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Abstract 1 

Bacterial biodiversity occurring in traditional Egyptian soft Domiati cheese was 2 

studied by PCR-temporal temperature gel electrophoresis (TTGE) and PCR-denaturing 3 

gradient gel electrophoresis (DGGE). Bands were identified using a reference species 4 

database (J. C. Ogier, V. Lafarge, V. Girard, A. Rault, V. Maladen, A. Gruss, J-Y. 5 

Leveau, and A. Delacroix-Buchet, Appl. Environ. Microbiol. 70:5628–5643, 2004); de 6 

novo bands having non-identified migration patterns were identified by DNA sequencing. 7 

Results reveal a novel bacterial profile and extensive bacterial biodiversity in Domiati 8 

cheeses, as reflected by the numerous bands present in TTGE and DGGE patterns. The 9 

dominant lactic acid bacteria (LAB) identified were: Leuconostoc mesenteroides, 10 

Lactococcus garvieae, Aerococcus viridans, Lactobacillus versmoldensis, Pediococcus 11 

inopinatus and Lactococcus lactis. Frequent non-LAB species were numerous coagulase 12 

negative Staphylococci, Vibrio sp., Kocuria rhizophila, Kocuria kristinea, Kocuria 13 

halotolerans and Arthrobacter sp./Brachybacterium tyrofermentans. This is the first time 14 

that the majority of these species are identified in Domiati cheeses. Nearly all the 15 

dominant and frequent bacterial species are salt-tolerant, and several correspond to 16 

known marine bacteria. As Domiati cheese contains 5.4-9.5% NaCl, we suggest that 17 

these bacteria are likely to have an important role in the ripening process. This first 18 

systematic study of the microbial composition of Domiati cheeses reveals great 19 

biodiversity, and evokes a role for marine bacteria in determining cheese typicity.  20 
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Introduction 1 

Domiati cheese (Gbnah Beeda) is the most popular soft white pickled cheese in Egypt, 2 

and makes up about 75% of the cheese produced and consumed in the country (52). It 3 

differs chiefly from other pickled cheese varieties such as Feta, Brinza or Telema cheese, 4 

in that the milk is salted at the first step of its manufacture. The proportion of salt (5-14%) 5 

depends on the season of manufacture and on the temperature of cheese ripening (1). The 6 

cheese is made from either whole cow or buffalo milk or a mixture of the two. The salted 7 

milk can be curdled fresh or sometimes after pasteurization, without the addition of any 8 

starter cultures. The cheese can be consumed either fresh or, more often after pickling in 9 

salted whey or brine solution for up to 2-4 months.  10 

During the last decades, several investigators have isolated and identified different 11 

lactic acid bacterial species from Domiati cheese, such as Lactococcus lactis subsp. 12 

lactis, Lactobacillus delbrueckii subsp. bulgaricus, Lb. casei (21), Lb. farciminis, Lb. 13 

alimentarius, Enterococcus faecalis, Ec. faecium (16), Lb. plantarum, and Lb. paracasei 14 

(15). Other bacterial species were also isolated, including coliforms (2), Micrococcus sp. 15 

(20), Arthrobacter sp. (14), Propionibacterium jensenii, Microbacterium lacticum, 16 

Brevibacterium linens (16), Staphylococcus aureus (9) and Aeromonas sp. (8). In all the 17 

above-mentioned studies, results were obtained using culture methods. 18 

Recently, molecular methods such as temporal temperature gel electrophoresis; 19 

TTGE and/or denaturing gradient gel electrophoresis; DGGE  (5,17, 38) were 20 

successfully used to identify the bacterial biodiversity of different types of cheese such 21 

as: artisanal Sicilian cheese (43), Stilton (18), Mozzarella (6, 19, 34), Beaufort, Saint 22 

Nectaire, Morbier, Epoisse (41), Mish (10), Karish (11) and hard Ras cheeses (13). 23 
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Large-scale analyses of dairy samples in INRA, France has led to the establishment of a 1 

reference database, allowing comparative identification of some 170 bacterial species, 2 

including some food pathogens (41). The aim of this work was to use these molecular 3 

methods to characterize the bacterial biodiversity of the popular Egyptian Domiati 4 

cheese. 5 

 6 
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Material and methods 1 

 2 

Sampling:  3 

Eleven samples of Domiati cheese made by traditional methods were collected aseptically 4 

from different cheese producers coming from Alexandria, Behira, and Domiatta 5 

governorates. Gross analysis of Domiati cheese samples showed that moisture, salt 6 

content and pH values ranged between 59.83 and 63.15%, 5.46 and 9.50%, and 5.30 and 7 

6.15 respectively. 8 

 9 

Genomic DNA extraction  10 

Total genomic DNA was extracted from each Domiati cheese sample (7 g) as previously 11 

described (41). After a protein digestion step by the pronase (Boerhinger, Mannheim, 12 

Germany), bacterial cells were mechanically lysed. DNA purification was performed as 13 

previously described (7). Pellets of DNA were then dissolved in 100 µl Tris-EDTA buffer 14 

plus RNase (Sigma, Saint Quentin Fallavier, France) and then analyzed by 0.8 % agarose 15 

gel electrophoresis.  16 

 17 

PCR amplification  18 

Amplicons for TTGE and DGGE analyses were prepared by performing two successive 19 

PCR reactions using the Gene Amp System Model 2400 (Perkin Elmer, France), and 20 

appropriate primers, as listed in Table 1. First, a 700 pb fragment of the 16S rDNA gene 21 

including the V3 region was amplified with primers W01 and W012. Second, the V3 22 

region of 200 pb was amplified using HDA1-GC and HDA2 primers. The PCR reaction 23 
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mixtures and amplification programs were as previously described (40). Size and 1 

quantities of PCR products were determined by 2% agarose gel electrophoresis (Seakem 2 

CTG agarose, TEBU, France) against a standard containing DNA fragments of defined 3 

lengths (Smart Ladder, France). 4 

 5 

TTGE and DGGE analyses  6 

TTGE and DGGE analyses of V3 amplicons were applied on 16 cm x 16 cm x 1 mm gels 7 

(Bio-Rad DCode universal mutation detection system; Marnes La Coquette, France) and 8 

performed as previously described (41). After runs, gels were stained for 15 min with an 9 

ethidium bromide solution (0.5 µg/ml of TAE buffer 1x), rinsed for 20 min in TAE 1x 10 

buffer, and photographed on a UV transillumination table.  11 

 12 

Gel analysis and band identification using species database 13 

TTGE and DGGE gels were analyzed by the Gel Compar software (Applied-Maths, 14 

Belgium) as previously described (41). The software standardizes TTGE and DGGE 15 

profiles to minimize migration differences between gels by alignment of the identification 16 

ladder with a standard gel (40). Band identifications are performed by comparison to a 17 

species database, which include TTGE and DGGE fingerprints of about 170 bacterial 18 

species isolated from dairy ecosystems (41). In some cases, specific PCR tests and/or 19 

cloning and sequencing were undertaken to confirm species assignments, or to 20 

distinguish between co-migrating species. 21 

 22 

 23 
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Species-Specific PCR tests 1 

Specific PCR tests were carried out using different species-specific primers (Table 1) on 2 

DNA obtained from the cheese samples. Primers (MWG Biotech AG, Ebersberg, 3 

Germany) were prepared at a final concentration of 60 µM in deionized autoclaved water. 4 

PCR was performed in the GenAmp System Model 2400 (Perkin Elmer, France), and all 5 

reactions were carried out following conditions previously provided by the authors (Table 6 

1). Sizes of PCR products were determined using 1.5% agarose gel electrophoresis 7 

(Seakem CTG agarose, TEBU, France). 8 

 9 

Sequencing of bands 10 

Some bands obtained from TTGE and DGGE analyses for Domiati cheese samples were 11 

excised, purified, cloned and sequenced, as described (40). Sequences of the cloned of the 12 

V3 16S rDNA were compared to those present in the Ribosomal Database (31) to 13 

determine the closest known relative species. 14 

 15 

Enumeration of different bacterial groups  16 

Domiati cheese samples (11 g) were emulsified in 99 ml of sterile 2% (w/v) tri-sodium 17 

citrate solution (Merck), and homogenized using a mechanical blender ultra-turrax 18 

(19,000 rpm for 45 s). Serial dilutions were prepared in sterile 1% (w/v) peptone water, 19 

plated on selective agar medium using a spiral platter (Spiral system, Cincinatti, USA) 20 

and incubated at the appropriate temperatures (Table 2). Bacterial enumerations were 21 

done on: M17 (Difco, Elancourt, France) for Lactococci and Streptococci, MRS (Difco) 22 

(pH adjusted to 5.2) for mesophilic and thermophilic Lactobacilli, MSE (35) for 23 
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Leuconostoc, BEA (Difco) for Enterococci, MSA (Difco) for Staphylococci, BHI (Difco) 1 

supplemented with 5% (wt/vol) NaCl for salt tolerant flora, YEL (yeast extract-sodium 2 

lactate medium) for Propionibacterium sp., VRBA (Difco) for total coliform, and 3 

cetrimide fucidin cephalosporin (CFC) agar (Oxoid) for Pseudomonas sp.  4 

 5 
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Results 1 

 2 

Considerable bacterial biodiversity exists within the 11 samples of Domiati 3 

cheese that were analyzed by TTGE and DGGE (Fig 1 and 2). In TTGE profile, all 4 

cheese samples showed complex profiles ranging from 7 bands (Fig. 1, sample 6) to 18 5 

bands (Fig. 1, sample 8). In DGGE profiles, some Domiati cheese samples showed 6 

relatively simple profiles with 5 bands (Fig. 2, sample 1), whereas, other samples showed 7 

17 bands (Fig. 2, sample 6).  8 

 9 

Biodiversity among low GC % species present in Domiati cheeses.  10 

TTGE profile of the Domiati cheese samples revealed 29 different bands (Fig 1). 11 

Among them, 22 could be potentially identified using the species database, while 7 others 12 

(a, b, e, n, w, x and z, Fig. 1) were novel. Results showed different major bands, 13 

corresponding to Leuconostoc mesenteroides (band k), Lactococcus garvieae (bands c), 14 

and Aerococcus viridans (band d) (Fig 1). High band intensities and frequencies for these 15 

species may reflect their strong dominance in Domiati cheese samples. The presence of 16 

these 3 species was further confirmed using species-specific PCR tests (Table 3) and/or a 17 

cloning and sequencing strategy (Table 4). Other major bands (p, t, u, and w, Fig. 1) gave 18 

ambiguous assignments using the reference database, and were then sequenced for some 19 

Domiati samples. They were identified as close relatives of Staphylococcus sciuri (band 20 

p), Pediococcus inopinatus/Macrococcus caseolyticus (band t), Lactobacillus 21 

versmoldensis (band u), and Vibrio sp. (band w) (Table 4). We note that some bands may 22 

correspond to different bacterial species (Table 4).   23 
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Lactococcus lactis (band b’) appeared as a relatively major band, as observed 1 

from the TTGE profile (Fig. 1). The presence of Lc. lactis was confirmed in all tested 2 

samples using a species-specific PCR assay (Table 3). In most cases, subspecies 3 

belonging to the same species (e.g., Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris) 4 

could not be differentiated by the TTGE approach (40). Specific PCR tests were then 5 

applied to determine which one was more dominant in the Domiati cheese samples. Lc. 6 

lactis ssp. lactis was detected in all 11 samples, whereas Lc. lactis ssp. cremoris was 7 

detected in only 3 samples (Table 3). The presence of Lc. lactis ssp. lactis was also 8 

confirmed by sequencing of the corresponding bands (Table 4).  9 

Many other bacterial species, belonging to different genus (e.g. Lactococcus, 10 

Lactobacillus, Leuconostoc, Enterococcus, Streptococcus, Pseudomonas and 11 

Acinetobacter), were identified as subdominant or minor species in Domiati cheeses (Fig 12 

1). Most of the bands assignment using the species database was confirmed by specific 13 

PCR tests and/or cloning and sequencing strategies (Tables 3 and 4). These 14 

complementary tests were very useful to identify precisely the bacteria at species level. 15 

For example, the band “g” was identified as Lb. plantarum and Lb. pentosus by reference 16 

database and also by band sequencing (Fig 1 & Table 4), whereas, using the specific PCR 17 

tests, Lb. plantarum was absent (Table 3). Consequently, it supposed that this band might 18 

be corresponding to Lb. pentosus. 19 

 20 

Biodiversity among high GC % species present in Domiati cheese  21 

The DGGE profile for Domiati cheese samples (Fig 2) included 31 different bands. The 22 

species database allowed identification of only 21 bands, whereas the other 10 (d, e, j, q, t, 23 
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v, x, c’, d’ and e’, Fig 2) could not be identified. The major bands (Fig 2) putatively 1 

identified were Kocuria kristinae or Brevibacterium linens (band a’) and 2 

Propionibacterium acidipropionici or Kocuria sp. (band b’). Species-specific PCR assay 3 

failed to identify Br. linens (Table 3), thus making it likely that band a’ was amplified 4 

from K. kristinae. Sequencing of the V3 region fragment of band b’ identified K. 5 

rhizophila as the species (Table 4). Some other frequent bands of moderate intensity 6 

identified Klebsiella pneumoniae (band a), Arthrobacter sp./Brachybacterium 7 

tyrofermentans (band s) Corynebacterium  variabile (band g), and Propionibacterium 8 

freudenreichii (band z) as the corresponding species. Other bacterial species were 9 

identified by DDGE approach (Fig 2) and confirmed in some cases; E. coli (band b), 10 

Citrobacter freundii (band c), Lb. casei (band m) and Br. casei (band y) (Tables 3 and 4).  11 

 12 

Enumeration of different bacterial groups  13 

Several selective media were used to enumerate the different bacterial groups 14 

present in Domiati cheese samples (Table 2). The highest bacterial counts (ranged 15 

between 7.1 and 7.6 log10 cfu/g) were obtained in MSA medium which is generally 16 

selective for the staphylococcal populations. Total coliforms were recorded as the lowest 17 

numbers of cells (2.1-3.8 log10 cfu/g). The counts of salt tolerant flora ranged between 6.4 18 

and 7.1 log10 cfu/g. In general, the counts of coccal LAB (Lactococcus, Streptococcus, 19 

Leuconostoc and Enterococcus), presented in Table 2, were higher than that of rod 20 

members of LAB (mesophilic and thermophilic lactobacilli).  21 

 22 
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Discussion 1 

 2 

Traditional cheeses like Domiati are widely consumed regionally, and also 3 

contribute to the cultural heritage. To date, little was known about the bacterial 4 

communities responsible for fermentation and ripening of Domiati cheese. This is due in 5 

part to the sole use of culture-dependent methods for bacterial identification, which 6 

provide relatively poor discrimination of species present in a product. In particular, media 7 

used for isolation might fail to monitor bacteria that cannot multiply outside the cheese 8 

environment (40).  9 

The combination of molecular tools (i.e., PCR-TTGE, PCR-DGGE, species-10 

specific PCR assays and cloning/sequencing analyses) allowed us to identify 46 different 11 

bacterial species that are present in Domiati cheese. Most of the bacteria were first 12 

presumably identified by assignation of the TTGE/DGGE bands to a complex species 13 

database (40, 41). But the limit of this method concerns the species co-migrations. 14 

Despite sequence differences, the Tm values of co-migrated V3 fragments are similar and 15 

thus they migrate at the same position in denaturing gels (37). To confirm species 16 

assignments or to distinguish between co-migrating species, species-specific PCR tests 17 

and/or cloning and sequencing were performed. This strategy proved to be very useful to 18 

more precisely identify the bacterial species. According to the frequency and intensities 19 

of the bands on TTGE and DGGE gels [TTGE/DGGE methods are considered as semi-20 

quantitative techniques (53) and generally, band intensities reflect the relative proportion 21 

of each species in the total bacterial population (39)], we could differentiate the bacterial 22 

population of Domiati cheeses in three groups: (i) the first is composed of dominant 23 
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bacterial species (they are almost identified in each sample), e.g. Leuconostoc 1 

mesenteroides, Lactococcus garvieae, Aerococcus viridans, Lactobacillus versmoldensis, 2 

Pediococcus inopinatus/Macrococcus caseolyticus and Lactococcus lactis subsp. lactis. 3 

The bacteria of this group may play the main role in the fermentation and organoleptic 4 

properties of Domiati cheeses, because of their common presence in the tested samples; 5 

(ii) the second is composed of frequently encountered bacterial species. These bacteria 6 

belonged to both LAB species, e.g., Leuconostoc citreum, Lb. casei, Lb. johnsonii, St. 7 

thermophilus, Ec. faecalis and Ec. faecium/Leuconostoc pseudomesenteroides; and non-8 

LAB species, e.g. Vibrio sp., K. kristinae, Co. variabile, K. rhizophila, Arthrobacter 9 

sp./Bb. tyrofermentans, plus numerous species of coagulase negative staphylococci  and 10 

(iii) The third group is consisting of occasionally encountered bacterial species, e.g., Lc. 11 

raffinolactis,  Acinetobacter lwoffii, S. lentus, Staphylococcus chromogenes, Enterobacter 12 

cloacae/ Kl. oxytoca. The bacteria of the second and third groups may have a secondary 13 

activity in the fermentation process of Domiati cheeses, but their origin and potential role 14 

would need further investigations, as well as for bacteria of the first group. 15 

Domiati cheese manufacture involves several technological steps, including 16 

natural fermentation of milk, salting, renneting, and ripening (pickling) in brine or salted 17 

whey solutions. The salt added to cheese milk plays an important role during 18 

manufacturing, by favoring or inhibiting bacterial growth (the salt content in our cheese 19 

samples ranged between 5.46 and 9.50 percent of wet weight). Many of the identified 20 

bacterial species could be recognized as partially or totally salt tolerant bacteria, e.g., Ln. 21 

mesenteroides, Lb. versmoldensis (up to 14% salt tolerance, 28), Lc. lactis subsp. lactis, S. 22 

saprophyticus, K. rhizophila, K. halotolerans, Bb. tyrofermentans (up to 16% salt 23 
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tolerance, 48), K. kristinae, and Mb. gubbeenense. In some cases, the identified species 1 

were directly related to a marine environment, e.g., Lc. garvieae, [which often occurs in 2 

dairy environments (3, 12, 23) and considered as one of the major pathogens responsible 3 

for fish mortality (44)], Aerococcus viridans, Vibrio sp. and marine sediment bacterium. 4 

As previously described (47), our results indicate that salt tolerant and marine bacteria 5 

may play a role in the ripening process of Domiati cheese. Other studies on red-smear 6 

soft cheeses demonstrated that a fraction of cheese flora was composed of 7 

microorganisms related to marine environment (22, 32).  8 

This study allows to clarify reports on the occurrence of staphylococcal species in 9 

Domiati cheese, as numerous species have been identified by molecular tools. These 10 

results reflected the high bacterial counts on MSA medium (7.1-7.6 log10 cfu/g). Previous 11 

studies focused on the occurrence of S. aureus, because of its important role in food 12 

poisoning. Our results indicate a relative predominance of S. sciuri and S. saprophyticus 13 

(both coagulase negative staphylococci) in Domiati cheese. Fortunately, S. aureus was 14 

detected in only one cheese sample, indicating either that good sanitation procedures 15 

were applied during Domiati cheese manufacturing, or that S. aureus is not a good 16 

competitor with other bacterial species (36). This study also revealed the presence of 17 

other coagulase negative staphylococci; S. simulans and S. chromogenes were identified 18 

for the first time in Domiati cheese. These species are common causes of sub-clinical 19 

mastitis (27, 29). However, it is notable that S. simulans produces lysostaphin, a cell wall-20 

degrading enzyme that lyses practically all known staphylococcal species (45), and has 21 

recently been developed for its bactericidal anti-staphylococcal effects (49). Its presence 22 

might actually control development of populations of susceptible staphylococci in 23 
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Domiati cheese. Other bacterial species known to cause mastitis were also identified (e.g., 1 

St. parauberis, S. epidermidis, Citrobacter freundii and Serratia marcescens), but were 2 

detected as minor species. 3 

In this present study, several bacterial species (never previously isolated by 4 

culturing from Domiati cheese) have been detected, for the first time in Domiati cheese 5 

samples, e.g., LAB (Lc. garvieae, A. viridans, Pediococcus inopinatus, Lb. 6 

versmoldensis, Lb. johnsonii and Ln. citreum and St. parauberis), and non-LAB (Ps. 7 

putida, S. sciuri, S. chromogenes, S. simulans, Macrococcus caseolyticus, Ci. freundii, Co. 8 

variabile, Mb. gubbeenense, Pr. freudenreichii, K. rhizophila, K. halotolerans/Rothia sp. 9 

and marine sediment bacterium). These results confirm the interest to use the molecular 10 

methods for exhaustive and precise identification of complex microbial biodiversity 11 

occurring in artisanal cheeses such as Domiati. 12 

The considerable bacterial biodiversity found in Domiati cheeses may explain the 13 

heterogeneous production of cheeses available in Egyptian markets. It is expected that 14 

each bacterial species present in Domiati cheese may contribute in some way to the 15 

ripening process, but would vary according to its tolerance toward the probably highly 16 

variable cheese production conditions (e. g. salt concentrations, pH, ripening 17 

temperatures and type of the pickling solutions; whey or brine).   18 

 Although traditional Domiati cheese is made from raw milk without addition of 19 

any starters, most of the identified dominant bacteria belonged to LAB. Nevertheless, 20 

improvements in Domiati cheese manufacture may be necessary to obtain a safe and 21 

homogenous product. This would require the systematic use of clean raw materials, 22 

controlled manufacturing steps and selection of the appropriate LAB for the ripening 23 
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process. The origin and role of the salt tolerant and marine bacteria present in Domiati 1 

cheese should be further investigated. Finally, the application of culture methods will be 2 

valuable for the isolation of “positive” bacteria that characterize Domiati cheese, for 3 

future use as cheese starter cultures. 4 
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