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ABSTRACT 
Fermented foods, which are widely consumed around the world, are of great importance for human health. 
Standard production should be carried out in order to extend the shelf life of fermented products and 
increase their positive effects on human health. Therefore, there is a need for starter cultures that can be 
used in the production of fermented products. In this study, antifungal activity on 9 yeast isolates, antibiotic 
resistance, growth at different temperatures, pH and salt concentrations, arginine hydrolysis and gas 
production from glucose of 5 lactic acid bacteria (Lactobacillus brevis, Lactobacillus plantarum, Lactobacillus 
paracasei, Pediococcus parvulus, Leuconostoc holzapfel) were investigated. The lactic acid bacteria have antifungal 
effects on all yeasts except Hanseniaspora opuntiae, Kazachstania exigua and Pichia fermentans, and they grow at 10 
and 25 oC, 3.9 and 5 pH and 4% salt concentration. In addition, all of the isolates showed resistance to 
vancomycin. The results indicated that L. brevis, L. plantarum, L. paracasei strains can be used as starter cultures 
in term of standart pickle production and antifungal effect. 
Keywords: Lactic acid bacteria, antifungal activity, starter culture, pickles 
 

TURŞU KÖKENLİ LAKTİK ASİT BAKTERİLERİNİN STARTER KÜLTÜR 
ÖZELLİKLERİ VE ANTİFUNGAL AKTİVİTELERİNİN İNCELENMESİ 

 

ÖZ 

Dünyada yaygın olarak tüketilen fermente gıdalar insan sağlığı için büyük öneme sahiptir. Fermente  
ürünlerin raf ömürlerinin uzatılması ve insan sağlığına olumlu etkilerinin artırılması için standart 
üretimlere ihtiyaç duyulmaktadır. Bu sebeple, fermente ürünlerin üretiminde kullanılabilecek starter 
kültürlere duyulan ihtiyaç giderek artmaktadır. Bu çalışmada, 5 laktik asit bakterisinin (Lactobacillus 
brevis, Lactobacillus plantarum, Lactobacillus paracasei, Pediococcus parvulus ve Leuconostoc holzapfel) 9 maya 
izolatı üzerinde antifungal aktivitesi, antibiyotik dirençleri, farklı sıcaklık, pH ve tuz 
konsantrasyonlarında gelişim, arginin hidrolizi etme ve glukozdan gaz oluşturma yetenekleri 
incelenmiştir. Laktik asit bakterilerinin Hanseniaspora opuntiae, Kazachstania exigua ve Pichia fermentans 
hariç tüm mayalar üzerinde antifungal etkiye sahip olduğu, 10 ve 25 oC’de, 3.9 ve 5 pH'da ve %4 tuz 
konsatrasyonunda gelişim gösterdikleri tespit edilmiştir. Bunun yanında, izolatların tamamı 
vankomisine direnç göstermiştir. Çalışma sonuçları değerlendirildiğinde L. brevis, L. plantarum, L. 
paracasei suşlarının standart turşu üretimi ve antifungal etki açısından starter kültür olarak 
kullanılabileceği görülmektedir. 
Anahtar kelimeler: Laktik asit bakterisi, antifungal aktivite, starter kültür, turşu   
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INTRODUCTION 
Fermentation is one of the oldest food processing 
methods used to preserve foods and improve 
their flavor. With fermentation, new properties 
can be added to foods, such as increasing the 
nutritional value of foods, reducing toxic and 
spoilage factors, and improving shelf life. The 
production of traditional fermented foods is 
mostly uncontrolled and spontaneous. This event 
can cause quality losses in fermented foods from 
time to time (Misihairabgwi and Cheikhyoussef, 
2017; Chang, 2018). Therefore, it is important to 
develop starter cultures that can be used in 
traditional production. 
 
Fermented foods have important effects on 
human health, such as regulating and protecting 
the intestinal microbiota, preventing colon 
cancer, reducing or stabilizing the cholesterol 
level in the blood, increasing the absorption of 
minerals such as Fe, Mg and Ca, increasing the 
bioavailability of nutrients, and treating diarrhea 
cases (especially products containing probiotic 
microorganisms) (Demirgul and Sagdıc, 2018; 
Akdeniz Oktay and Özbaş, 2020). 
 
The production of pickles, which is an important 
traditional fermented food, dates back to ancient 
times. Today, pickle production is carried out 
spontaneously both at home and industry. In 
particular, lactic acid bacteria (LAB) such as L. 
plantarum, L. brevis, Leu. mesenteroides and P. 
pentocaceus play a role in pickle fermentation by 
contributing to the taste, flavor and texture 
(Aktan et al., 2003). Pickles have properties such 
as anticarcinogenic (Lee et al., 2016), antiobesity 
(Kim et al., 2011), antioxidant (Lee et al., 2004), 
anti-aging (Kim et al., 2011) and antidiabetic 
(Islam and Choi, 2009; Kaur et al., 2017; Tang et 
al., 2019). Pickles have many bioactive functions, 
including preventing constipation, lowering 
serum cholesterol, enhancing immunity and 
fibrinolytic activity (Xia et al., 2017). In addition 
to the positive effects of pickles on health, LABs 
can inhibit some microorganisms by producing 
lactic acid, bacteriocin, ethanol, aroma 
compounds, exopolysaccharides, enzymes and 
other antagonistic substances (Cetin, 2011; 
Elmaci et al., 2015; Chen and Ying, 2017). 

Yeasts are the oldest unicellular fungi used in food 
fermentation. While it is difficult to determine 
when they were first used, there is evidence that 
yeasts were used in the production of bread and 
fermented beverages in Neolithic Age in 7000 BC. 
Today, yeasts are used in the production of many 
foods, especially alcoholic beverages and bread 
(Hernández et al., 2018; Hittinger et al., 2018). 
Yeasts can also cause spoilage in foods with high 
acidity and/or sugar content. As a result of the 
spoilage, some properties and shelf life of the 
product are adversely affected. (Hernández et al., 
2018). In addition to the fact that yeasts in 
fermented foods can cause spoilage, if there are 
opportunistic yeasts in the product and they are 
taken into the body through food, they can also 
cause negative effects on human health. Yeasts 
that may have negative effects on consumption 
quality or human health should be kept under 
control during production and storage (Karasu 
Yalçın et al., 2010). In order to ensure this control, 
it is necessary to pay attention to parameters such 
as raw material quality, hygiene during 
production, conditions of the storage 
environment. In addition, the most important 
method for controlling the yeast content of 
fermented foods is the use of starter cultures, 
which have the ability to inhibit yeasts that may 
occur in the product (Erdem Buyukkiraz et al., 
2020). However, for microorganisms to be used 
as starter culture in fermented food production, it 
is not enough only to have an antifungal effect. 
Besides, they must have some properties. These 
features can be listed as ability to compete well 
with other microorganisms in the food matrix 
(antagonistic activity), lack of resistance to any 
antibiotic, rapid and good acid formation ability, 
development at different pH, salt and 
temperature degrees (may vary according to the 
product), not forming biogenic amines, being 
homofermentative etc. (Lee et al., 2015). 
 
In this study, seven starter culture tests were 
performed on LABs isolated from pickles in 
previous studies. Thus, it is aimed to understand 
how effective the LABs isolated from the pickle 
can be on the fermentation and the quality of the 
product. For this purpose, the antifungal effect 
and its source on yeasts, antibiotic resistance, 
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growth at different temperatures, pH and salt 
values, ability to hydrolyze arginine and gas 
production from glucose of LABs were 
investigated. 
 
MATERIAL AND METHOD 
Material 
Five LAB and 9 yeast strains which isolated from 
previous studies on pickle and stored in the 
Microbiology Laboratory of the Atatürk 
University Food Engineering Department were 
used in the study (Gözütok, 2013; Dündar, 2017; 
Çetin et al., 2017). The strains had been 
enumerated, isolated and identified according to 
Tournas et al. (1998), Speck (1984), Pichhardt 
(2004), Tamang et al. (2005), and Vasdinyei and 
Dea´k (2003). For this aim, MRS, M17 and PDA 
media were used for enumeration and isolation. 
Obtained isolates were genetically grouped by 
using (GTG)5 and M13 RAPD PCR. 
Representive isolate of each group was identified 
with 16S and 26S rRNA sequencing analysis. The 
strains used in the study are shown in Table 1. 
 
Method  
Investigation of the source of the antifungal 
effect by LABs 
Yeast isolates kept in 40% glycerol solution at –
80 oC were revived on Sabouraud-2% Dextrose 
Agar and incubated at 25 oC for 3-5 days. At the 
end of the incubation, the yeast isolates were 
adjusted to a concentration of 104 CFU/mL in 
0.85% physiological saline (FTS). For each yeast 
isolate, 0.1 mL of these suspensions was spread 
on Sabouraud-2% Dextrose Agar and 7 (5 LAB, 
1 negative control and 1 positive control) wells 
were drilled into the solidified petri dishes 
(Magaldi et al., 2004).  
 
LABs stored in 40% glycerol solution at –80 oC 
were revived on MRS (de man, Rogosa, Sharpe 
Agar) Agar and incubated at 30 oC for 2-3 days. 
Then, the colonies were inoculated into MRS 
broth and incubated at 30 oC for 24 h. At the end 
of this period, the growing LABs in MRS brohts 
were centrifuged at 10000 g for 5 min. Thus, cell-
free supernatants (CFS) were obtained. 
Neutralization, enzyme application and heat 
treatment were performed on the CFS for 

determining the source of the antifungal effect. 
For the neutralization process, pH of the CFS was 
adjusted about 7±0.1 by 1 N NaOH in order to 
eliminate the probable inhibitory effect of acids 
produced by LABs on yeasts. Proteinase K, 
pepsin and trypsin enzymes were added into the 
CFS to investigate the effect of proteins by LABs. 
In addition, to determine the inhibitory properties 
of molecules (such as heat sensitive proteolytic 
enzymes and hydrogen peroxide), CFS were 
subjected to heat treatment at 80 oC for 10 min 
(Barbosa et al., 2016; Gutiérrez-Cortés et al., 
2018; Khodaei and Soltani Nezhad, 2018). 
 
100 µl of the CFS was added into the wells on 
Sabouraud-2% Dextrose Agar and incubated at 
25 oC for 18 h. Sterile MRS broth was used as 
negative control and Amphotericin-B was used as 
positive control. At the end of the incubation, the 
antifungal effects of LABs on yeasts were 
determined by measuring the diameters of the 
clear zones formed around the wells (Balouiri et 
al., 2016). The Analysis was performed at two 
duplicates for two independent experiments.  
 
Determination of antibiotic resistance of 
LABs 
To determine the antibiotic resistance of the 
LABs, disc diffusion method was used. 9 different 
antibiotics (ampicillin, vancomycin, gentamicin, 
kanamycin, streptomycin, erythromycin, 
clindamycin, tetracycline, and chloramphenicol) 
recommended by European Food Safety 
Authority (EFSA) were used. Fresh culture was 
suspended in FTS and adjusted at 0.5 McFarland 
(1.5x108 CFU/mL) by Biosan DEN-1 McFarland 
Densitometer. This suspension was spread 
homogeneously on MRS agar using a cotton 
swab. Then, the antibiotic discs were placed on 
the media. After the petri dishes were incubated 
at 30 oC for 24 h, the diameters of the clear zones 
around the discs were measured (EUCAST, 
2021). This analysis was carried out duplicately.  
 
Determination of growth abilities of LABs at 
different temperatures, pH and salt 
concentrations 
In this study, the growth abilities of LABs at 
different temperatures (at 10, 25 and 45 °C for 7 
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days) were investigated. Readings were carried out 
by a plate reader (Epoch, BioTek) at 600 nm. The 
absorbance values obtained from LABs were 
determined by comparing with the data obtained 
from the negative control (sterile MRS broth). 
LABs with the same absorbance as the negative 
control were expressed as “–”, and LABs with 
higher absorbance compared to the negative 
control were expressed as “+” (Şimşek et al., 
2006). 
 

In order to determine the growth abilities of 
LABs at different pH levels, the pH values of 
MRS broth were adjusted to 2.5, 3.9, 5.0, 8.5 and 
9.6 with HCl or NaOH. At end of the incubation 
(at 30 oC for 48 h) in 96-well plates, readings were 
performed at 600 nm in a plate reader (Epoch, 
BioTek). The growth of LABs was investigated by 
comparing the absorbances obtained from the 
negative (pH-adjusted sterile MRS broth) and 
positive control (LAB isolate inoculated into not 
pH-adjusted MRS broth). As a result of this 
comparison, growing isolates were expressed as 
“+” and those not growing were expressed as “–
” (Kask et al., 2003; Papamanoli et al., 2003; 
Terzic-Vidojevic et al., 2009). 
 
To determine the growth abilities of LABs at 
different salt concentrations, MRS broth 
containing 4, 6.5 and 10% NaCl was used. The 
absorbance of the LABs incubated at 30 oC for 48 
h in the media in 96-well plate was determined at 
600 nm with a plate reader (Epoch, BioTek). The 
absorbance values were compared with negative 
(MRS broth containing 4, 6.5 or 10% NaCl) and 
positive control (LAB isolate inoculated into MRS 
broth without NaCl), and the LABs that showed 
growth were expressed as “+” and those not 
growing as “–” (Papamanoli et al., 2003). 
 
Investigation of arginine hydrolysis of LABs 
In order to determine the arginine hydrolysis of 
the LABs, modified MRS broth recommended by 
Drosinos et al. (2007) was used. LABs were 
inoculated into the modified MRS broth and 
incubated at 30 oC for 3 days. Then, Nessler 
reagent (Merck, Darmstadt, Germany) was used 
to determine the hydrolysis of arginine. The 
transformation of color to orange-brown has 
been accepted as positive.  

Gas formation from glucose by LABs 
LABs were inoculated into modified MRS broth 
recommended by Yildiz (2019) and incubated at 
30 oC for 24 h. At the end of the incubation, the 
gas formation ability of the LABs from glucose 
was determined in the durham tubes. The gas-
forming LABs were heterofermentative (creating 
CO2 from glucose), and the non-gas-forming 
bacteria were homofermentative (not creating 
CO2 from glucose) (Yildiz, 2019). 
 

Statistical analysis 
Statistical analyzes were performed by using SPSS 
version 17.0 package program (SPSS Inc., 
Chicago, IL, USA). The results were evaluated by 
using the Duncan multiple comparison test. 
Analyzes in the study were carried out as 2 
duplications, and P < 0.05 were considered 
significantly different. 
 

RESULTS AND DISCUSSION 
Antifungal effect of LABs on yeasts and 
determination of its source 
The antifungal effects of the LABs on yeasts are 
given in Table 1. The LABs used in the study had 
antifungal effect on all yeasts, except Hanseniaspora 
opuntiae, Kazachstania exigua, Pichia fermentans. Some 
studies shown that L. paracasei strains isolated 
from fermented dairy products have an inhibitory 
effect on yeasts (Shehata et al., 2018). In this 
study, the isolate was effective on 6 of 9 yeast 
isolates. In addition, L. paracasei strains isolated 
from dairy products had antifungal effect on 
Candida spp., the same effect was found in the 
previous studies (Crowley et al., 2013; Ribes et al., 
2018). Abouloifaa et al. (2021) investigated the 
antifungal activity of L. plantarum, L. pentosus and 
L. brevis species isolated from green olive brine, 
and reported the inhibitory effect of LABs on 
Candida sp. Similar result was found in this study, 
i.e. the inhibitory effect of L. plantarum and L. 
brevis on Candida sorboxylosa. Bulgasem et al. (2016) 
investigated the inhibitory effect of LABs (L. 
plantarum, L. curvatus, P. acidilactici and P. 
pentosaceus) isolated from honey on Candida spp. 
According to the results, as in the study, the 
inhibitory effect of L. plantarum isolate on Candida 
spp. was reported. 
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Table 1. The inhibition effect of LABs on the yeast isolates (inhibition zone, mm) 
  Hanseniaspora 

opuntiae 
Candida 

sorboxylosa 
Pichia 

kudriavzevii 
Pichia 

kluyveri 
Pichia 

kluyveri var. 
kluyveri 

Kazachstania 
exigua 

Pichia 
fermentans 

Pichia 
barkeri 

Pichia 
membranifaciens 

L. brevis P ND 14.0±2.8aAB 13.0±2.8aABC 9.5±0.7aC 10.5±0.7aBC ND ND 15.5±0.7aA 11.0±2.8aBC 

E ND 12.5±3.5aAB 12.0±0.0aAB 15.0±2.8aA 10.0±0.0aB ND ND 14.5±2.1aA 8.5±2.1aB 

S ND 14.0±1.4aA 14.5±2.1aA 13.0±1.4aA 12.0±2.8aA ND ND 15.0±0.0aA 14.0±2.8aA 

L. 
plantarum 

P ND 10.5±3.5aAB 12.5±3.5aAB 12.5±3.5aAB 12.5±0.7aAB ND ND 15.5±0.7aA 9.5±2.1aB 

E ND 11.0±2.8aAB 11.0±0.0aAB 13.5±0.7aA 10.5±2.1aAB ND ND 13.0±1.4aA 9.0±1.4aB 

S ND 12.0±1.4aA 10.0±0.0aA 11.5±3.5aA 10.5±3.5aA ND ND 14.5±2.1aA 10.0±0.0aA 

L. 
paracasei 

P ND 12.0±0.0aA 13.5±0.7aA 10.5±3.5aA 12.5±2.1aA ND ND 14.5±0.7aA 10.0±4.2aA 

E ND 13.5±2.1aAB 11.0±1.4aABC 12.5±2.1aAB 10.0±2.8aBC ND ND 14.0±1.4aA 8.5±0.7aC 

S ND 12.5±0.7aAB 10.5±0.7aB 12.0±4.2aAB 10.5±0.7aB ND ND 15.0±0.0aA 10.5±0.7aB 

P. 
parvulus 

P ND 14.0±0.0aAB 17.0±1.4aA 8.0±0.0aC 12.0±1.4aB ND ND 16.5±0.7aA 14.0±4.2aAB 

E ND 12.5±0.7bABC 17.0±2.8aA 8.0±0.0aC 9.5±2.1aBC ND ND 16.0±1.4aA 14.5±6.4aAB 

S ND 13.0±0.0abBC 13.0±0.0aBC 10.0±2.8aC 10.0±2.8aC ND ND 17.0±0.0aA 14.5±2.1aAB 

Leu. 
holzapfel 

P ND 10.0±0.0abB 13.0±2.8aAB 11.0±1.4aB 10.5±2.1aB ND ND 16.0±1.4aA 11.5±2.1aB 

E ND 9.5±0.7bB 12.0±1.4aAB 9.5±2.1aB 12.0±2.8aAB ND ND 14.5±0.7aA 9.5±2.1aB 

S ND 11.5±0.7aB 12.0±1.4aAB 11.5±0.7aB 10.0±0.0aB ND ND 14.0±1.4aA 14.0±1.4aA 

The diameter of the wells used in the analysis was 6 mm; ND: not determined, P: pH neutralization, E: Enzyme 
application, S: Heat treatment 
Different letters in the same column (series “a and b”) and in the same row (series “A-D”) indicate significant 
differences (P < 0.05). 

 
The source of the antifungal effect of LABs was 
investigated. Neutralization, enzyme application 
and heat treatment were applied on the CFSs. It 
was determined that the antifungal effect of any 
isolate did not change statistically with these 
applications (P > 0.05), except for the antifungal 
effect of P. parvulus and Leu. holzapfel on Candida 
sorboxylosa (P < 0.05). For P. parvulus, the 
neutralized CFSs showed the highest antifungal 
activity, while the enzyme-applicated CFSs 
showed the lowest effect (P < 0.05). Besides, for 
CFS of Leu. holzapfel, heat treatment had the 
highest antifungal activity, while enzyme 
application had lowest (P < 0.05). According to 
these results, the proteins produced by LABs have 
a significant effect on the growth of yeasts. In this 
study, proteinase K, pepsin and trypsin enzymes 
were used to reduce or eliminate the effect of 
these proteins. It was observed that antifungal 
effect of the LABs on yeasts decreased 
significantly with the addition of these enzymes (P 
< 0.05). In addition, these proteins, which have 
antifungal effect, may differ in their resistance to 

temperature and pH changes due to their 
configurational differences. Therefore, 
neutralized and heat-treated CFS of P. parvulus 
and Leu. holzapfel may have exhibited different 
antifungal effects among themselves. In the study 
by Barbosa et al. (2016), the sensitivity of 
compounds produced by LABs to enzyme and 
pH applications were investigated. According to 
the results, the antimicrobial effect of these 
compounds decreased when exposed to enzymes 
such as proteinase K, trypsin and pepsin, but they 
remained stable at pH 6. Gutiérrez-Cortés et al. 
(2018) tested whether the activities of 
antimicrobial substances from Pediococcus sp. 
decreased with neutralization, enzyme application 
and heat treatment. The results showed that the 
application of proteinase K and pepsin enzymes 
reduced the antifungal effect by 53-95%, pH 6 by 
0-15%, and heat treatment at 80 oC by 21-32%. 
The results obtained from this study are in 
accordance with the above study. 
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The zone was not observed in the negative 
controls. The sensitivity of Hanseniaspora opuntiae, 
Candida sorboxylosa, Pichia kudriavzevii, Pichia 
kluyveri, Pichia kluyveri var. kluyveri, Kazachstania 
exigua, Pichia fermentans, Pichia barkeri and Pichia 
membranifaciens to amphotericin-B was determined 
as 21.0, 23.0, 17.5, 21.5, 16.5, 15.0, 18.0, 16.0 and 
20.5 mm, respectively.  
 
Determination of antibiotic resistance of 
LABs 
The resistance of the LABs to antibiotics 
(ampicillin, vancomycin, gentamicin, kanamycin, 

streptomycin, erythromycin, clindamycin, 
tetracycline and chloramphenicol) was 
investigated (Table 2). All of the LABs were 
found to be sensitive to all antibiotics, except 
vancomycin for all LABs, gentamicin for L. 
paracasei, kanamycin and streptomycin for P. 
parvulus. It is known that LABs are naturally 
resistant to some antibiotics (Meral and 
Korukluoglu, 2014). The resistance of the above-
mentioned LABs to antibiotics vancomycin, 
gentamicin, kanamycin and streptomycin may be 
due to natural resistance.

  

Table 2. Resistance of LABs against antibiotics (inhibition zone, mm) 
 
 

Antibiotics 

AMP VA CN K S E DA TE C 

L. brevis 28.0±0.0 ND 18.5±0.5 16.5±0.5 19.0±0.0 38.0±0.0 16.5±0.5 26.5±0.5 27.0±1.0 
L. plantarum 41.5±0.5 ND 24.0±0.0 21.0±1.0 21.0±1.0 41.0±1.0 37.0±1.0 39.0±1.0 51.0±1.0 
L. paracasei 32.0±0.0 ND ND 15.0±1.0 23.0±1.0 45.0±1.0 47.0±1.0 33.0±1.0 34.5±0.5 
P. parvulus 40.0±1.0 ND 21.0±1.0 ND ND 37.0±1.0 42.0±0.0 33.0±1.0 35.0±1.0 
Leu.holzapfel 27.5±0.5 ND 13.5±0.5 10.0±0.0 11.0±0.0 27.5±0.5 36.0±0.0 33.5±0.5 27.5±0.5 

Abbreviations: AMP: ampicillin (2 µg), VA: vancomycin (5 µg), CN: gentamicin (10 µg), K: kanamycin (30 µg), S: 
streptomycin (25 µg), E: erythromycin (15 µg), DA: clindamycin (2 µg), TE: tetracycline (10 µg), C: chloramphenicol 
(10 µg), ND: not determined 

 
In the study by Zeng et al. (2020), the antibiotic 
resistance of L. plantarum isolated from 
homemade Chinese pickles was investigated. As a 
result of the study, L. plantarum isolates were 
sensitive to all antibiotics, except vancomycin. 
Similar results were reported by Guo et al. (2017). 
The obtained results in this study are in 
accordance with the above studies.  
 
In the study conducted by Wu et al. (2021), 
antibiotic resistance analysis was applied to 17 
LABs isolated from local pickled leaf mustard 
from Wuwei. The LABs were sensitive to 
chloramphenicol, tetracycline and erythromycin, 
while they were resistant to streptomycin, 
kanamycin, gentamicin, and vancomycin. The 
obtained results in this study are consistent with 
the study. 
 
Determination of growth abilities of LABs at 
different temperatures, pH and salt 
concentrations 
The growth abilities of 5 pickle-derived LABs at 
different temperatures, pH and salt 
concentrations were investigated. The results 

obtained from these analyzes are given in Table 3. 
The LABs grew at 10 oC, except for L. plantarum 
and Leu. holzapfel (weak growth). On the other 
hand, all isolates grew at 25 oC. The growth 
abilities of the bacteria at 45 oC were weak, except 
for L. plantarum (no growth). In the studies of 
Yildiz (2011) and Bayrak (2019), LABs isolated 
from pickles can grow at moderate temperatures 
(10 and 15 oC). In addition, their development 
was weak at 45 oC. In this respect, the results 
obtained from the study are in agreement with 
these literatures. In addition, since pickle 
fermentation is carried out at room temperatures, 
it is an expected result that all strains will develop 
at 25 °C (Diker et al., 2021; Gezginc and Inanc, 
2021). In the study of Basdogan (2020), all of 114 
LABs isolated from pickles showed growth at 25 
°C. 
  
The growth abilities of the LABs at different pH 
values (2.5, 3.9, 5.0, 8.5 and 9.6) were investigated. 
None of the isolates could grow at pH values of 
2.5 and 9.6. All of the LABs grew at pH 3.9 and 
5.0. On the contrary, L. plantarum, L. paracasei and 
Leu. holzapfel showed better growth at pH 8.5, 
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while L. brevis and P. parvulus failed to grow. In the 
study conducted by Saez et al. (2018), the growth 
abilities of L. plantarum isolated from pickle 
samples at different pH were investigated. This 
isolate showed growth at pH 4 and 5. Tokatli 
(2013) determined that pickle-derived L. plantarum 

isolates showed good resistance to high pH, while 
P. parvulus and L. brevis strains were found to be 
more sensitive to that. The results obtained from 
this study are in accordance with the above 
studies. 

 
Table 3. Growth abilities of LABs at different temperatures, pH and salt concentrations 

 Temperature (oC) pH Salt concentration (%) 

10 25 45 2.5 3.9 5.0 8.5 9.6 4 6.5 10 

L. brevis ++ +++ + – ++ ++ – – ++ + – 
L. plantarum + +++ – – ++ +++ +++ – +++ +++ – 
L. paracasei ++ +++ + – ++ ++ ++ – +++ ++ – 
P. parvulus ++ +++ + – + ++ – – ++ – – 
Leu. holzapfel + +++ + – + +++ +++ – ++ – – 

–: No growth; +: absorbance close to negative control, weak growth; ++: good growth; +++: absorbance close to 
positive control, very good growth 

 
The growth abilities of the LABs at 4, 6.5 and 
10% salt concentrations were investigated. None 
of the isolates could grow at 10% salt 
concentration. On the other hand, L. plantarum 
and L. paracasei showed better growth at 4% salt 
concentration than L. brevis, P. parvulus and Leu. 
holzapfel. In addition, L. brevis, L. plantarum and L. 
paracasei showed growth at 6.5% salt 
concentration while P. parvulus and Leu. holzapfel 
did not (Table 3). It is known that LABs isolated 
from pickles show a decrease in their growth 
abilities with the increase of salt content in the 
medium. It is also available in the literature that 
these isolates can tolerate 4% salt concentration 
(Tokatli, 2013; Saez et al., 2018). As above-
mentioned, in this study, the growth decreased 
with the increasing salt content in the medium 
and all of the isolates tolerated 4% salt 
concentration. Considering the ability of the 
LABs to grow at different salt concentrations, 
growth performance of L. plantarum in medium 
containing 6.5% salt draws attention. In the study 
conducted by Karasu et al. (2010), 11 of 12 pickle-

derived L. plantarum isolates could tolerate 8% salt 
content. 
 
Investigation of arginine hydrolysis of LABs 
The ability of the LABs used in the study to form 
ammonia from arginine was investigated (Table 
4). According to the results obtained, none of the 
LABs hydrolyzed to arginine. Arginine hydrolysis 
is an important criteria for the selection of starter 
cultures. Because, ammonia from arginine has 
toxic effect and plays an important role in the 
formation of biogenic amines (Özogul and 
Özogul 2007). In the study by Tokatli (2013), 87 
of 142 LABs isolated from pickle samples did not 
hydrolyze arginine. Sanchez et al. (2000) reported 
that 96 of 149 LABs isolated from Almagro 
eggplants, a fermented vegetable, did not 
hydrolyze arginine. According to the studies 
above-mentioned, the majority of LABs do not 
hydrolyze arginine. Therefore, the data obtained 
from our study are similar to these studies, since 
none of the 5 LABs obtained from pickles, which 
constitute the dominant flora, did not hydrolyze 
arginine. 

  
Table 4. Ability of forming gas from glucose and arginine hydrolysis of LABs 

 L. brevis L. plantarum L. paracasei P. parvulus Leu. holzapfel 

Arginine hydrolysis – – – – – 

Gas from glucose + – – – + 
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Gas formation from glucose by LABs 
The results of the gas formation test from glucose 
of the LABs are given in Table 4. According to 
the results, L. brevis and Leu. holzapfel formed gas 
from glucose. These isolates were evaluated as 
heterofermentative. It is known that Leuconostoc 
spp. originating from pickles is 
heterofermentative (Dallal et al., 2017). In 
addition, in the study conducted by Tokatli 
(2013), the technological properties of LABs 
isolated from pickle samples were investigated. 
He reported that most of L. brevis strains 
producted gas from glucose, that is, they were 
heterofermentative. The results obtained from 
this study are in accordance with the above study.  
 

CONCLUSION 
Fermentation is a widely used method for food 
preservation. In addition to increasing the shelf 
life of foods with fermentation, it is possible to 
produce more desired products by the consumer 
and to take compounds that have positive effects 
on human and public health. However, the 
spontaneous production of pickles, which is an 
important fermented product, may cause the 
standard product not to be obtained in every 
production. In order to obtain standard 
fermented products, the use of starter cultures 
should be encouraged and the use of 
microorganisms, which are safety and healthy, 
should be increased in traditional productions. In 
order for a microorganism to be used as a starter 
culture, it should show good growth in 
fermentation conditions and product matrix, 
should not have negative effects on health, should 
not cause undesirable changes in the product, and 
should compete with spoiling microorganisms. 
All LABs used in the study were found to have 
antifungal effects on all yeasts, except for 
Hanseniaspora opuntiae, Kazachstania exigua, Pichia 
fermentans, and these isolates developed at 25 oC, 
which is the pickle fermentation temperature. On 
the other hand, L. brevis, L. plantarum and L. 
paracasei showed growth at pH 3.9 and 6.5% salt 
concentration. Considering the pickle 
environment, it is thought that these isolates can 
be used as starter cultures in pickle production. 
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