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Abstract 
 
Killer activity is one of the mechanisms of antagonism among yeasts during fermentations. A variety of yeast species 
secrete a compound which is protein produced outside the cell and is called the killer toxin.  Killer toxins are protein in 
nature and active at low pH. These toxins have a lethal effect against yeasts, bacteria and the moulds, except for their 
own species. Killer yeasts can be used to prevent the contamination of many spoilage yeasts which are sensitive to killer 
toxins in food processing via this mechanism during the food fermentations. In this way, it is possible to control of the 
food spoilage microorganisms and prolongation of the spoilage processes in foods by using of killer yeasts or direct 
using of killer toxins. The shelf life of foods can be extended by using killer features of yeast, so food resources can be 
better assessed and economic losses can be prevented. Therefore, it is important to determine the killer yeasts which 
are effective against spoilage food yeast. For these reasons, it is aimed to determine the effective killer yeast strains 
against spoiling food yeasts in this study. 
In the study, yeast isolation was performed to obtain spoilage yeasts from various spoiled fermented foods. At the same 
time, in this study, the yeasts, which were isolated from different products and obtained from Süleyman Demirel 
University Food Engineering Department laboratory, were evaluated to determine the killer activities against these 
spoilage yeasts isolated from various spoilage fermented products. 
It has been determined that those yeasts, which are effective against sensitive spoilage food yeasts, were investigated by 
using the agar diffusion method in the solid medium and have a low, medium and high spectrum activities as a result of 
quantitative experiments. 
The study was carried out under the 30°C incubation temperature and pH 4 acidic conditions to the determine the killer 
activity. The results that were obtained in the study were calculated and evaluated over the zone radius. It was 
determined that the yeasts obtained from laboratory, showed 50% killer activity against spoilage yeasts as a results of 
quantitative analyses in solid medium. These yeast isolates were classified according to their effect degrees. It was 
determined that the yeasts obtained from Süleyman Demirel University Department of Food Engineering, showed killer 
activity against spoilage yeasts isolated from spoilaged food products as a results of in vitro experiments. 
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INTRODUCTION  
 
The yeasts are commonly found in nature as 
one of the groups of microorganisms.  Yeast 
cells are widely obtained from the natural 
environments such as soil, water, fruit, 
fermented foods, animal and human biologic 
systems. However, it is important that the 
yeasts strains are used in different food 
products (Van Vuuren and Jacobs, 1991). In 
recently, the killer properties of the yeast 
strains have attracted more attention. Many 
strains of yeasts secrete toxins called as killer 
toxins (Bevan and Makower, 1963). 
Many yeasts strains are evaluated as killer yeast 
because of their abilities to produce killer toxin. 
It was well-known that killer toxins produced 

by some yeast strains are low molecular mass 
proteins or glycoproteins. These proteins cause 
the death of sensitive cells of the same or 
related yeast genera and of the fungi and 
bacteria cells. The killer yeast strains are 
resistant to their own toxin and can be sensitive 
to the toxins produced by other killer yeasts 
(Bevan and Makower, 1963; Marquina et al., 
2002). 
Many studies indicate that the killer pheno-
menon is especially widespread among yeasts. 
Also, it can be found the killer character in 
natural yeast isolates and laboratory yeast strain 
collections (Florentina and Gageanu, 2011). 
In many studies have been determinated that 
killer yeasts have been identified in many 
genera, such as: Williopsis, Kluyveromyces, 
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Debaryomyces, Saccharomyces, Torulopsis, 
Hanseniaspora, Metschnikowia, Pichia, 
Hansenula, Cryptococcus, Zygosaccharomyces 
and Ustilago. Several research articles have 
shown that killer yeasts can be applied to 
control growth of undesirable yeasts in food 
productions (Bevan and Makover, 1963; 
Woods et al., 1968; Woods et al., 1974; İzgü et 
al., 1996; İzgü et al., 2004; Santos et al., 2004; 
Hatoum et al., 2012). 
The determination of killer yeast strains can 
also provide important information for 
combating different food deteriorate processes 
caused by certain spoiling strains of the yeasts 
(Van Vuuren and Jacobs, 1991; Garcia-Garibay 
et al., 2009; Ullivarri et al., 2011; Hatoum et 
al., 2012). 
The main aims of the present study are to 
determine killer activity of laboratory yeasts 
isolated from different foods in previous 
studies against spoiling yeast strains. Yeast 
strains obtained from Microbiology Laboratory 
at Süleyman Demirel University in Turkey 
were screened for their killer activity against 
yeast strains which could cause spoiling in 
vinegar, olive and pickle food products. 
In this study, killer characteristic was screened 
by in vitro tests in twenty-five strains which 
were previously isolated from different food 
products. 
Killer activity of 25 isolates previously isolated 
from different food sources against nineteen 
yeast isolates which have potential spoilage 
character was analyzed. 
For this reason, these nineteen yeast strains 
were isolated from spoiled fermented foods in 
this study.  
The aim of our trial was to develop an effective 
biological and natural tool by using killer 
strains as biocontrol material against 
undesirable yeast strains. 
 
MATERIALS AND METHODS 
 
Materials 
Yeast strains 
Twenty-six yeast strains used in present study 
as a killer toxin producers were isolated from 
different fermented or non- fermented food 
products in previous studies in our laboratory. 
These strains were conserved in the 
Department of Food Engineering, Suleyman 

Demirel University in Turkey. Laboratory 
strain codes and isolation sources of yeasts 
were demonstrated in Table 1. 
 
Table 1. Laboratory strain codes and isolation sources of 

yeasts 
Laboratory strain codes Isolation sources of yeasts 
LM-1 bread dough 
LM-3 Milk 
LM-4 Milk 
LM-5 Milk 
LM-6 Milk 
LM-7 Yoghurt 
LM-8 Yoghurt 
LM-9 Cheese 
LM-10 Cheese 
LM-11 home-made vinegar 
LM-12 Pickle 
LM-13 Kefir 
LM-14 Kefir 
LM-15 tarhana (traditional product) 
LM-16 tarhana (traditional product) 
LM-17 Pickle 
LM-18 turnip (traditional product) 
LM-19 goruk (traditional product) 
LM-20 goruk (traditional product) 
LM-21 goruk (traditional product) 
LM-22 Kefir 
LM-23 fermented olive 
LM-24 fermented olive 
LM-25 Bousa 
LM-26 Bousa 

LM: Laboratory yeast strain 
 
Nineteen yeast strains were also used in present 
study as a spoilage yeast strains. Spoilage strain 
codes and isolation sources of yeasts were 
demonstrated in Table 2. 
 

Table 2. Spoilage strain codes and isolation sources of 
yeasts 

Spoilage strain codes Isolation sources of yeasts 
BM-41 fermented olive 
BM-42 fermented olive 
BM-43 fermented olive 
BM-44 fermented olive 
BM-45 fermented olive 
BM-46 fermented olive 
BM-47a fermented olive 
BM-47b fermented olive 
BM-48 pickle 
BM-49 pickle 
BM-50 pickle 
BM-51 pickle 
BM-52 pickle 
BM-53 pickle 
BM-54 pickle 
BM-55 pickle 
BM-56 pickle 
BM-57 home-made vinegar 
BM-58 home-made vinegar 

BM: Potential spoilage yeast strain 
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Culture media  
Growth medium was YEPD broth medium 
containing 1% (w/v) yeast extract, 2% (w/v) 
peptone and 2% (w/v) dextrose. The medium 
was buffered to pH 4.0 with 0.1 M citrate-
phosphate buffer, and YEPD-MB agar 
(medium containing 0.003% (w/v) methylene 
blue and 2% (w/v) agar) was used in assays for 
the killer activity (Ullivarri et al., 2014).  
Malt extract broth (MEB), yeast peptone 
dextrose broth (YPDB), potatoes dextrose agar 
(PDA), dichloran rose bengal chloramphenicol 
agar (DRBC), malt extract agar (MEA), yeast 
peptone dextrose agar (YPDA) mediums were 
also used to activate and cultivate all yeast 
isolates. 
 
Methods 
Isolation of yeast strains 
Sampling. Spoilage yeast strains were isolated 
from spoiled food samples. Different spoiled 
samples were collected during experimental 
studies. These foods (cucumber, cabbage, 
pepper pickles, home- made vinegar, fermented 
olive samples) were purchased from local 
market place in various regions in Isparta-
Turkey. 
 
Isolation of spoilage yeast strains  
The spoilage yeast strains were isolated by 
routine methods. Ten grams or milliliters of the 
spoiled food products were homogenized with 
ninety milliliters of sterile 0.85% NaCl solution 
and then were diluted. After suitable dilution of 
the cell cultures, the dilute was plated on 
appropriate solid medium and the plates were 
incubated at 28-300C for 5 days. Different 
colonies were selected according to colony 
properties of yeast strains from the plates and 
were transferred to the solid medium slants, 
respectively. Yeasts cells were also counted in 
appropriate solid medium.   
 
Screening of yeasts strains for killer activity 
The killer activity was investigated by method 
described below. Spoilage yeast strains were 
grown in YEPD broth medium at 28-30 0C for 
24-48 h and the cells from the culture were 
suspended in sterile 0.85% NaCl solution and 
cell density was adjusted to 105-106 cells/ml. 
Adjusted and standardized cell densities of 
yeast strains were used. Each yeast culture was 

mixed with YEPD-MB containing 2 % (w/v) 
agar, and the mixture was poured in a sterile 
Petri dish containing the assay medium. The 
plates were incubated for 1-2 h until the agar 
hardened. For determination of the killing 
activity, the potential killer yeast strain cells 
(obtained from Department of Food 
Engineering laboratory) were inoculated onto 
the YEPD-MB containing 2 % (w/v) agar assay 
medium which cells of the spoilage yeast strain 
were mixed. The Petri dishes were incubated at 
28-300C for 2-5 days, and checked daily 
(Gulbiniene et al., 2004). 
 
Measurement of killer toxin activity  
We assayed killer toxin activity with an agar 
diffusion test that was mentioned above.  
Finally, in the end of the incubation time, the 
diameter of the inhibition zone was used as a 
measure of the yeast killer activity. A killer 
effect was considered when the clear killing 
zone of inhibition around the tested isolates 
appeared on the Petri cups. Also, yeast strains 
which were surrounded by bluish colored cells 
which to be potential sensitive strains were 
considered as killer strains. Killer activity was 
measured by subtracting diameter of the yeast 
colony from diameter of the inhibition zone.  
 
RESULTS AND DISCUSSIONS 
 
The results of the obtained killer activity tests 
were evaluated according to three different 
product groups (pickle, table olive and 
vinegar). In each product group, it was tried to 
detected the killer yeast strains separately. In 
addition, potential best killer strains to be used 
in fermentation processes against spoilage 
yeasts were detected. 
 
Killer activity experiments between potential 
killer strains and spoilage yeasts isolated from 
spoiled pickles 
There was great variation in killer effect 
percentages against yeasts that have spoilage 
potential. There were killer effect percentage 
values between 11-67 %, except LM-11, LM-
12, LM-19 and LM-23 strains, towards 
spoilage yeast strains isolated from different 
pickle products. Most killer effect percentage 
value was 66.7 %. LM-11, LM-12, LM-19 and 
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LM-23 yeast strains were not able to kill any of 
potential spoilage strains used in the study. 
The highest killer activity was observed in LM-
8 and LM-17 strains. The highest killer activity 
was also observed in LM-4 and LM-13 yeast 
strains. Therefore, these strains were 
considered to be superior killer yeast strains as 
suitable yeasts to be used as starter cultures in 
pickle fermentation. 
According to results of diameter rate of clear 
zone as shown in Figure 1, the highest killer 
activity was determined in LM-8, LM-13, LM-
3 and LM-7, respectively. Concurrently, it was 
revealed that LM-8 yeast ensured similar 
diameter rate of clear zone when compared 
with the results were obtain from tests by 
reference yeast strain.  
Also it was observed that BM-49 spoilage yeast 
strain isolated from spoiled pickle products was 
the most sensitive strain from the tested 
laboratory strains. 

BM: Spoilage Yeast ; LM: laboratory Yeast, Diameters of zone (mm), ±: 
Standart deviation 

Figure 1. The diameter of clear zones of killer toxin on 
potential spoilage yeast strains isolated from spoiled 

fermented pickle products 

 
Figure 2. The image of inhibition zones of killer toxins 

secreted by laboratory and reference strains on a 
potential spoilage yeast strain BM-48 at pH 4.0 

 
Figure 3. The image of inhibition zones of killer toxins 

secreted by laboratory and reference strains on a 
potential spoilage yeast strain BM-50 at pH 4.0 

 
Figure 4. The image of inhibition zones of killer toxins 

secreted by laboratory and reference strains on a 
potential spoilage yeast strain BM-56 at pH 4 

 
Killer activity experiments between potential 
killer strains and spoilage yeasts isolated from 
spoiled table yeasts  
Similarly, according to the results of analyses 
carried on potential spoilage yeast strain 
isolated from spoiled fermented olives, it was 
determined that there were great variations in 
killer effect percentages against spoilage 
yeasts. 
There were killer effect percentage values 
between 14-72 %, except LM-23, LM-25 and 
LM-26 strains, against spoilage yeast strains 
isolated from spoiled table olives. At the end of 
the study, it was detected that LM-5, LM-6 and 
LM-8 strains were the most active against the 
spoilage strains isolated form spoiled table 
olives.
Most killer effect percentage value was 71.5 % 
and LM-8 yeast strain shown the highest killer 
effect. LM-23, LM-25 and LM-26 strains were 
not able to kill any of potential spoilage strains 
that were used in this stage of the study. 
The highest killer activity was also observed in 
LM-5, LM-15 and LM-21 yeast strains. For 
this reason, these strains and LM-8 yeast strain 
were considered to be superior killer yeast 
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strains as suitable yeasts to be used as starter 
cultures in pickle fermentation.  
It was observed in this part of the study that 
LM-23, LM-25 and LM-26 yeast strains were 
not able to kill any of potential spoilage strains 
that were used in the study. 
It was also appreciated that the highest killer 
activity was in LM-9 and LM-10, according to 
the diameter ratio of the clear zone.  
Also, killer activity was observed in reference 
killer strain. Reference killer strain shown 
inhibition effect against only 6 strains of all to 
be spoilage yeasts isolated from table olives. It 
was measured killer activity values of reference 
strain according to the diameter ratio of the 
clear zone and it was found between 6-12 mm.  
According to mentioned inhibition zone 
diameter range, yeast strains were appreciated 
as suitable potential killer strains in this study 
and were considered to have similar activity to 
reference strain also. In addition, it was 
observed that BM-43, BM-47, BM-45 and BM-
41 spoilage yeast strains isolated from table 
olive products were most sensitive strains to the 
tested laboratory strains. 
 

 
 

Figure 5. The diameter of clear zones of killer toxin on 
potential spoilage yeast strains isolated from spoiled 

table olive products 
 
Killer activity experiments between potential 
killer strains and spoilage yeasts isolated from 
spoiled vinegar  
Killer activity assay was also performed against 
two different spoilage yeast strains (BM-57 and 
BM-58) isolated from the home- made vinegar 
samples. Tested 25 laboratory yeast strains and 
reference strain were evaluated to killer effects 
towards two spoilage yeast strains.  

Among yeasts isolates that were tested to 
determine killer strains, lowest killer activity 
was detected in this product group. 
It was determined that there was killer effect 
percentage value at 50 % in some test yeast 
strains.  
These strains, LM-4, LM-5, LM-7, LM-8, LM-
14, and LM-24, were able to kill one of the 
potential spoilage strains used in the study.  
It was also observed that other remaining tested 
strains were not killer against any spoilage 
strains. 
It was detected that BM-58 spoilage yeast 
isolate was most resistance strain from the 
tested laboratory strains.  
As a result, there was no observed killer 
activity of 25 yeast against BM-58 strain. 
However, it was affected by reference strain. 
 

 
Figure 6. The diameter of clear zones of killer toxin on 

potential spoilage yeast strains isolated from spoiled 
vinegar products 

 

 
Figure 7. The image of inhibition zones of killer toxins 

secreted by laboratory and reference strains on a 
potential spoilage yeast strain BM-57 at pH 4.0 

 
CONCLUSIONS  
 
Killer yeast strains or their toxins have been 
recommended to control spoilage yeasts and 
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other undesirable microorganisms in food 
industry. In our study, it was determined that 
potential killer strains can be used in food 
industry by pre -screening killer activity of 
laboratory yeast isolates. Some of tested yeast 
strains were considered as new industrially 
killer strains according to results of our study. 
Among the killer yeasts isolated from different 
food products a wide range of killer activity 
was observed. These laboratory yeast strains 
could be recommended to biological control of 
undesirable yeasts in especially pickles, table 
olives and vinegar fermentations. 
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