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Abstract

Background: Nowadays, microbial food safety is an increasing public health concern worldwide, especially in developing coun-
tries.
Objectives: The aim of this study was to apply established in vitro tests to evaluate the antimicrobial activity of the Lactobacilli.
isolated from two traditional Iranian fermented dairy-cereal based foods.
Materials and Methods: A total of 23 samples of Kashk-e Zard and 27 samples of Tarkhineh were collected from different regions
of Iran. Lactobacillus spp. was isolated and identified by standard methods. The antibacterial effects of Lactobacillus isolates were
implemented by well diffusion method. Kinetic study was conducted with a bacteriostatic activity in vitro in the presence of Lacto-
bacillus supernatants.
Results: The results showed an antimicrobial activity of the Lactobacillus strains isolated from Kashk-e Zard and Tarkhineh against
Escherichia coli, Staphylococcus aureus, Listeria monocytogenes and Salmonella typhimurium according to agar well diffusion test. In
addition, kinetic study revealed a significant bacteriostatic activity of Lactobacillus supernatants.
Conclusions: Kashk-e Zard and Tarkhineh seemed to have probiotic properties, deserving further studies.
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1. Background

A large variety of traditional fermented foods are glob-
ally produced and consumed. They are the product of a
natural biotechnological process and produced by taking
advantage of the natural microbiota associated with fresh
food materials. Fermentation is one of the most practi-
cal, economic and widely applied empirical methods for
preserving, often diversifying and enhancing organoleptic
and nutritional quality of fresh foods (1, 2). These foods
such as Kashk-e Zard and Tarkhineh are still mainly pre-
pared at the household level and marketed through in-
formal routes. They have a high nutrition value and are
considered as a good source of bioavailability such as pro-
tein, vitamins and minerals (3). These fermented products
are popular in the southeastern part of Iran (Sistan and
Balouchestan province), produced by mixing cereal flour
(mainly wheat flour), yoghurt, a variety of vegetables, salt
and spices, followed by lactic and alcoholic fermentation
in two steps of fermentation for several days.

Tarkhineh, Tarkhowana or Doowina in Kurdish is a
unique product, made traditionally in west of Iran (Kurdis-
tan, Kermanshah and Hamedan provinces). Wheat meal
and sour doogh are the main ingredients of this tradi-
tional product. Then, there is spontaneous fermentation

followed for 7 - 10 days in one step.

Nowadays, microbial food safety is an increasing pub-
lic health concern worldwide, especially in developing
countries (4). During fermentation, the growths of
pathogens as well as other spoilage organisms are fre-
quently inhibited through antimicrobial components pro-
duced by lactic acid bacteria (LAB) (5-7). Reports have
shown that LAB-produced organic acids can work in combi-
nation to display a strong inhibitory activity against many
foodborne pathogens such as Salmonella typhimurium, Es-
cherichia coli, Bacillus cereus, Clostridium botulinum, C. per-
fringens, Listeria monocytogenes, and Staphylococcus aureus
(8-12).

Dairy-cereal fermented foods often include LAB strains
with probiotic properties. The mechanisms of health pro-
moting effects of probiotic bacteria have been attributed
to their anti-pathogenic properties (13). According to food
and agriculture organization/world health organization
(FAO/WHO), one of the most important parameters by
which potentially new probiotic strains must be character-
ized is the production of antimicrobial substances under
in vitro conditions (14). Lactobacilli could be considered
among the most important of all LAB due to their role in
various food and feed fermentations for the prevention of
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food spoilage, intoxication and infection as well as produc-
tion of several important metabolites. Additionally, they
play important roles by acting as antagonists against other
pathogens through the production of antimicrobials and
bacteriocins (15, 16). These products, for their unique fer-
mentation styles and production methods, could be a valu-
able source of native Lactobacilli, whereas no study has
been done on any aspect of these invaluable foods.

2. Objectives

The main objective of this study was to determine the
antimicrobial activity of the Lactobacilli spp. isolated from
two traditional Iranian fermented foods, which are based
on combination of both local cereal and dairy materials.

3. Materials andMethods

3.1. Sampling, Enumeration and Isolation

A total of 23 samples of Kashk-e Zard from various re-
gions of Sistan and Balouchestan province and 27 samples
of Tarkhineh from Kurdistan, Hamedan and Kermanshah
provinces of Iran were collected in sterile containers asep-
tically and brought to the laboratory. Ten grams of each
sample was homogenized with 90 mL of peptone water in
sterile bags by food mixer stomacher and ten-fold serial di-
lution was made to get a 10-7 dilution. Appropriate dilu-
tions were surface-plate cultured on de Man Rogosa and
Sharpe agar (MRS) and incubated at 37°C for 72 hours with
5% - 10% CO2. After growth, colony forming units (CFU)
were quantified using colony counter and representative
morphotypes were isolated. Then, the selected colonies
were cultured on MRS agar to obtain pure cultures. After
initial identification, Gram-staining for microscopic and
morphologic inspection, biochemical tests such as cata-
lase activity, motility test in sulfide, indole, motility (SIM),
indole production from tryptophan, carbohydrates fer-
mentation pattern, nitrate reduction and gelatin hydroly-
sis tests were performed to confirm the presence of Lacto-
bacillus genus in samples. Further approval of the isolates
was carried out by cultivation at 15°C and 45°C in MRS broth
and carbohydrates fermentation profiles (1, 9, 17).

3.2. Antimicrobial Activity of Isolates

The antagonistic activities of isolated Lactobacillus cul-
tures were assessed against four intestinal pathogens as
test organisms namely E. coli ATCC 700728, S. aureus ATCC
29737, L. monocytogenesATCC 19115 and S. typhimuriumATCC
19430, using well diffusion test by detecting the presence
of a growth inhibition zone of the indicator strain around
the LAB, described by Schillinger and Lucke (18).

3.3. Kinetic Study of Lactobacillus Supernatants

The most isolated Lactobacillus strain (L. casei) was cul-
tured in MRS broth medium and centrifuged in 12000 rpm
for seven minutes for determining the kinetic study. Then,
suspensions was prepared in 0.5 McFarland concentra-
tions from the ones grown in CASO agar. One milliliter of
this suspension was added to CASO broth medium in three
separated parts. L. casei in concentrations of 10% and 20%
was added to these suspensions at the same time. Then, op-
tical densities (OD) of the target cultures were measured
each two hours. There was one control with pathogen and
without Lactobacillus.

4. Results

Average enumeration values of Lactobacillus in Kashk-e
Zard and Tarkhineh were 2.84 × 105 CFU/mL (ranged from
0 to 2 × 106) and 4.55 × 105 CFU/mL (ranged from 0 to 1.18
× 107), respectively.

Isolates of Kashk-e Zard and Tarkhineh were identified
as Lactobacillus spp. genus. All the isolates were gram-
positive, rod-shaped, catalase-negative, carbohydrates fer-
mentative with the ability to grow at different tempera-
tures, non-motile, and indole and gelatin-negative. Based
on the fermentation profile, seven and eight categories
of Lactobacillus spp. were identified for Kashk-e Zard and
Tarkhineh respectively, of which the most and the least fre-
quent isolates belonged to L. casei (n = 20 and n = 28) and
L. acidophilus (n = 2 and n = 1), respectively. L. casei was the
predominant category of Lactobacillus spp.

Regarding isolates of Kashk-e Zard, the strongest
growth inhibition against E. coli, S. aureus, L.monocytogenes
and S. typhimurium were respectively shown by L. corusto-
rum, L. plantarum, and L. casei. Antagonistic activities of
L. alimentarius against E. coli and S. aureus, and L. rhamno-
sus against L.monocytogenes and S. typhimuriumwere at the
lowest levels (Table 1).

In the case of Tarkhineh, the highest antibacterial ac-
tivities against E. coli, S. aureus, L. monocytogenes, and S. ty-
phimurium were suggested by species of L. corustorum, L.
plantarum, L. casei, and L. fermentum, respectively. Similar to
Kashk-e Zard, L. alimentarius and L. rhamnosus showed the
smallest bactericidal effects as opposed to E. coli and S. au-
reus, and L. monocytogenes, and S. typhimurium (Table 1).

Table 1 shows the growth inhibition power of cell-free
culture supernatants obtained from the Lactobacillus iso-
lates from Kashk-e Zard and Tarkhineh as attained and neu-
tralized by NaOH. Overall, cell-free culture supernatants
(CFCS) and neutralized CFCS of all the isolates suggested
antimicrobial activity, although adjustment of pH to 6.5
led to the reduction of the average zone of inhibition.
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Table 1. Zone of Inhibition for Cell-Free Culture Supernatants and Neutralized Cell-Free Culture Supernatants

E. coli S. aureus L. monocytogenes S. typhimurium

Mean± SDb ,
mm

Mean± SDa ,
mm

Mean± SDb ,
mm

Mean± SDa ,
mm

Mean± SDb ,
mm

Mean± SDa ,
mm

Mean± SDb ,
mm

Mean± SDa ,
mm

L. acidophilus

CFCS 19.43 ± 2.34 20.48 ± 3.34 19.97 ± 1.55 21.07 ± 3.05 16.37 ± 3.43 17.37 ± 3.52 21.31 ± 2.04 22.32 ± 3.44

NCFCS 17.42 ± 1.38 19.42 ± 2.08 18.40 ± 3.01 19.34 ± 4.11 12.99 ± 2.32 13.87 ± 2.25 19.68 ± 3.54 21.08 ± 3.58

L.
alimentarius

CFCS 14.47 ± 4.21 15.57 ± 4.42 17.36 ± 2.33 19.06 ± 3.13 19.32 ± 3.21 20.30 ± 4.01 17.32 ± 3.61 18.02 ± 3.58

NCFCS 12.58 ± 3.16 11.85 ± 4.06 16.42 ± 2.19 17.42 ± 2.54 19.48 ± 5.13 18.49 ± 4.23 15.24 ± 1.66 14.98 ± 2.68

L. casei

CFCS 27.60 ± 2.88 24.70 ± 6.08 20.00 ± 2.44 21.20 ± 3.04 22.60 ± 5.88 23.61 ± 4.78 25.00 ± 2.24 24.24 ± 3.14

NCFCS 25.40 ± 2.07 24.42 ± 2.07 20.00 ± 4.24 21.22 ± 3.74 23.00 ± 2.57 24.11 ± 3.28 24.40 ± 2.53 21.49 ± 2.66

L. corustorum

CFCS 31.27 ± 2.58 30.47 ± 4.08 21.16 ± 3.16 25.18 ± 3.34 20.35 ± 3.25 21.42 ± 3.73 25.15 ± 2.10 24.19 ± 3.18

NCFCS 27.39 ± 4.35 28.19 ± 3.79 21.05 ± 7.41 22.25 ± 5.01 20.32 ± 1.53 23.82 ± 3.03 24.62 ± 2.46 26.42 ± 3.45

L. lactis

CFCS 19.62 ± 4.15 9.50 ± 5.54 19.51 ± 5.39 11.37 ± 2.26 18.89 ± 4.10 9.42 ± 5.73 21.14 ± 1.69 13.24 ± 2.52

NCFCS 18.88 ± 2.70 3.31 ± 4.74 19.11 ± 2.05 11.93 ± 3.37 17.40 ± 3.47 8.53 ± 3.47 20.59 ± 3.42 12.26 ± 1.14

L. plantarum

CFCS 30.72 ± 2.46 22.73 ± 4.53 26.35 ± 4.72 20.56 ± 7.50 26.42 ± 4.31 19.14 ± 2.44 24.63 ± 3.62 21.39 ± 2.70

NCFCS 27.61 ± 2.41 21.37 ± 2.71 26.21 ± 3.26 20.12 ± 2.11 24.49 ± 3.52 20.13 ± 2.32 24.06 ± 3.53 20.48 ± 2.62

L. rhamnosus

CFCS 18.32 ± 4.65 31.02 ± 4.06 15.24 ± 3.42 27.15 ± 3.82 13.25 ± 3.39 25.41 ± 3.38 12.63 ± 3.75 23.58 ± 3.78

NCFCS 14.58 ± 6.22 27.35 ± 4.12 16.20 ± 2.39 25.71 ± 3.55 12.18 ± 5.94 23.51 ± 3.86 9.39 ± 7.27 23.54 ± 3.89

Total average

CFCS 26.82 ± 3.03 19.41 ± 5.12 21.42 ± 3.45 16.14 ± 3.56 18.49 ± 4.23 14.21 ± 3.09 16.98 ± 2.68 12.99 ± 3.78

NCFCS 22.42 ± 2.54 16.08 ± 5.02 19.25 ± 5.01 14.20 ± 2.56 17.82 ± 3.03 10.19 ± 4.37 16.70 ± 4.08 10.35 ± 6.07

bTarkhineh.
aKashk-e Zard.

Kinetic study of intestinal pathogens was investigated
by applying 10% and 20% CFCS for 24 hours. Time assay
demonstrated a significant bacteriostatic effect of L. ca-
sei supernatants against all the pathogens. Although the
concentration of 20% of L. casei supernatants inhibited
the growth of all the investigated pathogens completely
after 12 hours of incubation, concentration of 10% sug-
gested its inhibitory effect on pathogen microorganisms
after 24 hours. Applying 20% of supernatant had a higher
bacteriostatic activity of E. coli in comparison with other
pathogens, which was also confirmed by the results from
agar well assay (Figures 1 and 2).

5. Discussion

Generally, several factors are involved in viability of
probiotic cultures in fermented foods such as pH, acid-
ity, the presence of other microorganisms, temperature,
and oxygen content (17). Sengun et al. obtained 7 - 9.8
log CFU/mL for LAB in yoghurt and 1.3 - 9.4 log CFU/mL for
cracked wheat in the study on Tarhana, similar fermented
product to ours in Turkey (19). Tamime et al. reported a
count of 1.02 × 106 CFU/mL of LAB for Kishk, fermented
milk-cereal mixture (20).

The presence of organic acids in a food medium re-
sults in the reduction of the pH (6, 21-23). Reduced pH
results in unfavorable growth conditions for a wide va-
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Figure 1. Bacteriostatic Kinetic Surviving Time of Supernatants of Lactobacillus casei
(10%) Against Escherichia coli ATCC 700728, Staphylococcus aureus ATCC 29737, listeria
monocytogenes ATCC 19115 and Salmonella typhimurium ATCC 19430
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Figure 2. Bacteriostatic Kinetic Surviving Time of Supernatants of Lactobacillus casei
(20%) Against Escherichia coli ATCC 700728, Staphylococcus aureus ATCC 29737, listeria
monocytogenes ATCC 19115 and Salmonella typhimurium ATCC 19430

riety of pathogens and spoilage microbes, whereas LAB
are more tolerant to lower pH environments (2). There-
fore, decrease in zone of inhibition in our study can be
attributed to the elimination of organic acids when CFCS
was neutralized with NaOH (Table 1). However, growth in-
hibition can be associated to other antimicrobial agents
such as bacteriocins. Numerous LAB synthesize bacteri-
ocins have varying spectrums of inhibition on closely re-
lated Gram-positive bacteria and certain yeast strains (23).
Inhibition of foodborne pathogens such as L. monocyto-
genes and S. aureus by bacteriocins has led to the real-
ization of their potential roles as natural food preserva-
tives (6, 23, 24). In a previous study, isolated Lactobacillus
strains exhibited the highest zones of inhibition (15 mm)
against S. aureus (25). Another investigation showed the
antibacterial activity of bacteriocin-producing Lactobacil-
lus species isolated from traditional milk products (26).
Furthermore, antimicrobial-producing lactic acid bacte-
rial isolates from raw barley and sorghum have been in-
dicated by Hartnett and Vaughan (27). Inhibition zones
between 0.5 - 13.0 mm by Lactobacillus strains in indige-
nous fermented food against the indicator organisms have

been reported by Sanni et al. (28). Researches of Savadog
et al. showed inhibition diameters of lactic acid bacteria
strains isolated from Burkina Faso fermented milk on indi-
cators strains such as E. coli, S. aureus and B. cereus, which
were between 8 - 12 mm. The largest diameter of 12 mm
inhibition was obtained with L. fermentum on Enterococcus
faecalis, and the smallest diameter was obtained with Leu-
conostoc mesenteroides on same indicators (29). In our
study, isolates of Kashk-e Zard and Tarkhineh, had the high-
est and lowest growth inhibition diameters against E. coli,
S. aureus, L. monocytogenes and S. typhimurium by L. corusto-
rum, L. plantarum, and L. caseiand also by L. alimentariusand
L. rhamnosus, respectively.

Traa et al. with adjacent culture supernatant of differ-
ent Lactobacillus with pathogenic bacteria such as L. mono-
cytogenes, Salmonella and S. aureus and examining the ob-
tained turbidity at different intervals concluded that the
turbidity levels studied reduced dramatically (30). In this
study, concentrations of 10% and 20% of L. casei super-
natants inhibited the growth of all investigated pathogens
after 24 and 12 hours of incubation, respectively. It seems
that with higher concentrations of supernatants, the an-
timicrobial compounds concentrations increased.

Lactobacilli are able to compete with target cultures
when they are incubated together, but the degree of inhibi-
tion, as we observed, was bacterial strain-depended, which
was previously reported by Wei et al. (31). The bacteriocin-
producing strains may be used as protective cultures to im-
prove the microbial safety of foods (32-36), and they also
play an important role in preservation of fermented foods,
which is usually achieved by inhibition of contaminat-
ing spoilage bacteria such as Pseudomonas and pathogens
such as S. aureus, Salmonella spp. and L. monocytogenes (37,
38). In conclusion, this study demonstrated bacteriostatic
activities of Lactobacillus isolated from Kashk-e Zard and
Tarkhineh against the most frequent foodborne target cul-
tures is a desirable property.
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