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Summary 
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first). 
 
A cross-sectional study was conducted from April to June 2016 to determine the inhibitory effect of 
Lactobacillus strains isolated from buffalo milk and yogurt in Bandar-e Gaz, Golestan province, 
North-West Iran. The raw milk and yogurt samples were collected and cultivated on MRS medium by 
anaerobical incubation at 37 °C for 48 h. The suspected colonies were identified on the basis of 
Gram’s staining and conventional biochemical tests. The antibacterial activity of the cell-free super-
natant extracted from Lactobacillus strains was determined using the agar well diffusion method 
against standard strains Escherichia coli ATCC 11303, Staphylococcus aureus ATCC 29213, Bacil-
lus cereus ATCC 19115, Listeria monocytogenes ATCC 19111, E. coli and S. aureus isolates from 
local cheese samples. A total of 10 Lactobacillus spp. were isolated and identified as L. plantarum, L. 
casei, L. acidophilus. L. plantarum A1 and L. acidophilus R1 exhibited relatively strong inhibitory 
effect against S. aureus and B. cereus, respectively. Both isolates had no inhibitory effect against L. 
monocytogenes. L. casei B1 showed moderate inhibitory effects against L. monocytogenes. This study 
showed that Lactobacilli from buffalo dairy products had good inhibitory activity towards Gram-
positive indicator organisms and were one of the best choices to control these pathogens in food 
products. 
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INTRODUCTION 

In recent years, researchers in the field of 
food safety and regulatory agencies have 
faced a growing number of food-borne 
illness outbreaks. Overuse and misuse of 
antibiotics have led to the rapid emer-
gence of antibiotic resistant bacteria. 

Thus, there is an urgent need to find novel 
and safe antibacterial substances as alter-
natives for antibiotics. Moreover, con-
sumer demand for application of natural 
preservatives instead of chemical pre-
servatives for safe and fresh food products 
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is increasing day by day (Taheri et al., 
2011; Kasra-Kermanshahi & Mobarak-
Qamsari, 2015). 

Today, there is a general tendency to-
wards use of natural preservatives in food 
and that is why lactic acid bacteria (LAB), 
due to the potential production of metabo-
lites with antimicrobial activity, have re-
ceived the attention of many researchers 
(Eid et al., 2016). They produce various 
compounds such as diacetyl, hydrogen 
peroxide, acetaldehyde, organic acids, 
bacteriocin and bacteriocin-like sub-
stances. Their antibacterial effects have 
also been attributed to the reduction in pH 
and competition for nutrients resources 
(Tesfaye, 2014). Therefore, studies rela-
ting to the antibacterial properties of these 
organisms to prevent, control and treat 
diseases and maintenaning health have 
become increasingly interesting (Chowd-
hury et al., 2012). In the past 20 years, 
antagonistic effect of LAB against many 
microorganisms including pathogens and 
spoilage organisms have been reported 
(Taheri et al., 2011; Kasra-Kermanshahi 
& Mobarak-Qamsari, 2015). 

High amounts of LAB are present in 
dairy products. Many people consume 
different types of milk and milk products 
as an important source of protein (Forhad 
et al., 2015). Among them cow, sheep and 
goat milk are very common in Iran, 
whereas buffalo milk and traditionally 
made yoghurt from buffalo milk is more 
common in rural areas of the country 
(Hossein Alipour et al., 2018). Compared 
to cow, sheep or goat milk, buffalo milk 
has a lower cholesterol content and a 
higher level of calcium. In addition to its 
nutrient content, it is also a source of an-
timicrobial metabolites such as lactic acid 
and bacteriocins (Forhad et al., 2015). In 
Iran, most of research works have been 
focused on the identification of Lactoba-

cillus strains in cow milk and their anti-
bacterial activities, while buffalo milk has 
so far received very little attention. There-
fore, the aim of this work was to isolate 
and identify different strains of Lactoba-
cillus spp. from buffalo milk and yoghurt 
and determine their in vitro antibacterial 
activity against some common human 
pathogens. 

MATERIALS AND METHODS 

Isolation of Lactobacillus species 

A cross-sectional study was conducted 
from April to June 2016 to determine the 
inhibitory effect of Lactobacillus strains 
isolated from buffalo milk and yogurt col-
lected in rural areas of Bandar-e Gaz, Go-
lestan province, North-West Iran. The raw 
milk and yogurt samples were collected in 
sterile screw capped falcon tubes and 
transported to the laboratory with ice 
packs. Ten grams of yogurt samples and 
10 mL of milk samples were aseptically 
transferred into 100 mL physiological 
peptone solution (PPS). After shaking for 
about half an hour, 10 mL of prepared 
suspensions were transferred to 200 mL of 
MRS broth and incubated anaerobically at 
37 °C for 24 h. Then, 10 mL of the MRS 
broth were inoculated in phosphate buff-
ered saline buffer (PBS, pH 3) and incu-
bated at 37 °C for 2.5 hours. The bacterial 
cells were harvested by centrifugation at 
10,000×g for 15 min and transferred into 
MRS broth (Conda Pronadisa, Spain) for 
enrichment. After incubation for 24 h at 
37 °C, the cells were diluted up to ten 
logarithmic (1010) fold with sterile physio-
logical saline and 1 mL of each dilution 
was cultured on MRS agar (Conda Pron-
adisa, Spain). The plates were incubated 
anaerobically at 37 °C for 48 h. The colo-
nies with different morphological appea-
rance were isolated and purified on MRS 
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agar medium. Then, the suspected colo-
nies were identified on the basis of 
Gram’s staining, biochemical tests includ-
ing sugar fermentation of galactose, mal-
tose, fructose, sucrose, raffinose, sorbitol, 
lactose, ramnose and mannitol, along with 
ability to grow at 10 °C and 45 °C and in 
the presence of 6.5% NaCl according to 
Bergey’s Manual of Systematic Bacterio-
logy (Whitman, 2009; Forhad et al., 2015; 
Narimani & Tarinejad, 2015). Majority of 
the sugars were supplied by Merck, Ger-
many with exception of maltose (Conda 
Pronadisa, Spain). The isolates were sub-
cultured onto MRS agar slants which were 
incubated at 37 °C for 24 h and preserved 
in 20% glycerol (Oxoid, Canada) at 20 
°C until further used. 

Antibacterial activity test 

The antibacterial activity of each Lacto-
bacillus isolate against standard strains 
was investigated by well diffusion method 
as described by Ivanova et al. (2000). In 
this method the isolated colonies were 
inoculated in MRS broth and incubated 
for 48 h at 150 rpm at 37 °C. After incu-
bation, the whole broth was centrifuged at 
10,000×g for 15 min and the supernatant 
were sterilised by passage through 0.45 
μm Millipore filters. The standard strains 
used in this study included Escherichia 
coli ATCC 11303, Staphylococcus aureus 
ATCC 29213, Bacillus cereus ATCC 
19115 and Listeria monocytogenes ATCC 

19111 (provided by Tehran University, 
Faculty of Veterinary Medicine). In addi-
tion to standard strains, E. coli and S. 
aureus strains isolated in our previous 
study on local cheese samples (Rabinejad 
et al., 2020) were also used to evaluate 
the antibacterial activity of the Lactoba-
cillus isolates. Fifty microliters of the cell-
free supernatant were placed in 5 mm di-
ameter wells punched into the nutrient 

agar plates previously seeded with 106 
cfu/mL of the test bacteria pre-cultured in 
LB broth. The plates were then incubated 
at 37 °C for 24 h. Based on the diameter 
(mm) of the clear inhibitory zone formed 
around the wells, antibacterial activity was 
estimated (Forhad et al., 2015; Eid et al., 
2016). Inhibition zones <15 mm and ≥15 
mm was considered to correspond to 
moderate and relatively strong activity, 
respectively (Karami et al., 2017). Anti-
microbial tests were done in triplicate and 
the mean values were recorded. 

RESULTS  

A total of 16 LAB strains were isolated 
from 10 samples (including six milk and 
four yogurt samples), forming round, 
creamy white colonies on MRS agar plate. 
Morphological and biochemical character-
istics were employed to identify the iso-
lates (Table 1). Among the isolates, all 
were Gram-positive but 10 of them were 
rod-shaped and the rest were coccus- 
shaped. In the present study, rod-shaped 
lactobacilli isolates were used. Based on 
the results of sugar fermentation and dif-
ferent growth conditions, lactobacilli were 
identified as L. plantarum (n=4), L. casei 
(n=2) and L. acidophilus (n=4). L. plan-
tarum isolates were specifically detected 
from the buffalo milk samples whereas L. 
casei isolates were detected in the buffalo 
yogurt samples. L. acidophilus isolates 
were identified in both samples. 

According to the results of antibacte-
rial activity test, L. plantarum A1 exhibi-
ted relatively strong inhibitory effect 
against S. aureus (16.2 mm) and did not 
show any inhibition effects on the growth 
of B. cereus and L. monocytogenes. L. 
casei B1 showed moderate inhibitory ef-
fects (15 mm) against L. monocytogenes. 
L. acidophilus R1 had a relatively strong 
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inhibitory effect on the growth of B. ce-
reus (16.5 mm) but exhibited no inhibi-
tory effect against L. monocytogenes. The 
mean diameters of growth inhibition zones 
(mm) are given in Table 2. Also, there 
was no difference between mean diame-
ters of growth inhibition zones of the cell-
free supernatants of all Lactobacillusiso-
lates against the standard strains or iso-
lates from the tradition cheese samples. 

 

DISCUSSION 

The study was designed for identification 
of Lactobacillus spp. from buffalo milk 
and yoghurt samples and assessment of 
their antibacterial activity against some 
human pathogenic bacteria. Based on the 
morphological characteristics, 10 isolates 
from the samples were identified as Lac-
tobacillus spp. The isolated bacteria were 
non-spore forming Gram-positive rod-

Table 1. Identification of lactobacilli based on sugar fermentation and different growth conditions   

 L. plantarum L. casei L. acidophilus 

Growth at 10°C   + 

Growth at 45°C  +  

Growth at 6.5% NaCl    

Galactose + + + 

Fructose + + + 

Raffinose + + + 

Lactose + +  

Maltose + + + 

Sucrose + + + 

Sorbitol + + + 

Rhamnose + + + 

Mannitol + + + 

 
Table 2. Mean diameter of growth inhibition zones (mm) caused by cell-free supernatant of Lacto-
bacillus isolates  

Isolates E.coli E.coli 
ATCC 
11303 

L.monocy-
togenes  

ATCC 19111 

B. cereus 
ATCC 
19115 

S.aureus  S.aureus 
ATCC 
29213 

L. plantarum A1 12.4 12.3   16 16.2 

L. plantarum A2   11.2 10.2 11 11 

L. plantarum A3 10.3 10.5   9.8   9.5 12.1 12.3 

L. plantarum A4 11 11.2  11.2 10.2 10.3 

L. casei B1   9   9 15 13.2 11.1 11 

L. casei B2 10   9.8 11  12 12 

L. acidophilus R1 10.1 10.3  16.5 11.3 11.5 

L. acidophilus R2   10.4 11.2 10.2 10.3 

L. acidophilus R3   9.5   9.2  12 11.1 11.2 

L. acidophilus R4   10.3 12.3 11.1 11.3 
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shaped facultative anaerobes indicating 
them as members of Lactobacillus spp. 
Based on the results, they were identified 
as L. plantarum, L. casei and L. acido-
philus.  

In this study, the cell-free supernatants 
of 3 Lactobacillus isolates showed good 
inhibitory effect against the tested patho-
genic bacteria. In a study in Bangladesh, 
Forhad et al. (2015) isolated a total of 
four strains including L. fermentum, L. 
casei, L. acidophilus and Bifidobacterium 
longum from buffalo milk. Eid et al. 
(2016) also isolated L. fermentum, L. 
acidophilus and L. pentosus from buffalo 
milk; among them L. pentosus had the 
highest antibacterial activity against the 
indicator organisms. In another study, four 
L. plantarum that inhibited growth of test 
pathogens to some extent were isolated 
but maximum and minimum zones of in-
hibition were observed against Bacillus 
cereus and Staphylococcus aureus, re-
spectively (Chowdhury et al., 2012). In 
the study by Naeemi et al. (2019) L. plan-
tarum was the commonest lactic acid bac-
terium from bovine colostrum that showed 
the highest antibacterial activity against 
the test organisms. In the study of Kooh-
sari et al. (2019) L. casei had the highest 
frequency in traditional dairy products 
followed by L. acidophilus in Gorgan 
(North-east of Iran). In a similar study in 
Jahrom, L. casei, L. acidophilus and L. 
plantarum were the most common lacto-
bacilli (Dorri et al., 2013).  

Farahbakhsh et al. (2013) evaluated 
the antibacterial activity of lactobacilli 
isolated from traditional yogurt in Rafsan-
jan (South of Iran). Among the isolates, 
the greatest antibacterial activity was ob-
served for L.  plantarum. In a study con-
ducted by Hossein Alipour et al. (2018)  
L. salivarius isolated from buffalo  milk 
had the strongest and the least inhibitory 

effect on S. aureus and S. typhimurium, 
respectively. The antagonistic activity of 
LAB isolated from traditional dairy prod-
ucts against E. coli O157:H7 was investi-
gated (Rahimpour Hesari et al., 2017). 
The isolates included L. plantarum and L. 
fermentum; the antagonistic activity of L. 
plantarum was greater than that of L. fer-
mentum. A study from Nepal showed an-
tibacterial effect of lactobacilli isolated 
from dairy products against E. coli, Sal-
monella paratyphi, Salmonella typhi, 
Pseudomonas spp., S. aureus, Proteus 
spp., Acinetobacter and no inhibitory ef-
fects against Klebsiella pneumoniae and 
Shigella spp. (Saud et al., 2020). In a 
study in Ahvaz, lactobacilli including L. 
alimentarius, L. sake and L. collinoides 
isolated from traditional dairy samples 
showed moderate activity (inhibition zone 
<15 mm) against S. aureus ATCC 6538, 
Bacillus subtilis ATCC 12711, and P. 
aeruginosa ATCC 27853 except for L. 
collinoides and L. alimentarius that had 
relatively strong activity (inhibition zone 
≥15 mm) against P. aeruginosa and Bacil-
lus subtilis, respectively (Karami et al., 
2017). Iranmanesh et al. (2012) isolated 
LAB from ewe milk, traditional yoghurt 
and sour buttermilk. Among the isolates, 
Pediococcus acidilactici had a great anti-
bacterial activity against L. monocyto-
genes, S. aureus and Salmonella enteriti-
dis. Slozilova et al. (2014)  examined the 
anti-listerial activity of six individual LAB 
strains (Lactococus lactis subsp. lactis 
CCDM 416 and NIZO R5, L. plantarum 
HV 11 and DC 1246, P. acidilactici HV 
12, and Enterococcus mundtii CCM 
1282) and one starter culture (DELVO-
ADD 100-X DSF). The strains were found 
effective in the suppression of at least one 
studied L. monocytogenes strains. In a 
later study, L. plantarum and Lactococcus 
piscium were the commonest probiotic 
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isolates from goat milk. The highest in-
hibitory effects against drug-resistant 
Acinetobacter baumannii was exhibited 
by L. lactis (Fozouni et al., 2019). Sikar-
chi et al. (2018) studied inhibitory effects 
of probiotic bacteria from camel milk on 
clinical isolates of drug-resistant Helico-
bacter pylori. Among the isolates, Lacto-
bacillus plantarum had the highest abun-
dance. L. plantarum, L. fermentum and L. 
casei showed satisfactory inhibitory ef-
fects against the H. pylori isolates, but L. 
plantarum with inhibition zone of 20.3 
mm exhibited the highest inhibitory effect. 
A study from Pakistan showed antibacte-
rial effecst of LAB against multi-drug-
resistant uropathogens, viz. Candida albi-
cans, P. aeruginosa, K. pneumoniae, En-
terococcus fecalis, and E. coli. The 
growth inhibition zone was over 10 mm 
against all the uropathogenic test organ-
isms, while L. fermentum and L. planta-
rum strains demonstrated significant in-
hibitory activities against E. coli and E. 
faecalis, with a growth inhibition zone up 
to 28 mm (Manzoor et al., 2016). Among 
the LAB isolates from yoghurt, L. casei 
and L. lactis showed better inhibitory ef-
fects against pathogenic bacteria. The 
maximum and minimum inhibitory effect 
was observed in Yersinia enterocolitica 
and B. cereus (Kiaie et al., 2006). Kazemi 
Darsnaki et al. (2010) isolated six LAB 
from yogurt and probiotic pills among 
which the highest antibacterial activity 
was observed for L. acidophilus against B. 
cereus. In a study from Egypt, Lactoba-
cills paracasei and L. helveticus exhibited 
the highest antagonistic activity against 
the tested pathogens followed by L. fer-
mentum, while Bifidobacterium longum 
and L. lactis subsp. lactis showed weak or 
no activity against the tested strains (Gad 
et al., 2016). 

Considering the results of all studies 
including the present research, LAB from 
dairy products demonstrated inhibitory 
activity towards Gram positive and Gram 
negative indicator organisms. Among the 
LAB, lactobacilli with considerable good 
antagonistic activity against the most im-
portant pathogens were shown to be one 
of the best choices for their control. 
Hence, they have a great potential for ap-
plication in the food industry to prevent 
growth of food borne pathogens in food 
products and for control of diseases.  
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