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Abstract
The microbial quality of dairy products is of major concern to the Lebanese consumers due to the possibility of microbial 
contamination during the production process. The purpose of this study was to assess the microbial load of packaged and 
unpackaged samples of Labneh and Halloumi cheese and to determine the prevalence of antimicrobial resistance among 
the isolated bacteria. A total of 30 samples (15 Labneh & 15 Halloumi cheese samples) were collected in Beirut district, 
Lebanon. This study showed that the unpackaged samples of Labneh and Halloumi cheese were 9.7 folds more contami-
nated (in term of total bacterial count) compared to the packaged samples. The mean counts of S.aureus and total coliforms 
showed a higher significant level in Halloumi compared to Labneh samples without exceeding the normal respective ranges 
of Lebanese standards. Our findings showed no significant difference in the count of S. aureus, coliforms, yeast and molds 
in the packaged samples of Labneh compared to the unpackaged ones. Significant differences in terms of APC were found 
between the packaged and unpackaged Halloumi samples with the latest being more contaminated, though within the nor-
mal Lebanese standards. Finally, isolated S.aureus and E.coli revealed resistance to some antibiotics.

Key words: Antibiotic Resistance; Food Safety; Halloumi Cheese; Labneh; Microbial Assessment 

Introduction
 Dairy products play an important role in maintaining body in-
tegrity and health well-being as well as reducing risks of many 
nutritional deficiency diseases through their composition of 
minerals, fats, proteins, carbohydrates and vitamins [1]. The 
high protein and lipid content in dairy products is considered 
to be an ideal environment for the growth of wide range of 
microorganisms with resultant spoilage of the product as well 
as serious health risks to consumers [2].
The potential hazards and biological risks in the dairy sector in 
Lebanon have also been assessed by the United Nation Indus-
trial Development Organization (UNIDO) scientific committee 
and the identified risks were also alarming [3]. Currently, the 
microbial quality of dairy products is of major concern to the 
Lebanese consumers due to the major problems in the safety 
and quality control in many dairy industries. Bacterial contam-
ination of dairy products can originate from different sources 
such as industrial water, poor hygiene, transport and milk col-
lection conditions, and inferior quality raw milk [2]. Most con-
taminants of dairy products are coliforms and psychrotrophic 
group of microorganisms [4]. However, the predominant hu-
man bacterial pathogens that can potentially be transferred to 

milk include mainly Listeria monocytogenes, Salmonella sp., 
Staphylococcus aureus, and pathogenic Escherichia coli [5]. 
Labneh (strained yogurt) is a traditional dairy product in the 
Middle East, known as strained yogurt in Greece and the rest of 
Europe. It is a semi-solid dairy product obtained from yogurt 
after removal of part of its whey and water soluble compounds. 
Concentrated yogurt is produced either from cow, goat or sheep 
milk using either traditional or mechanical methods [6]. 
Additionally, brined cheeses are the most important family of 
cheeses for East-Mediterranean and neighboring countries [7]. 
The very well-known cheese and widely consumed in Lebanon 
and neighboring countries is Halloumi cheese. It is a member 
of the white brined cheeses family mainly made from sheep 
milk, goat milk or cow milk, and is classified as a semi hard to 
hard cheese, elastic without holes, and easily sliced [8]. 
Halloumi cheese is generally considered a safe and nutritious 
food, but foodborne illnesses linked to cheese consumption 
have been occurred in many countries [9].The factors that de-
fine the spoilage rate of cheese products are water activity, pH, 
storage temperature, characteristics of the lactic starter culture, 
types and viability of contaminating microorganisms, and the 
characteristics and quantities of residual enzymes [10].
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The presence of microbes in dairy products might be attrib-
uted to several reasons including the quality and safety of raw 
milk, improper thermal treatment (pasteurization) of raw milk, 
and poor hygienic practices during production process of dairy 
products, utilization of non-potable water, improper handling 
of products or due to inadequate packaging and storage condi-
tions [11].
Another major concern about bacterial pathogens of dairy 
products is that antimicrobials are frequently used for pre-
vention and treatment of bovine infectious diseases such as 
mastitis [12]. Currently, the major worldwide public concern 
and health hazards associated with the use of antibiotics in 
livestock productions is the development of the antimicrobial 
resistant bacterial strains of animal origin and its consequent 
effect on human health [13]. It is generally accepted that anti-
microbial resistant bacteria are produced, maintained and dis-
seminated as a result of selection pressure induced by the use 
of antimicrobial drugs [14].
The outspread use of antibiotics, more specifically their un-
restricted and indiscriminate use in agriculture, is threatened 
by the emergence of high level of antibiotic resistance of im-
portant pathogens [15]. The classes of antimicrobial drugs that 
are widely used in agriculture at the global level, which are 
of growing scientific concern with regards to their potential 
adverse effects and risk management steps, include the tetracy-
clines, aminoglycosides and β-lactams antibiotics [16].
Therefore, the principal aim of the current study is to assess 
the microbial load of different samples of the widely consumed 
Lebanese dairy products as Labneh and Halloumi cheese 
(packaged and unpackaged) collected from different retail mar-
kets in Beirut district. Another objective is to determine the 
prevalence of antimicrobial resistance among the pathogenic 
bacteria isolated from the collected dairy products.

Materials and Methods
Sampling
A total of 30 samples of two types of dairy products (Labneh 
and Halloumi cheese) were collected from different supermar-
kets and retail markets at Beirut district. The samples were 
packaged Labneh (8 samples), unpackaged Labneh (7 sam-
ples), packaged Halloumi cheese (8 samples) and unpackaged 
Halloumi cheese (7 samples). Cheese samples were collected 
with the brine used in the storage processes. All samples were 
transported directly to the laboratory in a cool box. Microbial 
analysis of these samples was conducted immediately and all 
analyses were performed in duplicate.
25 g of each collected dairy sample were transferred and placed 
aseptically in a sterile plastic bag containing 225 ml of sterile 
saline solution for homogenization. Homogenization was car-
ried out using stomacher machine (Model, 1605 BL Smart) for 
3 minutes. Following homogenization, ten-fold serial dilutions 
up to 103 were prepared and inoculated on appropriate media 
[17]. The pH values were measured in Labneh and Halloumi 
cheese samples using pH meter.
Microbial Analysis
Evaluation of microbiological criteria in dairy products is a vi-
tal step to ensure efficiency of any food safety plan. The level 
of coliforms is a crucial criterion to monitor processing and 
hygienic conditions. Furthermore, the aerobic plate count is 
one of the most common tests applied to indicate the microbial 
quality of food (El-Ziney, 2018). 
Aerobic plate counts (APC), total coliforms, Staphylococcus 

aureus, and yeasts/molds counts were determined for each 
sample, as well as the presence or absence of different types of 
coliforms such as Escherichia coli, Enterobacter sp., Citrobac-
ter sp. and Shigella.
Determination of Aerobic Plate Count (APC)
The most common procedure for the enumeration of bacteria 
is the aerobic plate count. It’s one of the microbial indicators 
for food quality [18]. 1 ml of each dilution was inoculated and 
spread onto plate count agar (PCA) (Himedia). The sample 
was left to dry on agar plate and then incubated at 35±1°C for 
48±2 hours. Colony counts were made using colony counter 
and recorded as CFU/g [18,19].
Detection and Isolation of Total Coliform
For total coliform count, 1 ml of each dilution was spread even-
ly on a dried surface of MacConkey agar (Himedia). All inocu-
lated plates were incubated at 35±1°C for 24±2 hours. Finally, 
colony count was made using colony counter and recorded as 
CFU/g. Typical isolated colonies were picked and cultured on 
nutrient agar slants and incubated at 35±1°C for 24±2hours for 
further identification using biochemical confirmatory tests as 
catalase test, citrate, indole, methyl red, Voges-Proskauer test 
and urease production [19].
Detection and Isolation of Staphylococcus aureus
The isolation, enumeration and identification of S. aureus were 
carried out using standard methods of USFDA [20]. S. aureus 
was detected and enumerated via surface plating 1 ml of each 
dilution on Baired Parker media agar (BPA) (Himedia) and in-
cubating plates at 35±1°C for 48 ±2 hours. Colonies with typi-
cal S. aureus morphology appeared as black, convex and with 
or without light halo. The number of colonies was enumerated 
and recorded as CFU/g [19].
Isolation of Yeast and Molds 
Yeast and molds were isolated and counted from the differ-
ent dairy products using Sabouraud dextrose agar (SDA) (Hi-
media). 1 ml of each diluted sample was spread evenly on a 
dried surface of SDA and plates were incubated at 25±1°C for 
5 days. The number of colonies was enumerated and recorded 
as CFU/g [21]. This procedure is based on the Food and Drug 
Administration of the United States (USFDA) [22].
Antibiotic Susceptibility Test
The isolates were revived by sub-culturing on nutrient agar at 
35±1°C for 24±2 hours before being used for antibiotic suscep-
tibility testing. The isolates were tested for their susceptibility 
to 4 different antimicrobial drugs namely Tetracycline (TCE 
30μg), Penicillin (pcn 10μg), Ampicillin (amp 25μg), and 
Erythromycin (ERY 15μg) using the disk-diffusion method as 
set by the Clinical and Laboratory Standards Institute [22]. The 
antibiotic disks (Oxoid) were gently pressed to ensure their 
contact with the inoculated Mueller-Hinton agar surface, and 
the plates were incubated at 35±1°C for 24±2 hours. After the 
incubation period, the zones of inhibition were measured to the 
nearest millimeter. The interpretive breakpoints for resistance 
were determined according to the standard table as recom-
mended by National Committee for The Clinical Laboratory 
Standard (NCCLS) interpretative methods [23]. The isolates 
were reported as susceptible, intermediate, or resistant.
 
Statistical Analysis
The data was analyzed using analysis of variance (ANOVA) 
complete randomized design, and computed via the IBM-SPSS 
21 software. Differences among means of the treatments were 
analyzed using Duncan’s multiple range test. Significant differ-
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ences are determined when p≤0.05.

Results 
The study of the pH for the collected dairy samples was the first 
step of the current study. Our results indicated that the range 
of measured pH in the packaged Labneh sample was between 
4.00 and 4.38, and between 4.02 and 4.99 in the unpackaged 
Labneh samples. The pH of Labneh samples should not exceed 
4.5 as set by Lebanese standards. The range of pH values in the 
packaged and unpackaged Halloumi cheese samples was 5.70-
6.36, and 6.01-6.68, respectively. 
Bacterial loads in Labneh samples compared to Halloumi sam-
ples were determined in the current study as shown in Table 
1. Average count of total aerobic bacteria in the 15 Labneh 
samples was 1.59 x 103 CFU/g compared to 1.87 x 104 CFU/g 
in the 15 Halloumi cheese samples. The mean count of Staphy-
lococcus aureus and total coliform bacteria showed a signifi-
cant higher level of these bacteria in Halloumi cheese samples 
(3.68 x 103 and 3.31 x 102 respectively) compared to Labneh 
samples (1.61 x 102 and 2.20 x 10 respectively). According to 
our results, the level of contamination of Labneh by S. aureus 
and coliform bacteria did not exceed the limit set by Lebanese 
standards (25x102 CFU/g), while Halloumi cheese samples ex-
ceeded it. Halloumi and Labneh samples were also tested for 
yeast and molds contamination. The data in the current study 
showed a similar pattern of molds and yeasts contamination 
with 1.51 x 103 and 1.44 x 103 CFU/g for the Labneh and Hal-
loumi cheese samples, respectively. These were within the ac-
cepted range of the Lebanese standards that should not exceed 
25x103 CFU/g. The differences in bacterial count in Labneh 
compared to Halloumi cheese samples were significant at 
p<0.05. (Table 1)

molds were 1.39x103 and 1.55x103 CFU/g respectively. These 
results (Table 2) showed the absence of significant difference 
in term of total S. aureus, total coliform bacteria, yeast and 
molds count in the packaged and unpackaged samples. (Table 
2)
When addressing the importance of packaging of Labneh, our 
finding showed, as indicated in Table 3, no significant differ-
ence in the count of S. aureus, coliform bacteria, yeast and 
molds in the packaged samples of Labneh compared to the un-
packaged ones. In the packaged Labneh samples, the counts of 
S. aureus, coliform bacteria, yeast and molds were respectively 
2.30x103, 8.13x100 and 1.23x103 CFU/g respectively com-
pared to 8.20x10, 3.9x10 and 1.67x103 CFU/g respectively in 
the unpackaged samples. These counts are within the Leba-
nese standards. The difference in means of microbial load in 
packaged and unpackaged Labneh was not significant. The 
APC of packaged Labneh was 3.70x102 compared to 2.99x103 
obtained from the unpackaged samples of Labneh samples. 
(Table 3)

Table 1: Microbial Load of selected dairy samples (Labneh 
and Halloumi Cheese).

Microbial load
Labneh 
(n=15)

Halloumi 
Cheese 
(n=15)

APC (CFU/g) 1.59 x 103a 1.87x 104a

Coliform (CFU/g)    2.20x10a 3.31x102a

S. aureus (CFU/g) 1.61x 102a 3.68x 103a

Yeast and Molds 
(CFU/g)

1.44x104b 1.51x 103a

Microbial load in both packaged dairy samples (Labneh and 
Halloumi cheese) compared to the unpackaged dairy samples 
is shown in Table 2. The average counts of total aerobic bacte-
ria in the packaged samples were 2.01 x103 CFU/g compared 
to 1.95 x104 CFU/g in unpackaged samples. The counts of iso-
lated bacteria in the packaged and unpackaged samples showed 
significant difference. As shown in this table, the unpackaged 
samples were 9.7 folds more contaminated (in term of total 
bacterial count) compared to the packaged samples which are 
unacceptable values in accordance with the Lebanese standards 
(25x102 CFU/g). In the unpackaged and packaged samples, the 
counts of S. aureus were 2.30 x103 and 1.58x103 CFU/g respec-
tively; whereas the counts of coliform bacteria were 2.19x102 
and 1.39x102 CFU/g respectively, and the counts of yeast and 

a Calculations were based on average of duplicate replications
b Values having same letters in the same row are not signifi-
cantly different (P ≤ 0.05)

Table 2: Average microbial count of packaged and unpackaged 
dairy samples

Microbial load
Packaged 
samples
(n=16)

Unpackaged 
samples
(n=14)

APC (CFU/g) 2.01x103a 1.95 x104a

Coliform (CFU/g) 1.39x102a 2.19 x102b

S.aureus (CFU/g) 1.58x103a 2.30x103b

Yeast and Molds 
(CFU/g)

1.55 x103a 1.39 x103b

a Calculations were based on average of duplicate replications
b Values having same letters in the same row (packaged and 
unpackaged samples) are not significantly different (P ≤ 0.05).

Table 3: Average microbial count of packaged and unpackaged 
Labneh and Halloumi cheese.

Micro-
bial load

Packaged 
Labneh
(n=8)

Unpackaged 
Labneh
(n=7)

Packaged 
Halloumi
(n=8)

Unpackaged 
Halloumi
(n=7)

APC 
(cfu/g)

3.70 x102a 2.99 x103b 3.65 x103a 3.60 x104 a

Coliform
(cfu/g)

8.13x100 a 3.90 x10b 2.71 x102a 4.00 x102b

S.aureus
(cfu/g)

2.30 x103a 8.20 x10b 2.94 x103 4.52 x103b

Yeast 
and 
Molds 
(cfu/g)

1.23 x103a 1.67 x103b 1.86 x103a 1.10 x103b

a Calculations were based on average of duplicate replications
b Values having same letters in the same row (packaged and 
unpackaged Labneh or Halloumi cheese) are not significantly 
different (P ≤ 0.05).
The means, represented in Table 3, of the APC of packaged 
and unpackaged Halloumi cheese were 3.65x103 and 3.60x104 
respectively. These results translate the significant difference 
in terms of APC between the two dairy samples. Table 3 also 
shows the means of S. aureus, total coliform bacteria, yeast 
and molds counts in the packaged Halloumi being respectively 
2.94x103, 2.71x102 and 1.86x103 CFU/g compared to counts 
in the unpackaged Halloumi samples that are respectively 
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4.52x103, 4.00x102 and 1.10x103 CFU/g.  These differences in 
the microbial counts of the packaged and unpackaged tested 
Halloumi samples were not significant. These counts are with-
in the Lebanese standards
The distribution of isolated bacteria, yeasts and molds in pack-
aged and unpackaged Labneh and in packaged and unpackaged 
Halloumi cheese is shown in the Table 4. Our study showed 
that in unpackaged Halloumi samples (n=7), S. aureus was 
found in 85.71% of the tested samples, coliform bacteria were 
isolated from 71.42% of the samples, whereas yeast and molds 
were present in 100% of the samples. As for the 8 packaged 
samples of Halloumi cheese, S. aureus, total coliform bacteria, 
yeast and molds were found in 100%, 37.50% and 100% of 
these samples respectively. (Table 4)

Labneh and Halloumi cheese with bacteria including the spe-
cies that are resistant to antibiotics. 33% of the packaged and 
unpackaged Halloumi samples contaminated with   E. coli, 
have shown resistance against tetracycline, while other con-
taminating coliform species isolated from these samples were 
sensitive to this antibiotic. 
When the packaged Halloumi samples were examined, as 
shown in (Table 6), S. aureus isolates from the contaminated 
samples were screened for antibiotic resistance against 4 anti-
biotics: tetracycline, penicillin, ampicillin and erythromycin. 
In the packaged Halloumi cheese, 75% of S. aureus isolates 
were resistant to tetracycline and to penicillin whereas 25% 
were resistant to ampicillin. 87.5% of S. aureus isolates from 
the packaged Halloumi were resistant to erythromycin. The S. 
aureus isolates identified in the unpackaged Halloumi samples 
(100%) were all sensitive to tetracycline and resistant to peni-
cillin and ampicillin. 50% of S. aureus isolates were resistant 
erythromycin. (Table 6)

Table 4: Incidence and percentage (%) of isolated microbes 
from the packaged and unpackaged Labneh and Halloumi 
Cheese. 

Dairy Samples

Bacterial 
isolates

Packaged
Labneh 
(n=8)

Unpackaged 
Labneh 
(n=7)

Packaged 
Halloumi 
(n=8)

Unpackaged 
Halloumi 
(n=7)

Coliforms
12.50% 
(1/8)

14.28% (1/7)
37.50% 
(3/8)

71.42% (5/7)

S. aureus
75.00% 
(6/8)

28.57% (2/7)
100.00% 
(8/8)

85.71% (6/7)

Yeast & 
Molds

75.00% 
(6/8)

100.00% (7/7)
100.00% 
(8/8)

100.00% 
(7/7)

In Labneh tested samples, S. aureus was found in 75.00% of 
the 8 packaged tested samples, whereas it was isolated from 
28.57% of the 7 unpackaged samples. Coliform bacteria were 
present in 12.50% and in 14.28% of packaged and unpackaged 
Labneh samples, respectively. Yeast and molds were detected 
in 75% and in 100% of packaged and unpackaged Labneh sam-
ples, respectively. However, 12.50% of the packaged Labneh 
samples contained no germs.
The distribution of isolated bacterial coliform species in pack-
aged and unpackaged Labneh and packaged and unpackaged 
Halloumi cheese is represented in the Table 5. As shown in 
this table, Enterobacter sp. was the most frequently isolated 
species in the packaged Labneh (12.50% of the 8 samples) 
and Shigella sp. was predominant in the unpackaged Labneh 
samples (14.28% of the 7 samples). The present study showed 
that among the coliform bacteria, E.coli is the most frequent-
ly isolated species, found in 100% of the contaminated Hal-
loumi packaged cheese samples (37.50% of the 8 samples). 
Citrobacter sp. was the predominant species in the contami-
nated unpackaged Halloumi cheese samples with percentage 
of 60.00%. (Table 5)
The remaining bacterial species Escherichia coli, Citrobacter 
and Shigella sp. were not identified in any of the examined 
packaged Labneh samples (n=8). However, E.coli, Citrobac-
ter and Enterobacter sp. were not identified in any of the con-
taminated unpackaged Labneh samples. The distribution of the 
remaining species as Shigella and Enterobacter sp. in the con-
taminated unpackaged Halloumi cheese was 20.00% for both. 
However, neither Shigella nor Enterobacter nor Citrobacter sp. 
were identified in the collected unpackaged Halloumi samples.
When animals are processed for food, the bacteria from the 
animal can contaminate milk and other dairy products such as 
Labneh and Halloumi cheese. Manipulating food without fol-
lowing hygiene standards could also cause contamination of 

Table 5: Incidence and percentage (%) of isolated bacterial 
coliform species from the packaged and unpackaged Labneh 
and Halloumi Cheese. 

Dairy Samples

B a c t e r i a l 
isolates

Packaged 
L a b n e h 
(%)

U n p a c k -
aged Lab-
neh (%)

Packaged 
Halloumi 
(%)

U n p a c k -
aged Hal-
loumi (%)

E.coli   0 0 100 0

Shigella   0 100 0 20
Enterobac-
ter

100 0 0 20

Citrobac-
ter

0 0 0 60

Total 100 100 100 100

Table 6: Antibiotic resistance profile of S. aureus isolated from 
dairy products against different types of antibiotics.

Type of Sam-
ples 
(nb of S. au-
reus isolates)

Te t r a c y -
cline   %

Penicillin
%

Ampicil-
lin
%

Erythro-
mycin
%

P a c k a g e d 
Labneh (6)

66.6 (4/6) 83.3 (5/6) 50.0 (3/6) 16.7 (1/6)

Unpackaged 
Labneh (2)

50.0  (1/2)
1 0 0 . 0 
(2/2)

5 0 . 0  
(1/2)

0.0 (0/2)

P a c k a g e d 
Halloumi (8)

75.0  (6/8) 75.0 (6/8) 25.0 (2/8) 87.5 (7/8)

Unpackaged 
Halloumi (6)

0.0    (0/6)
1 0 0 . 0 
(6/6)

1 0 0 . 0 
(6/6)

50.0 (3/6)

When determining the resistance developed by the S. aureus 
isolated from packaged Labneh, against the selected 4 antibi-
otics, summarized in Table 6, it turned out that 66.6% were 
resistant to tetracycline, 83.3%, 50% and 16.7% were resistant 
to penicillin, ampicillin and erythromycin, respectively. 50% 
of the S. aureus isolates obtained from packaged Labneh were 
found resistant to tetracycline and ampicillin. 100% of the iso-
lates showed resistant to penicillin. All the S. aureus isolates 
were sensitive to erythromycin.

Discussion
Food safety is an increasing concern worldwide. Dairy prod-
ucts are susceptible to microbial contamination during the 
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production or/and packaging. Halloumi cheese and Labneh are 
dairy products widely consumed in Lebanon and other Middle 
East, African and European countries. They are good source of 
proteins and provide important nutritional value in diet. Micro-
bial quality of Halloumi cheese and Labneh, in Lebanon was, 
in this study, evaluated in the collected samples, packaged or 
not. The limitation of this study is the sample size. 15 halloumi 
samples and 15 Labneh samples were analyzed, 8 packaged 
and 7 unpackaged each. This should be considered in the per-
spectives of the current study.
Our findings showed that the presence of different species of 
microorganisms in these dairy products though the microbial 
contamination is within the normal ranges as determined by 
Lebanese standards, underlying general microbiological qual-
ity and good hygienic handling during the production process 
of these products and their packaging steps. The microbial con-
tamination can be caused by environmental sources such as 
water and air. The lack of aseptic handling and good hygienic 
practices in the production line and/ or packaging processes is 
also a source of microbial contamination.
In the present study, S. aureus was found in 85.71% of un-
packaged Halloumi samples, in 100% of packaged Halloumi 
samples, in 28.57% of unpackaged Labneh samples and in 
75% of packaged Labneh sample. This bacterium, to cause 
food born disease, requires high dose contamination (105- 106 
CFU/ ml) as established by the International Dairy Federation, 
whereas the average of S. aureus load in the tested samples 
did not exceed these standards [24]. However, [25] found that 
the unacceptable levels of S. aureus were found on average in 
1% of Labneh samples collected from Ramallah and AL-Bireh 
district in Palestine during 2001 and 2004 [25]. Furthermore, 
et al. [26] found that 50% of the 15 dairy samples collected 
from Cairo, Giza were S. aureus positive with a mean value of 
89×103 CFU/g [26] which is higher than the count of S. aureus 
observed in the current study. Tested 312 cheese samples from 
different farms in Sweden and found that 88 of those samples 
were positive for S. aureus [27]. However, Stated that S. aureus 
was not detected in any of cheese samples collected from mar-
kets in Cairo, Egypt [28].
The assessment of food contamination by coliform bacterial 
species is an indicator of the hygiene level while manipulating 
food. The highest count of the tested dairy samples was 1.96x103 
CFU/g translating effective hygiene during the production and 
packaging of these samples. The findings of the current study 
were in agreement with who examined 19 Labneh samples 
from local market in Jordan and revealed that the mean values 
of the coliforms in Labneh were less than 10 CFU/g [29]. An-
other study, who tested Labneh samples collected from Dairy 
Day farms in Kfarshima in Lebanon, found that the coliforms 
were not detected in Labneh samples which indicates adequate 
heat treatment of milk and high hygienic standards of process-
ing and packaging steps [30]. However, [6] reported that the 
average of Coliform count in branded and unbranded Labneh 
samples, collected from Jordan, varied between 6.00 to 10.00 
and 3.00×102 to 8.00×102 CFU/g, respectively [6]. The average 
count of coliforms were 9.70×10 CFU/g and 1.95 ×102 CFU/g, 
respectively in two different studies of Labneh samples in Syr-
ia by [31,32], while the counts of the E.coli were 10.00 CFU/g 
and 1.05×10 CFU/g respectively [30,31], which is higher than 
the total coliform counts observed in the current study. In con-
trast, tested 722 samples of dairy products that were collected 
from different sources in Ramallah and AL-Bireh district and 

found that the proportion of samples with unacceptable level 
of coliforms increased from 2001 to 2004 [25]. Furthermore, 
reported that Enterobacteriaceae was detected in cultured dairy 
product with high rate amounted to 19.23% (5/26) [33]. More-
over, showed that 9 (30%) of the Labneh samples were positive 
for Coliforms with a mean value of 1.6×104 CFU [26], which 
is higher than the total coliform counts observed in the current 
study. As for the Halloumi cheese samples, the findings of the 
current study were in agreement with who tested 273 raw and 
pasteurized cheese from the U.S. and other countries and found 
that 75 of those samples were positive for Coliforms in concen-
tration above 10 CFU/g [34]. Moreover, tested cheese samples 
from different farms in Sweden and detected E. coli in 34% of 
raw milk cheeses and 3% of cheeses made with pasteurized 
milk [27].
This study has shown that, Enterobacteriacae was identified in 
37.5% of packaged Halloumi samples, and in 71.42% of the 
unpackaged Halloumi samples. Reported that the presence of 
Enterobacteriaceae was high in soft cheese at rate of 10 out 21 
samples (47.62%) compared to other dairy products [33]. E. 
coli was found in soft cheese at rate of 14.30% (3/21) and this 
result could be due to high moisture content that enhances the 
microbial survival and reproduction rate. It’s clearly inferred 
that the manual production and handling of Labneh will al-
low wide range of microorganisms contaminate the product 
[33]. However, reported that the total coliform and E.coli were 
detected in all samples of fresh cheese and this might be due 
to the usage of raw milk without heat treatment, on the other 
hand, the total coliforms were not detected in all samples dur-
ing the cold storage period [28]. This may be due to increase 
of the salt in cheese, storage in brine solution, and the role of 
lactic acid bacteria in the preservation of products and their 
metabolites on the growth of coliforms [28]. Recently, The 
Lebanese Minister of Agriculture assured the importance of 
applying strictly the Legislative decree No. 97/83 which stated 
that all milk and dairy products should be packaged and deliv-
ered to the consumer in tightly closed containers. 
The critical limit for yeast and molds in dairy products is 25x103 
CFU/g. Molds can produce mycotoxin and at high concentra-
tion can deteriorate food and cause food borne illnesses. Their 
counts in all the tested samples were found below the critical 
limit set by Lebanese standards. However, [6] reported that the 
average of yeast and molds count in branded and unbranded 
Labneh samples varied between 5.00×102 to 10.00×102 and 
1.00×106 to 12.00×106 CFU/g, respectively [6]. Furthermore, 
found that the mean values of yeast and mold count were 1.1 
×107CFU/g in the tested Labneh samples in Jordan [29]. More-
over, determined the mean value of the yeast and mold in tra-
ditional turkey Labneh ranged between 1.4 ×106 and 1.3 ×107 
CFU/g [35]. All these findings were higher than the yeast and 
molds counts observed in the current study. However, showed 
that the average rate of Labneh samples with unacceptable 
levels of yeast and molds was 2.3% [25]. Furthermore, exam-
ined Labneh samples collected from Dairy Day (Kfarshima) 
in Lebanon and they found that yeast and molds were not de-
tected in fresh Labneh samples due to the hygienic conditions 
of processing that prevent the recontamination of product by 
such microorganisms [30].  Investigated that the yeast was 
present in 70% of the samples with a mean value of 4.2×108 
CFU/g [26], which was higher than the yeast and molds counts 
observed in the current study. Concerning Halloumi cheese 
samples, reported that molds and yeasts were absent in all 
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fresh cheese samples. However after 3 months, the molds and 
yeasts were detected in cheese during storage [28]. Moreover, 
examined 24 samples of Halloumi cheese made from bovine 
and ovine milk collected from different retail markets in Cy-
prus and they found that the mean counts of yeast isolated from 
mature bovine and ovine cheeses were 2.8×105 and 2.3×105 
CFU/g, respectively [36]. This finding is higher than the counts 
of yeast and molds observed in the current study. 
The Federation of Veterinarians of Europe (FVE) emphasized 
that the prudent use of antibiotics is an integral part of good 
veterinary practice (European Medicine Agency). A big part 
of responsibility in transferring resistant bacteria also lies in 
the hands of companies and individuals that deal with food. 
Educating workers who work in production, processing, manu-
facturing, preparation and trade with foodstuffs is of the utmost 
importance. In our study, we tested the antibiotics resistance 
of 22 S. aureus isolated from the contaminated samples.  We 
found that 31.8% (7 out of 22) were resistant to one or more 
antibiotics, 68.18% were multidrug resistant (MDR), which 
means they were resistant to at least 3 groups of antibiotics. 
In packaged Halloumi cheese, S. aureus isolates were highly 
resistant to tetracycline and penicillin however in unpackaged 
Halloumi cheese were highly resistant to penicillin and ampi-
cillin. Studied the resistance of S. aureus to various antibiotics 
and found that S. aureus was resistant to penicillin, intermedi-
ate to erythromycin and sensitive to tetracycline [37]. In con-
trast with Akindolire et al. (2015) who examined the resistance 
of S. aureus to various antibiotics isolates from dairy products 
in North-West province of South Africa found that S. aureus 
isolates were resistant to penicillin, ampicillin and erythromy-
cin [38]. However, examined 50 dairy products and tested the 
resistance of 5 isolates of S. aureus to various antibiotics and 
found that 3 samples out of 5 were susceptible to tetracycline 
and one isolate was resistant to tetracycline and the remaining 
one isolate showed intermediate response to tetracycline [39]. 
In the present study, S. aureus isolates were resistant to mul-
tiple classes of antibiotics (penicillin, erythromycin and ampi-
cillin), which can cause serious health problems. 
Human pathogen can accumulate antibiotic resistance genes 
because of the use of antibiotics in Agriculture which impact 
the treatment of infectious diseases [40]. Indeed, tetracyclines 
and beta-lactams antibiotics administrated to treat infected 
humans are administrated to farm animals for disease treat-
ment and prevention. In addition, antibiotics are used in many 
non-EU countries in sub-therapeutic doses to stimulate animal 
growth [40]. Kyselková and collaborators have shown in 2015 
that animals, in conventional dairy farms, harbor tetracycline 
resistant genes (TC-r genes) from their early age. These TC-
resistant bacteria colonizing the intestine have been acquired 
from both their mothers and the farm environment [40].
In general, S. aureus exhibits some special features which are 
not found in other relevant bacteria. This bacterium is capable 
of expressing a variety of virulence factors and thus considered 
medically relevant when encountered in dairy products. S. au-
reus continues to demonstrate the ability to develop and expand 
resistance to a wide range of antimicrobial drugs. Susceptible 
populations of bacteria may become resistant to antimicrobial 
agents through mutation and selection or by the acquisition of 
new genetic material from other resistant organisms through 
transformation, transduction and conjugation [39]. 
Moreover, the high percentage of resistance to these drugs may 
be attributed to their frequent use in the treatment of various 

human diseases in Lebanon. In addition, another reason could 
be excessive or indiscriminate use of these antimicrobial drugs 
in veterinary medicine. However, the high susceptibility of iso-
late to these drugs may be due to the fact that these antimicro-
bials are not used anymore as either therapeutic antimicrobials 
in veterinary medicine or as growth promoters in conventional 
animal fattening [36].

Conclusion
In general, the findings of the current study revealed that the 
microbial load for the collected dairy samples were consider-
ably within the range of Lebanese standards. The unpackaged 
samples of Labneh and Halloumi cheese were 9.7 folds more 
contaminated (in term of total bacterial count) compared to the 
packaged samples. Limitations in the current study include the 
small sample size due to limited resources. Currently, more 
samples are being assessed for microbial contamination in or-
der to provide more accurate results.
The antibiotic resistance of S. aureus and E. coli, in the ana-
lyzed samples, was studied revealing that the isolated E.coli 
showed resistance against tetracycline whereas S. aureus were 
resistant to penicillin, ampicillin, tetracycline and erythromy-
cin, and in some samples it showed multi drugs resistance. On 
the basis of data obtained in the present study, conclusion may 
be drawn that the microbial load and antibiotic resistance in 
dairy products in Lebanon is increasing. There is a clear need 
to reduce the contamination of dairy products, and to restrict 
the use of antibiotics by local farmers in order to avoid the 
antibiotic resistant crisis. The presence of antibiotic resistant 
bacteria in dairy products is an alarming concern because it 
causes serious dangers to public health. Thus, it’s crucial to 
increase the situational awareness on the importance of uncon-
trolled use of antimicrobials in order to limit the emergence of 
drug-resistant bacteria.
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