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ABSTRACT 

 
This work evaluated the antagonism of killer positive yeast strains (isolated from 11 samples of different frozen fruit 

pulps) against  the strains of Penicillium expansum and Aspergillus ochraceus.  Of the total 41 killer yeasts tested in 

YM agar, 19 showed antibiosis against P. expansum and A. ochraceus, with inhibition zone ranging from 10 to 18 

mm and 10 to 19 mm, respectively. In the following step, the extracellular activity of Kluyveromyces sp. FP413 was 

tested performing the assay in YM broth. The antifungal activity of Kluyveromyces sp. FP413 cell-free culture 

supernatant (25
o
C/96 h) was more effective against the conidia germination, showing inhibition rates of 93.33 and 

86.44% for P. expansum and A. ochraceus, respectively. The micelial growth inhibition was 28.45 and 21.0%, 

respectively. The antagonism showed by the selected yeasts could be used as a promising alternative tool to reduce 

and control the postharvest fungal spoilage of the fruits. However, further studies should be carried out in order to 

better elucidate the role of innocuous characters in antagonistic microorganisms, as well as the purification and 

characterization of new killer toxins. 
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INTRODUCTION 
 

Efforts have been made to improve the 

competitiveness in the area of agri-food system in 

Brazil. Brazilian fresh fruit exports had a growth 

of 13% during 2003/2007. Fruit productivity has 

been over 39 million tons, with the country 

ranking among the four largest fruit-producers 

worldwide, along with China, India and the USA 

(IBRAF 2010; FAO 2010). However, considerable 

losses occur in the commercial crops due to fruit 

susceptibility to infection by fungi, such as 

Penicillium expansum (Janisiewicz et al. 1998), 

Colletotrichum gloeosporioides (Rezende and 

Fancelli 1997), Aspergillus ochraceus, Fusarium 

spp., and Alternaria spp. (Hussein and Brasel 

2001; Nielsen et al. 2006). Thus, raw material 

productivity is dependent on fungicide application, 

leading to levels of undesirable chemical 

contaminants in the final product. Biological 

methods are viable alternatives to the traditional 

chemical methods, since no toxic residues remain 

on the fruit (Wilson and Wisniewski 1994). 

Biological products currently available, such as 

BIOSAVE II ® (Pseudomonas syringae), ASPIRE 

(Candida oleophila), and YIELD PLUS ® 

(Cryptococcus albidus) have been used in the 

control of postharvest fruit diseases (Janisiewicz 
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and Korsten 2002; Wisniewski et al. 2007; Droby 

et al. 2002). This is in agreement with the use of 

yeasts in bio-control, based on the mycotoxigenic 

character of this group of microorganisms 

(Janisiewicz et al. 2003) and the presence of the 

killer factor in some strains. The killer factor is an 

extra-cellular peptide capable of inhibiting the 

growth of other microorganisms. 

Biological control of the postharvest fruit diseases 

caused by mycotoxigenic moulds, combined with 

the investigation of bioactive compounds 

compatible with practical application, are 

necessary to ensure fruit  quality and safety 

(Coelho et al. 2003). Thus, the aim of this work 

was to study the antagonism of killer positive 

yeasts against Penicillium expansum and 

Aspergillus ochraceus strains. 
 

 

MATERIALS AND METHODS 
 

Moulds 
Single-spored A. ochraceus A152 and P. 

expansum n. 2 were isolated from naturally-

decaying fruit. The culture was stored in Potato 

Dextrose Agar (PDA) at 4ºC and cultivated on 

PDA slants at 21ºC for 120 h before use. A spore 

suspension was prepared by inoculating the culture 

into 3.0 mL sterile distilled water containing 0.1% 

(v/v) Tween 80, and the cell number was adjusted 

to 1 x 10
5
 spores mL

-1
 (Newbauer chamber). 

 

Antagonistic Agents 
Yeasts were isolated from the samples of 11 

flavors of frozen fruit pulp by using Yeast 

Medium Agar–YM agar (2.0% glucose, 0.5% 

yeast extract; 0.23% NaH2PO4; 1.0% NaCl; 0.5% 

(NH4)2SO4; 1.8% agar).The frozen fruit pulp used 

was obtained by a unique processing industry. The 

yeast isolates were maintained in GYMP Agar 

slant (2.0% glucose, 1.0% malt extract, 0.5% yeast 

extract, 0.2% NaHPO4 and 1.8% agar) at 4
o
C.  

Yeast isolates showing potential antifungal 

activity, based on the antibiosis were identified by 

the commercial Kit RapidTM Yeast Plus System 

(Remel, Lenexa, USA). Yeasts were encoded and 

submitted to computerized identification system 

(Electronic Rapid Compendium–ERIC, Remel). 

For subsequent assay, the strains were activated in 

YM agar at 25ºC/48 h. 
 

Killer Toxin Assay 
Isolated yeasts were submitted to killer toxin assay

by using the killer sensitive reference strains of 

Candida glabrata NCYC 366, C. glabrata NCYC 

388, C. albicans 12A, Pichia kluyveri CAY 15 and 

Saccharomyces cerevisiae NCYC 1006. The cell 

suspension of each reference strain (100 µL, 3 x 

10
6
 cells mL

-1
) was pour-plated in Methylene Blue 

Agar (MBA) following the method modified by 

Polonelli et al. (1983). A loop of the test strain 

reactivated in YM agar was inoculated (four 

testing strains/plate) onto the surface (2 mm 

diameter) of previously prepared MBA, and the 

plate was incubated at 20ºC for 72 h. The killer 

positive strain was characterized as the colony 

with a clear surrounding zone, or the surrounding 

pour-plated reference culture was blue-stained 

(Walker et al. 1995). MBA was prepared in 

citrate-phosphate buffer, pH 4.5 with the addition 

of 2.0% agar, 2.0% glucose, 1.0% peptone and 

0.003% methylene blue, and autoclaved at 121ºC 

for 15 min. A killer strain of Saccharomyces 

cerevisiae NCYC-738 was used as positive 

control. The experiment was carried out in 

triplicate. 
 

Antifungal Assay in Solid Medium 
For the antifungal assay in solid medium, the 

inoculum of 10
5
 spores of A. ochraceus and P. 

expansum was pour-plated in 25mL YM agar. 

After solidification, an 8 mm diameter well was 

made in the center of the plate, followed by 

inoculation of 100 µL yeast cultivate (YM broth at 

25
o
C/48 h), corresponding to 3.0 x 10

6
 cells  

mL
-1

. Plates were incubated at 25
o
C and the 

inhibition zone was measured after 5 days.  

The antifungal assay in solid medium was used for 

screening the yeasts with potential activity against 

the fungal strains. This method allowed observing 

two types of inhibition, i.e., competition for the 

nutrients, identified by yeast growth pumping 

through the edge of the well and/or extra-cellular 

compound production by antibiosis, characterized 

by the inhibition zone with no growth of spoilage 

mould (Coelho et al. 2007). 
 

Antifungal Assay in Broth Culture 
The antifungal assay in broth culture was 

essentially based on the methods described by 

Janisiewicz et al. (2000) and Chen et al. (1999), 

followed by the microscopic analysis. The yeast 

isolates showing potential activity against the 

fungal tests in the solid medium assay were 

submitted to antifungal assay in broth culture. 

Kluyveromyces sp. FP413 was activated in YM 
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broth at 25ºC for 24 h (150 rpm), and 100 µL of 

cell suspension (3.0 x 10
6
 cells) were inoculated in 

five Erlenmeyer flasks with 50mL of YM broth. 

After 24, 48, 72, 96, and 120 h incubation at 25ºC 

under static condition, one yeast culture flask was 

centrifuged (6,500 x g for 15 min) and filter 

sterilized (0.20 µm, Millipore Corporation, 

Bedford, MA, USA). An aliquot (1.0 mL) of the 

sterilized supernatant was added to 1 mL of YM 

broth (120 x 13 mm tube), and inoculated with 

fungal tests (10
5
 spores). Tubes were incubated at 

25ºC for 12h, and conidial germination percentage 

and fungal growth were determined by an optical 

microscope. Negative control was performed in 

the tubes without yeast culture supernatant (10
5
 

spores of fungal test in 1.0mL sterile water plus 

1mL YM broth). The conidial germination 

percentage in the culture with supernatant (X) was 

calculated as:  
 

X=100 x mean conidia germination in the supernatant  

           mean conidial germination in the control  
 

The inhibition percentage of conidial germination 

was calculated as 100% inhibition – X. 

The hyphal length in the culture with the 

supernatant (Y) was calculated as: 
 

Y = 100 x mean hyphal length in the supernatant 

mean hyphal length in the control 
 

The inhibition percentage of hyphal growth was 

calculated as 100% inhibition – Y.  
 

The experiment was carried out in three 

replications (at three different time) over eight 

months; for each replication, the mean hyphal 

lengths were obtained by measuring 40 random 

hyphae in µm. Conidial germination data were 

based on two counts of 100 conidia per repetition 

(Chen et al. 1999). The data from three 

replications were analyzed by comparing the mean 

values obtained from 120 data for hyphal length 

and 6 data for conidial percentage. 

 

Statistical Analysis 
The 120 data for hyphal lengths and the six data 

for conidia germination percentage, obtained from 

three replications, were evaluated by Tukey test (p 

< 0.05) using the Anova/Manova program 

(Statistica version 7.0, Inc. Tulsa ,OK, USA, 

2005). 

 

 

RESULTS AND DISCUSSION 
 

Isolation and Identification of Killer Yeast  
Forty-one yeasts were isolated from 11 samples of 

different frozen fruit pulps, as shown in Table 1. 

Table 2 shows the killer positive yeast isolates 

against the standard yeast strains. Of the total 

yeasts tested, 31 (75.6%) were positive for the 

killer character. Of these, 24 yeasts (77.4%) 

showed killer activity against more than one 

standard sensitive strain, with six being against 

two standard sensitive strains; 13 against three; 

four against four; and one against all standard 

sensitive strains. Seven yeast isolates showed 

killer factor against only one standard sensitive 

strain (Table 2). 

 
Table 1 - Yeast strains isolated from frozen fruit pulps. 

Samples of frozen fruit pulps Yeast strains code* 

Papaya FP11, FP12, FP13, FP14, FP15. 

Guava FP21, FP22, FP23, FP25, FP26. 

Raspberry FP33, FP34, FP35. 

Grape FP41, FP42, FP43, FP46, FP48, FP411, FP413. 

Pineapple FP81, FP84, FP85, FP88. 

Orange FP91, FP92, FP93. 

Passion fruit FP102. 

Peach FP121. 

Mango FP131, FP133, FP134, FP135. 

Açai FP142, FP143, FP144. 

Acerola FP162, FP164, FP166, FP167, FP168. 
* FPnn: FP = fruit pulp; n = sample number; n = number of culture 
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Table 2 - Killer character of yeast isolates against standard sensitive strains. 

Standard sensitive yeast strains Killer positive yeast strains 

Candida glabrata NCYC 366 FP21, FP42. 

Candida glabrata NCYC 388 FP21, FP23, FP25, FP33, FP34, FP35, FP41, FP42, FP413, FP121, FP131, FP133, 

FP135, FP164. 

Candida albicans 12A FP11, FP13, FP23, FP25, FP26, FP34, FP35, FP41, FP42, FP43, FP46, FP48, 

FP411, FP413, FP81, FP93, FP102, FP131, FP133, FP135, FP142, FP164, FP166. 

Pichia  kluyveri CAY-15 FP13, FP23, FP25, FP26, FP33, FP34, FP35, FP41, FP42, FP43, FP46, FP48, 

FP413, FP81, FP84, FP92, FP121, FP131, FP133, FP135, FP164, FP166. 

Saccharomyces cerevisiae NCYC-1006 FP11, FP12, FP13, FP14, FP33, FP35, FP41, FP42, FP43, FP46, FP48, FP411, 

FP413, FP81, FP121, FP142, FP143, FP164. 

 

 

 

Figure 1 showed the killer positive strains against 

the reference strain S. cerevisiae NCYC 1006, 

which showed a clear surrounding zone on 

methylene blue agar surface. This work presented 

more results than the study conducted by Coelho 

et al. (2011) using 44 yeast strains isolated from 

different natural sources in northern Parana, which 

showed only 29.55% with positive outcome for the 

killer factor. However, Oliveira et al. (2011) 

obtained 100% positivity to the killer factor in 24 

yeasts isolated from the commercial and organic 

strawberry. 

The yeast isolates that showed killer factor against 

more than one sensitive strain suggested that the 

killer toxin produced could have a large spectrum 

of action. On the other hand, yeasts could produce 

more than one killer toxin, such as killer toxins 

K1, K2, and K28, produced by S. cerevisiae 

(Schmitt and Breinig 2002). Also, the yeast strains 

FP21 and FP42 showed killer factor against  

C. glabrata NCYC 366 and C. glabrata NCYC 

388, indicating the possible production of a unique 

antagonistic substance (Poloneli et al. 1983). 

Similar results were also found by Coelho et al. 

(2011) and Oliveira et al. (2011) against the same 

standard sensitive strains. 

Yeast strains FP23, FP41, and FP413 were identified 

by using the commercial kit RapidTM Yeast Plus 

System (Remel, Lenexa, USA). According to the 

results, starin FP23 was S. cerevisiae and FP41  

and FP413 were Kluyveromyces sp., whose 

probabilities were >99.9, 99.88 and 99.88%, 

respectively. 

The results of this work suggested that the killer 

phenomenon showed by S. cerevisiae FP23 and 

Kluyveromyces sp. strains FP41 and FP413 could be 

similar to that reported by other works, such as the 

production of K1, K2, and K28 killer toxins by S. 

cerevisiae and killer toxins from K. lactis and K. 

wickerhamii (Philliskirk and Young 1975; 

Golubev 1998; Schmitt and Breinig 2002; 

Comitini et al. 2004). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Killer positive yeast strains on Sabouraud agar added with 0.003% methylene blue 

(Polonelli et al. 1983) containing Saccharomyces cerevisiae NCYC 1006 as a sensitive 

reference strain, incubated at 25° C for 72 h. 
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Antifungal Assay 
Yeasts were submitted to antifungal assay in solid 

medium against P. expansum n. 2 and A. 

ochraceus A152 as a screening method. Of the 

total 41 yeasts tested, 24 (58.5%) showed 

antifungal activity against P. expansum n. 2, out of 

which 19 (79.2%) showed antagonism, based 

exclusively on antibiosis (clear inhibition zone due 

to production of extracellular substances), with 

inhibition zone ranging from 10 to 18 mm. Three 

yeasts (12.5%) showed antagonism based on 

nutrient competition (evidenced as cellular mass 

growth on the surface of the YM agar), and four 

(16.7%) based on synergism (nutrient competition 

and antibiosis), between 48 and 120 h incubation 

at 25
o
C (Table 3). Geng et al. (2011) reported 

significant antagonistic effect by K. marxianus 1.0 

x 10
8
 CFU/mL against P. digitatum, showing 

95.6% inhibition of spore germination. 

 

Table 3 - Antifungal activity in YM agar of yeasts viable cells against to Penicillium expansum n. 2 and Aspergillus 

ochraceus A152. 

 

Yeast code 

Inhibition zone (mm) 

P. expansum n. 2 A. ochraceus A152 

NC A NC / A NC A NC / A 

FP11  11.0   14.0  

FP13  10.0   12.0  

FP14  16.0   11.0  

FP21
 

 14.0   12.0  

FP22   10.0/16.0  16.0  

FP23  12.0   14.0  

FP25  10.0   12.0  

FP26  14.0   18.0  

FP41  13.0   13.0  

FP 43      10.0/16.0 

FP 46     14.0  

FP 48      9.0/16.0 

FP 411      9.0/17.0 

FP413  12.0   19.0  

FP84  14.0   14.0  

FP88   10.0/17.0   10.0/16.0 

FP91  10.0   19.0  

FP92 13.0      

FP93  14.0   16.0  

FP102  12.0   11.0  

FP131  11.0   11.0  

FP133  12.0   12.0  

FP135  15.0     

FP142 10.0   13.0   

FP143   12.0/24.0   13.0/16.0 

FP144  17.0     

FP164 11.0      

FP166  16.0   12.0  

FP167  18.0     

FP168   11.0/19.0  10.0  

NC = Nutrient Competition; A = Antibiosis. 

 

 

The antagonism focused in this study was shown 

by the antibiosis, i.e., the production of 

extracellular substances that inhibited the growth 

of other microorganisms. Thus, yeast strains FP23, 

FP26, FP41, FP413, FP84, FP93, FP102, FP133, 

FP135, FP144, FP166 and FP167 showed greater 

antagonism against P. expansum n. 2, with 

inhibition zone ranging from 12 to 18 mm (Table 



Portes, C. S. et al. 

Braz. Arch. Biol. Technol. v.56 n.4: pp. 619-627, July/Aug 2013 

624

3). Coelho et al. (2011) found positive results for 

antagonism in 20 (45.5%) out of the 44 yeasts 

tested against P. expansum, with 15 being for 

nutrient competition and 5 with indications of 

antibiosis, with inhibition diameters ranging from 

10 to 31 mm and 13 to 17 mm, respectively. 

As for antagonism against Aspergillus ochraceus 

A152, out of the 41 yeasts tested, 25 (61.0%) 

showed antagonism, with 19 (76.0%) being 

exclusively by the antibiosis, with inhibition zone 

ranging from 10 to 19 mm; one yeast isolate 

(4.0%) inhibited the mould by nutrient 

competition; and five yeasts (20%) showed 

synergistic effect against A. ochraceus A152. 

Yeast strains FP11, FP22, FP23, FP26, FP41, FP46, 

FP413, FP84, FP91 and FP93 showed greater 

antagonism based on the antibiosis, with inhibition 

zone ranging from 13 to 19mm (Table 3). 

However, some yeasts that were antagonistic by 

the antibiosis against one, or both spoilage mould 

did not show positivity to the killer factor (strains 

FP22, FP88, FP91, FP144, FP167 and FP168). This 

could be explained by the production of other 

extra-cellular substances, such as the detection of 

exoquitinase [N-acetyl-D-glucosaminidase 

(Nagase)] and β-1-3-glucanase produced by 

Aureobasidium pullulans (LS-30) against the 

development of B. cinerea, P. expansum, Rhizopus 

stolonifer and A. niger conducted in vitro and in 

apple wounds (Castoria et al. 2001). 

Wickerhamomyces anomalus, grown on acidified 

medium, showed mycotoxigenic activity against P. 

digitatum resulting from β-glucanase activity 

(Platania et al. 2012).  

In general, S. cerevisiae strain FP23 and 

Kluyveromyces sp. strains FP41 and FP413 showed 

satisfactory results against the development of the 

spoilage mould tested. According to the results, 

Kluyveromyces sp. FP413 was selected for the 

subsequent tests in antifungal assay in YM Broth. 

The antifungal assay in YM Broth has been proved 

to be a more sensitive test than the solid medium, 

since it is a quantification method that allows 

counting conidial germination and measuring 

fungal hyphal length (Janisiewicz et al. 2000). For 

this stage, Kluyveromyces sp. FP413 was used since 

it presented a good performance in the antifungal 

assay in YM agar, as shown in Table 3. Tests were 

conducted with cell-free culture supernatant from 

the yeast cultivation with a growing control of the 

tested moulds. The antifungal activity was more 

effective against the conidial germination than the 

inhibition of hyphal growth for P. expansum and 

A. ochraceus (Table 4, Fig. 2). 
 

 

Table 4 - Antifungal activity in YM Broth of cell-free culture supernatant from Kluyveromyces sp. FP413 . against 

Penicillium expansum n. 2 and Aspergillus ochraceus A152. 

Incubation 

Period (h) 

P. expansum n. 2 growth 

Hyphal length (µµµµm)  Conidia germination (%) 

Control Yeast supernatant  Control Yeast supernatant 

24 40.10 ± 10.01 
aA 

39.42 ± 20.17
bcA 

 65.00 1.41
aB 

56.00 ± 2.61
dA 

48 36.67 ± 10.93 
aA 

38.05 ± 11.40 
bcA 

 60.00 ± 1.41
bB 

30.00 ± 0.89
cA 

72 34.96 ± 8.75 
aB 

31.19 ± 6.20 
abA 

 62.00 ± 2.80
bB 

29.00 ± 0.63
cA 

96 39.76 ± 15.15 
aB 

28.45 ± 3.66 
aA 

 60.00 ± 0.63
bB 

4.00 ± 1.26
aA 

120 53.47 ± 13.82 
bB 

40.79 ± 6.01 
cA 

 77.00 ± 1.79
cB 

18.00 ± 0.89
bA 

 

 

     

 A. ochraceus A152 growth* 

 Hyphal length (µµµµm)  Conidia germination (%) 

 Control Yeast supernatant  Control Yeast supernatant 

24 30.51 ± 5.80 
bA* 

31.02 ± 6.94 
cA 

 79.00 ± 0.89
cB 

66.00 ± 0.89
eA 

48 28.28 ± 6.62 
bB 

22.45 ± 3.10 
aA 

 73.00 ± 2.00
bB 

20.00 ± 0.52
cA 

72 29.31 ± 9.57 
bB 

23.14 ± 3.36 
abA 

 72.00 ± 1.79
bB 

17.00 ± 0.63
bA 

96 21.77 ± 2.64 
aA 

21.08 ± 1.83 
aA 

 59.00± 1.41
aB 

8.00 ± 1.41
aA 

120 27.25 ± 8.14 
bA 

25.54 ± 3.10 
bA 

 90.00 ± 2.61
dB 

39.00 ± 1.41
dA 

* Mean ± standard deviation; the lower is the value, the higher is the antifungal activity. The same small letters in the same 

column are not significant different by Tukey test (P > 0.05), when different incubation times for intention of yeast supernatant 

are compared. The same capital letters in the same line are not significant different by Tukey test (P > 0.05), when treatment 

yeast supernatant is compared with control (fungal growth without yeast supernatant).  
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In the assay carried out against P. expansum, there 

was a significant difference (p < 0.05) between the 

control and the treatment with the cell-free culture 

supernatant after 24-120h; spore germination 

inhibition was not very efficient when the cell-free 

culture supernatant was used after 24h (13.85% 

inhibition), increasing considerably with the cell-

free culture supernatant after 48-72h (50-53.2%), 

and reaching the maximum inhibition level after 

96h incubation (93.33% spore germination 

inhibition). After 120 h incubation time, antifungal 

activity slightly decreased to 76.62% inhibition 

level (Fig. 2C). As for  hyphal growth inhibition, 

there was a significant difference (p < 0.05) 

between the cell-free culture supernatant treatment 

after 72-120h and the control treatment, showing 

the highest hyphal growth inhibition after 96h 

incubation time (28.45%, Fig. 2A). These results 

suggested that the use of cell-free culture 

supernatant from Kluyveromyces sp. FP413 

cultivate during 96h could efficiently control the 

hyphal growth and conidial germination of P. 

expansum. 

Tests conducted against the hyphal growth of A. 

ochraceus showed a significant difference (p < 

0.05) between the treatment and the control of the 

yeast cultivate after 48-72 h (Table 4). However, 

inhibition percentage was not higher than 21% 

(Fig. 2B). The conidial germination results were 

similar to that found against P. expansum, i.e., 

there was a significant difference between the 

treatment and the control of the yeast cultivated 

for 24h (16.5% inhibition level), increasing after 

48-72h (inhibition of 72.6-76.39%), and reaching 

maximum activity after 96h incubation (inhibition 

of 86.44%). After 120 h, antifungal activity was 

drastically reduced to 56.7% (Fig. 2D). Thus, 

based on the results, the use of cell-free culture 

from yeast cultivate at 25
o
C for 96 h could 

efficiently control spore germination of  

A. ochraceus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 - Inhibitory activity against Penicillium expansum n. 2 and Aspergillus ochraceus A152 by 

cell-free culture supernatant from Kluyveromyces sp. FP413 cultivate. A, C: Inhibition 

percentage of hyphal growth; B, D: Inhibition percentage of conidia germination. The 

higher is the value, the higher is the inhibition percentage. 
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In the YM broth assay, antifungal activity was 

evidenced as the presence of an extra-cellular 

substance that could efficiently inhibit spore 

germination of both the filamentous fungi. The 

antagonism of Kluyveromyces sp. FP413 against P. 

expansum and A. ochraceus based on the 

antibiosis suggested the involvement of such 

factor with killer positive phenomenon shown in 

this work.  As the killer toxin was capable of 

inhibiting the conidial germination and hyphal 

growth, the effect was probably associated with 

rapid loss of cellular integrity rather than 

inhibition of the cell division cycle. Mechanisms 

associated with the cell surface have been reported 

in S. cerevisiae K1 toxin, which was linked to cell 

wall receptor (De La Peña et al. 1981), such as in 

Pichia membranifaciens killer toxin (Santos and 

Marquina 2004). Walker et al. (1995) reported the 

susceptibility of yeast and filamentous fungi 

caused by the killer positive strains of S. 

cerevisiae, P. anomala and Williopsis mrakii. 

Studies by Coelho et al. (2006, 2007) showed 

58.15% inhibition of spore germination of P. 

expansum with supernatant of C. guilliermondii 

cultivate obtained after 72 h of incubation at 25
o
C, 

whereas Pichia ohmeri (25
o
C/48 h) inhibited the 

hyphal length development  in 64.37%, both 

associated with the killer factor.  

Although there had not been any reports on the 

action of killer toxins produced by Kluyveromyces 

sp. against molds, Comitini et. al (2004) reported 

the fungicidal effect of Kwkt killer toxin  

by K. wickerhamii (DBVPG 6077) against 

Dekkera/Brettanomyces spp. spoilage yeasts in 

wine and concluded that this killer toxin could 

have great potential as a bio-preservative agent in 

wine ageing.   
 

 

CONCLUSION 
 

Of the 41 yeasts tested, 75.6% showed killer 

phenomenon against at least one sensitive standard 

yeast used as reference, indicating a good number 

of yeasts producing extra-cellular substance. The 

antagonism showed by the yeasts tested against P. 

expansum and A. ochraceus based on the 

antibiosis rendered them promising biocontrol 

agents against the spoilage mould in postharvest 

fruit. The killer positive isolate FP413 of 

Kluyveromyces sp. significantly inhibited the 

conidial germination of P. expansum and  

 

A. ochraceus, reaching about 93.33 and 86.44% 

inhibition, respectively. However, further studies 

on the antagonistic microorganisms with 

innocuous characters would be needed and 

purification and characterization of new killer 

toxins must be carried out to improve the quality 

and safety of agro-industrial products. 
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