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Postharvest fruit loss due to spoilage is mainly attributed to fungal infections. Synthetic chemicals can be used to preserve fruits, but they are
expensive and pose risks to human health. The replacement of these chemicals by safer and cost-effective biocontrol agents is now a priority. This
study investigated the physiological characteristics of Pichia kluyveri and its potential use as a biofungicide. The antagonistic effect of P kluyveri against
Botrytis cinerea and Monilinia laxa was tested on yeast peptone dextrose agar, grapes, apples, and pears. Yeast growth was variably possible at different
temperatures, pH, and salinity levels. Strain-dependent antagonistic responses were observed on agar plates, where M. laxa was the more sensitive
fungus to the antagonistic yeast. P kluyveri demonstrated strong physiological properties under stressful temperature, pH, and salinity conditions.
Preventive applications of P kluyveri to apples were 95% effective against B. cinerea and 100% effective against M. laxa. Fruit type-dependent responses
were evident on pears. Similarly, preventive application on grapes was also effective against the fungal pathogens studied. In general, the antagonistic
responses were both fungus- and treatment- (curative and preventive) dependent. Therefore, the preventive use of P kluyveri against post-harvest fruit-
-fungal infections proved to be an effective method for biological control of grapes, apples, and pears against fungal spoilage organisms Botrytis cinerea

and Monilinia laxa.

INTRODUCTION

Fruits are important in a balanced diet, as they are gener-
ally rich in fibre, minerals, water, and vitamins. Unfortunately,
the majority of fruits are lost or their shelf life is shortened due
to spoilage by fungal pathogens [Zhu, 2006]. While pre-har-
vest infections and spoilage is a problem [Fourie et al., 2002],
25% of fruit spoilage occurs during post-harvest handling
and is of major concern to the global agricultural industry
[Droby, 2005; Singh & Sharma, 2007]. Prior to thermal pres-
ervation techniques, Penicillium expansum was responsible for
complete post-harvest spoilage of apples globally [Morales
et al., 2007]. In table grapes, apples, and many other crop
species, Botrytis cinerea, Colletotrichum acutatum and Rhizo-
pus stolonifer are usually responsible for spoilage [Sharma
et al., 2009; Williamson et al., 2007]. Additionally, brown rot
and grey mould of South African stone fruits are linked to Mo-
nilinia laxa and B. cinerea, respectively [Fourie et al., 2002].
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Fruit-derived beverages are also subject to microbial spoil-
age, all which impacts negatively on the economy [Parveen
et al., 2016]. Dekkera, Zygosaccharomyces, Pichia, and Han-
seniaspora species are the most common spoilage organisms
of fruit-derived beverages [Du Toit & Pretorius, 2000; Séez
etal., 2010].

The reduction of microbial spoilage in fruits is conven-
tionally achieved by treatment with chemical fungicides. How-
ever, organisations, such as the World Health Organization
and the European Economic Community highlighted major
health-related concerns associated with their usage in food in-
dustries [Ciani & Fatichenti, 2001]. In addition, the resistance
of some pathogens to chemical preservatives often prompts
an increase in chemical preservative dosages, above accept-
able limits [Benito ef al., 2009], which can negatively affect
product quality. As a result, safer, cheaper, and cost-effective
alternatives have recently been the central focus. The use
of safer biological systems such as yeast is another potential
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source of biocontrol agents against fruit and fruit-derived
beverages [Ciani & Fatichenti, 2001; Comitini ef al., 2004a;
Grzegorezyk et al., 2017; Mehlomakulu ef al., 2014; Parveen
et al., 2016]. Thus far, several yeasts have been reported to
have antagonistic properties against fruit and fruit-derived
beverages spoilage pathogens [Aloui ef al., 2015; Cordero-
-Bueso et al., 2017; El Ghaouth ef al., 2004; Mehlomakulu
et al., 2014; Mewa-Ngongang et al., 2017, 2019a]. Yeasts
are excellent biocontrol agents because their growth require-
ments are simple and their growth kinetics on many fruits
and in beverages are competitive [Liu e al., 2013; Muccilli &
Restuccia, 2015]. An additional advantage of biological sys-
tems is their ability to produce extracellular compounds with
antimicrobial properties against many fruit pathogens such as
spoilage yeasts, bacteria, and fungi [Comitini et al., 2004a,b;
Grzegorcezyk et al., 2017; Mehlomakulu et al., 2014].

Several authors have highlighted the importance of non-
-Saccharomyces yeasts in addressing food spoilage [Me-
wa-Ngongang et al., 2017, 2019b; Oro et al., 2014]. Their
widespread use in the food industry, their ability to handle
and grow quicker than spoilage organisms, and their abil-
ity to produce killer toxins have been widely acknowledged.
The biotechnological potential of Pichia kiuyveri has been
highlighted as a producer of aromatic and growth inhibition
compounds in beverages [Crafack er al., 2013; Jolly et al.,
2014]. The aim of this study was to evaluate the physiological
properties of P kluyveri and to assess its potential in suppress-
ing post-harvest fungal growth of B. cinerea and M. laxa on
yeast peptone dextrose agar, apples (Golden delicious), table
grapes (Regal seedless), and pears (Packham’s Triumph).

MATERIALS AND METHODS

Strain selection and maintenance

Previously isolated from Marula (Scelerocarya birrea)
juice, the yeast P kluyveri Y1164 was selected after screen-
ing several yeasts from the ARC Infruitec-Nietvoorbij yeast
culture collection (The Fruit, Vine and Wine Institute of the
Agricultural Research Council, Stellenbosch, South Africa).
B. cinerea and M. laxa were supplied by the Post-harvest Pa-
thology Laboratory (ARC Infruitec-Nietvoorbij). Yeast cells
and spores of B. cinerea and M. laxa were propagated at 25°C
and maintained at 4°C on yeast peptone dextrose agar (yeast
extract 10 g/L, peptone 20 g/L, dextrose 20 g/L, and 20 g/L
agar) (YPDA, Biolab, Merck, Modderfontein, South Africa).
The pH was 6.5 after autoclaving.

Yeast cells and fungal spore preparation

To investigate the antagonistic effects of P kluyveri on fun-
gal growth, yeast cells were cultivated in YPD broth (Biolab,
Merck) at a pH of 6.5 for 24 h at 25°C, using a rotary shaker
(150 rpm). Fungus spores were detached from the YPDA
cultures and suspended in sterile distilled water. A micro-
scope (SN-EU 1712504, BioBlue Lab, Euromex Micro-
scopes, Arnhem, Holland) and a Neubauer counting cham-
ber were used to determine the cell or spore concentrations at
400x magnification.

Characterisation of physiological properties: Salinity,
pH, and temperature

The ability of P kluyveri to grow under different salinity
(0.05,0.10, 0.15, and 0.20 g/mL NaCl), pH (1, 2, 3, 7, and 8),
and temperature (5, 15, 30, and 40°C) conditions was inves-
tigated. A pre-inoculum was prepared by transferring a wire
loopful of P kluyveri cells into a test tube containing10 mL of
sterile YPD broth and incubated without agitation at 28°C for
24 h. Subsequently, test tubes containing 5 mL of pH- and sa-
line-adjusted YPD broth (in triplicate) were inoculated at a fi-
nal concentration of 10° cells/mL of P kluyveri and incubated
without agitation at 28°C for 7 days. For the determination
of growth at various temperatures, test tubes containing 5 mL
of YPD broth were inoculated as mentioned above, but incu-
bated at different temperatures for 7 days. After incubation,
cell concentrations were determined microscopically using
a Neubauer counting chamber. Based on the initial inoculum
of 10° cells/mL, low, medium, and high growth was defined
as those concentrations ranging from 10° to 104 10* to 10,
and 10° to 10° cells/mL, respectively.

Antagonistic effect of P. kluyveri on fungal growth: Plate
assay

This assay was adapted from Medina-Cordova et al.
[2016]. YPDA plates were prepared and a mycelial culture
disc (5 mm) of either B. cinerea or M. laxa was placed 2.5 cm
away from the plate edges. A volume of 15 uL yeast cells
suspension (10 cells/mL) was deposited 3 cm from the disc
and the plates were sealed with laboratory film (Parafilm®).
After incubation at 28°C for 7 days, the diameter of the fun-
gal growth zones was measured. Negative controls were pre-
pared by seeding a mycelial disc at the centre of the YPDA
plate under analogous incubation conditions. The antagonis-
tic effect of the yeast was measured in terms of the compara-
tive reduction in fungal growth (diameter) between treatments
and negative controls (average of three replicates).

Preventive and curative treatments: Apple, grape, and
pear bioassays

Golden Delicious apples (Malus domestica) and Pack-
ham’s Triumph pears (Pyrus communis ‘Bosc’) were obtained
from a local producer, Two-A-Day Group Ltd (Grabouw,
South Africa). Regal Seedless table grapes (Vitis vinifera) were
obtained from the Cultivar Development Division of ARC In-
fruitec-Nietvoorbij. Apples and pears (10 replicates consist-
ing of three pears/apples per replicate) were washed, dried,
and sprayed with 70% ethanol and uniformly wounded with
a sterile cork borer (approximately 5 mm diameter and 3 mm
deep). The ethanol was allowed to dry prior to the next step.
After wound infliction, fruits were allowed to dry before
undergoing preventive or curative treatments. For preven-
tive treatments, wounded fruits were inoculated with 20 uL
(10¢ cells/mL) of P kluyveri cell suspension using a micropi-
pette and incubated overnight at room temperature. Subse-
quently, the yeast cells were allowed to colonise the fruits for
24 h before inoculation with 20 uLL (10° cells/mL) of B. cinerea
or M. laxa suspension. For curative treatments, the wounded
fruits were inoculated with 20 uL (10° fungal spores/mL) of
B. cinerea or M. laxa, incubated for 24 h and then inoculated
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with 20 uL (10° cells/mL) of P kluyveri suspension. Treated
fruit was maintained at -0.5°C for 4 weeks, and then stored
at room temperature (£20°C) for 7 days, to simulate ship-
ping conditions and shelf life in a commercial setting. Positive
results were characterised by the absence of fungal develop-
ment on the fruit surfaces. For preventive and curative treat-
ments/bioassays, negative controls were prepared by inocu-
lating fruits with 20 wL (10° fungal spores/mL) of B. cinerea or
M. laxa suspensions under similar maintenance and storage
conditions. During the incubation period for all the treat-
ments, there was an 80% relative humidity. Comparative analy-
sis of the differences in lesion diameters/growth inhibition be-
tween the negative controls and inoculated fruits was done to
determine if the yeast is a successful biocontrol agent against
B. cinerea and M. laxa. For both treatments, the percentage
inhibition was obtained, considering that the negative control
was 100% of the lesion diameter. Table grapes (20 replicates
consisting of 10 grape berries per replicate) were uniformly
wounded with a sterile needle (2 mm diameter, | wound per
berry) and allowed to dry prior to preventive and curative treat-
ments. For preventive treatments, wounded grapes (10 grapes
per replicate) were sprayed with 10 mL (10° cells/mL)
of P, kluyveri cell suspension, incubated overnight at room tem-
perature and sprayed with 10 mL (10° cells/mL) of B. cinerea
or M. laxa suspension. For curative treatments, the wounded
grapes were sprayed with 10 mL (10° fungal spores/mL) of
B. cinerea or M. laxa, incubated for 24 h, and then sprayed
with 10 mL (106 cells/mL) of P kluyveri suspension. The neg-
ative controls (10 berries each) were prepared by spraying
the fungal spores on the wounded berries without yeast treat-
ment. All grape treatments were also maintained at -0.5°C for
4 weeks, and then stored at room temperature (+20°C) for
7 days. The antagonistic properties of P kluyveri were anal-
ysed visually by assessing the grape colour changes and fun-
gal development on treated grapes.

Statistical analysis

The experiment was randomised and the data for each
experiment was analysed separately. To determine whether
there were significant differences within the physiological pa-
rameters (pH, temperature, and salinity), analysis of variance
was performed using general linear means procedure of SAS
version 9.4 (SAS Institute Inc, Cary, NC, USA). Fisher’s least
significant difference (LSD) values were calculated at the 5%
probability level (p=0.05) to facilitate comparison between
treatment means.

RESULTS AND DISCUSSION

Physiological properties of P. kluyveri

The results in show growth characteristics
of P kluyveri under different pH, saline, and temperature
conditions in YPD. One of the required properties of bio-
control agents (e.g., yeast) is the ability to tolerate a broad
spectrum of the aforementioned conditions. These condi-
tions are fruit type-dependent and critical during postharvest
because they affect the growth of both antagonistic yeasts
and fruit fungal pathogens. Prior to postharvest control treat-
ments, it was important to establish whether yeast growth was

possible under a very wide spectrum of conditions. Relatively
low yeast count was observed at 5°C (1.55x10° cells/mL)
and 40°C (1.58 x10? cells/mL), at pH 1 (1.64x10? cells/mL),
and 0.15 g/mL (1.37x10° cellsymL) and 0.20 g/mL
(1.07x10% cells/mL) salinity. A moderate count was ob-
served at 0.10 g/mL salinity (1.41x10* cells/mL). The high-
est cell counts were obtained at 15°C (3.75x10° cells/mL)
and 30°C (3.17x 107 cells/mL), at pH 2 (1.86x 107 cells/mL),
pH 3 (1.74x10° cells/mL), pH 7 (5.50x10° cells/mL),
pH 8 (4.55x10° cellsymL), and 0.05 g/mL salinity
(4.72x105 cells/mL). The optimal growth temperature range
of P kluyveri corresponds to the South African mean annual
temperatures between 17-22°C [*CapeFarmMapper,” n.d.].
Meaning that yeast growth and antagonistic properties can
be stimulated under most agricultural and postharvest condi-
tions of South Africa.

The ideal pH and saline conditions for P kluyveri also
relate to the intrinsic properties of most fruits, i.e. pH 3.2—
—-4.5 and <0.1 g/mL salt, respectively [Kessels, 2003]. These
findings were also comparable to the findings of Psani &
Kotzekidou [2006] where the large majority of Debaryomyces
hansenii (15 strains) and Torulaspora delbrueckii (32 strains)
were able to grow optimally at 15°C, pH 2.5, and 0.1 g/mL
NacCl. Previously, both yeast growth and the killer proper-
ties of yeast were associated with changes in environmental
conditions such as temperature, salinity, and pH [Tipper &
Bostian, 1984]. As in the current study, Celik et al. [2017]
also reported insignificant growth rates of most yeast strains
(P, kluyveri, Candida zemplinina, P. occidentalis, and Saccha-
romyces cerevisiae) when the temperature was below 15°C
under grape-must fermentation conditions (pH 3.18). Al-
though this study is the first to report on some antagonistic

TABLE 1. Cell count of Pichia kluyveri Y1164 grown for 7 days at differ-
ent temperatures, pH, and salinity levels.

Parameter | Value | Cell count (cells/mL)
5 1.55%10°+2.59x 10%¢
15 3.75%10°£2.69x 10%

Temperature (°C)
30 3.17x10°+1.44x 10%
40 1.58%10°+3.77x 10*¢
1 1.64x10°+1.56x10*¢
2 1.86x10°+0.91x 10%¢
pH 3 1.74x10°+0.83x 10%¢
7 5.50x10°£3.67x10%
8 4.55x10°+0.97x 10*°
0.05 4.72x10°+=1.90x 10%
Salinity 0.10 1.41x10*+3.13x10%°
(NaCl concentration, g/mL) 0.15 1.37% 105 1 .44 % 102
0.20 1.07x103£3.17x 103

The values and standard deviation in the table are means of three repeats.
Different letters in a column represent statistically significant differences
(p<0.05) for temperature, pH or salinity, respectively.
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properties of P kluyveri, our findings on the physiological
properties of P kluyveri were not surprising, since another
Pichia species (P anomala J121) was previously considered
efficient biocontrol yeasts because of their ability to grow
under harsh conditions, i.e. temperature (3-37°C), pH (2.0-
-12.4), and water activity of 0.92 (NaCl) and 0.85 (glycerol)
[Fredlund et al., 2004].

Antagonistic effect of P. kluyveri against fungal growth
Figure 1 and Figure 2 show the antagonistic effect
of P kluyveri against two fruit fungal pathogens, B. cinerea
and M. laxa. The mean growth diameter on the negative
control was 45.58 and 63.42 mm for M. laxa and B. cinerea,
respectively (Figure 1). The most sensitive fungus to the an-
tagonistic yeast was M. laxa, which showed a growth inhibi-
tion of 54.6% after 7 days of incubation (Iigure 2). Compared
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Monilinia laxa Botrytis cinerea

M Negative control Treatment

FIGURE 1. Diameters of Botrytis cinerea and Monilinia laxa growth
zones (negative control) and growth of these fungi in the presence of Pi-
chia kluyveri Y1164 (treatment) on yeast peptone dextrose agar plates.

Boritis cinerea Monilinia laxa

Negative control

Treatments

546 % inhibitior

44.5% inhibition—=

FIGURE 2. Photograph of the inhibition assay on yeast peptone dex-
trose agar plates showing the inhibition potential of Pichia kluyveri
Y1164 on Botrytis cinerea and Monilinia laxa. Growth inhibition is given
as the percentage difference between fungal growth diameter of Botrytis
cinerea (a) and Monilinia laxa (b) controls as well as Botrytis cinerea (c)
and Monilinia laxa (d) treatments. Each plate is a representative example
of three replicates.

to the negative control (p<0.05), 44.5% growth inhibition
was observed against B. cinerea. Although B. cinerea (nega-
tive control) grew faster than M. laxa on YPDA, the antag-
onistic effect of P kluyveri was still maintained and seemed
independent of fungal growth kinetics. Additionally, species-
-dependent antagonistic responses were evident on solidified
medium assays. Previously, the screening and the identifica-
tion of antimicrobial producing yeasts such as Candida in-
termedia [Huang et al., 2011] and Sporidiobolus pararoseus
[Huanget al., 2012] was achieved on solid medium. A similar
study by Mewa-Ngongang et al. [2019b] also demonstrated
the broad antagonistic effect of P kluyveri on solidified plate
assays, therefore supporting the findings of this research. Al-
though the pre-screening of biocontrol agents on agar media
is common, more rapid and cost-effective methods still need
to be developed.

Preventive and curative treatments: Apple bioassay

As shown in Figure 3 and Figure 4, P kluyveri applied pre-
ventively, was effective in suppressing fungal growth t0 95.12%
(Lesion diameter, LD=3.29 mm) and 100% (LD=0.0 mm)
for B. cinerea and M. laxa, respectively. The curative treat-
ments were not as effective, since growth suppression of
B. cinerea was only 51.32% (LD=32.77 mm) and 45.68%
(LD=26.49 mm) for M. laxa, compared to the negative
controls. As shown in Figure 3 and Figure 4 preventive/cu-
rative biocontrol treatments against both fungal pathogens
(B. cinerea and M. laxa) followed similar trends where small-
er lesions were observed for M. laxa. Gril et al. [2008] also
categorised M. laxa as a pathogen of apple fruits, but not its
principal or preferred host. Sansone et al. [2018] proved that
the biocontrol of B. cinerea BNM 0527 was more effective
under preventive rather than curative treatments on apples.
These authors also showed a 75% and 48% spoilage reduc-
tion by Rhodosporidium fluviale as preventive and curative
treatments, respectively. These results confirm the old notion
that says, ‘prevention is better than cure’.

110

95.12 100

100

90
80
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60

45.68
50 - - 0

Inhibition (%)

40 +---—- -
30 +---- -
20 +---- -
10 ---- -

0

Botrytis cinerea Monilinia laxa

M Preventive Curative

FIGURE 3. Growth inhibition of Botrytis cinerea and Monilinia laxa on
apples with the associated level of biological control by Pichia kluyveri
Y1164 used as preventive and curative treatments. Values are the average
of 10 replicates consisting of three apples per replicate + standard devia-
tion (n=30). The lesion diameters, from which the percentage inhibition
was obtained, are shown in Figure 4.
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Control: Boritis cinerea

Lesion diameter: 67.32 mm (£2.152

~

Control: Monilinia laxa

Lesion diameter: 48.78 mm (£1.964) n=30""

-~

Preventive: Monilinia laxa

FIGURE 4. Photograph of apples showing lesion diameters because of spoilage caused by Botrytis cinerea (a) and Monilinia laxa (b) with the associ-
ated level of biological control by Pichia kluyveri Y1164 against preventive Botrytis cinerea (¢) and Monilinia laxa (d) treatments as well as curative
Botrytis cinerea (e) and Monilinia laxa () treatments. Values are the average of 10 replicates consisting of three apples per replicate + standard deviation
(n=30). Each set (consisting of three apples) is a representative example after 4 weeks at -0.5°C and then at room temperature (=20°C) for 7 days.

Preventive and curative treatments: Table grape bioassay

The antagonistic effect of P kluyveri applied as preventive
and curative grape treatments on the growth of B. cinerea
and M. laxa are shown in Figure 5. A 100% growth inhibi-
tion was observed, which was demonstrated by the absence
of spoilage for the preventive treatments. Translating to ef-
fective control of both B. cinerea and M. laxa infections,
compared to the controls. Slightly different observation was
made on the curative treatments where it would be impor-
tant to mention that the result interpretation in this part
was also based on visual observations whereby, a jar was
considered as a mini bunch of grape berries that was in-
spected for decay not as single fruit like in the case of ap-
ples and pears. One out of 20 jars infected with B. cinerea
in the curative treatment showed signs of spoiled berries
(95% inhibition), while a 100% inhibition was observed for
the curative treatments of M. laxa. This result is compa-
rable to the 100% suppression of Aspergillus carbonarius,
Colletotrichum acutatum, and Rhizopus stolonifer growth on
grapes by Candida zemplinina, Candida pyralidae, Saccha-
romyces cerevisiae, and P. kluyveri [Fiori et al., 2014; Mewa-
-Ngongangetal.,2019b; Zhuet al.,2015]. Although preven-
tive results were notable, curative biocontrol applications
resulted in substandard grape colour and texture, although
spoilage was vastly minimised. It is also plausible that,
apart from antagonistic properties of P kluyveri, volatile
compounds [Fiori et al., 2014; Lutz et al., 2013], hydrolytic

enzymes [Herndndez et al., 2008], mycotoxins [Thompson
et al., 2013] or proteases [Buzzini & Martini, 2002] may
have affected fungal growth. The results from this study
also showed the effectiveness of P. kluyveri against B. cinerea
and M. laxa growth and the advantage of preventive treat-
ments during fruit processing.

Preventive and curative treatments: Pear bioassay

The bioassay with pear fruits confirmed the antagonistic
effect of P kluyveri on B. cinerea and M. laxa, with a signifi-
cant (p<0.05) reduction in lesion diameter when applied as
preventive treatments (Figure 6 and Figure 7). As a preven-
tive treatment, P kluyveri exhibited a 73.16% (LD=9.21 mm)
and 78.65% (LD=7.07 mm) inhibition against B. cine-
rea and M. laxa, respectively. Curative treatments showed
a 58.59% (LD=14.21 mm) and 52.08% (LD=15.45 mm) in-
hibition against B. cinerea and M. laxa, respectively. Enhanced
control for preventive treatments could be due to the ability
of the yeasts to quickly colonise the wound, release antimi-
crobial substances, and successfully outgrow fungal patho-
gens. Therefore, the use of P kluyveri as a preventive treatment
can provide an effective strategy to reduce post-harvest decay
of pears. Results suggest that the yeast competes with the fun-
gal pathogens for space and nutrients. However, it is also
possible that P kluyveri produced secondary metabolites (e.g.
diffusible compounds) with antifungal properties [Andrade
etal.,2014; Nally et al., 2015; Nafiez et al., 2015].
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Preventive

Control: Boritis cinerea
- —

Preventive

Control: Monilinia laxa

FIGURE 5. Photograph of the jars showing table grapes spoilage caused by Botrytis cinerea and Monilinia laxa and the associated biological control
of Pichia kluyveri Y1164 against Botrytis cinerea (c) and Monilinia laxa (e) preventive treatments as well as Botrytis cinerea (d) and Monilinia laxa (f)
curative treatments. Twenty replicates consisting of 10 grape berries per replicate were tested against both Botrytis cinerea (a) and Monilinia laxa (b)
controls. Each set displayed in this figure is a representative example after 4 weeks at -0.5°C and then at room temperature (=20°C) for 7 days.

100 —mmm

Inhibition (%)

Botrytis cinerea Monilinia laxa

M Preventive Curative

FIGURE 6. Growth inhibition of Botrytis cinerea and Monilinia laxa on pears with the associated level of biological control by Pichia kluyveri Y1164 used
as preventive and curative treatments. Values are the average of 10 replicates consisting of three pears per replicate + standard deviation (n=30).
The lesion diameters, from which the percentage inhibition was obtained, are shown in Figure 7.
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Negative control: Boritis cinerea

Lesion diameter: Bf&n (£1.964) n=30
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Negative control: Monilinia laxa

Lesion diameter: 3224 mm (£2.045) n=30

Preventive: Boritis cinerea
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FIGURE 7. Photograph of pears showing lesion diameters because of spoilage caused by Botrytis cinerea (a) and Monilinia laxa (b) with the associated
level of biological control by Pichia kluyveri Y1164 against preventive Botrytis cinerea (c) and Monilinia laxa (d) treatments as well as curative Botrytis
cinerea (e) and Monilinia laxa (f) treatments. Values are the average of 10 replicates consisting of three pears per replicate = standard deviation (n=30).

Each set (consisting of three pears) is a representative example after 4 weeks at -0.5°C and then at room temperature (£20°C) for 7 days.

CONCLUSIONS

The biocontrol yeast P kluyveri Y1164 inhibited B. cine-
rea and M. laxa growth on apples, pears, and table grapes
when applied preventively. However, P kluyveri Y1164 was not
as effective when applied as a curative treatment. Biological
control can be considered as a preventive strategy to reduce
postharvest fungal spoilage of fruits. Exploring pre-harvest
efficacy of the biocontrol yeast P kluyveri Y1164, as well as
its efficacy against other fruit fungal pathogens can be inves-
tigated in future studies.
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