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INTRODUCTION

Probiotics are defi ned as “living microorganisms” be-
cause they have numerous health advantages such as en-
hanced immune response, alleviation of symptoms of lactose 
intolerance, diarrhea treatment, serum cholesterol reduction, 
vitamin synthesis and  anti-carcinogenic and  anti-microbial 
activities [Libudzisz, 2006; Shah, 2007]. In recent years, pro-
biotic food products are the main sectors of the global trade 
market and are possible to grow at a compound annual growth 
rate of  6.8% from 2013  to 2018  and  predictable to reach 
US$ 37.9 billion in 2018 [Sharma et al., 2014]. Meanwhile, 
probiotic dairy products constitute one of the most developed 
segments and represent a major branch of the functional foods 
industry [Saad et al., 2013]. In comparison to yoghurt, cheese 
is an interesting food-based delivery vehicle of probiotics to 
the gastro-intestinal tract because of a higher pH, a higher 
fat content and a higher solid consistency [Özer et al., 2008]. 
Some researchers evaluated a variety of food-grade lactic acid 
bacteria (LAB) isolated from the Italian Castelmagno PDO 
cheese [Belviso et al., 2009], Italian and Argentinean chees-
es [Zago et al., 2011] for their probiotic potential and used 
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them as adjunct cultures in different types of food products 
or in therapeutic preparations. The lactobacilli isolated from 
dairy products especially cheese have shown a  long history 
of  safe use as these microorganisms are widely applied as 
starter cultures in  the development of novel fermented milk 
or meat products, alcoholic beverages and sourdough [Salari 
et al., 2015; Shokoohi et al., 2015; Torkamani et al., 2015].

Overall, a probiotic lactobacillus should be able to sur-
vive (at least 106 CFU/mL) during the food processing steps 
and the product shelf-life, and should be also desirable to of-
fer a contribution to the sensory attributes of the fi nal product 
[dos Santos et al., 2015]. The new probiotic strains must also 
be resistant to the adverse conditions of  the human gastro-
intestinal tract that have physiological properties compat-
ible with probiotic potential and  technological relevance for 
use in  food products [Kirmaci, 2016; El-Shafei et al., 2008; 
Makinen et al., 2012]. Therefore, evaluation of the functional 
properties in vitro and in vivo not only must consider in selec-
tion of suitable probiotic bacteria, but also their technological 
ones, framing the microorganism within the industrial reality 
[Ferrando et al., 2015]. In this investigation, some character-
istics related to probiotic potential, functionality and techno-
logical applications of  LAB strains isolated from artisanal 
Koozeh produced from ewe’s or goat’s milk in the northern 
region of Iran were critically studied.
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Eight lactic isolates including Lactobacillus plantarum (MT.ZH193, MT.ZH293, MT.ZH393 and MT.ZH593), L. casei (MT.ZH493), L. pentosus 
(MT.ZH693), and L. fermentum (MT.ZH893 and MT.ZH993) were identifi ed from an Iranian traditional cheese “Koozeh Paneer” using the morphologi-
cal, phenotypical, biochemical and molecular characterization and then their probiotic characteristics were compared. Results showed that the lactic iso-
lates of L. plantarum (MT.ZH293) and L. fermentum (MT.ZH893 and MT.ZH993) were resistant to all the used bile salts up to concentrations of 0.3 to 
2.0%. All the strains showed low sensitivity to the presence of conjugated bile salts. L. plantarum MT.ZH293 exhibited the highest enzymatic activity 
of β-galactosidase and survival rate in a simulated stomach duodenum passage. L. casei MT.ZH493 generated the highest amount of hydrogen peroxide, 
followed by L. fermentum MT.ZH993 and L. plantarum MT.ZH593. Although the most selected LAB isolates had a moderate cell surface hydrophobicity, 
L. plantarum MT. ZH593 expressed the highest cell surface hydrophobicity. L. fermentum MT.ZH893 had strong resistance to all the antibiotics tested 
such as amoxicillin, ceftriaxon, chloramphenicol, erythromycin, gentamycin, streptomycin, tetracycline and vancomycin. Five lactic strains of L. planta-
rum (MT.ZH193, MT.ZH393 and MT.ZH593) and L. fermentum (MT.ZH893 and MT.ZH993) inhibited the growth of the tested foodborne pathogens 
including Escherichia coli PTCC5052, Salmonella enterica, Enetrococcus hirea, Staphylococcus aureus and Pseudomonas aeruginosa. 
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MATERIALS AND METHODS

Chemicals, reagents and culture medium 
Sodium salts of glycocholic acid (GC), glycodeoxycholic 

acid (GDC), taurocholic acid (TC), and taurodeoxycholic acid 
(TDC) were purchased from Merck Chemical Co. (Darmstadt, 
Germany). O-nitrophenyl β-galactopyranoside (ONPG) was 
obtained from Oakville (ON, Canada). Peroxidase, o-dian-
isidine, bile salts, ethidium bromide, agarose gel and RNase 
were supplied by Sigma-Aldrich Chemical Co. (St. Louis, MO, 
USA). Pepsin, pancreatin, glycerol, NaCl, sodium phosphate 
buffer, sodium thioglycolate and hydrocarbon of hexadecane 
were provided by Merck Chemical Co. (Darmstadt, Germany). 
Amoxicillin, ceftriaxon, chloramphenicol, erythromycin, gen-
tamicin, streptomycin, tetracycline and vancomycin were pro-
vided by the Razi Vaccine and Serum Research Institute (Karaj, 
Iran). deMan, Rogosa and  Sharpe (MRS) broth and  brain 
heart infusion soft agar (BHI agar) were respectively provided 
by Merck Chemical Co. (Darmstadt, Germany), and Sigma-
-Aldrich Chemical Co. (St. Louis, MO, USA).

Sample collection
In  this study, a  total of  fi ve samples of Koozeh cheese 

were randomly collected from the  rural areas of Mazanda-
ran province including Babol (Cb), Cherat (Cch), Alasht (Ca), 
Shirgah (Csh), and  Firouzkouh (Cf). The main production 
steps of this traditional cheese include: coagulation of ewe’s 
or goat’s milk with lamb or commercial calf rennet at 33–34°C 
(45–60 min), curd mashing and putting on a cloth, hanging 
it  for whey drainage (14–15 h), curd transferring to a  large 
cloth bag and  adding dry salt onto the  surface, the  curd, 
grinding and putting it  into a pot and fi nally ripening bur-
ied in  the underground at the  shade for 2–3 months. After 
the testing of the pH value of pre-mixed cheese samples, they 
were transferred to the laboratory under refrigeration at -80°C 
until the time of isolation and tests.

Isolation of the LAB from Koozeh cheese
The  sample (30 g) was inoculated into 300 mL of MRS 

broth, centrifuged and  then anaerobically incubated at 37°C 
for 24 h. In next step, 25 mL of the broth was centrifuged at 
1000 ×g for 20 min and the pellet was re-suspended into 10 mL 
of phosphate-buffered saline (PBS) adjusted to pH 2.5 with 
5 mol/L HCl, and incubated at 37°C for 2 h. The medium was 
centrifuged at 5000 ×g for 25 min, pellet was re-suspended 
in a Ringer’s solution and plated on an MRS agar plate [Pen-
nacchia et al., 2004]. The colonies of lactobacilli were screened 
on MRS agar containing nystatin to avoid initial time-con-
suming isolation steps and yeast interference [Gardiner et al., 
2004]. Plates were incubated at 37ºC for 24–48 h under anaer-
obic conditions. Representative colonies of  all morphologies 
were randomly taken and purifi ed on the same media by sub-
culturing. Gram-positive, catalase-negative isolates after gram 
staining and catalase reaction were considered as presumptive 
LAB, which were stored in 15% glycerol at -80°C.

PCR amplifi cation of the 16S ribosomal DNA
DNA of  the  lactobacilli cells was extracted with chloro-

form-isoamyl alcohol (24:1). Samples were also dipped in liq-

uid nitrogen, and 0.1 mg/mL RNase was added at the  end 
of the procedure. The DNA was amplifi ed by PCR in a Per-
kin-Elmer thermal cycler (Applied Biosystems®, model 9700, 
USA) using the  primer sequences which were as follows: 
forward primer, 5´-AGAGTTTGATCCTGGCTCAG-3´ 
and  reverse primer, 5´-GTCTCAGTCCCAATGTGGCC-3´ 
(Biotez, Berlin, Germany). The primers were used to amplify 
a 350 bp region of the 16S rRNA gene. PCR amplifi cations 
were performed in 20  μL volumes with 0.5  μmol/L of each 
primer, 2.5  units/100  μL of  AmpliTaq DNA polymerase, 
1.5 mmol/L MgCl2, 20  ng of  total DNA, and  200  μmol/L 
of each dNTP. The  thermal cycler was programmed as fol-
lows: 10 min at 94°C; 25 cycles of 1 min at 94°C, 2 min at 
61°C, and 2 min at 72°C; and 5 min at 72°C. The amplifi ca-
tion products were analyzed by electrophoresis on a 1% (w/v) 
agarose gel and visualized after staining with ethidium bro-
mide (0.5 μg/mL). The 16S rRNA gene sequence was com-
pared with sequences available in the nucleotide database us-
ing the BLAST algorithm at the NCBI server.

Measurement of bile tolerance
The method of Leite et al. [2015] using a plate assay was 

applied to determine the ability of  the LAB strains to grow 
in  the presence of bile salts including sodium glycocholate 
(GC), sodium glycodeoxycholate (GDC), sodium taurocho-
late (TC) and  sodium taurodeoxycholate (TDC). For this 
experiment, individual colonies growing in MRS agar plates 
were suspended in  2–5 mL of  sterile saline solution 0.85% 
at a  density corresponding to McFarland standard no.  1. 
In  the  next step, aliquots of  the  suspensions (10  μL) were 
spotted onto bile-containing 0.3, 0.5, 1.0, and 2.0% (w/v) agar 
plates. The plates were incubated at 37°C under anaerobic 
conditions and growth was recorded after 24 to 48 h. Positive 
control was a plate without bile salts. The experiments were 
performed in duplicate.

Bile salts deconjugation assay
Bile salts deconjugation was measured based on the pro-

cedure of Vinderola & Reinheimer [2003]. In brief, after pre-
paring sterile plates of bile salt by adding 0.5% (w/v) of sodi-
um salts of GC, GDC, TC and TDC to MRS agar, the strains 
were immediately streaked on the media and  anaerobically 
incubated at 37ºC for 72 h. A positive result was the presence 
of precipitated bile salts around colonies (opaque halo).

Tolerance to simulated gastric juice
Pellets of the bacterial cells cultivated overnight were ob-

tained using centrifugation at 5000×g for 10 min, washed 
thoroughly with sodium phosphate buffer (0.1 mol/L, pH 7.0), 
and re-suspended in a sterile electrolyte solution. For the next 
step, the suspension was directly mixed to the same volume 
of gastric solution (w/v) including 0.6% pepsin and 1% NaCl 
and then incubated in a 37ºC water-bath with gentle agitation 
for 1.5 h to acidify slowly from pH 5.0 to 2.2. The cells count 
on MRS agar at times of 0, 30, 60, 70, 80, and 90 min was car-
ried out [Blanquet et al., 2004]. An aliquot of each cell suspen-
sion was taken after 90 min, pelleted by centrifugation under 
the same conditions and the cells were re-suspended in sodi-
um phosphate buffer (0.1 mol/L, pH 8.0) containing 0.3% bile 
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and 0.1% pancreatin and kept at 34°C for 1 h and followed 
by counting [Zago et al., 2011]. Washed cells re-suspended 
in sodium phosphate buffer and subjected to the same condi-
tions as treated samples were used as controls. Survival rate 
was determined as percentage of the CFU/mL after 30, 60, 70, 
80, 90 min and 150 min compared to the CFU/mL at time 0.

Determination of β-galactosidase activity 
β-Galactosidase activity of  the  screened lactobacilli was 

evaluated using sterile fi lter paper disks impregnated with 
ONPG based on the method described by dos Santos et al. 
[2015] with minor modifi cations. In brief, the bacterial iso-
lates were overnight cultivated on plates of  MRS broth 
and  anaerobically incubated at 37°C for 48  h. A  colony 
of each culture was picked up, emulsifi ed in a tube containing 
ONPG disk added with 0.1 mL of sterile 0.85% NaCl solu-
tion, incubated at 35°C, and visualized in a 1 h-interval during 
a 6 h-time. The release of O-nitrophenol as a yellow chromo-
genic compound showed a positive result for β-galactosidase 
production. 

Cell surface hydrophobicity assay
The adhesion ability of selected LAB to hexadecane hy-

drocarbon was determined in  vitro as previously described 
by Rosenberg et al. [1980]. Percent decrease in absorbance 
of  the  aqueous phase as compared to that of  original cell 
suspension was considered as the fraction of adherent cells. 
The  percent adhesion or the  cell surface hydrophobicity 
(CSH) was determined using the following equation (Eq. 1):  

CSH (%) = 100 × ( –1 )DOb

DOa
 

(1)

where DOa and  DOb respectively are the  absorbance (at 
400 nm) before and after mixing with hydrocarbon solvents.

Determination of susceptibility to antibiotics 
Susceptibility of  the  selected LAB strains to the  differ-

ent antibiotics was evaluated using antibiotics susceptibility 
test discs (Oxoid, Basingstoke, UK). The LAB strains were 
cultivated in MRS broth and  incubated at 37°C for 48 h to 
reach 106–107 CFU/mL.  The  LAB strains were inoculated 
onto surface of MRS agar medium. The disks were then used 
on MRS agar plates and incubated at 37°C for 24 h. Levels 
of  the  applied antibiotics including amoxicillin, ceftriaxon, 
chloramphenicol, erythromycin, gentamycin, streptomy-
cin, tetracycline and vancomycin were 25, 30, 30, 15, 10, 10, 
30 and 30 μg per disk, respectively [dos Santos et al., 2015]. 
Inhibition zone diameters in millimeter (mm) were measured 
to assess the strain sensitivity.

Ability of hydrogen peroxide production
A modifi ed procedure of Villegas & Gilliland [1998] was 

used to assess hydrogen peroxide (HP) production in the me-
dium of tryptic soy broth-yeast extract (TSB-YE) after 24 h 
incubation at 30°C. To this end, 1.0 mL of peroxidase aque-
ous solution (0.1% w/v), and 1.0 mL of o-dianisidine aqueous 
solution (1.0% w/v) were mixed into a  test tube and subse-
quently 5.0 mL of a cell-free supernatant were added and in-

cubated at 37°C for 10 min. Finally, the chemical reaction was 
stopped by adding 0.2 mL of 5 mol/L HCl and absorbance 
of the sample was measured at 400 nm using an UV-visible 
spectrophotometer (U-5100 model, Hitachi, Japan). A blank 
sample was made with 5.0 mL of TSB-YE instead of the su-
pernatant. 

Antimicrobial activity
An agar spot test according to Ripamonti et al. [2011] was 

applied to fi nd the ability of selected LAB strains to inhibit 
a group of foodborne pathogens such as Escherichia coli, Sal-
monella enterica, Enterococcus hirea, Staphylococcus aureus 
and  Pseudomonas aeruginosa. The mentioned strains origi-
nated from the Agricultural Biotechnology Research Institute 
of Iran (Karaj, Iran). The test cultures (2 μL) were overnight 
spotted on the  surface of  the modifi ed MRS agar (without 
ammonium citrate and sodium acetate), anaerobically incu-
bated at 30°C for 24 h, and then the cells were inactivated with 
chloroform for 30 min. BHI agar (10 mL, 0.7%) as an enriched 
non-selective medium was mixed with a 100-μL volume of an 
overnight culture of each indicator, poured onto MRS agar 
plates and aerobically incubated at 37°C for 24 h. L. acidophi-
lus ATCC 4356 was applied as a negative control. Inhibition 
but no clear-cut halo or a halo <1 mm was recorded as (±), 
a clear zone of growth inhibition around spots >1 mm was 
scored as positive (+), no inhibition was recorded as negative 
(–), and an inhibition zone between 2 and 5 mm surrounding 
the colony was exhibited as (++).

Statistical analysis
Results are expressed as the mean and  standard devia-

tion (SD) with triplicate determinations. Analysis of variance 
(ANOVA) with the Duncan test was carried out to verify if 
there is a signifi cant difference among different LAB strains 
in  the  investigated traits. Data were statistically analyzed at 
the signifi cance level of P<0.05.

RESULTS AND DISCUSSION

Three hundred bacterial isolates were initially obtained 
from fi ve cheese samples collected from Mazandaran prov-
ince (Iran). The different isolates on the basis of character-
istics of colony morphology (shape, surface and color), cell 
morphology (shape and  size), phenotypic and  lactobacillus 
specifi c biochemical features were investigated. Eight bacte-
rial isolates were considered to belong to the genus lactobacil-
lus based on morphological, cultural and biochemical char-
acteristics [Jayne-Williams, 1976]. Representative 16S rDNA 
amplicons of each of  the different profi les were selected for 
sequencing. Sequence comparisons in terms of the molecular 
identifi cation showed a homology higher than 95% to four 
different LAB species [Sharpe et al., 1979]. There, the eight 
isolates were identifi ed as follows: L. plantarum (MT.ZH193, 
MT.ZH293, MT.ZH393  and  MT.ZH593), L.  casei (MT.
ZH493), L.  pentosus (MT.ZH693), and L.  fermentum (MT.
ZH893  and MT.ZH993). Thus, these isolates were further 
characterized for the probiotic potential and  the  results are 
discussed in the following sections.
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Bile resistance
Among eighty investigated LAB isolates, eight isolates 

showed tolerance to pH 3.0  during 3-h incubation. These 
eight selected isolates were tested to determine the  resis-
tance to the different bile concentrations ranging from 0.3 to 
2.0%. Table 1 represents a lag time between 0.11 and 2.35 h 
for eight lactobacilli isolates. As a result of the bile tolerance 
assay, eight isolates grew in 0.3 and 0.5%, 6 isolates in 1.0% 
and 3  isolates in 2.0%. Three isolates of L. plantarum (MT.
ZH293), and  L.  fermentum (MT.ZH893  and  MT.ZH993) 
were resistant to all the studied bile concentrations. However, 
Pinto et al. [2006] applied bile concentrations ranging from 
0.15 to 0.5%, whereas Mathara et al. [2008] established a lim-
it of 0.3% bile to select strains considered to have good resis-
tance. Therefore, the lactobacilli isolated from Koozeh cheese 
were able to grow in  very high concentrations of bile salts. 
Similar fi ndings have been earlier reported for LAB strains 
obtained from different environments [Leite et al., 2015; Vin-
derola et al., 2008; Zago et al., 2011]. Evaluating the ability 
of potentially probiotic bacteria to resist a high content of bile 
salts is very important in their technological and physiologi-
cal applications because this character not only is a selection 
criterion, but also because lactobacilli have been revealed to 
exhibit a strain variation in their tolerance to bile salts [Xan-
thopoulos et al., 2000]. 

Bile salts deconjugation
The  results of probiotic characterization of  the  selected 

lactobacilli isolates in the presence of TC, TDC, GC and GDC 
have been shown in  Table 1. All the  isolated strains grew 
in the presence of GC. Regarding individual bile salts, GDC 
completely inhibited the growth of  two strains of L. planta-
rum (MT.ZH193  and  MT.ZH393) and  L.  pentosus (MT.
ZH693). L. plantarum (MT.ZH293) was the only selected iso-
late able to deconjugate GDC (Table 1). Most LAB isolates 
had a potential to hydrolyze TC and TDC. However, both 
L. fermentum strains of MT.ZH993 and MT.ZH893 strongly 
hydrolyzed TC and TDC, respectively (Table 1). Bile salt de-
conjugation as an interesting property has a key role in  re-
ducing serum cholesterol, maintaining the  gut equilibrium 
and  the  production and  development of  a  detergent shock 
protein that enables lactobacilli to survive exposure to bile 
[Vinderola et al., 2008]. While many LABs in earlier studies 
were usually inhibited by bile salts, the  selected lactobacilli 
isolates from Koozeh cheese proved to be  resistant to their 
toxicity since these microorganisms were capable to grow 
in the medium comprising 0.5% of any of the bile salts tested. 
However, similarly to our results, Brashears et al. [1998] re-
ported strains of L. casei and L. acidophilus were able to de-
conjugate sodium-TC. Table 1 shows that some strains were 
able to grow in the presence of conjugated bile salts while they 
were not able to deconjugate them. This fact can be attributed 

TABLE 1. Chosen probiotic properties of LAB isolated from Koozeh cheese.

Probiotic properties
Strains

L. plantarum 
MT.ZH193

L. plantarum 
MT.ZH293

L. plantarum 
MT.ZH393

L. plantarum 
MT.ZH593

L. casei 
MT.ZH493

L. pentosus 
MT.ZH693

L. fermentum 
MT.ZH893

L. fermentum 
MT.ZH993

Bile tolerance assay*

Growth plate -0.3% bile + + + + + + + +

Growth plate -0.5% bile + + + + + + + +

Growth plate -1.0% bile - + + + + - + +

Growth plate -2.0% bile - + - - - - + +

Lag time (h), 0.3% bile 1.50 0.38 1.15 0.90 0.60 2.35 0.11 0.50

Deconjugation 
of bile salts**
Sodium glycocholate 
(GC) g g g g g g g g

Sodium 
glycodeoxycholate 
(GDC)

- + - g g - g wg

Sodium taurocholate 
(TC) g + + + + g + ++

Sodium 
taurodeoxycholate 
(TDC)

+ + + g + g ++ +

β-Galactosidase 
activity*** Y YY Y Y Y NC Y Y

CSH (%)**** 24.92±2.11 d 22.61±3.07 d 38.79±1.21 c 62.54±0.78 a 14.56±0.14 e 41.61±0.05 bc 58.39±0.41 a 47.20±0.22 b

H2O2 production 
(μg/mL)**** 5.12±0.07c 4.41±0.10d 0.00±0.00e 6.95±0.03a 7.12±0.16a 6.26±0.09b 6.06±0.04b 7.02±0.08a

*: – = no growth; + = positive growth; ** – = no growth; wg = weak growth; g = growth; + = growth and bile salt deconjugation; ++ = growth 
and strong bile salt deconjugation; ***YY = strong yellow color; Y = yellow color; NC = no color change; **** Values in the same columns followed 
by different letters (a-e) are signifi cantly different (p < 0.05), according to Duncan’s multiple range test.
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to the ability of isolates to express bile salt hydrolase (BSH) 
activity which is not related to their ability to resist the toxicity 
of conjugated bile salts [Moser & Savage, 2001].

Tolerance to simulated gastric juice
Figure 1  illustrates the  resistance of  lactobacilli isolates 

from Koozeh cheese under simulated gastric juice conditions. 
As depicted in  this fi gure, there is no signifi cant difference 
in tolerance to simulated gastric juice within the fi rst 70 min 
between the  various isolates when the  pH decreases from 
5.0  to 2.4. A drastic decrease was found in population size 
of the LAB isolates by increasing pH from 2.3 to 8.0 as the cell 
populations reached lower than 4.0 log CFU/mL (Figure 1). 
Only two isolates of L. plantarum (MT.ZH593) and L. pento-
sus (MT.ZH693) after 90 min at pH 2.2 had a cell count lower 
than 5.0  log CFU/mL. However, L. plantarum (MT.ZH293) 
had the  highest survival at pH 2.2 with 6.42  log CFU/mL 
(Figure 1; P < 0.05). Generally, L. plantarum (MT.ZH293) 
was able to better survive the simulated stomach duodenum 
passage as re-suspended in a solution at pH 8.0 with 0.3% bile 
and 0.1% pancreatin for a further 60 min at 37°C, its survival 
rate insignifi cantly varied and the cell counts stayed at about 
6 log CFU/mL (P>0.05). Prasad et al. [1998] reported only 
a few strains of lactobacilli and bifi dobacteria were intrinsically 
able to resist satisfactorily to gastric transit. A similar strain-
-dependent tolerance to a  simulated stomach duodenum-
-passage was also found in L. plantarum strains isolated from 
Italian and Argentinean cheeses [Zago et al., 2011]. 

β-Galactosidase activity
Table 1  reveals that only L.  pentosus MT.ZH693  did 

not produce an intense yellow color, therefor it  does not 
have any β-galactosidase activity. However, L.  plantarum 
MT.ZH293  exhibited an intense-yellow color which was 
showing high enzymatic activity of β-galactosidase. A similar 
degradation of lactose by L. plantarum and L. acidipiscis iso-
lated from Chiapas cheese was previously reported by Zago 
et al. [2011]. Since source of  these LABs was a dairy prod-
uct “Koozeh cheese”, the presence of β-galactosidase is not 
surprising. Nevertheless, this desirable character provides 

them as ideal starter cultures in the dairy industry to develop 
formulations with excellent organoleptic and physicochemi-
cal attributes. β-Galactosidase is a key enzyme in hydrolyzing 
lactose. Activity of this enzyme can be attributed to the pres-
ence of a glucose phosphotransferase system in  the culture 
[Hickey et al., 1986]. On the other hand, since lactose is not 
broken down in  the  upper regions of  the  small intestine 
in people lacking the enzyme β–galactosidase, the presence 
of this enzyme in the indigenous microbiota can attribute to 
eliminate lactose intolerance [Charteris et al., 1998].

Surface hydrophobicity
One of the most important diagnostic ways to detect the at-

tachment of bacteria to host tissue is  the hydrophobic na-
ture of the outermost surface of microorganisms [Rosenberg 
et al., 1980]. Table 1 shows L. plantarum MT.ZH593 (62.54%) 
and L. fermentum MT.ZH893 (58.39%) had the highest CSH 
percentage through strong hydrophobic interaction, where-
as the  lowest CSH level belonged to L.  casei MT.ZH493 
(14.56%; P<0.05). Based on Colloca et al. [2000], the CSH 
of  lactobacilli strain can be  classifi ed into three groups in-
cluding low hydrophobicity or hydrophilic (0–35%) (L. plan-
tarum MT.ZH193, L.  plantarum MT.ZH293  and  L.  casei 
MT.ZH493), moderate hydrophobicity (36–70%) (L.  plan-
tarum MT.ZH393, L.  plantarum MT.ZH593, L.  pentosus 
MT.ZH693, L.  fermentum MT.ZH893  and  L.  fermentum 
MT.ZH993), and high hydrophobicity (71–100%). In other 
words, suitable CSH for the selected LABs introduces them 
as interest probiotic candidates because this fact favors 
the colonization of mucosal surfaces and plays an important 
role in adhesion of  these bacteria to epithelial cells and ex-
tracellular membrane proteins and  thus their maintenance 
in the human gastrointestinal tract [Zsreba et al., 1997]. 

Susceptibility to antimicrobials
Table 2 presents the susceptibility of LAB strains isolated 

from Koozeh cheese against some antibiotic compounds us-
ing the disc diffusion method. As considered in this table, all 
the strains were resistant to vancomycin and streptomycin. Ar-
ici et al. [2004] earlier showed also high levels of resistance to 
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t150 (pH 8.0 + 0.3% bile)

FIGURE 1. Effect of simulated gastric juice on the selected isolates of LAB from Koozeh cheese during 2.5 h-gastric transit t0: t = 0 min; t30: t = 30 min; 
t60: t = 60 min; t70: t = 70 min; t80: t = 80 min; t90: t = 90 min; t150: t = 150 min.
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streptomycin for all investigated lactobacilli. Kirtzalidou et al. 
[2011] showed some Lactobacillus spp. such as L. rhamnosus, 
L. casei, L. plantarum, L.  fermentum, L. brevis and L. curva-
tus were intrinsically resistant to vancomycin. L.  plantarum 
MT.ZH193 only had a moderate susceptibility to gentamycin, 
while other the strains were resistant to this antibiotic (Table 
2). Resistance to gentamycin as an aminoglycoside antibi-
otic is  considered to be  intrinsic in  the Lactobacillus genus 
and is attributed to the absence of cytochrome-mediated elec-
tron transport, which mediates drug uptake [Monteagudo-
Mera et al., 2012]. L.  fermentum MT.ZH993 was also resis-
tant to ceftriaxon and amoxicillin (Table 2). Therefore, this 
lactic strain can be benefi cial for consumption to patients who 
are under these antibiotic treatments. All the  selected LAB 
strains had an absolute or moderate susceptibility to chlor-
amphenicol. However, both strains of  L.  fermentum (MT.
ZH893  and MT.ZH993) were resistant toward tetracycline 
and  erythromycin. Moreover, the  strains of  L.  plantarum 
MT.ZH293 and MT.ZH593 were also resistant to tetracycline 
(Table 2). Devirgiliis et al. [2011] also reported on the resis-

tance of lactobacilli from cheese to erythromycin, tetracycline 
and chloramphenicol.

Hydrogen peroxide production
The  levels of hydrogen peroxide generated by LAB iso-

lated from Koozeh cheese are given in Table 1. Except for 
L. plantarum MT.ZH393, all the  isolates (4.41–7.12 μg/mL) 
had a high potential to produce hydrogen peroxide. Similar 
results were earlier reported in relation to some LAB strains 
screened from dairy and human origin [Monteagudo-Mera 
et al., 2012]. The growth of many psychotropic microorgan-
isms and  pathogens at refrigeration temperatures and  also 
vaginal colonization by pathogenic species can be prevented 
using oral administration of  different LABs with hydrogen 
peroxide production potential [Monteagudo-Mera et  al., 
2012]. It has been demonstrated that some strains of L. aci-
dophilus from dairy origins were able to inhibit Pseudomonas 
species by producing 1.18 to 1.62 mmol/L of hydrogen perox-
ide in agitated cultures [Collins & Aramaki, 1980]. Moreover, 
foodborne pathogens such as E. coli O157:H7, Salmonella 

TABLE 2. Susceptibility of LABs isolated from Koozeh cheese to antibiotics.

Strain
Antibioticsa,b

V30 GM10 T30 CRO30 Ch30 AMX25 E15 S10

L. plantarum MT.ZH193

L. plantarum MT.ZH293

L. plantarum MT.ZH393

L. plantarum MT.ZH593

L. casei MT.ZH493

L. pentosus MT.ZH693

L. fermentum MT.ZH893

L. fermentum MT.ZH993

R MS MS MS S S MS R

R R R MS S S S R

R R MS MS S MS MS R

R R R MS S S S R

R S S S S S S R

R R MS MS MS MS MS R

R R R MS MS MS R R

R R R R R R R R

 a Antibiotics (Disk potency): V30 = Vancomycin (30 μg); GM10 = Gentamycin (10 μg); T30 = Tetracycline (30 μg); CRO30 = Ceftriaxon (30 μg); 
Ch30 = Chloramphenicol (30 μg); AMX25 = Amoxicillin (25 μg); E15 = Erythromycin (15 μg); S10 = Streptomycin (10 μg). b R: resistance; MS: 
moderate susceptibility; S: susceptibility.

TABLE 3. Antimicrobial activity of LABs isolated from Koozeh cheese estimated by spot test method.

Strain
Pathogen inhibition

E. coli S.enterica E. hirea S. aureus Ps. aeruginosa

L. plantarum MT.ZH193

L. plantarum MT.ZH293

L. plantarum MT.ZH393

L. plantarum MT.ZH593

L. casei MT.ZH493

L. pentosus MT.ZH693

L. fermentum MT.ZH893

L. fermentum MT.ZH993

++ ++ ++ ++ ++

– – ++ – –

++ ++ ++ ++ ++

++ ++ ++ ++ ++

± – ++ ++ ++

++ ++ – – –

++ ++ ++ ++ ++

++ ++ ++ ++ ++

Activity: ± = inhibition but no clear halo; + = presence of a clear zone of growth inhibition around spots >1 mm; ++ = presence of a clearly defi ned 
inhibition zone between 2 and 5 mm surrounding the colony in the spot test; – = no inhibition.
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enteritidis and Listeria monocytogenes were effi ciently killed 
by  the  hydrogen peroxide-producing LABs [Venkitanaray-
anan et al., 2002].

Antagonistic activity against pathogens
Table 3  reveals that all the  selected strains except 

L. plantarum MT.ZH293 and L. pentosus MT.ZH693  inhib-
ited the growth of St. aureus and P. aeruginosa. Our results 
showed that only L. pentosus MT.ZH693 among the studied 
lactic isolates cannot inhibit E. hirea. Moreover, both isolates 
of L. plantarum MT.ZH293 and L. casei MT.ZH493 were not 
able to prevent growth of S. enterica. The inhibition of E. coli 
without observing clear halo was found by L. casei MT.ZH493 
(Table 3). However, this pathogen was grown in  the  pres-
ence of L. plantarum MT.ZH293. Other strains highly inhib-
ited the  activity of E. coli (Table 3). The  inhibitory activity 
against pathogens is mostly due to the metabolites, such as 
organic acids, hydrogen peroxide and bacteriocins produced 
by the probiotic bacteria [Modzelewska-Kapituła et al., 2007; 
Oh et  al., 2003]. Tejero-Sarinena et  al. [2012] reported on 
the antagonistic potential of a number of probiotic lactoba-
cilli strains against human pathogens such as St. aureus, S. ty-
phimurium, E. coli and E. faecalis. In general, the investigated 
lactic strains had a high therapeutic or prophylactic potential 
in treatments against infectious diseases.

CONCLUSIONS

In the present study, in vitro probiotic properties of eight 
lactobacillus strains isolated from an Iranian traditional 
cheese “Koozeh” in terms of bile tolerance, tolerance to simu-
lated gastric juice, β-galactosidase activity, CSH, hydrogen 
peroxide production, susceptibility to antibiotics and patho-
gen microorganisms were investigated. Results showed that 
all the  lactic strains were potent probiotics to develop new 
formulations for designing functional food products with 
health-promoting properties. According to the  analyses, 
L. fermentum (MT.ZH893 and MT.ZH993) and L. plantarum 
MT.ZH593  are the  best probiotics among the  tested ones. 
More researches are also needed on other potential probiotic 
characteristics of the selected strains in this study.
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