties of cheese samples purchased from local market and supermarket in Cairo, Egypt. 
 

Name of cheese Sample code 
Salt concentration  

(%) 

The number of bacteria (log CFU g
-1

) 

TVC* EB* LAB* 

Karish  

C1 3.0 5.9 4.7 7.0 

C2 0.5 6.1 6.7 6.8 

C3 1.5 5.8 5.8 7.6 
      

Domiati  

C4 12.0 5.7 4.7 6.9 

C5 6.4 6.7 3.6 5.9 

C6 6.4 2.6 0.0 6.0 
      

Tallaga 

C7 1.2 6.8 5.1 7.5 

C8 1.5 6.9 5.8 8.3 

C9 1.3 6.9 5.0 8.0 

C10 1.5 6.4 2.5 7.5 
      

Mish 

C11 11.6 4.0 N.D. 3.6 

C12 3.8 2.5 2.9 N.D. 

C13 10.0 5.2 2.5 N.D. 
      

Istanbuli 

C14 1.2 4.9 2.0 7.4 

C15 8.0 2.5 5.7 N.D. 

C16 11.0 3.5 5.5 3.5 
      

Romy 

C17 1.3 6.3 2.4 5.9 

C18 5.0 7.4 5.9 6.5 

C19 2.2 6.6 2.1 6.6 
 

*TVC: Total viable count, *EB: Enterobacteriacae, *LAB: Lactic acid bacteria, N.D.: not detected. The values represent means of duplicates. 
Source: Authors 

 
 
 
Additionally, to validate the results corresponding to the examined 
strains, 5-µL aliquots of the PCR products were further analyzed via 
agarose gel electrophoresis. 
 
 
16S rRNA gene amplicon sequencing analysis 
 
To perform amplicon sequencing, 10 g of each cheese sample was 
added to 90 mL of 0.85% saline solution and homogenized for 30 s. 
Thereafter, 1-mL homogenized cheese samples were transferred 
into sterile Eppendorf tubes and centrifugation was performed at 
15,000 ×g for 3 min. After this step, the supernatant was discarded, 
and the pellets obtained were stored at -20°C for microbiota analysis. 
For efficient bacterial DNA extraction, the obtained pellets were first 
treated with 100 µL of Achromopeptidase enzyme (Wako Pure 
Chemical Industries, Osaka, Japan), and the mixtures obtained 
were incubated at 55°C for 15 min. Finally, DNA extraction was 
performed using the NucleoSpin Tissue kit (Macherey-Nagel) in 
accordance with the manufacturer’s protocol. Thereafter, to obtain 
2×300 bp paired-end sequences, amplicon sequencing analysis 
using the 16S rRNA V3/V4 region was performed using the Illumina 
MiSeq platform (Illumina, San Diego, CA, USA). All the analyses 
were outsourced to Bioengineering Lab. Co. Ltd. (Sagamihara City, 
Japan).  

 
 

Data analysis 
 
After amplicon sequencing, chimeric and noise  sequences  were 

removed, and representative sequences and operational taxonomic 
units (OTUs) were obtained. Further, to realize phylogenetic 
estimation, the feature-classifier plug-in (Greengene software 
version 13_8), which offers the possibility to compare representative 
sequences, was used for OTU identification at 97% similarity. Alpha 
diversities of the bacterial microflora in each sample were expressed 
using Shannon diversity index. PCA was conducted on OTUs and 
the calculations for PCA were done using the R “prcomp” function 
and plotted using the “plot” function. 

 
 
RESULTS AND DISCUSSION  
 
Physicochemical and microbiological analysis of 
cheese samples 
 
In this study, the microbiological properties and salt 
concentrations corresponding to the 19 examined cheese 
samples, representing six different traditional Egyptian 
cheese types, including soft and hard cheeses, collected 
from different markets, were initially determined using 
conventional methods (culture-dependent methods).  

As shown in Table 2, the different cheese types showed 
different salt concentrations, which varied from 0.5% 
(Karish cheese C2) to 12% (Domiati cheese C4). 
According to a previous study, salt  concentration  is  a  



 
 
 
 
common parameter used to distinguish different cheese 
types (Hammam et al. 2020). 

Generally, microbial count results based on TVC and 
EB counts indicated an obviously high overall cheese 
microbial load (Table 2). Specifically, TVC exceeded 5.2 
log CFU g

-1
 in 13 out of the 19 cheese samples, and in a 

Romy cheese sample, it was up to 7.4 log CFU g
-1

 (C18); 
the lowest value, 2.5 log CFU g

-1
 (C12), corresponded to 

one of the Mish cheese samples. Nevertheless, the TVC 
values here reported were relatively lower than previously 
reported ones (Hassan and Gomaa, 2016; Heikal and 
Al-wakeel, 2014). However, they suggested that the 
marketed cheeses were of inferior quality. 

Further, the EB counts showed high variability, ranging 
from 2.0 (sample C14) to 6.7 (sample C2) log CFU g

-1
 in 

17 samples, while two samples (samples C6 and C11) 
were completely EB free. Furthermore, the EB count 
observed in this study was approximately two-fold greater 
than that reported for Karish cheese in a previous study, 
which showed a maximum EB count of 3.5 log CFU g

-1
 

(Awad, 2016). However, consistent with the results, in 
other studies involving Egyptian cheese samples, 
members of the EB group showed high counts (El-Etriby, 
2017; Hassan and Gomaa, 2016; Heikal and Al-wakeel, 
2014). Overall, this high range of EB count reflects a poor 
good manufacturing practice (GMP) from farm to fork, 
particularly, poor personal hygiene with possible fecal 
contamination. Further, this could also be attributed to the 
use of unpasteurized milk, which contains bacteria that 
may cause gastrointestinal illness as well as cheese 
spoilage (Baylis et al., 2011). Moreover, this high bacterial 
count possibly contributes to cheese defects, such as 
color change, gas production, and hole formation, which 
should not be ignored (Roberts et al., 1998). 

In this study, 16 out of the 19 cheese samples showed 
high lactic acid bacteria (LAB) counts, in the range 3.5 to 
8.3 log CFU g

-1
, whereas the three remaining samples 

were LAB free. In a previous study, an average LAB count 
of 7.8 log CFU g

-1
 was reported for Egyptian cheese 

(Awad, 2016). In another study, different cheese types 
showed different LAB counts, with the maximum value 
(7.4 log CFU g

-1
) corresponding to Domiati cheese 

(El-Baradei et al., 2007). Reportedly, LAB, which are 
responsible for the organoleptic characteristics of cheeses, 
show health benefits via various mechanisms owing to 
their probiotic nature. The high LAB count in Egyptian 
cheeses, which is also frequently observed in fermented 
products, possibly plays an important role in the control of 
pathogenic bacteria, such as Listeria spp. and Salmonella 
spp. (Losito et al., 2014). In this study, based on culturing 
on their specific media, eight and four typical of Listeria 
spp. and Salmonella spp. colonies were observed, 
respectively; however, PCR-based analyses confirmed 
their absence in all the examined samples (data not 
shown). The negative PCR-based results for these two 
species contradict the results of previous studies, which 
reported the presence of pathogenic bacteria,  including  
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Listeria spp. (Ismail et al., 2014) and Salmonella spp. in 
Egyptian cheese (El-Baz et al., 2017). This implies that, in 
some cases, the use of traditional culture-dependent 
methods may generate misleading results given the 
possibility of the co-existence of microorganisms with 
similar growth conditions. Thus, to obtain accurate results, 
culture-independent PCR analysis is required. 
 
 
Bacterial diversity of cheeses 
 
To determine the bacterial communities, cheese samples 
were analyzed via 16S rRNA gene amplicon sequencing. 
Thus, large numbers of sequence reads with similarity 
were clustered into OTUs. As shown in Table 3, the 
observed OTUs, read numbers, and Shannon diversity 
indices varied among the cheese types. Specifically, the 
lowest OTU number (101) corresponded to Karish cheese 
sample C1, while the highest recorded value (875) 
corresponded to Istanbuli cheese sample C15. Further, 
the Shannon diversity indices (mean = 2.3), which ranged 
from 0.30 (sample C2) to 3.27 (sample C14), indicated the 
presence of a diverse microbiota in the Egyptian 
traditional cheese samples. These findings contradict 
those of some previous studies, which showed only 
moderate variation between the diversity indices 
corresponding to different cheese types (Quigley et al., 
2012; Riquelme et al., 2015). 
 
 
Overall comparison of each cheese types 
 
In this study, 25 out of the 70 detected microbiota families 
had relative abundances above 1% in at least one of the 
cheese samples. The most abundant families, which 
showed varied relative abundances in the examined 
cheese samples, included Streptococcaceae, 
Lactobacillaceae, Leuconostocaceae, Enterococcoceae, 
Staphylococcaceae, Xanthomonodaceae, 
Pseudomonadaceae, Oceanospirrillaceae, Vibrionaceae 
and Enterobacteriaceae (data not shown). Minor families, 
such as Bifidobacteriaceae were also frequently observed. 
Thus, the Egyptian cheese samples seemingly contain a 
higher abundance of bacterial families than Italian (Marino 
et al., 2017) and Pico Portuguese (Riquelme et al., 2015) 
cheese samples. Moreover, Bifidobacteriaceae, which 
reportedly, cannot survive at salt concentrations ≥5% (De 
Castro-Cislaghi et al., 2012), was observed in four of the 
Egyptian cheese samples with high salt concentrations 
(6.4 to 12%), suggesting that some of the strains had 
developed high-salinity tolerance. This also suggests the 
possibility for their application as probiotic candidates for 
foods with high salt contents, such as cheese (Alegría et 
al., 2012; Marino et al., 2017). 

Considering a lower taxonomic level, a total of 101 
different genera were identified, 39 of which were present 

at   1%  relative  abundance  in  at least one cheese  
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Table 3. Total raw read numbers, operational taxonomic units (OTUs) and Shannon index of cheese 
samples sequencing with NGS. 
 

Sample number Raw read number Observed OTUs Shannon index 

C1 43,157 101 0.78 

C2 63,240 167 0.30 

C3 60,936 287 1.97 

C4 62,267 732 2.83 

C5 67,989 529 3.08 

C6 75,962 384 1.87 

C7 67,065 112 1.05 

C8 58,890 196 2.08 

C9 72,169 190 1.53 

C10 74,589 210 1.67 

C11 59,146 399 2.83 

C12 70,726 403 2.65 

C13 67,905 583 3.00 

C14 61,873 468 3.27 

C15 70,114 875 2.46 

C16 63,296 603 2.57 

C17 59,096 320 2.15 

C18 62,775 421 3.19 

C19 65,082 495 2.82 
 

Source: Authors 
 
 

 

sample (Figure 1A to E). Further, the results indicated that 
10 genera (Streptococcus, Lactococcus, Lactobacillus, 
Leuconostoc, Enterococcus, Staphylococcus, Lysobacter, 
Enterobacteriaceae, Pseudomonas, and Acinetobacter) 
constituted the core microbiome of the cheese samples. 
They were observed in at least 14 of the 19 examined 
cheese samples even though their proportions varied 
between samples (the Karish cheese samples did not 
show the presence of Enterococcus). Furthermore, the 
first five genera of LAB constituted the majority of the core 
microbiota in the cheese samples, indicating that they are 
responsible for the distinctive taste of the cheese samples, 
despite their varying relative abundances among the 
different cheese types. Unfortunately, the other five 
observed LAB are considered to be problematic in cheese 
environments. For example, consistent with our 
microbiological count results, the presence of 
Enterobacteriaceae is indicative of poor hygienic 
conditions (Baylis et al., 2011). Additionally, 
Pseudomonas, which usually results from the use of raw 
milk for cheese production, is responsible for various 
kinds of cheese defects and spoilage, as well as biofilm 
formation (Johnson and Sommer, 2020). In this study, 
Macrococcus and Chryseobacterium were also frequently 
detected; their presence was confirmed in 12 out of 19 
examined cheese samples. Minor genera, including 
Tetragenococcus, were also observed in three of the 
cheese samples examined in this study (relative 
abundances in the range 28 to 29.6%). Further, given that 
this study is the first, to the  best  of  the  researchers’ 

knowledge, in which Egyptian cheese samples are 
analyzed using a robust technique; the presence of 
several genera, such as Lysobacter, Chryseobacterium, 
Marinilactibacillus, Weissella, Enhydrobacter, 
Planococcaceae, Tetragenococcus, and Halanaerobium 
was reported, in Egyptian cheese samples for the first 
time. Interestingly, four genera that have not been 
previously associated with cheese were observed in this 
study. These included Lysobacter, which constituted part 
of the core microbial composition of all the 19 examined 
samples, as well as Salinivibrio, Alteromondales and 
Candidatus. 

The relative abundances of different bacteria genera 
showed obvious variations among the different cheese 
types, and in some cases, varied between samples of the 
same cheese type. Specifically, Lactobacillus spp. and 
Enterococcus species were more prevalent in Romy 
cheese samples (hard cheese); however, their relative 
abundances in soft cheese samples were much lower. 
Streptococcus showed a higher relative abundance in 
Karish cheese samples; however, its relative abundance 
in Tallaga cheese samples was lower than that observed 
in the other cheese samples. Additionally, Lactococcus 
species showed greater predominance in all the five soft 
cheese samples than in the hard one. Our results also 
indicated that Enterobacteriaceae were widespread in all 
the cheese types, showing a higher relative abundance in 
Karish cheese, which is a soft-type cheese (sample C3; 
11.8%). Further, Streptococcus spp. showed a high 
relative abundance in Karish cheese samples C1 and C2  
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Figure 1. Relative abundance of OTUs at the genus level in Karish (A), Domiati (B), Tallaga (C), Mish (D), 
Istanbuli (E), and Romy (F) cheese; only OTUs with relative abundance ≥1 % in at least one sample are 
shown. 
Source: Authors 
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(88.9 and 96.2%, respectively). The result also confirmed 
the presence of Tetragenococcus in Domiati and Istanbuli 
cheese samples, while Leuconostoc and Marinomonas 
showed very high relative abundances in Tallaga cheese 
samples. 

 
 

Karish cheese 
 
Considering the microbial communities in the individual 
cheese samples observed in this study, it was evident that 
Karish cheese samples predominantly contained LAB, 
including Streptococcus, Lactobacillus, and Lactococcus 
(Figure 1A), which were also the major part of the 
bacterial profile obtained via the TTGE analysis of Karish 
cheese (El-Baradei et al., 2005). This is consistent with 
the findings corresponding to raw milk cheese, such as 
Danish cheese (Masoud et al., 2011). Further, in this 
study, Streptococcus showed distinctive abundance and 
dominance in two of the Karish cheese samples, C1 and 
C2 (88.9 and 96.2%, respectively), while Lactococcus 
showed predominance in the third Karish cheese sample 
(sample C3, 53.1%). Thus, Streptococcus possibly 
contributes more to the fermentation of Karish cheese 
than Lactobacillus and Lactococcus species. Interestingly, 
in sample C3, with a lower Streptococcus relative 
abundance (2.2%), a high abundance of 
Staphylococcaceae (13.8%), including Staphylococcus 
and Macrococcus, was observed, suggesting that either 
Streptococcus is not a good competitor with 
Staphylococcaceae (Janek et al., 2016), or that the three 
Karish samples were not produced under the same 
standardized conditions possibly owing to the starter 
cultures that were used (Hammam et al., 2020).  
 
 
Domiati cheese 
 
In this study, Domiati cheese showed a complex and 
unique profile that reflected extensive diversity (Figure 
1B). Generally, Domiati cheese was dominated by LAB 
genera (that is, Streptococcus, Lactococcus, 
Lactobacillus, Tetragenococcus and Pediococcus) as well 
as non-LAB genera (Staphylococcus and Salinivibrio). 
However, the three Domiati cheese samples showed 
differences in the dominant bacteria. Specifically, in 
sample C4, Tetragenococcus, Lactobacillus, 
Streptococcus, and Lactococcus were dominant (29.4, 
26.9, 11.2 and 7.9%, respectively). Further, in sample C5, 
Lactococcus, Lactobacillus, Streptococcus, and 
Staphylococcus were dominant (31.6, 19.2, 9.2 and 7.7%, 
respectively), and in sample C6, Pediococcus, Salinivibrio, 
and Staphylococcus were dominant (37, 33.3 and 16.8%, 
respectively). The first study of the bacterial profile of 
Domiati cheese via TTGE and DGGE suggested that its 
bacterial content can be classified under three main 
groups, namely, dominant, frequently encountered,  and  

 
 
 
 
occasionally encountered bacterial species (El-Baradei et 
al., 2007), and in this study, all these three main groups, 
with different species categories was basically observed. 
Furthermore, via NGS, new genera in Domiati cheese that 
had not been previously identified were observed. Some 
of these newly reported genera (Lysobacter, 
Pseudomonas, Chryseobacterium, and Marinilactibacillus) 
were present in the three Domiati cheese samples; 
another (Tetragenococcus) was present in two of the 
Domiati cheese samples, while two others (Salinivibrio 
and Alteromondales) were present in one of the Domiati 
cheese samples. Most likely, Tetragenococcus spp., which 
showed predominance in sample C4, with the highest salt 
concentration (12%), considering all the six cheese types, 
survived owing to its halotolerant nature. Further, this 
bacterial genus, together with Pediococcus spp., which 
was also observed in Domiati cheese samples, could 
confer possible health benefits owing to their probiotic 
function (Marino et al., 2017). In accordance with a 
previous study (El-Baradei et al., 2007), we could 
conclude that the microbiome of most of the Domiati 
cheese samples consisted of salt-tolerant and marine 
bacteria, owing to their high salt contents, which probably 
contributed to the ripening process of the Domiati cheese 
samples. 
 
 
Tallaga cheese  
 
Regarding the Tallaga cheese samples, three (C7, C9, 
and C10) predominantly consisted of Leuconostoc spp. 
(50.1, 60.9 and 47.1%, respectively), followed by 
Marinomonas in sample C7 (43.9%), Vibrio in sample C9 
(10.3%), and Lactobacillaceae in sample C10 (29.3%). 
Conversely, Tallaga cheese sample C8 showed a 
different dominance pattern with Lactococcus showing 
predominance (46.1%), followed by Pseudomonas 
(29.6%) (Figure 1C). Interestingly, considering all the 
cheese types examined in this study, Marinomonas and 
Vibrio were only observed in the Tallaga cheese samples. 
Specifically, Marinomonas was identified as one of the 
dominant bacteria in sample C7; however, its relative 
abundances in the other Tallaga cheese samples 
(samples C9 and C10) were lower (6.6%), while Vibrio 
represented 10.3% of the total genera in sample C9 and 
0.1% in sample C10. Based on these findings regarding 
the bacterial ecosystem in Tallaga cheese, which we 
report for the first time, it could be concluded that the 
process of Tallaga cheese manufacturing is primarily a 
Leuconostoc-driven process, with contributions from other 
LAB. Findings also suggested that except for two genera 
(Marinomonas and Bacillus), the bacterial profile of 
Tallaga cheese samples was part of that of Domiati 
cheese samples; this may be attributed to the similarities 
between their manufacturing process (except for salinity 
and ripening time) (Ismail et al., 2014) Nevertheless, 
these two cheese types showed obvious differences with  



 
 
 
 
respect to the survival of some salt-tolerant bacteria, such 
as Tetragenococcus, Corynebacterium, Kocuria and 
Salinivibrio in the high-salt-containing Domiati cheese 
samples.  
 
 

Mish cheese 
 

Considering all the examined Egyptian cheese samples, 
Mish cheese appeared to have the highest bacterial 
diversity given that it harbored almost all the detected 
bacterial genera so far reported in this study (except 
Marinomonas and Vibrio) (Figure 1D). Specifically, the 
bacterial profile of the Mish cheese samples was 
predominated by LAB, and genera such as Lactococcus, 
Streptococcus, Lactobacillus, Leuconostoc, and 
Enterococcus, with different abundances, were detected 
in all the samples. Further, other genera, including LAB 
and non-LAB were detected in two and one samples, 
respectively. In particular, sample C11 was dominated by 
Lactococcus spp. (18.6%), Lactobacillus (14.9%), 
non-LAB (Lysobacter and Pseudomonas, 14.1 and 13%, 
respectively), and Streptococcus (11.1%). Other 
subdominant bacterial genera included Entero- 
bacteriaceae, Bacillus, Leuconostoc, Corynebacterium, 
Staphylococcus, and Psychrobacter (7.7, 4.6, 3.0, 2.7, 2.0 
and 2.0%, respectively). Furthermore, in sample C12, 
Lysobacter spp. was predominant and showed its highest 
relative abundance (46.7%), considering all the 19 cheese 
samples examined in this study; the next abundant 
genera were Lactococcus (10.3%) and Acetobacter 
(5.9%). Additionally, bacterial genera, including 
Lactococcus, Streptococcus, Leuconostoc, and 
Salinivibrio showed predominance in sample C13 (27.7, 
21.3, 8.7 and 8.1%, respectively), followed by 
Pediococcus (6.7%), Corynebacterium (5.2%), and 
Staphylococcus (4.9%), and given that Mish cheese is 
primarily made from Karish cheese, it contained all the 
bacterial genera observed in the Karish cheese samples. 
LAB was also identified as the dominant bacteria that 
possibly played a primary functional role in Mish cheese 
ripening owing to the favorable microaerophilic conditions 
as well as the high salt concentration, even though this 
was not consistent with the results obtained using the 
culture-dependent method, which did not show LAB 
growth (Table 2). LAB either entered the viable but 
not-culturable state (Millet and Lonvaud-Funel, 2000) or 
most probably were affected by acid stress, which is a 
self-imposed stress that leads to cell death owing to 
prolonged exposure to an acidic environment resulting 
from the accumulation of lactic acid by LAB during the 
over 1-year ripening of Mish cheese (Even et al., 2002).  
 

 
Istanbuli cheese 
 
Regarding Istanbuli cheese, a vast diversity of bacterial 
microbiota was reported for the first  time;  Lactococcus,  
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Streptococcus, Lactobacillus, and Tetragenococcus 
showed high relative abundances among the identified 
LAB. Possibly they represented the major contributors to 
cheese flavor and the cheese ripening process; other LAB 
and non-LAB, with different relative abundances, were 
also frequently detected (Figure 1E). For individual 
samples, Lactococcus, Streptococcus, Aerococcus, and 
Staphylococcus were identified as the dominant genera in 
sample C14 (18.8, 14.4, 11.6 and 8.2%, respectively), 
followed by others; Streptococcaceae (7.5%), 
Pediococcus (6.9%), and Enterobacteriaceae (6.8%). 
Further, minor genera, with relative abundance below 5%, 
including, but not limited to Lactobacillus, Pseudomonas, 
Enterococcus, Macrococcus, Chryseobacteria, 
Acinetobacter, Marinilactibacillus, Halanaerobium, 
Enhydrobacter, and Alteromondalis, were also detected. 
In sample C15, Lactobacillus, Tetragenococcus, and 
Staphylococcus showed predominance (35.9, 29.6, and 
17%, respectively), whereas sample C16 primarily 
consisted of Streptococcus (31.6%), Tetragenococcus 
(28%), Lactococcus (12.6%), and Lactobacillus (11.6%). 
Interestingly, Istanbuli cheese samples C15 and C16 
showed the highest prevalence of Tetragenococcus 
(28-29.6%) and along with Domiati cheese sample C4, 
the highest prevalence of Kocuria, a minor genus 
(1.1-1.6%). In general, the genus level bacterial profile 
and diversity corresponding to Istanbuli and Domiati 
cheeses showed several similarities, possibly owing to 
their high salinities, which allowed the survival of 
salt-tolerant and marine bacteria. Reportedly, Kocuria 
spp., which have been isolated from milk and fermented 
dairy products in India, is associated with Domiati cheese 
(El-Baradei et al., 2007), and their psychrotropic and 
salt-resistant nature may be the reason for their growth in 
cheese (Patil, 2019).  
 
 

Romy cheese 
 

Contrary to the variation of bacterial communities among 
soft cheese samples of the same type, the hard cheese 
samples (Romy cheese samples) showed great similarity 
(Fig 1F). Specifically, Romy cheese samples C17, C18, 
and C19, were dominated by Lactobacillus spp. (54.8, 
31.3, and 32.2%, respectively), followed by 
Staphylococcus (22.6%) in sample C17, Enterococcus 
(30.7%) in sample C18, and Streptococcaceae (19.4%), 
Lactococcus (16.3%), and Leuconostoc (13.3%) in 
sample C19. Further, minor genera, such as 
Pseudomonas, Enterobacteriaceae, Chryseobacterium, 
Weissella, and Propionibacterium, were also detected in 
all these three samples; however, with different relative 
abundances. Further, the latter two species showed more 
notable relative abundances in the Romy cheese samples 
than in the other cheese types. The results here reported 
are similar to those obtained after the first systematic 
profiling of Romy cheese using NGS, which identified 
Lactobacillus,  Staphylococcus,  Streptococcus,   and
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Figure 2. Principal component analysis (PCA) of cheese microbiota at the OTU level according to the 
cheese type. Each plot is indicated as a different shape and color depending on sampling location 
(supermarket [cone] and local market [circle]) and cheese types (Karish [red], Domiati [blue], Tallaga 
[green], Mish [purple], Istanbuli [orange] and Romy [yellow]). 
Source: Authors 

 
 
 
Lactococcus as the dominant bacterial genera, and 
possibly, these are primarily responsible for the sensory 
attributes and ripening process of Romy cheese. 
Furthermore, these bacterial genera have also shown 
dominance in Gouda cheese, which is manufactured via a 
similar process. However, the proportion of 
Staphylococcus in Romy cheese (1.5-22.6%) was found 
to be slightly higher than that in Gouda cheese 
(2.0-13.4%). However, the relative abundance of 
Lactococcus in the Romy cheese samples examined in 
this study (1.3-16.3%) was lower than that previously 
observed for Gouda cheese (40.1-49.1%) (Salazar et al., 
2018). Differences between the commonly used milk or 
starter cultures employed may explain this variation.  
 
 
Differences in microbial community structure by PCA 
 
PCA was performed to investigate the possibility of 
clustering bacterial communities according to cheese type  
and salt concentration. The results thus obtained (Figure 
2) indicated that most of the samples tended to show 
clustering according to cheese type, and the highest 
homology corresponded to Karish cheese samples C1 
and C2, excluding sample C3. Further,  Tallaga  cheese 

samples C7, C9, and C10, excluding sample C8, all of 
which were obtained from local markets, showed 
clustering. It was observed that for Mish, Istanbuli, and 
Romy cheese samples, two out of three samples showed 
clustering with relatively lower homology compared with 
the Karish and Tallaga cheese samples that showed 
clustering. However, in the case of Domiati cheese, the 
three samples, C4, C5 and C6 did not show any clustering, 
possibly because the high salt concentration of sample C4, 
which was approximately double those of samples C5 and 
C6, might have resulted in the clustering of this sample 
with other high-salt-containing samples (Istanbuli cheese 
samples C16 and C15). Further, the three cheese 
samples C11, C3, and C13 which were all obtained from 
the local market, showed another clustering despite them 
originating from different cheese types. Thus, it could be 
suggested that three factors, cheese type, salinity, and 
manufacturing technique/market type, are primarily 
responsible for the bacterial microbiota composition of 
traditional Egyptian cheeses. The majority of the cheese 
samples, excluding Domiati cheese samples, could also 
be clustered based on their type. Particularly, the greatest 
homology was observed in low-salt-containing cheese 
samples (Karish and Tallaga cheese samples), while 
high-salt-containing Domiati cheese samples did not show  



 
 
 
 
any clustering based on cheese type. They rather showed 
clustering with other samples of different cheese types 
probably owing to their high salt concentration. Moreover, 
samples obtained from the local market showed a third 
clustering pattern. This finding highlights the importance 
of the standardization of processing techniques for the 
analysis of different dairy producers so that harmonized 
results can be obtained. In general, it is understood that 
no particular factor decisively determines the composition 
of the microflora of the complex cheese environment; a 
set of factors, from farm to fork, with relevance to industry 
have been previously discussed in this regard (Marino et 
al., 2017; Montel et al., 2014; Yeluri et al., 2018).  
 
 

Conclusion 
 

This study is the first in which the bacterial communities in 
traditional Egyptian cheese samples were investigated via 
16S rRNA gene amplicon sequencing analysis. Based on 
NGS technology, various LAB known for their probiotic 
properties, constituted a major part of the bacterial profile 
of the cheese samples examined in this study. 
Unfortunately, the presence of pathogenic bacteria and 
bacteria with cheese spoilage ability was also confirmed. 
These results, in combination with those obtained using 
culture-dependent approaches, suggest a public health 
risk, the production of low-quality cheese with possible 
defects, and poor GMP. Regardless, the results of this 
study provide valuable information that can help cheese 
producers obtain specific and standardized 
characterization, minimize product variation, and 
enhanced cheese quality as well as safety. 
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