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Abstract

Milk and milk products are very well known sources of lactobacilli. The aim of this study was to iso-
late and identify Lactobacillus delbrueckii strains from milk samples by using biochemical and molecular 
PCR method, and to evaluate their antibacterial effect against pathogenic bacteria. A total of 50 samples 
of cow’s and sheep’s milk were collected from local suppliers in Tabriz region, from which 124 different 
colonies were isolated. To identify the lactobacillus genus and L. delbrueckii species, morphological and 
biochemical and molecular methods were applied. For antimicrobial activity of the isolates, the disc diffu-
sion assay was used. Of 124 different colonies, 21 isolates were identified as lactobacillus strains. Based on 
a biochemical method, 3 strains were reported as L. delbrueckii, 7 strains as L. plantarum, 5 strains were 
L. casei, 3 strains L. acidophilus, and 3 strains were identified as L. rhamnosus. A molecular method based 
on amplification of the 16S rRNA gene confirmed the presence of 3 strains of L. delbrueckii. According 
to studies conducted by other researchers, the presence of Lactobacillus delbrueckii subsp. bulgaricus in 
milk samples is very limited, but in the present study the presence of this microorganism was confirmed 
by biochemical and PCR molecular methods on cow’s and sheep’s milk. These isolates had antimicrobial 
activity against Salmonella typhi ATCC 19430 and Escherchia coli ATCC 25922, and no activity against 
Staphylococcus aureus ATCC 25923. Based on these results, Lactobacillus delbrueckii subsp. bulgaricus 
strains have the potential to be used as probiotic bacteria and as food supplements.
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Резюме

Млякото и млечните продукти са много добре известни източници на лактобацили. Целта на 
това изследване е да се изолират и идентифицират щамове на Lactobacillus delbrueckii от проби 
от мляко чрез използване на биохимични методи и молекулярен PCR метод и да се оцени техният 
антибактериален ефект срещу патогенни бактерии. Събрани са общо 50 проби от краве и овче мляко 
от местни доставчици в района на Табриз, изолирани са 124 различни колонии. За идентифицира-
не на вида Lactobacillus и L. delbrueckii са приложени морфологични, биохимични и молекулярни 
методи. За антимикробната активност на изолатите е използван дисков дифузионен анализ. От 124 
различни колонии, 21 изолата са идентифицирани като Lactobacillus. Въз основа на биохимичен 
метод 3 щама са определени като L. delbrueckii, 7 щама като L. plantarum, 5 щама са L. casei, 3 щама 
са L. acidophilus и 3 щама са идентифицирани като L. rhamnosus. Молекулярен метод, базиран на 
амплификация на гена 16S rRNA, потвърди наличието на 3 щама на L. delbrueckii. Според проуч-
вания, проведени от други изследователи, наличието на L. delbrueckii subsp. bulgaricus в проби от 
мляко е много ограничено, но в настоящото изследване присъствието на този микроорганизъм е 
потвърдено чрез биохимични и PCR молекулярни методи при краве и овче мляко. Тези изолати имат 
антимикробна активност срещу Salmonella typhi ATCC 19430 и Escherchia coli ATCC 25922 и нямат 
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Introduction
Lactic acid bacteria (LAB) are a heterogeneous 

group of gram-positive bacteria which are classified 
based on a series of morphological, metabolic and 
physiological features (Zhang and Vadlani, 2015; 
Dahroud et al., 2016). They are non-sporulating 
bacteria, catalase negative, which do not have the 
ability to produce pigment, and known as GRAS 
(Generally Recognized As Safe) organisms (De An-
gelis and Gobbetti, 2016). Other features of these 
bacteria are that they are found in the digestive tract, 
especially the colon. They play an important role in 
maintaining a healthy balance of gut flora and are 
also responsible for reducing intestinal digestive 
tract infections (Viramontes-Hörner et al., 2015). 
From the health point of view, adequate intake of 
Lactobacillus has several physiological effects on 
the digestive system and also increases resistance 
against intestinal infections (Hoque et al., 2010).

Production of probiotic products is undoubt-
edly one of the most important applications of LAB. 
Poly-lactic acids, fermented foods, additives, fer-
mented beverages, exopolysaccharides, bacterioc-
in, lactic acid bacteria, extraction of valuable mate-
rials, and enhancement of the quality and shelf life 
of food are part of the applications of LAB. There-
fore, LAB microorganisms play a crucial role in the 
pharmaceutical and food industries (Pollmann and 
Bandyk, 1984; Hoque et al., 2010).

Lactobacilli are an important part of intestinal 
microflora. These bacteria can have an important 
role in human gut hemostasis (Hashemi, 2016). At 
the same time, Lactobacillus delbrueckii subspe-
cies bulgaricus is a strain of lactic acid bacteria, 
which is well known for its important application 
in the food industry. In terms of morphology, it is 
rod-shaped, non-motile, with rounded ends, and in 
comparison with its other family members observed 
under the microscope thinner and longer. The opti-
mum growth temperature was 45ºC, minimum and 
maximum growth temperatures were recorded as 
22ºC and 55ºC, respectively. L. delbrueckii subsp. 
bulgaricus is homofermentative, lacking of color, 
and is facultative anaerobic organism. It is not able 
to consume arginine, having Beta-galactosidase en-
zyme, and among different sugars, these are able 
to ferment lactose. L. delbrueckii are considered 
thermophilic bacteria, and their importance is due 
to their special potencies to be used in the food  
industry, especially in the production of fermented  

 
dairy products such as yogurt (Teixeira, 2014). The 
objective of this research was to identify and isolate 
L. delbrueckii subsp. bulgaricus from cow’s and 
sheep’s milk samples using the biochemical and 
molecular polymerase chain reaction (PCR) meth-
od, and to assess the antimicrobial activity of the 
isolates.
Material and Methods
Sample collection

Fifty milk samples from different cows and 
sheep were collected in sterile containers at the 
sheds and were transported to the laboratory as ear-
liest as possible in temperature-controlled boxes. 
Further analyses of the samples were carried out at 
the laboratory.
Isolation and Identification of the isolates

One milliliter of each milk sample was serial-
ly diluted in 9 ml of 0.1% pepton water. Then 100 
µL of each dilution was spread on MRS agar and 
the plates were incubated at 38°C for 48 h under 
anaerobic condition (Hugas et al., 1993). For fur-
ther purification, isolated colonies were streaked. 
The colonies grown on the plate were used for the 
subsequent tests and further analysis.

To identify the primary colonies, Gram stain-
ing and catalase test were used. The colonies of 
gram-positive and catalase -negative were selected 
for carbohydrate fermentation test (Strahinic et al., 
2007). These selected colonies were preserved in 
MRS-Broth with 15% glycerol at -70°C.
Biochemical characterization

The fermentation of carbohydrates (trehalose, 
raffinose, lactose, galactose, maltose, rhamnose, 
xylose, mannose, salicin, sucrose, mannitol and 
cellobiose) was performed by using the methods 
outlined in Bergey’s Manual of Systematic Bacte-
riology (1987) to identify all isolated strains (Hol-
zapfel and Wood, 2012). Also, identification of the 
bacterial isolates up to the species level was carried 
out with the help of the method described by Stra-
hinic et al. (2007).
Molecular identification of L. delbrueckii 

DNA extraction was performed by tissue 
buffer according to previously described methods 
(Kafil and Mobarez, 2015; Jabbari et al., 2017). Tis-
sue buffer compounds comprised sodium dodecyl 
sulfate and NaOH. Twenty ml of tissue buffer was 

активност срещу Staphylococcus aureus ATCC 25923. Въз основа на тези резултати, L. delbrueckii 
subsp. bulgaricus имат потенциал да се използват като пробиотични бактерии и като хранителни 
добавки.
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placed in an eppendorf and some bacterial colonies 
were added to the tissue buffer solution, then the 
eppendorf was placed at 95°C on a hotplate for 10 
min. Finally, this solution was centrifuged for 1 min 
at 12000 rpm and 180 ml of deionized water was 
added to it. 16S rRNA gene specific fragment prim-
ers for L. delbrueckii were prepared in Sinaclone 
Company (Sinaclon, Tehran, Iran) (Jabbari et al., 
2017). L. delbrueckii nucleotide sequence specific 
primers are shown in Table 1.

The PCR program started with an initial de-
naturation at 94°C for 3 min, followed by 35 cycles 
of 94°C for 30 s, 59°C for 20 s and extension step 
72°C for 30 s and final extension step was adjusted 
at 72°C for 5 min (Tabasco et al., 2007).
Evaluation of the antimicrobial activity of isolated 
L. delbrueckii strains

In order to study the antimicrobial activity of 
isolated strains of L. delbrueckii against pathogen-
ic bacteria such as Staphylococcus aureus ATCC 
25923, Salmonella typhi ATCC 19430 and Escheri-
chia coli ATCC 25922 were investigated. Therefore, 
diffusion assay was performed in Mueller-Hinton 
agar (Jalilpour et al., 2017; Nezhad et al., 2017).

L. delbrueckii strains isolated from native 
milks were cultured on MRS-agar, and then 
incubated in anaerobic conditions at 38°C for 48 
hours. Single colonies were transferred in MRS 
broth and incubated for 3 days at 38°C. The 
culture was centrifuged at 6 000×g at 4°C for 20 
minutes. Finally, the supernatant was sterilized 
using 0.2 µm micro-filters to remove any residual 
bacterial cells. This cell-free supernatant was used 
to evaluate antimicrobial activity. Furthermore, the 
pathogenic bacteria were cultured in tryptose soy 
broth and incubated at 37°C for 24 hours to prepare 
a turbidity equivalent to 0.5 McFarland standards, 
approximately to reach microbial population of 
about 106 CFU/ml (Kafil et al., 2016). Then, each 
pathogen was streaked on the surface of Mueller-
Hinton agar. A sterile Pasteur pipette was used to 
make wells (6 mm diameter) on the surface of the 
streaked agar.

Finally, about 100 µl of the prepared 

supernatant was placed in each well. Plates were 
incubated at 37°C for 24 hours; after this period of 
time zones of bacterial growth inhibition were mea-
sured. To increase sensitivity and accuracy, each 
test was performed in triplicate and the mean diam-
eter of the inhibition zone was recorded (Smaoui et 
al., 2010).
Results

From 50 samples, a total of 124 different col-
onies were isolated. The preliminary investigations 

included macroscopic analysis, microscopic analy-
sis (gram-positive bacilli), and the negative catalase 
reaction permitted the classification of the working 
bacterium into the Lactobacillus genus. Micro-
scopically, they were gram-positive rod shaped, 
non-motile, catalase negative and non-endospore 
producing bacteria. Finally, 21 isolates were iden-
tified as lactobacillus species. One of the identified 
L. delbrueckii subspecies under the microscope is 
shown in Fig. 1.

Fig. 1. Microscopic scheme of L. dellbrukcii sub-
sp. bulgaricus isolated from local samples. Final 
identification was based on 16sRNA properties of 
isolate.

Among the 21 strains of Lactobacillus strains 
isolated from milk, 3 strains were reported as L. 
delbrueckii, 7 strains as L. plantarum, 5 strains be-
longed to L. casei, 3 strains were L. acidophilus, 
and 3 strains were identified as L. rhamnosus. To 
identify L. delbrueckii subsp. bulgaricus more pre-
cisely, PCR method was performed in this study. 
After PCR implemented for amplification of the 
16S rRNA gene, tracking down of PCR products 

Table 1. L. delbrueckii subsp. bulgaricus allele- specific primers, which were used in this study

ReferencesAnnealing 
temp. (°C)

Target 
sequence

Product
sizeNucleotide sequencePrimer 

name

(Tabasco et al., 2007)6216S-23S 
rRNA232 bpTAT CTC TAG GTG TAG CGC AFw

(Tabasco et al., 2007)6216S-23S 
rRNA232 bpGAT GGA TGG AGA GCA GARev
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were analyzed on 1.5% agarose gel, with results 
shown in Fig. 2. All identified strains of L. del-
brueckii conducted approximately 232 bp band in 
gel electrophoresis. 

Fig. 2. Gel electrophoresis result of L. delbrueckii 
subsp. bulgaricus allele-specific amplification 
by PCR. Line 1: positive control of L. delbrueckii subsp. 
bulgaricus. Line 8 and line 10: positive and negative isolates 
of L. delbrueckii subsp. bulgaricus

By the results of gel electrophoresis, 3 strains 
were identified as L. delbrueckii. Amplified frag-
ment length by PCR was 232 bp. The first well of 
the gel was marker or the Ladder with 100bp size 
and next wells on 2 numbers well were positive 
control and examined samples were placed in the 
rest of wells. 

L. delbrueckii subsp. bulgaricus isolates iden-
tified in this study were assessed for antimicrobial 
activity of their supernatant against gram-positive 
and gram-negative pathogenic bacteria. The results 
showed that these three identified isolates had an-
timicrobial activity against S. typhi ATCC 19430 
(halo= 8±2) and E. coli ATCC 25922 (halo=11±1), 
but no activity against S. aureus ATCC 25923 
(halo=0) (Table 2).
Discussion

The results of the molecular tests revealed the 
presence of three strains belonging to L. delbruec-
kii subsp. bulgaricus, which match the research re-
sults carried out by some researchers on raw milk 
and dairy products (Auad et al., 1997). In another 
study performed by Nourouzi et al. (2008) on raw 

milk and cheese in Tehran and around Tehran, the 
isolates isolated from the products reported as L. 
plantarum, L. casei, L. acidophilus, and L. helveti-
cus, and number of L. delbrueckii subsp. bulgaricus 
were zero, and the results of molecular tests were 
compared with the results of the biochemical tests 
in this study (Nourouzi et al., 2008). L. delbruec-
kii subsp. bulgaricus is one of the best choices of 
probiotic due to its anticancer and antimicrobial 
activity. Its replacement in the microbiome can re-
duce the risk of severe infections and cancer, there-
fore its presence in food products can improve the 
quality of human health. Isolation of native isolates 
along with their characterization and application in 
the food industry is one of the best strategies for 
public health policy and food industries. We tried 
to identify this bacterium from regions with native 
milk samples and our findings showed that, how-
ever rare, it is present in milk products. Regarding 
different processes, lactobacilli count will reduce in 
final milk products. The isolated strains have the 
potential to be added in the last step of production. 
We used biochemical and molecular methods for 
confirming the isolates. Our results are consistent 
with the results of the identification of L. delbruec-
kii by biochemical and molecular methods carried 
out by Michaylova et al. (2007) in Bulgaria (Mi-
chaylova et al., 2007). In most studies, L. delbruec-
kii strains were detected by using PCR on yoghurts 
and fermented products and identification of this 
strain in raw milk is limited (Cebeci and Güra-
kan, 2008). In most studies on raw milk and iden-
tification of strains belonging to the Lactobacillus 
group, the largest number belonged to the strain of 
L. plantarum, which is due to the contamination 
of collected milks with plant remains, including 
straw and grass, or herbaceous foliage. In the above 
mentioned studies, the reported number of L. del-
brueckii in raw milk was either zero or in negligible 
quantity. In fact, the reasons to justify the limited 
presence of this strain in raw milk are its thermo-
philic properties and requirement of acidic pH to 
survive and grow.

Table 2. Antimicrobial properties of isolates based on Kerby Buar test of isolates.
Isolated probiotic
Strains 

L. d* No.1
(mm)**

L.d* No2
(mm)**

L.d.* No3
(mm)**

S. typhi ATCC 19430 8 8 10
E. coli ATCC 25922 11 10 11
S. aureus ATCC 25923 0 0 0
S. aureus clinical isolate 0 0 0
*L. d. indicates: L. delbrueckii subsp. bulgaricus **millimeter
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All three isolates in this study had antimicro-
bial activity against S. typhi ATCC 19430 and E. 
coli ATCC 25922 and no activity against S. aureus 
ATCC 25923. Based on these results, L. delbrueck-
ii strains have the potential to be used as probiotic 
bacteria and as food supplemets. It shows their anti-
microbial products can inhibit gram-negative path-
ogens and have no effect on gram-positive patho-
gens. It may be due to high exposure to gram-pos-
itive organisms and tolerance and antibacterial ac-
tivity against gram-negative pathogens. 
Conclusion

Considering the results of the sugar fermenta-
tion test, it can be concluded that most lactobacillus 
bacteria in raw milk collected from Tabriz belonged 
to L. plantarum strain. Also, by using biochemical 
and molecular methods of PCR, it was determined 
that L. delbrueckii strains in milk samples from Ta-
briz region were present in a small number and had 
high potential to be used as probiotic bacteria and 
as foodsupplements. 
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