
Investigation of Some Biochemical Properties, Antimicrobial Activity 
and Antibiotic Resistances of Kefir Supernatants and Lactococcus lactis 

ssp. lactis Strains Isolated from Raw Cow Milk and Cheese Samples 

Shila VAHABZADEH 1   Haydar ÖZPINAR 1
1 Istanbul Aydin Univeristy, Department of Food Safety and Nutrition, TR-34295 Istanbul - TURKEY
 

Article Code: KVFD-2017-19196    Received: 10.12.2017    Accepted: 12.03.2018   Published Online: 13.03.2018

How to Cite This Article

Vahabzadeh S, Özpınar H: Investigation of some biochemical properties, antimicrobial activity and antibiotic resistances of kefir supernatants and 
Lactococcus lactis ssp. lactis strains isolated from raw cow milk and cheese samples . Kafkas Univ Vet Fak Derg, 24 (3): 443-450, 2018. DOI: 10.9775/
kvfd.2017.19196

Abstract
In this study some biochemical characteristics, antibiotic resistance profiles and antibacterial activity of kefir microfloras (kefir supernatants) 
and Lactococcus lactis ssp. lactis (L. lactis ssp. lactis) bacteria isolated from cheese made from sheep milk and raw cow milk were investigated. 
In this study, 30 kefir supernatants and 60 isolates of L. lactis ssp. lactis were analyzed. 30 isolates obtained from raw cow milk and 30 
isolates obtained from raw sheep cheeses. In kefir supernatants the highest antimicrobial activity was observed against B. cereus, followed 
by E. coli, S. aureus whereas no antimicrobial activity was observed against the E. faecalis. Kefir supernatants exhibited highest resistance to 
chloramphenicol and lowest resistance to erythromycin. The highest antimicrobial activity in L. lactis ssp. lactis isolates obtained from raw 
sheep cheese and raw cow milk samples were found against E. faecalis followed by S. aureus, L. sakei and E. coli respectively. The isolates 
obtained from raw sheep cheese samples 43.3% were resistant to streptomycin, 13.3% tetracycline and 22.2% erythromycin. The isolates 
obtained from raw cow milk samples 40% were resistant to streptomycin, 40% tetracycline, 16.7% ampicillin and 23.3% erythromycin. The 
results showed that L. lactis ssp. lactis bacteria isolated from cheese samples derived from raw sheep milk demonstrated better antimicrobial 
activity and lactic acid production. Among all isolates obtained from raw cow milks and raw sheep cheeses Tet(S) resistance gene was 
confirmed in 7 (11.7%), Str(A) in 6 (10%) and Str(B) in 1 (1.7%) isolates by PCR method.  
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Çiğ Süt, Peynir Örneklerinden İzole Edilen Lactococcus. lactis ssp. lactis 
Suşlarının ve Kefir Süpernatanlarının Bazı Biyokimyasal Özellikleri, 

Antimikrobiyel Etkinliği ve Antibiyotiklere Karşı Dirençlığının 
Araştırılması

Öz
Bu çalışmada çiğ koyun sütünden yapılan peynir örneklerinden ve inek sütünden izole edilen Lactococcus lactis ssp. lactis (L. lactis ssp. lactis) 
izolatlarının ve kefir süpernatanlarının (kefir mikroflorasi) bazı biyokimyasal özellikleri, antibiyotiklere karşı dirençliliği ve antibakteriyal 
etkileri incelenmiştir. Araştırmada 30 kefir süpernatantı ve 60 L. lactis ssp. lactis izolatı analiz edilmiştir. 30 izolat çiğ inek sütlerinden ve 30 
izolat koyun peyniri örneklerinden elde edilmiştir. Kefir süpernatanlarının E. faecalis’e karşı antimikrobiyal etki göstermezken, B. cereus’a 
karşı en etkili olduğu gözlenmiştir. Ayrıca şiddete sırasına göre E. coli ve S. aureus’a etkili olduğu saptanmıştır. Kefir süpernatantlarinda 
antibiyotiklere karşı en yüksek direnç kloramfenikol ve en düşük direnç ise eritromisin’de gözlenmiştir. Çiğ koyun peyniri örneklerinden ve 
çiğ inek sütlerinden izole edilen L. lactis ssp. lactis izolatlarının en yüksek antimikrobiyal etkisi E. faecalis’e karşı gözlenmiştir. Ayrıca  S. auerus 
ve L. sakei’ye karşı antimikrobiyal aktiviteleri E. coli göre daha yüksek olduğu görülmüştür. Çiğ koyun peyniri örneklerinden izole edilen L. 
lactis ssp. lactis izolatların antibiyotiklere karşı %43.3 streptomysine, %13.3 tetrasikline ve %22.2 eritromisine dirençli bulunmuştur. Çiğ inek 
süt örneklerinden elde edilen L. lactis ssp. lactis izolatların’da ise %40 streptomysine, %40 tetrasikline, %16.7 ampisiline ve %23.3 eritromisine 
karşı dirençli bulunmuştur. Sonuç olarak, koyun peyniri örneklerinden izole edilen L. lactis ssp. lactis izolatlarının daha yüksek antimikrobiyal 
aktivite ve laktik asit üretimine sahip olduğu saptanmıştır. Çiğ inek sütü ve çiğ koyun peynirlerden elde edilen tüm izolatlar arasında, 7 
adetinde Tet(S) (%11.7) , 6 adetinde Str(A) (%10) ve 1 adetinde Str(B) (%1.7) direnç geni PCR metoduyla ile saptanmıştır. 
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INTRODUCTION 

Kefir is a cultured, fermented milk beverage made with 
kefir grains or “starter culture” which is a combination 
of yeasts, milk proteins, and bacteria also known as the 
“kefiran” complex basically a glucogalactan produced by 
Lactobacillus kefirofaciens. Kefir has a tart, creamy flavor  
and apart from having a high nutritional value, it is also 
known to have a probiotic effect [1]. Lactic acid bacteria (LAB) 
species including Lactobacillus, Lactococcus, Leuconostoc 
and Streptococcus as well as acetic acid bacteria from the 
genus Acetobacter have been identified in kefir grains [2]. 
Kefir is usually produced from cow milk although goat and 
sheep milk can also be used for its production [3]. The kefir 
grains collected from different geographical areas exhibit 
different microbial flora [4]. Among the major health benefits 
of kefir; improvement of lactose intolerance by altering 
the microbial flora of the intestinal system [5], antibacterial 
properties against fungi, gram positive and negative 
bacteria due to the presence of hydrogen peroxide, lactic 
acid, carbon dioxide, alcohol, diacetyl, bacteriocins and 
acetaldehyde as well as its anti-carcinogenic properties 
are worth mentioning [6]. Since the pathogens have been 
reported to have developed resistance to antibiotics in 
recent years, utilizing the antimicrobial factors as in the 
case of kefir, for coping against pathogens in dairy products 
is of special significance [7]. Milk peptides released due to 
the activity of protease enzymes produced by lactic acid 
bacteria during kefir fermentation causes easy digestion 
of milk proteins and enhances the organoleptic properties 
in dairy products [8]. Selection of good starter cultures for 
fermented dairy products is of particular importance and 
use of kefir as a starter culture in fermented milk products, 
especially in cheese production, is being widely practiced 
in recent years and several studies indicate that the degree 
of proteolysis and lactic acid concentration are higher in 
cheese produced by kefir as compared to other starter 
cultures [9]. Another member of the LAB family which is 
commonly termed generally recognized as safe (GRAS) also 
playing an important role as starter cultures in industrial 
dairy fermentation is Lactococcus lactis ssp. lactis (L. lactis 
ssp. lactis) and can be found in raw cow milk [10] and sheep 
milk [11]. Owing to its pH lowering effect and antimicrobial 
metabolite production potential, it is used in the dairy 
industry as an additive; enhancing the organoleptic 
attributes, shelf life and product quality. In addition, 
L. lactis ssp. lactis also plays a major role in ripening of 
cheese matrix due to its ability to produce intracellular 
peptidase enzymes [12]. Selected L. lactis ssp. lactis strains 
are suggested to favorably influence the intestinal flora of 
human and animal hosts, lead to competitive exclusion of 
gastrointestinal pathogens, stimulate immune responses 
and exhibit anti-carcinogenic properties [13]. Dairy products 
containing L. lactis ssp. lactis strains have been found to 
improve digestion and absorption of lactose sugar in 
lactose intolerant individuals, reduce heart rate and blood 
pressure in hypertensive rats and prove beneficial in the 

prevention and treatment of cardiovascular diseases in 
humans [14]. Since the microbial flora and profile of 
starter culture directly influence the organoleptic and 
physiochemical characteristics of dairy products as  
cheese made from raw milk, study of this bacterium’s 
metabolic activity in vitro will elucidate the characteristics 
and potential performance as a prime quality starter 
culture in the dairy industry [15]. Isolation of prime quality 
starter cultures with high metabolic activity from natural 
resources and its industrialization has brought about a 
modern revolution in the dairy products. Kefir is the most 
popular fermented milk product which is consumed around 
the world and L. lactis ssp. lactis is one of the most bacteria 
that used in dairy industry. The aim of this research is to 
identify the some properties of L. lactis ssp. lactis isolated 
from raw milk, cheese samples and kefir supernatants by 
analyzing its metabolic activity, sensitivity to antibiotics, 
lactic acid production as well as the antimicrobial activity.

MATERIAL and METHODS
Materials 

The 60 isolates of L. lactis ssp. lactis from raw cow milk (30) 
and cheese made from raw sheep milk (30) were collected 
in our previous study which performed at Farmapark 
Biotechnology Research and Development Ltd. located 
in Konya, Turkey in June and July 2016. A total of 30 kefir 
samples were collected in May 2016 from various cities in 
Turkey (Bursa, Canakkale, Istanbul, Konya, Kocaeli, Tokat, 
Sakarya, Tekirdag and Amasya). In this study all control 
organisms including Enterococcus faecalis ATCC 29212 
(E. faecalis ATCC 29212), Escherichia coli ATCC 35218 (E. 
coli ATCC 35218), Staphylococcus aureus ATCC 25923 (S. 
aureus ATCC 25923) and Lactobacillus sakei ssp. sakei 
ATCC15521 (L. sakei ssp. sakei ATCC15521). Bacillus cereus 
(B. cereus), Listeria monocytogenes (L. monocytogenes) were 
obtained from Farmapark Biotechnology Research and 
Development Ltd. 

Methods 

Samples: Kefir samples were collected into 50 mL sterile 
falcon tubes and transported to the laboratory under cold 
conditions and stored at 4°C until analysis. All isolates of L. 
lactis ssp.lactis were kept at MRS broth medium containing 
20% glycerol and preserved at -20°C [16]. The analyses were 
carried out in Farmapark Biotechnology Research and 
Development Ltd. 

Preparation of Kefir Samples for Analysis: For analyses, 30 
samples of kefir were centrifuged for 20 min at 6000 rpm 
then each supernatant was filtered through sterile filter 
paper. The supernatants was stored in eppendorf tubes at 
4°C and used for analysis of metabolic and antimicrobial 
activity, lactic acid production and disc diffusion test. 

Preparation of L. lactis ssp. lactis Isolates: A 10 µL (loop 
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full) of each broth culture was streak on MRS agar medium 
and incubated 24-48 h at 30°C. Once single colonies  
were observed, they were inoculated in MRS broth and 
incubated at 30°C for 24 h. Gram stain and catalase test 
were utilized for verify the purity of bacterial cultures. 
Lactococcus. lactis ssp. lactis was found to be catalase 
negative and were observed in cocci forms under micro-
scope [17]. Isolates were kept at MRS broth medium 
containing 20% glycerol and preserved at -20°C for 
molecular identification. 

Molecular Identification of L. lactis ssp. lactis Isolates: 
DNA extraction was done according to the protocol of 
promega wizard® genomic DNA purification kit. PCR test 
was carried out using a specific pair of primer (Lac-F:5’ 
GTACTTGTACCGACTGGAT-3’, Lacre-R:5’GGGATCATCTTTA 
GTGAT-3’) for molecular identification of L. lactis ssp. 
lactis isolates. The amplification cycle included an initial 
denaturation of 94°C for 5 min followed by 35 cycles of 
denaturation at 94°C for 40 s, annealing at 58°C for 40 
s and extension at 72°C for 1 min [18]. The 60 isolates of L. 
lactis ssp. lactis from raw cow milks (30) and cheeses made 
from raw sheep milk (30) were identified as L. lactis ssp. 
lactis by PCR.

Metabolic Activity: For evaluation of metabolic activity 
with pH changes at different times, 0.2 mL (200 µL) of 
each kefir supernatant was added to 10 mL skimmed milk 
(12% concentration) and incubated at 30°C. The pH of 
the solution were recorded with pH digital thermometer 
(WTV735I, Germany) after 6, 12, 18, 24 and 30 h. Litmus milk 
reaction test was used for observing the metabolic activity 
of L. lactis ssp. lactis isolates obtained from milk and cheese 
samples. Five mL of litmus milk medium were added to 
each test tube and 0.1 mL of each culture bacterium was 
taken from MRS broth with pipette and was cultured into 
the litmus milk medium. The tubes were incubated at 30°C 
24 to 48 h. A pinkish color or a pinkish color white curdy 
appearance, due to acidic medium produced, indicated 
positive results. Stabilized blue and no change shows the 
test negative [19].

Lactic Acid Production: One mL of each broth culture at a 
turbidity of 0.5 McFarland standards and kefir supernatants 
was inoculated to 9 mL sterile skimmed milk medium and 
incubated at 30°C for 6 h. After 6 h incubation period, 0.5 
mL phenolphthalein was added to each tube as indicator 
and titrated with 0.1 N NaOH until a pink colour of indicator 
persists for at least 30 s. The amount of consumed NaOH 
was recorded for each sample. In the end, the amount of 
lactic acid produced by each L. lactis ssp. lactis isolates 
and kefir supernatants were measured by the formula 
suggested by Khemariya et al.[17]. 

Total acidity (%) = (titre value × normality of alkali × volume made 
up × equivalent weight of acid × 100)/(aliquot taken × weight/
volume of sample × 1000)

Antimicrobial Activity: In this study antimicrobial activity 

of L. lactis ssp. lactis isolates obtained from milk, cheese, 
and kefir supernatants were investigated by using agar 
well diffusion method. Various type of gram positive and 
negative bacterial species were selected for observing 
antimicrobial activity of L. lactis ssp. lactis isolates 
including E. faecalis, E. coli, S. aureus and L. sakei ssp. sakei. 
L. sakei ssp. sakei which is a bacteriocin sensitive indicator 
(non-bacteriocin producer), was used in this study for 
investigating the antimicrobial activity of L. lactis ssp. lactis 
isolates obtained from milk and cheese samples.

Staphylococcus aureus, E. faecalis, E. coli strains commonly 
used as a control strain for routine antimicrobial suscep-
tibility tests. Bacillus cereus, L. monocytogenes, E. coli, 
S. aureus and E. faecalis were used for evaluating the 
antimicrobial activity of kefir supernatants. Bacillus cereus 
and L. monocytogenes also listed among the pathogens 
known to cause serious health problem in hosts were 
taken into consideration while working with kefir. The test 
microorganisms were grown in nutrient broth diluted in 
Muelller-Hinton Broth (MHB) to equal the turbidity of the 
0.5 McFarland standard (1.5x108 cfu/mL) then spreading 
on Mueller Hinton Agar (MHA) by using steril cotton swab. 
Wells, 8 mm in diameter, were punched in the agar plates. 
The L. lactis ssp. lactis isolates were cultured in MRS broth 
centrifuged for 10 min per 1200 g then 200 μL of each 
supernatant was inoculated into the wells. All petri dishes 
were incubated for 24-30 h at 30°C. The diameter of clear 
zones around every well was measured and recorded [20].

Determination of Antibiotic Resistance: Disc diffusion test 
was done according to the instruction of national commit-
tee for clinically laboratory standards (NCCLS). Kanamycin, 
tetracycline, streptomycin, vancomycin, clindamycin, 
erythromycin, ampicillin, gentamicin, chloramphenicol 
antibiotics were selected for the test [21]. Lactococcus 
lactis ssp. lactis isolates were grown in MRS broth were 
diluted in MHB to equal the turbidity of the 0.5 McFarland 
standard then inoculated on MHA by using steril cotton 
swab. All plates left to dry at room temperature for 15 min. 
Antibiotic discs were placed on the inoculated plates by 
using sterile forceps and incubated for 24 h at 30°C. Each 
kefir supernatant was swabbed on MHA. Diameter of 
clear zone around antibiotic discs were measured. Lack of 
inhibition zones around disc of each antibiotic exhibited 
resistance to it [17].

Detecting of Tetracycline and Streptomycin Resistance 
Genes: Two specific pairs of primers namely Tet(M), Tet(S) 
and Str(A), Str(B) were used to identify tetracycline and 
streptomycin resistance genes. The PCR program for 
streptomycin consisted of denaturation at 94°C for 3 min 
followed by 35 cycles of 94°C for 1 min, annealing at 56°C  
for 1 min and extension at 72°C for 1 min. A final extension  
step at 72°C for 10 min ended the PCR protocol. The  
sequence of primers includes: Str(A)(F)5’CTTGGTGATAAC 
GGCAATTC3’, Str(A)(R)5’CCAATCGCAGATAGAGGC3’, Str(B)(F) 
5’ATCGTCAAGGGATTGAAACC3’, Str(B)(R)5’GGATCGTAGAAC 
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ATATTGGC3’. PCR program for tetracycline consisted of 
denaturation at 94°C for 5 min followed by 30 cycles of 
94°C for 30 s, annealing at 55°C for 1 min  for the 
following primers. Tet(M) with a sequence Tet(M)(F)5’ 
GGTGAACATCATAGACACGC3’, Tet(M)(R)5›CTTGTTCAGTTC 
CAATGC3’ and Tet(S)(F)5’ATCAAGATATTAAGGAC3’, Tet(S)
(R)5›TTCTCTATGTGGTAATC3’ and extension at 72°C for 2 
min. A final extension step at 72°C for 7 min ended the 
PCR protocol. 5 µL of each DNA were added to 1% agarose 
gel and electrophoresis was applied for 1 h at 100 volt 
(100V,1 h). The gel was observed under UV light after  
being colored with ethidium bromide. This PCR resulted 
in a DNA fragment of 548 and 509 base pairs for Str(A) 
and Str(B) and 401, 573 base pairs for Tet(M) and Tet(S) 
resistance genes [22,23]. Primers were obtained from BM 
Labosis LTD.located in Istanbul, Turkey.

Statistical Analysis 

In this study, IBM SPSS Statistics 22.0 version (IBM SPSS, 
Turkey) was used to analyze the data statistically. In order to 
compare the data which had normal distribution, shapiro 
wilks and student T-test were conducted. One-way anova 
test, chi-square test and fisher’s exact test were performed 
to compare the quantitative date between the groups. 

RESULTS 

Metabolic Activity: Metabolic activity of 30 kefir  
super-natants were evaluated by pH changes during 
fermentation at various time intervals. The minimum 
pH was seen in 30 h. The results demonstrated that pH 
decreased with time (Table 1). Metabolic activity was 
evaluated using litmus milk reaction test in L. lactis ssp. 
lactis isolates. Among 30 isolates obtained from cheese 
samples, curdy appearance was created in 10 isolates 
(33%) and in isolates obtained from raw milk, curd was 
created in 26 isolates (86.7%). 

Lactic Acid Production: Among 30 kefir supernatants, 
the amount lactic acid produced was in the range of 0.23-
0.39% and was observed with a mean value of 0.31%. In 
the 30 isolates of L. lactis ssp. lactis obtained from cheese 
samples, the amount of lactic acid production was 

observed in the range of 0.03% to 0.90%, mean value 
recorded as 0.14±0.16% and In the 30 isolates of L. lactis 
ssp. lactis obtained from milk samples, the amount of lactic 
acid production was observed in the range of 0.06% to 
0.36% mean value recorded as 0.12±0.07%. 

Antibiotic Resistance: The creation of clear zones around 
the antibiotic discs represented the sensitivity of kefir 
supernatants to the antibiotics. Table 2 indicates the 
values of sensitivity spectrum of kefir supernatants to the 
antibiotics. The highest sensitivity values were observed 
against the erythromycin antibiotics. The sensitivity of 
chloramphenicol antibiotic was the lowest in contrast to 
the other antibiotics being significantly different from the 
others. Statistical analyses indicated resistance of some 
of the L. lactis ssp. lactis isolates against streptomycin, 
tetracycline, ampicillin and erythromycin (Table 3).

Antimicrobial Activity: On examining the antimicrobial 
activity of kefir supernatants, the highest antimicrobial 
activity was demonstrated against the B. cereus (33.3%) 
while no effect was seen on E. faecalis. Antimicrobial 
activity of kefir supernatants against the E. coli (13.3%) in 
contrast to the S. aureus (3.3%) was significantly higher. 
86.7% of kefir supernatants lacked antimicrobial activity 
against the L. monocytogenes and overall 13.3% of 
supernatants exhibited any antimicrobial activity (Table 4). 
The highest antimicrobial activities were observed against 
E. faecalis followed by S. aureus, L. sakei ssp. sakei and E. coli 
in L. lactis ssp. lactis isolates obtained from milk samples.  
L. lactis ssp. lactis isolated from cheese samples also 
showed a similar trend exhibiting maximum activity 
against E. faecalis (Table 5). 

Detection of Streptomycin and Tetracycline Resistance 
Genes by PCR: In 3 isolates obtained from cheese samples, 
1 of Tet(S) resistant gene and 2 of Str(A) and Str(B) resistant 

Table 1. Evaluation of metabolic activity in kefir supernatants with pH 
value during fermentation

Time Min-Max Mean±SD

6th h 6.05-6.43 6.24±0.12

12th h 5.46-6.5 5.96±0.23

18th h 5.07-6.33 5.77±0.27

24th h 4.77-6.17 5.44±0.28

30th h 4.01-5.88 4.93±0.35

 P                                                0.000*

*  P<0.05

Table 2. Evaluation of antibiotic resistance in kefir supernatants by disc 
diffusion method (The mean value of the clear zones around antibiotic 
discs in mm)

Antibiotic Min-Max Mean±SD

VA1 0.23-4.91 2.69±1.28

ST2 3.02-7.96 5.16±1.30

TE3 4.66-9.67 7.18±1.49

KA4 0.19-4.83 2.39±1.28

CN5 4.54-9.39 6.60±1.25

ER6 5.09-9.71 7.24±1.21

DA7 2.39-6.82 4.48±1.28

CH8 0.03-3.96 1.90±1.05

AM9 0.1-6.99 3.94±1.87

P                                                           0.000*

* P<0.05; VA1: Vancomycin, ST2: Streptomycin, TE3: Tetracycline, KA4: 
Kanamycin, CN5: Gentamicin, ER6: Erythromycin, DA7: Clindamycin, CH8: 
Chloramphenicol, AM9: Ampicillin
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genes were registered. On the other hand in isolates 
obtained from milk samples, 6 of Tet(S) resistant genes and 
5 of Str(A) resistant genes were registered (Fig. 1). 

DISCUSSION
During fermentation process, LAB decomposes lactose to 
produce lactic acid. In this study, the amount of lactic acid 
production by L. lactis ssp. lactis isolated from cow milks 
and cheeses prepared from sheep milk is 0.12±0.07 and 

0.14±0.16% respectively. Since the amount of lactose is 
4.6% either in cow milk or sheep milk, significant difference 
was not observed in the amount of lactic acid production. 
However lactic acid production in kefir supernatants 
were considerably high (4.31%), as a result of the various 
types of lactic acid bacteria in kefir. Various species of 
Lactobacillus have been identified and isolated from 
kefir samples all around the world [24]. These bacteria are 
among the most important producers of lactic acid. Also 
the presence of yeast in kefir reduces hydrogen peroxide 

VAHABZADEH, ÖZPINAR

Table 3. Antibiotic resistance rates of L. lactis ssp.lactis isolates obtained 
from raw sheep cheese and raw milk samples

Antibiotic Disk 
Diffusion Test

Cheese 
Isolates

Milk 
Isolates P

n (%) n (%)

VA1 S 30 (100) 30 (100) -

ST2
S 17 (56.7) 18 (60)

1.000
R 13 (43.3) 12 (40)

TE3

S 26 (86.7) 17 (56.7)

0.020*MS 0 (0) 1 (3.3)

R 4 (13.3) 12 (40)

KA4 S 30 (100) 30 (100) -

CN5 S 30 (100) 30 (100) -

ER6

S 25 (83.3) 22 (73.3)

0.748MS 1 (3.3) 1 (3.3)

R 4 (13.3) 7 (23.3)

DA7 S 30 (100) 30 (100) -

CH8 S 30 (100) 30 (100) -

AM9

S 29 (96.7) 24 (80)

0.052MS 1 (3.3) 1 (3.3)

R 0 (0) 5 (16.7)

* P<0.05  (S: Sensitive/R: Resistant/MS: Medium-Sensitive)/VA1: Vancomycin, 
ST2: Streptomycin, TE3: Tetracycline, KA4: Kanamycin, CN5: Gentamicin, ER6: 
Erythromycin, DA7: Clindamycin, CH8: Chloramphenicol, AM9: Ampicillin 

Table 4. The inhibitory activity (%) of kefir supernatants against selected 
microorganisms

Kefir 
Inhibition

E. 
faecalis E. coli S. aureus Listeria B. cereus

n (%) n (%) n (%) n (%) n (%)

No inhibition 30 (100) 9 (30) 27 (90) 26 (86.7) 5 (16.7)

Partial 
inhibition 0 (0) 17 (56.7) 2 (6.7) 4 (13.3) 15 (50)

High 
inhibition 0 (0) 4 (13.3) 1 (3.3) 0 (0) 10 (33.3)

Total 30 (100) 30 (100) 30 (100) 30 (100) 30 (100)

P=0.000; P<0.05

Table 5. Evaluation of the antimicrobial activity of L. lactis ssp. lactis 
isolates by agar well diffusion method (The mean value  of the inhibition 
zone in mm)

Bacteria

Antimicrobial Activity

PCheese Isolates 
(n=30) 

Mean±SD

Milk Isolates 
(n=30)

Mean±SD

E. faecalis 2.95±1.16 2.93±1.29 0.945

E. coli 1.35±1.85 0.59±1.28 0.070

S. aureus 2.15±0.77 2.84±1.1 0.007*

L. sakei 1.74±1.4 0.84±1.52 0.020*

P 0.000* 0.000* *P<0.05                    

 Fig 1. Detection of streptomycin and tetracycline resistance genes in L. lactis ssp. lactis isolates by PCR test. 
Left: DNA fragment of 548 and 509 base pairs for Str(A) and Str(B) resistance genes; Right: DNA fragment of 573 
base pair for Tet(S) resistance gene
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and increases the amount of lactic acid. Consequently, it 
stimulates the growth of other bacteria and the production 
of kefiran complex [25]. In this manner the importance of 
using multiple starter culture instead of single starter 
culture in the dairy industry. Although lactic acid can be 
produced by chemical methods, the production of lactic 
acid is much more efficient by starter cultures in terms of 
flavour and texture of the product. Dimitrellou et al.[26], 
reported in 2015 that kefir starter cultures exhibited higher 
proteolytic activity and greater amount of lactic acid 
production as compared to cheese starter cultures, which 
was consistent with our study. Lactococcus. lactis ssp. 
lactis isolated from different sources, adapted in different 
environments showed different levels of metabolic activity 
due to differences in their enzymatic gene expression. 
Lactococcus. lactis ssp. lactis isolated from the surface 
of plants exhibited lower metabolic activity [27]. In this 
research curd production (curdy appearance) by L. lactis 
ssp. lactis isolated from raw milk was higher than cheese 
isolates. This phenomenon indicated slower metabolic 
activity of L. lactis ssp. lactis isolated from cheese. This is 
an advantage during cheese making in terms of protease 
enzymes activity, aroma and taste of the product as fast 
metabolic activity resulted in a bitter taste; rendering L. 
lactis ssp. lactis starter culture from cheese an appropriate 
choice in the cheese making industry. Similar to the results 
observed in our study, Magalhaes et al.[28] in 2011 examined 
the extent of pH changes during the fermentation process. 
According to their results, pH value decreased from 6.61 
to 4.42. The decrease in pH indicated the metabolic 
activity of the microbial population in kefir. By varying 
the fermentation time, desired taste could be obtained in 
the kefir drink. The shorter time of fermentation obtained 
a sweeter kefir quality whereas longer fermentation time 
resulted in a kefir being more tangy and sour. Chifiriuc 
et al.[29] analyzed the antimicrobial activity of kefir on 
pathogenic bacteria. According to their results, the 
inhibition effect on growth of pathogenic bacteria was 
observed including B. subtilis, S. aureus, E. coli, E. faecalis 
and S. enteritidis. The antimicrobial activity of kefir is due 
to the production of organic acids including peptides, 
bacteriocins, ethanol, diacetyl, hydrogen peroxide and 
carbon dioxide. In addition to inhibiting the growth of 
pathogenic bacteria, these combinations have been 
reported to possess a therapeutic effect on the vaginal 
infections and gastroenteritis [30]. Similar to the results 
observed in our research, Medrano et al.[31], examined 
kefir’s antagonistic activity against B. cereus which is 
reported to affect the host cell by sphingomyelinase 
enzyme secretion and its haemolytic activity. Kefir, 
reduced the hemolytic activity of B.cereus by blocking the 
receptors in the cells and inhibiting sphingomyelinase 
enzyme. In 2016, Kim et al.[32] found that production 
of lactic acid and acetic acid by kefir starter cultures 
prevented the growth of B. cereus. Kefir extracts exhibited 
different antimicrobial activity against different pathogens 
and displayed probiotic properties [33]. Also, some organic 

acids in kefir supernatant could inhibit antimicrobial 
activity of bacteriocins [34,35]. Enterococcus faecalis can be 
both a healthy human gut community member as well 
as a causative agent of endocarditis, bacteremia, urinary 
tract infections especially in individuals with suppressed 
immune system. The specie is often resistant to multiple 
antibiotics, displaying both inherent and acquired traits [36]. 
Since E. faecalis may be found in natural environment as 
plants and faeces, it could be observed in raw milk and 
raw milk cheeses. The L. lactis ssp. lactis isolated from milk 
and cheese samples showed the highest antimicrobial 
activity against E. faecalis. In the present study, the highest 
antimicrobial activity was observed against gram positive 
and lowest against gram negative bacteria such as E. coli. 
These findings were consistent with findings of Boziaris 
et al.[37]. In the present study, the highest resistance to 
chloramphenicol followed by kanamycin and vancomycin 
antibiotics were observed in kefir samples. These findings 
were consistent with the findings of Temmerman et al.[38]. 
According to Danielsen and Wind [39], the sensitivity of 
Lactobacillus species to different antibiotics depended 
on the species of bacteria and could vary from one strain 
to another. According to the results of this study, L. lactis 
ssp. lactis showed the highest resistance to streptomycin 
and tetracycline, which were consistent with the results 
of the study conducted by Devirgilis et al.[40]. In this study, 
two tetracycline and streptomycin resistance genes  
were observed in some L. lactis ssp. lactis isolates  
obtained from milk and cheese, which were consistent  
with the results of Zycka-krzesinska et al.[23]. Antibiotic 
resistance is a major global threat. Tetracycline  is 
an  antibiotic  that is used in the treatment of mastitis in 
cows, and as a growth factor to livestock feed. Excessive 
use of this antibiotic would lead to creating resistant 
strains. According to Ozpinar, Ondes and Tekiner [41,42], 
ESBL- and Amp- were the most common phenotypes  
in Enterobacteriaceae found in foods of animal origin  
and their encoding genes with a co-resistance pattern,  
pose a critical foodborne health risk for the consumers.  
In this respect, excessive and/or unconscious use 
of antibiotics in farming animals should be taken 
into consideration and therefore antibiotic use in the 
veterinary medicine should be intensively monitored. 
Lactococcus lactis ssp. lactis strains are widely used in the 
dairy industry, thus it is necessary to define the properties 
of this bacterium. The results showed that L. lactis ssp. 
lactis bacteria isolated from cheese samples derived  
from raw sheep milk demonstrated better antimicrobial 
activity and lactic acid production. On the other hand, 
antibiotic resistance genes have been detected in some 
L. lactis ssp. lactis isolates. Tet(S) resistance gene was 
confirmed in 7 (11.7%), Str(A) in 6 (10%) and Str(B) in 1 
(1.7%) isolates by PCR. Therefore, food can act as a vector. 
There is a possibility of transferring these genes to human 
commensals and lead to spread resistance genes in 
microbial ecosystems. 
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