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Abstract
In this study, Streptococcus thermophilus and Lactobacillus bulgaricus strains from traditional Turkish yoghurts were iso-
lated, identified by 16S rRNA sequencing and genotypically 14 S. thermophilus and 6 L. bulgaricus strains were obtained as 
distinct strains by MLST analysis. Lactic acid production levels of the L. bulgaricus strains were higher than S. thermophilus 
strains. HPLC analysis showed that EPS monosaccharide composition of the strains mainly consisted of glucose and galac-
tose. In general, all strains were found to be susceptible for antibiotics, except some strains were resistance to gentamicin 
and kanamycin. Apart from two strains of S. thermophilus, all strains displayed strong auto-aggregation level greater than 
95% at 24 h incubation. S. thermophilus strains showed higher cell surface hydrophobicity than L. bulgaricus strains. This 
study demonstrated the isolation, identification, genotypic discrimination and techno-functional features of wild type yoghurt 
starter cultures which can potentially find place in industrial applications.
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Introduction

Yoghurt is a fermented dairy product widely consumed 
around the world, formed as a result of lactic acid fermen-
tation produced by Lactobacillus delbrueckii subsp. bul-
garicus and Streptococcus thermophilus (İspirli and Dertli, 
2018). For production of yoghurt, two main approaches is 
used; first one is traditional production method (includes 

back-slopping) and second one is industrial production (used 
defined starter cultures) (Sert et al., 2017). Wild strains of S. 
thermophilus and L. bulgaricus can be provided from vari-
ous origins like milk enviroments, animals, soil (Gezginc 
et al., 2015) and pine cone as different sources (Sert et al., 
2017) to be used for production of traditional yoghurt. In 
the industrial production, using repeatedly same strains give 
rise to sensorial similarity and also, fermentation process 
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could be failure due to the phage attacks (Sert et al., 2017). 
Starter cultures used in the yoghurt production are respon-
sible for occurring different aroma compounds and affect 
techno-functional features like acidification level and viscos-
ity (İspirli and Dertli, 2018). Due to the emphasized reasons, 
new wild type strain nominees should be identified from 
traditional yoghurt samples for industrial production.

Multiple locus sequence typing analysis (MLST) was sug-
gested earlier in 1998 as a general approach to ensure exact 
and portable information for bacterial epidemiological stud-
ies (Maiden et al., 1998). MLST defines bacterial isolates on 
the principle of sequence polymorphism within of domestic 
fragments of housekeeping genes and is a strong method 
for population investigations (Maiden et al., 1998). Also, 
genetic relationship among the isolates could be determine 
by using MLST and it is becoming a gold standart tech-
nique with progress in sequencing fields (Miyoshi-Akiyama 
et al., 2013). Additionally, relatively decreasing prices on 
sequencing applications increases the attention to MLST as a 
discrimination technique (Behringer et al., 2011). MLST is, 
in general, preferred genotyping technique for many bacte-
rial pathogens (Boonsilp et al., 2013), but in recent times it 
become a method of choice for genotyping distinction of lac-
tic acid bacteria in L. bulgaricus (Cebeci and Gürakan, 2011; 
Ivanova et al., 2008; Ivanov et al., 2021), S. thermophilus 
(Delorme et al., 2017), L. plantarum (Xu et al., 2015), L. 
casei (Bao et al., 2016; Feng et al., 2018), L. brevis (Sharma 
et al., 2017) and Leu. mesenteroides (Sharma et al., 2018).

The techno-functional properties offered by lactic acid 
bacteria including yoghurt starter cultures affect both last 
quality characteristics and the sensory acceptability of the 
food products and offer positive effects on human health 
(Yilmaz et al., 2022a). These properties include hydropho-
bicity, low pH and bile salt resistance, auto-aggregation, 
EPS and lactic acid production (İspirli et al., 2017; Yilmaz 
et al., 2022b). Especially in terms of yoghurt production 
technology, EPS and lactic acid production are important 
due to the last quality characteristics of product, sensory 
acceptability and positive effects on health (Ruas-Madiedo 
et al., 2002). In this study, hydrophobicity, auto-aggregation, 
eps and lactic acid production were carried out from the 
mentioned above techno-functional properties.

This work was goaled to: (a) isolation of L. bulgaricus 
and S. thermophilus strains from traditionally produced 
yoghurt samples, (b) determination of starter culture candi-
dates that can be used as starter culture in industrial produc-
tion, (c) revealing the discrimination power of the MLST 
technique in determining strain differences, (d) determina-
tion of some technological and functional characterization 
of strains that found to be genotypically different according 
to MLST technique.

For this purpose, yoghurt samples produced tradition-
ally from different provinces of Turkey were collected and 

wild type starter cultures were isolated and identified by 
PCR analysis. Genotypic differences of wild type starter 
cultures in comparison to a commercial starter culture were 
determined using the MLST technique. Distinct strains were 
selected based on their MLST profiles and subjected to tech-
nological and functional characterisation.

Material and methods

Isolation of yoghurt starter cultures and their 
pre‑identification

Traditional yoghurt samples produced from cow, sheep, goat 
and buffalo milks were collected for isolation and identifi-
cation of yoghurt starter cultures, which are L. delbrueckii 
subsp. bulgaricus and S. thermophilus, from eleven dif-
ferent provinces of Turkey (Table1) and 57 isolates were 
obtained from these yoghurt samples. These isolates were 
tested by colony PCR for their identity to L. bulgaricus and 
S. thermophilus strains. For the isolation of starter cultures, 
10 g of yoghurt sample was weighed, mixed with 90 mL of 
Ringer's solution and homogenized for 2 min. Serial dilu-
tions were prepared and inoculated on Man, Rogosa, Sharpe 
(MRS Merck, Darmstadt, Germany), enriched with fructose 
10 g/L, peptone from casein 8 g/L, Tween 80 2 g/L, cysteine 
0.7 g/L,) and M17 (Merck, Darmstadt, Germany) agar plates 
for L. bulgaricus and S. thermophilus isolates, respectively 
and plates were incubated at 45 °C for 48 h. Different colo-
nies were purified and stored at − 80 °C in glycerol (20% 
v/v) until it used.

A preliminary PCR evaluation was applied to test whether 
the colonies were belonging to L. bulgaricus and S. thermo-
philus strains. For this, colony PCR reactions were set with 
primer sets P1: 5′-CAC​TAT​GCT​CAG​AAT​ACA​-3′—P2: 
5′-CGA​ACA​GCA​TTG​ATG​TTA​-3′ and delF188:5′-CAA​
CAT​GAG​TCG​CAT​GAT​TCAAG-3′—delR1042 5′-GGA​
ACC​ACC​TCT​CTC​TAG​CTG​TAG​-3′ designed previously 
specific to S. thermophilus and L. bulgaricus strains, respec-
tively (Giraffa et al., 2001; Lu et al., 2015). Details of PCR 
reactions were as below: 2 min at 95 ºC, 30 s at 95 ºC, 30 s at 
50 ºC and 1 min at 72 ºC with 25 cycles and 5 min at 72 ºC 
for final elongation. Positive isolates of these PCR reactions 
were then subjected to identification studies.

DNA extraction of starter cultures and bacterial 
ıdentification by 16S rRNA gene sequencing

A commercial isolation kit (Thermofisher, Pure Link 
Genomic DNA Mini Kit, Turkey) was used according to 
manufacturer’s protocol for obtaining L. bulgaricus strains 
genomic DNAs and classical phenol:chloroform:isoamyl 
alcohol protocol was utilized to remove genomic DNAs of 
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S. thermophilus strains. 16S rRNA gene of yoghurt starter 
cultures were amplified with primers AMP_F (GAG​AGT​
TTG​ATY​CTG​GCT​CAG) and AMP_R (AAG​GAG​GTG​
ATC​CAR​CCG​CA) (İspirli et al., 2017). PCR mixtures and 
conditions for analysis of 16 s rRNA gene sequencing were 
performed as stated previously (İspirli and Dertli, 2018). 
Obtained amplicons were sequenced and strains were 
defined by using BLAST database with a resemblance 
criteria of 97–100%. Using MEGA X software phyloge-
netic trees were formed according to the neighbour-joining 
method (NJ).

Selection of different strains by MLST method

MLST methodology was applied to discriminate L. bulga-
ricus and S. thermophilus strains. The gene regions specific 
to two bacterial strains were amplified by PCR using the 
primer pairs given in Table 2. PCR reactions were prepared 
for MLST analyses containing 1 µL DNA template, 10 µL 
buffer, 5 µL dNTPs, 1 µL primer F, 1 µL primer R and 0.25 
µL Taq polymerase (Promega) and up to 50 µL of deiyonized 
sterile water. Also, PCR conditions were applied using a 
thermal cycler (T100 Thermal Cycler; Bio-;Rad, North 

Table 1   Details about isolated S. thermophilus and L. bulgaricus strains

* Selected as different cultures according to the MLST results

Isolated S. thermophilus strains and their origins MLST allele type of S. thermo-
philus strains

Isolated L. bulgaricus strains and their origins

Sample Code Yoghurt Type Origin pyrG recA rpoB Sample Code Yoghurt Type Origin

T1* Sheep Van 6 2 10 B1* Sheep Kahramanmaras
T2* Sheep Osmaniye 6 6 8 B2 Cow Sanliurfa
T3* Cow Antalya 2 6 8 B3 Cow Sanliurfa
T4* Cow Aydin 6 2 8 B4* Goat Batman
T5* Cow Batman 2 6 7 B5 Cow Kahramanmaras
T6* Goat Batman 9 2 – B6 Sheep Van
T7 Goat Batman 9 6 8 B7* Goat Osmaniye
T8 Sheep Batman 9 6 8 B8 Buffalo Istanbul
T9 Sheep Batman 9 6 8 B9* Cow Denizli
T10* Cow Denizli 11 2 3 B10 Buffalo Istanbul
T11 Cow Denizli 11 2 3 B11 Sheep Van
T12 Cow Denizli 11 2 3 B12 Cow Kutahya
T13* Cow Denizli 6 6 3 B13 Cow Sanliurfa
T14* Cow Denizli 9 2 3 B14* Goat Denizli
T15* Cow Denizli 3 2 3 B15* Sheep Sirnak
T16* Cow Denizli 5 2 3 B16 Cow Denizli
T17* Cow Denizli 11 6 7 B17 Cow Antalya
T18 Cow Denizli 11 6 7
T19 Cow Denizli 11 6 7
T20 Goat Denizli 11 6 7
T21 Cow Denizli 11 2 3
T22 Cow Denizli 9 2 –
T23 Cow Kutahya 9 2 –
T24 Cow Sirnak 2 6 7
T25 Sheep Sirnak 6 6 3
T26* Cow Sanliurfa 11 6 8
T27 Cow Sanliurfa 6 6 8
T28* Cow Sanliurfa 6 6 8
T29 Cow Sanliurfa 6 6 8
T30 Cow Sanliurfa 11 2 3
T31 Cow Denizli 11 2 3
T32 Cow Sanliurfa 6 6 8
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Carolina, USA) as determined follows: initial denaturation 
for 2 min at 95 ºC, 30 cycles at 95 ºC for 30 s, 48 ºC for 
30 s, and 72 ºC for 1 min; and final elongation step of 72 
ºC for 5 min., and then PCR products were sent to Med-
santek (Istanbul) for sequencing. Database of https://​pubml​
st.​org/ was used to get allele type of S. thermophilus strains 
since it has sufficient data for S. thermophilus strains. For 
discrimination of L. bulgaricus strains, UPGMA method 
of the MEGA-X software programme was used due to the 
insufficient data on the mentioned database and phylogenetic 
trees were created and then MLST profiles were determined.

Acid producing ability of cultures

Acid producing ability of L. bulgaricus and S. thermophi-
lus strains was determined according to pH changes in over 
time (ΔpH). Overnight cultures were inoculated to the Skim 
Milk Broth (peptone from casein 5 g/L, skim milk powder 
28 g/L, yeast extract 2.5 g/L and glucose 1 g/L) at ratio 2% 
and incubated at 42 ºC for 10 h. pH degree of medium was 
measured with a pH meter (Metler Toledo, Seven Compact) 
at two hours of intervals and ΔpH values of the strains were 
calculated according to formulation below:

Titratable acidity

L. bulgaricus and S. thermopilus strains were twicely acti-
vated in MRS broth with 1% fructose and M17 broth with 
1% lactose, respectively. Then strains were seperately inocu-
lated in 100 mL Skim Milk Medium at 2% ratio and incu-
bated at 42 ºC for 24 h. After the incubation, cultures were 
centrifuged (Universal 320 Centrifuge, Hettich) at 6000 × g 
for 10 min. and 3 mL of the supernatants were mixed with 
6 mL of distilled water. 0.5 mL of phenolphthalein used as a 

ΔpH = pHinitial−pHmeasurement time

indicator was added and titrated with 0.1N NaOH solution. 
By using expended NaOH amount (milliliter), acid produced 
ability of strains were calculated as titratable percent acidity 
in terms of lactic acid:

V (mL): used volume of NoaH in the titration.m (mL): used 
supernatants for titration

Determination of the EPS production characteristics 
of yoghurt starters

For EPS extraction, a method was adopted from a previously 
described methodology (İspirli and Dertli, 2018). Briefly, 
overnight cultures of L. bulgaricus and S. thermophilus 
strains propagated at MRS Broth containing 1% fructose 
and M17 Broth containing 1% lactose, respectively, were 
inoculated in 1% ratio in Brain Heart Infusion (BHI) Broth 
containing 2% lactose and incubated at 42 ºC for 48 h. After 
the incubation period, supernatants were get with centrifuga-
tion for 10 min at 4000 rpm and to this supernatants two-fold 
cold ethanol was added to obtain crude EPS and kept for 48 h 
at + 4 ºC to precipitate the crude EPS. After the centrifuga-
tion process for 15 min at 4000 rpm, supernatants were dis-
carded and precipitated crude EPS was obtained. The crude 
EPSs were dissolved in 3 mL distilled water which were then 
freeze-dried and lyophilised EPSs were then stored at 4 ºC 
for further analysis. EPS production levels of yoghurt start-
ers was defined by phenol–sulfuric acid procedure. Briefly, 
200 µL dissolved crude EPS was placed into spectro cuvette 
and 600 uL of sulfuric acid (98%) was suffixed. Then 120 
µL 5% phenol was added and waited for 5 min for color 
change. Absorbance values were measured at 490 nm and 
finally using glucose calibration curve EPS amounts were 
determined as glucose equivalent per mg/10 CFU. However, 
a HPLC (Shimadzu, Japan) methodology was applied for 

Lactic acid (%) = (V ∗ 0.009 ∗ 100)∕m

Table 2   MLST primer pairs 
used for discrimination of 
yoghurt starter cultures

Primer Pairs Sequence (5′-3′, 3′-5′) References

Primer pairs used for 
discrimination of S. 
thermophilus strains

pyrG_F CAT​ACC​GAG​GCA​GACAC​ Yu et al. (2015)
pyrG_R AAA​GAA​GGT​GGC​ATCGC​
recA_F AAA​GAA​GGT​GGC​ATCGC​
recA _R ATC​GTC​CTC​ATC​TAG​CTC​AAC​
rpoβ_F CAT​TAC​ACG​CAC​TACGG​
rpoβ_R CAT​TAC​ACG​CAC​TACGG​

Primer pairs used for 
discrimination of L. 
bulgaricus strains

β_pyrG_F AAG​CCG​ACC​CAG​CAATC​ Song et al. (2016)
β_pyrG_R AGC​CCA​GAC​GCA​AGGTG​
β_recA_F ATG​CGG​ATG​GGC​GAGAA​
β_recA _R CTA​CCT​TAA​ATG​GCG​GAG​C
β_rpoβ_F GGC​GGA​AAG​AGT​TAT​CGT​
β_rpoβ_R GAT​GTC​GGC​TGG​AGT​GAT​

https://pubmlst.org/
https://pubmlst.org/
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definition of the EPS compositions using an CARBOsep 
CHO-682 Pb Column and RID-10A detector (İspirli and 
Dertli, 2018). H2O was used as mobile phase with 0.7 mL/
min flow rate and at 25 ºC column temperature.

Determination of antibiotic susceptibility

Susceptibility of selected yoghurt cultures for some antibi-
otics were detected with formerly summarized procedure 
(İspirli et al., 2017). Gentamicin (CN, 10 mcg), Chloram-
phenicol (C, 30 mcg), Erythromycin (E, 15 mcg), Tetracy-
cline (TE, 30 mcg), Kanamycin (K, 30 mcg), Oxytetracy-
cline (T, 30 mcg), Ampicillin (AM, 10 mcg), Streptomycin 
(S, 10 mcg) and Penicillin (P, 10 U) were selected to deter-
mination antibiotic susceptibility.

Auto‑aggregation features

Auto-aggregation properties of selected yoghurt starter cul-
tures were determined in accordance with (Gil-Rodríguez 
et al., 2015). Briefly, the pellet of overnight cultures were 
collected by centrifugation and twicely washed with a ster-
ile salty solution (0.9% NaCI). The pellet was resuspended 
with same solution and absorbance values were measured by 
spectrophotometer (Schimadzu 150 UV-1800, Kyoto, Japan) 
for 0, 2, 4 and 24 h at OD600. Using following mathemati-
cal equation auto-aggregation percentage of cultures were 
determined:

where AT shows OD600 for 2, 4 and 24 h and A0 shows OD600 
for 0 h.

Hydrophobicity characteristics

Adhere to hydrocarbon was used to determine their hydro-
phobicity capacity of yoghurt starter cultures and n-hexa-
decane selected as a hydrocarbon (Vinderola and Reinhe-
imer, 2003). Overnight cultures were centrifuged for 10 min 
at 7000 rpm, washed two times in 0,05 M K2HPO4 and 
lastly resuspended in the same solution. All strains were 
adjusted to OD560 of 1.0 (A1). Then, 3 mL of the culture 
suspension was mixed with 0.6 mL n-hexadecane, mixed 
for 2 min and incubated for 20 min at 37 °C. The aqueous 
phase was meticulously removed and its absorbance value 
was measured at 560 nm (A2). Hydrophobicity characteristic 
of yoghurt starter cultures was determined using following 
mathematical equation:

Auto-aggregation (%) =
[

1 −
(

AT∕A0

)]

∗ 100

Hydrophobicity (%) =
[(

A1 − A2

)

∕A1

]

∗ 100

Results and discussion

Identification and selection of different cultures

MLST is a more powerful appliance for differentiation of 
bacterial strains than 16S rRNA technique (Sharma et al., 
2020). Thanks to its great discrimination power, MLST 
maintains clear results when comparing results get in other 
laboratories. However, it has disadvantages such as high 
cost and limited accessibility (Sharma et al., 2020). MLTS 
uses nucleotide sequences of several reference genes 
(housekeeping genes) for isolation characterization. These 
genes generally slow evolve and reveal the genetic rela-
tionship between bacterial isolates more precisely (Urwin 
and Maiden, 2003). For this reason, different gene regions 
defined as these housekeeping in both bacterial species 
were specifically sequenced by MLST method and a more 
detailed gene scan was performed. Thus, the species were 
differentiated at the strain level. For discrimination of S. 
thermophilus strains, there are sufficient data on database 
of https://​pubml​st.​org and allele types of S. thermophi-
lus strains were obtained to determine different strains. 
However, for L. bulgaricus, there are insufficient data and 
therefore, UPGMA method of the MEGA-X software pro-
gramme was used and phylogenetic trees were created and 
then MLST profiles were determined.

In total 49 of the isolates were obtained for 16 s rRNA 
gene sequencing which resulted in the identification of 
17 L. bulgarcius and 32 S. thermophilus strains from tra-
ditional yoghurt samples. The distribution of the identi-
fied yoghurt cultures by yoghurt type and provinces were 
shown in the Table 1.

For the discrimination of 17 L. bulgarcius and 32 S. 
thermophilus strains by MLST analysis pyrG, recA and 
rpoB and ß-pyrG, ß-recA and ß-rpoB genes were amplified 
from genomic DNAs of S. thermophilus and L. bulgari-
cus strains, respectively. Sequence data were uploaded to 
MLST database (https://​pubml​st.​org) and allele type of 
S. thermophilus strains were determined (Table 2). For 
pyrG, recA and rpoB primers six, two and four different 
gene regions had emerged, respectively. Strains with dif-
ferent allele types according to the gene regions of the 
primers were determined as different strains. For exam-
ple, T1 strain has 2, 6 and 10 allele types for pyrG, recA 
and rpoB primers, respectively, while T4 strain has 2, 6 
and 8 allele types for the same primers, respectively, and 
these two strains were identified as different strains. How-
ever, 6, 6 and 8 allelic types for the same primers were 
determined for 8 strains and only one of these strains was 
randomly selected as a different strain. Consequently, it 
was determined that 14 of 32 S. thermophilus strains iden-
tified according to 16 s RNA gene region were different 

https://pubmlst.org
https://pubmlst.org
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strains as a result of MLST analyses. The allelic types of 
the isolated strains were compared with the commercial 
S. thermophilus DGCC7710 strain (Yu et al., 2015) and 
there was no similarity between the strains within the three 
reference gene regions with the tested commercial strain.

For L. bulgaricus strains, phylogenetic trees were created 
for the MLST analyses using ß-pyrG, ß recA and ß-rpoB 
gene regions and with the gene regions tested 11, 12 and 12 
different groups were formed, respectively with the phylo-
genetic tests (Fig. 1). Base sequences of the L. bulgaricus 
strains were loaded into the BLAST (http://​goo.​gl/​lohXcq) 
system and compared to the commercial cultures (Cebeci 
and Gürakan, 2011) and no similarity was observed when 
three genes were tested together. However, strains of B12 
and B6 had the same branching point as the commercial 
culture in β-pyrG, β-recA and β-rpobG primer pairs, respe-
vtively and they could be a close relative with commercial 
culture. Different strains for L. bulgaricus were determined 
according to the relationship in the phylogenetic trees cre-
ated with primer pairs of ß-pyrG, ß-recA and ß-rpoB. B1, 
B2, B3, B4, B5, B9, B10, B11, B13 and B14 strains of L. 
bulgaricus do not have at least one consanguinity in one 
of three primer pairs and are candidates as different strain. 
B1, B9 and B14 strains that were not related at branching 
points for at least 2 primer pairs were selected as different 
strains. B2, B3, B4, B5, B10, B11 and B13 strains are not 
consanguineous in only one primer pair and if there was a 
consanguinity in one of the other two primer pairs, it was 
selected as a different strain. For example, the B4 strain is 
not related only to the ß-recA primer, and the B4 strain was 
chosen differently because it is related to the B9 strain in the 
pyrG primer and the B2 strain in the rpoB primer. Finally, 

B1, B4, B7, B9, B14 and B15 strains of L. bulgaricus were 
selected as different strains and were used in the following 
analyzes. It has been stated in various studies that MLST 
analysis can be successfully applied to distinguish between 
different bacterial species (De Las Rivas et al., 2004, Yu 
et al., 2015) and similarly, in this study, we obtained dis-
tinct strains of S. thermophilus and L. bulgaricus strains 
by MLST. Identification of distinct strains from traditional 
yoghurts by MLST technique can be also important for fur-
ther starter culture applications of these strains. In a recent 
study, 35 L. bulgaricus strains were subjected to both phe-
notypic characterisation as well as MLST discrimination 
based on the gens mainly related with the tested phenotypic 
features and results of this study demonstrated the corre-
lation of the MLST data with the alterations of the phe-
notypic features suggesting the importance of the MLST 
discrimination for further applicability of these strains for 
technological purposes (Liu et al., 2016). In another study, 
worldwide MLST scheme of S. thermophilus strains was 
obtained by testing 178 S. thermophilus strains originated 
from different regions. In terms of MLST application, this 
study demonstrated the agreement of the results of the 
MLST with the whole-genome sequencing application sug-
gesting the capacity of the MLST technique. Importantly, 
the new MLST scheme of S. thermophilus strains revealed 
the domination of the commercial starter cultures around the 
world which was suggested to be a negative factor for the 
traditional starter cultures and natural biodiversity (Delorme 
et al., 2017). These findings reveal the importance of the 
identification of traditional starter cultures and thanks to 
MLST application, novel strains can be identified in a cost-
effective way. Another importance of the identification of 

Fig. 1   Phylogenetic tress of L. bulgaricus strains created according to the MLST profiles with primer pairs of β-pyrG, β-recA, β-rpoB using 
UPGMA method of the MEGA-X software programme

http://goo.gl/lohXcq
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the traditional strains is their protection in terms of biodi-
versity. Also, technologically promising strains can be trans-
ferred to commercial applications and nowadays there is an 
increasing trend for this as consumers expect the traditional 
sensorial aspects of dairy products, which can be provided 
by the utilisation of this traditional starter cultures. From 
this perspective, MLST discriminated S. thermophilus and 
L. bulgaricus strains were further subjected to the techno-
logical and functional characterisation tests to reveal their 
potential for commercial applications.

Acid producing ability

Acid producing ability of yoghurt starter cultures is a prin-
cipal parameter for the selection of starter cultures, so acid 
producing abilities of 14 S. thermophilus and 6 L. bul-
garicus strains selected according to MLST analysis were 
determined and as expected, pH values of all strains of S. 
thermophilus and L. bulgaricus decreased with the increase 
in incubation time (Fig. 2). In general, after 6 h of incuba-
tion, a rapid decrease in pH value of S. thermophilus and L. 
bulgaricus strains was observed and it was defined that the 
pH values of these strains were close to about 4. However, a 
similar decrease was not observed in T3, T5 and T28 strains 
and pH values of this three strains were found to be close 
to 6. The increase in the count of S. thermophilus and L. 
bulgaricus during the incubation period resulted more lactic 
acid production and thus a rapid decrease of the pH value. 
However, a slight decrease in pH values after 4 h of incuba-
tion may be related to the adaptation process of the strains 
to the medium. At last of 10 h of incubation period, it was 
defined that L. bulgaricus strains lowered the pH value more 
than S. thermophilus strains and the average pH values were 
3.68 and 4,08 for L. bulgaricus and S. thermophilus strains, 

respectively. The data obtained in this study are compatible 
with the literature and it has been stated that L. bulgaricus 
decreases the pH value more than S. thermophilus (Lourens-
Hattingh and Viljoen, 2001).

Titratable acidity

S. thermophilus and L. bulgaricus alter lactose to lactic acid 
during fermentation, which emerges unique acidic taste of 
yoghurt (Sert et al., 2017). The lactic acid production lev-
els of S. thermophilus and L. bulgaricus strains changed 
between as 0.42, 0.62 (%) and 0.65, 0.98 (%), respectively 
(Table 3). L. bulgaricus strains were greater lactic acid pro-
ducer than S. thermophilus strains, so the highest and low-
est lactic acid production level determined for L. bulgaricus 
and S. thermophilus strains, respectively. Also, these results 
were compatible with pH changes. Similarly reported that L. 
bulgaricus strains have ability to produce more lactic acid 
than S. thermophilus strains (Gezginc et al., 2015). However, 
they stated that lactic acid production level could be change 
depending on the species, strain and growth conditions.

EPS production

EPS production is an important properties for cultures 
in order to give desired rheological properties to yoghurt 
(İspirli and Dertli, 2018), in this respect, EPS production 
characteristics and EPS composition of the selected isolates 
were defined. EPS production levels of S. thermophilus 
and L. bulgaricus strains ranged between as 38.03 ± 1.8, 
196.56 ± 1.6 and 60.86 ± 0.5, 197.33 ± 0.0  mg EPS/cfu 
and these values were determined for T17, T4 and B14, 
B4 strains for yoghurt cultures, respectively (Table  3). 
According to the HPLC analysis, EPS composition of S. 

Fig. 2   pH changes profile of L. bulgaricus and S. thermophilus strains at 0,2,4,6,8 and 10 h of incubation time
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thermophilus and L. bulgaricus strains consists of mono-
meric sugars glucose and galactose. EPS compositions of 
the strains differ from each other in terms of total glucose 
and galactose (mg/mL). As can be seen in the Table 3, maxi-
mum and minimum total EPS production level of the strains 
were observed for strain T26 (0.814 mg/mL) and strain B7 
(0.305 mg/mL), respectively. These results showed that the 
amount of EPS may vary depending on the strain. These 
findings are in consistent with previous studies which are 
reported that EPS compositions of S. thermophilus strains 
(Pachekrepapol et al., 2017; Xu et al., 2018) and L. bulgari-
cus strains (Schiraldi et al., 2006) are composed of glucose 
and galactose.

Antibiotic susceptibility

Most strains of the bacteria defined as probiotics are either 
unable to resist or to tolerate antibiotics (Amorim et al., 
2018). Our findings revealed that yoghurt starter cultures 
are generally susceptibility to tested antibiotics (Table 3). It 
was defined that the growth of L. bulgaricus and S. thermo-
philus strains were inhibited at the same degree from anti-
biotics like chloramphenicol, erythromycin, tetracycline, 
oxytetracycline, ampicillin and penicillin. Three strains of 

S. thermophilus, T3, T6 and T10, were found to be resistant 
to kanamycin, but all strains were found to be susceptible to 
other antibiotics. It has been determined that some strains 
of L. bulgaricus are resistant to gentamicin (strains ofB1, 
B4, B7 and B9) and kanamycin (strains of B1, B4, B7, B9 
and B14), yet sensitive to other antibiotics. The resistance of 
yoghurt starter cultures to certain antibiotics such as kana-
mycin and gentamicin may be a natural feature of bacte-
rial species and even genera (Szutowska and Gwiazdowska, 
2021). These findings are in consistent with previous studies 
(Akpinar et al., 2011; Iyer et al., 2010; Yerlikaya et al., 2020) 
and antibiotic resistance may vary from strain to strain. In 
addition, different results in the literature may be related 
to strains diversity, methods applied or culture media used.

Auto‑aggregation

Probiotic strains must present auto-aggregation feature that 
is related to the microbial adherence to the gastrointestinal 
tract (GIT) (Gil-Rodríguez et al., 2015). After 24 h of incu-
bation period, all yoghurt cultures, except two strains of S. 
thermophilus (T6 and T13), had auto-aggregation percent-
age over 95% (Fig. 3). The strains showed different auto-
aggregation profiles after 2 h of incubation period, which 

Table 3   Antiboitc susceptibility, Tiratable acidity, Total EPS and EPS production level of yoghurt starter cultures results

- < 10 mm, 10 ≤ -- ≤ 15 mm, --- > 15 mm, + Resistance to the antibiotics
CN Gentamicin (10 mcg), C Chloramphenicol (30 mcg), E Erythromycin (15 mcg), TE Tetracycline (30 mcg), K Kanamycin (30 mcg), T Oxy-
tetracycline (30 mcg), AM Ampicillin (10 mcg), S Streptomycin (10 mcg), P Penicillin (10 U)

Strain codes Antibiotic Susceptibility Titratable Acidity (%) Total EPS 
(mg/mL)

mg EPS/10 CFU

CN10 C30 E15 TE30 K30 T30 AM10 S10 P10

B1 + --- --- --- + --- --- --- --- 0.68±0.11 0.375 93.97± 0.87
B4 + --- --- --- + --- --- --- --- 0.84±0.13 0.424 197.33±0.00
B7 + -- --- --- + --- --- -- --- 0.74±0.02 0.305 102.03±1.59
B9 + --- --- --- + --- --- --- --- 0.71±0.02 0.687 125.09±0.15
B14 - --- --- --- + --- --- --- --- 0.65±0.02 0.630 60.86±0.50
B15 -- --- --- --- -- --- --- --- --- 0.98±0.11 0.455 69.95±0.35
T1 --- --- --- --- -- --- --- --- --- 0.51±0.04 0.429 135.37±11.4
T2 -- --- --- --- - --- --- --- --- 0.47±0.02 0.482 145.94±5.00
T3 -- --- --- --- + --- --- --- --- 0.45±0.04 0.361 56.05±1.3
T4 --- --- --- --- - --- --- --- --- 0.60±0.04 0.422 196.57±1.6
T5 --- --- --- --- - --- --- --- --- 0.56±0.02 0.403 129.43±7.4
T6 -- --- --- --- + --- --- -- --- 0.53±0.06 0.395 49.96± 8.8
T10 -- --- --- --- + --- --- -- --- 0.60±0.04 0.444 125.00±1.3
T13 -- --- --- --- - --- --- -- -- 0.54±0.00 0.423 71.11±8.9
T14 -- --- --- --- - --- --- --- --- 0.42±0.04 0.454 48.29±4.1
T15 --- --- --- --- - --- --- --- --- 0.62±0.02 0.393 125.21±3.1
T16 -- --- --- --- -- --- --- --- --- 0.50±0.02 0.736 46.41±8.8
T17 --- --- --- --- -- --- --- -- --- 0.51±0.00 0.578 38.03±1.8
T26 --- --- --- --- -- --- --- -- --- 0.47±0.02 0.814 79.64 1.0
T28 --- --- --- --- - --- --- -- --- 0.53±0.02 0.427 157.77 1.7
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may be due to the fact that the early incubation period affects 
the adaptation of the strains to the medium. It was deter-
mined that all strains showed an aggregation profile over 
50% after 4 h incubation. Different results can be obtained 
for distinct strains as (Aslim et al., 2007) previously reported 
that at the end of the 4 h of incubation period, 4 different L. 
bulgaricus strains showed an aggregation profile between 45 
and 93%. Finally, these results indicated that L. bulgaricus 
strains exhibited better aggregation ability than S. thermo-
philus strains.

Hydrophobicity

One of the desired probiotic properties for microorganisms 
is hydrophobicity and this characteristic can be linked to 
adhesion to the GIT (Gut et al., 2019). As seen in the Fig. 3, 
the hydrophobic properties of L. bulgaricus strains (B1 
and B15 strains) varied between 2 and 11%, respectively. It 
was determined that the hydrophobicity of S. thermophilus 
strains increased up to 26% (T15 strain) and one strain (T26) 
decreased below 1%. T14 and T15 from S. thermophilus 
strains and B15 from L. bulgaricus strains were observed 
with their high hydrophobic properties. (Vinderola and 
Reinheimer, 2003) et al. reported that the hydrophobicity 
features of 8 different S. thermophilus strains and L. bul-
garicus strains varied between 12 and 26%, 5% and 27%, 
respectively. Also, (Iyer et al., 2010) reported that the hydro-
phobicity features of 2 different S. thermophilus strains were 
18% and 19%. On the other hand, (Flint et al., 1997) reported 
that the hydrophobicity properties of S. thermophilus strains 
ranged from 24 to 98%. Hydrophobicity characteristic 
depends on the origin of strains, surface features, solvent 
type and environmental conditions (Kaushik et al., 2009) 
and this study revealed that cell surface hidrofobicity of the 
yoghurt starter cultures may vary depending on the strain.

In conclusion, in this study, potential starter culture can-
didates were identified for industrial yoghurt production and 
distinct strains were successfully discriminated by MLST 
analysis. All selected strains were EPS producers and the 
monomeric composition of cultures consisted of glucose and 
galactose as the sugar units and EPS production levels altered 
depending on strain specific conditions. Similarly, results 
showed that technological (such as titratable acidity and lac-
tic acid production) and functional properties (such as hydro-
phobicity, auto-aggregation profile) of strains can be changed 
depending on the strain specific conditions. This study dem-
onstrated the importance of the isolation, discrimination by 
MLST and characterisation of traditional yoghurt cultures, 
which can be further transferred to industrial applications.
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