®

Check for
updates

Chapter 11

The Use of Psychrophilic Antarctic Yeast
in the Biological Control of Post-harvest
Diseases of Fruits Stored at Low
Temperatures

Eskalath Morganna Silva Ferreira, Deyse Alencar Resende, Silvana Vero,
and Raphael Sanzio Pimenta

11.1 Introduction

The current primary strategy used to control the post-harvest losses of fruits and
vegetables is the utilization of massive amounts of chemical fungicides (Pimenta
et al. 2009; Zhou et al. 2014; Spadaro and Droby 2016; Usall et al. 2016a; Ferreira
et al. 2018). However, there is now a global trend towards a reduction in the use of
toxic chemicals, mainly due to an increased concern with their negative effects on
public health and the environment. Thus, the need for alternative strategies such as
biological control is becoming more evident (Droby et al. 2016; Spadaro and Droby
2016; Usall et al. 2016a). Research on the biological control of post-harvest dis-
eases, using antagonistic yeasts, has received considerable attention from research-
ers in the last decades and represents one of the approaches used to guarantee the
quality and safety of vegetables, grains, and mainly fruits (Droby et al. 2016). This
chapter discusses how, among the different groups of microorganisms used as bio-
logical control agents, yeasts have been the most used mainly for promoting the
control of several phytopathologies, both under pre-harvest and post-harvest condi-
tions. The use of these microorganisms is a promising alternative for the total or
partial replacement of the use of chemical pesticides (Droby et al. 2016; Spadaro
and Droby 2016; Usall et al. 2016a).

Yeasts that are naturally found colonizing plant surfaces are termed epiphytic
and represent the main group of yeasts used to manage post-harvest diseases.
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However, other sources, such as seawater, soil samples, and plant exudates, are
being studied to obtain antagonistic microorganisms. The main intention in
exploring new sources of isolation is to identify yeasts that may develop in stressful
environments and have different mechanisms of action (Liu et al. 2013). This study
aims to better adapt the adverse conditions to which they can be subjected when
used as a biocontrol agent (Liu et al. 2013).

The use of microorganisms isolated from cold environments such as those from
the Antarctic, Tibetan, polar sea, and other low temperature regions may favour the
development of biocontrolled yeasts previously adapted to cold which present a
higher tolerance to this stress abiotic. This feature favours their use as biocontrollers
in fruits that are stored and/or transported in cold chambers (Wang et al. 2010a, b;
Lutz et al. 2012; Vero et al. 2013; Hu et al. 2017).

Several investigations have already been carried out to identify and to evaluate
potential biocontrol agents isolated from cold environments. However, the work in
this line of research is still limited, especially in the Antarctic region (Wang et al.
2010a; Lutz et al. 2012; Vero et al. 2013; Arrarte et al. 2017; Hu et al. 2017).
Therefore, the purpose of this chapter is to discuss the use of psychrophilic yeasts
as biological control agents for the management of post-harvest diseases of fruits
stored at low temperature.

11.2 Post-harvest Diseases of Fruits Stored at Low
Temperature

Post-harvest losses of fruits and vegetables caused by fungi are the main causes of
economic losses in food production. It is estimated that about 20-25% of these
products are lost during storage in developed and developing countries; these losses
may be even higher and exceed 50% (Lima et al. 2015; Spadaro and Droby 2016;
Usall et al. 2016a). Strategies to reduce these losses are very important because
there is an increase in the global demand for food and areas of agricultural expan-
sion are becoming limited. Fungal degradation of food takes a toll not only on the
economy but also on the health of the population, since many pathogens can release
toxic substances in food or directly cause infections in consumers (Wilson 2013;
Dukare et al. 2018).

Rigorous sanitation, fungicide use, cold storage, modified atmosphere applica-
tion, and other physical and/or chemical tools are used to reduce or delay the devel-
opment of pathogens (Sangorrin et al. 2014). Most fruits have a very limited
shelf-life after harvest if they are kept at normal storage temperatures. For this rea-
son, refrigeration is one of the most used techniques for the preservation of fresh
fruits, since it reduces metabolism, decreases weight loss, slows senescence, and
delays development of some deteriorating fungus species (Usall et al. 2016b).

Some species of phytopathogenic fungi can grow rapidly under low tempera-
tures, such as Alternaria alternata, which can degrade papaya, apple, and various
horticultural crops (Troncoso-Rojas et al. 2014). Penicillium expansum is a psy-
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chrophilic fungus able to grow at 0 °C, which decays mainly apples, grapes, and
pears during cold storage (Morales et al. 2010; Zoffoli and Latorre 2011).
Penicillium digitatum and Penicillium italicum are the main agents of blue rot and
green rot, post-harvest diseases affecting citrus, and can grow during refrigerated
storage of fruits (Plaza et al. 2003; Pimenta et al. 2008; El-Otmani et al. 2011).
Cladosporium herbarum and Cladosporium cladosporioides cause post-harvest
disease in grapes stored at 0 °C (Zoffoli and Latorre 2011). Botrytis cinerea fungus
is capable of degrading strawberries at low temperatures (0-5 °C) (Feliziani and
Romanazzi 2016).

However, other fungi causing post-harvest diseases can grow at temperatures just
above 0 °C, such as Monilinia fructicola (1 °C), the most economically important
pathogen for stone fruit such as plums and peach; Aspergillus niger (11 °C);
Colletotrichum gloeosporioides (9 °C), which causes rot in papaya, mango, and
citrus; Colletotrichum musae (9 °C), anthracnose agent in bananas; and
Botryodiplodia theobromae (8 °C) and Ceratocystis paradoxa (5 °C), disease agents
in bananas and pineapples (Sommer 1985; Usall et al. 2016b). In the case of meso-
philic phytopathogenic fungi, refrigeration is able to limit growth and prevent dis-
ease development. However, for those who are called psychrophiles, cold storage is
not sufficient to ensure satisfactory fruit preservation (Barkai-Golan 2001). In view
of this, control alternatives that are complementary to or that increase the efficiency
of the technologies already used to reduce or to delay the development of post-
harvest pathogens can contribute to a more efficient way to the integrated control of
these phytopathologies.

11.3 Biological Control

Chemical control methods using fungicides are conventionally the most widely
used treatment for the prevention and control of fungal decomposition in fruits dur-
ing field and post-harvest handling. They are consistently used with systems man-
agement practices and storage at low temperatures. However, the use of many
synthetic fungicides has been reduced in the last decade due to several factors such
as environmental pollution, selection of resistant pathogens, occurrence of out-
breaks of diseases considered as secondary, reduction of populations of beneficial
microorganisms, and presence of toxicity to human and other animals (Pimenta
et al. 2009; Spadaro and Droby 2016; Usall et al. 2016a; Zhou et al. 2014; Dukare
et al. 2018; Ferreira et al. 2018).

As a result, the management of fruits has been changing, due to growing con-
sumer concern with impacts on public health and the environment. Moreover, the
legislation has become more restrictive and rigorous regarding the registration and
application of chemicals and minimum residues tolerated in food, especially at the
post-harvest stage. For this reason, there is an ongoing search for alternative control
methods, such as biological approaches that include the use of antagonistic micro-
organisms (Droby et al. 2016; Spadaro and Droby 2016; Usall et al. 2016a). In con-
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trast to chemical treatments, the use of biological control through the use of
microbial antagonists does not leave toxic residues in the fruits, but generally
requires integrated action with other control methods (Lima et al. 2015; Droby et al.
2016; Spadaro and Droby 2016; Usall et al. 2016a).

According to Cook and Baker (1983), biological control involves a reduction in
the inoculum and disease-causing activities caused by a pathogenic organism, using
one or more other organisms. According to Lima et al. (2000), the basic premise of
biological control is the maintenance of the population density of pest or pathogen
species associated with agriculture at economically and ecologically acceptable lev-
els. During the post-harvest period, biological control can completely replace or act
in association with chemical control, making food storage more sustainable and
safe and reducing the pathogen inoculum or the intensity of disease symptoms
(Mondino and Vero 2006).

There are two basic sources of microorganisms that can be used as microbial
antagonists in the control of post-harvest diseases. First is the use of microorgan-
isms that occur naturally in the product (fruit and vegetable surface), and second is
the artificial introduction of antagonistic microorganisms to the pathogens obtained
from other substrates (Sharma et al. 2009). Numerous microorganisms, such as
yeast and bacteria, have been used in laboratory, semi-commercial and commercial
studies as antagonists. However, the potential of yeasts as post-harvest biocontrol
agents has been widely demonstrated in the scientific literature (Droby et al. 2009,
2016).

Another aspect associated with traditional biological control is integrated bio-
logical control, which involves the use of an organism antagonistic to the pathogen
to be controlled using Generally Regarded As Safe (GRAS) compounds, which
contain micro-biostatic or microbiocidal chemicals. Strategies combining micro-
biostatic and microbiocidal approaches can produce a synergistic effect and potenti-
ate the results in comparison to the classical biological control and have, therefore,
also been widely explored by researchers in the field (Pimenta et al. 2012).

11.4 Yeasts as Biocontrol Agents

Yeasts are defined as fungi belonging to Ascomycota or Basidiomycota phyla,
whose sexual state has no fruiting bodies and vegetative growth occurs by budding
or fission. They are predominantly unicellular, immobile microorganisms. Most of
them are saprobic and some are opportunistic parasites (Miller 1979; Boekhout and
Kurtzman 1996; Lachance and Starmer 1998; Kurtzman et al. 2011).

The ability of these microorganisms to assimilate a wide variety of organic com-
pounds expands their dispersal and survival capacity in different ecological niches
in terrestrial (plants, soil, animals), air, and aquatic environments (lakes, rivers,
seas) (Phaff and Starmer 1987). They have several characteristics that make them
good candidates as biocontrol agents, such as a high nutrient utilization capacity,
which allows them to proliferate rapidly (Lima et al. 1997, 2000; Spadaro et al.
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2004); the production of extracellular polysaccharides that increase their ability to
survive in several environments, thereby restricting space for the development of
phytopathogenic agents (Mendéz an Mondino 1999); and tolerance for the fungi-
cides frequently used during post-harvest (Spadaro et al. 2004). There are two basic
sources of microorganisms that can be used as microbial antagonists in the control
of post-harvest diseases. First is the use of microorganisms that occur naturally in
the product (fruit and vegetable surface), and second is the artificial introduction of
antagonistic microorganisms to the pathogens obtained from other substrates yeasts
in the control of post-harvest diseases due to the fact that these organisms are the
major components of the microbial community on the leaf and fruit surfaces (Wilson
et al. 1993). Yeasts may be effective control agents because they are phenotypically
more adapted to these niches and are skilled in the colonization and competition for
space and nutrients (Filonow 1998). Another advantage of the use of yeasts in the
biocontrol of plant diseases is consumer acceptance, which is due to the fact that
yeasts are widely used for food and beverage production (Wisniewski et al. 2016).

In the case of epiphytic microorganisms, due to the physical and environmental
conditions (humidity, temperature, luminosity) of the phylloplane being quite vari-
able, the colonization process is influenced by a series of specific factors. In the
leaves, for example, the important factors are the thin layer of air that covers the
surface of the leaves and retains vapours of water emitted from the stomata and the
veins (Axtell and Beattie 2002), release of simple sugars ‘leached’ from the interior
of the plant by means of small lesions or glandular trichomes (Mercier and Lindow
2000; Lindow and Brandl 2003), and the deposition of exogenous nutrients such as
pollen and insect secretions (Warren and Dias 2001; Fokkema et al. 1983). The
production of surfactants by some microorganisms reduces the hydrophobic effects
of plant cuticles on the water scattering and diffusion of substrates (Bunster et al.
1989; Hutchison et al. 1995). Other microorganisms are producers of substances
that affect the transport of ions in plant cell membranes (Hutchison et al. 1995). For
these reasons, epiphytic microorganisms are also plant growth promoters and have
been extensively studied for use in the biocontrol of post-harvest diseases in fruits
and vegetables (Wilson and Wisniewski 1989) and in the control of foliar diseases
(Lee et al. 2017). Yeasts are known to efficiently colonize the epiphytic environ-
ment, which could antagonize the introduction and development of plant pathogens
(Buck and Burpee 2002; Fonseca and Indcio 2006).

Yeasts are particularly interesting microorganisms for use in a Biological Control
program because they are relatively easy to grow and have several characteristics
that can be manipulated to improve their use and efficiency (Pimenta et al. 2009;
Sharma et al. 2009; Janisiewicz et al. 2011). Yeast species have been used as bio-
logical control agents to control B. cinerea, causal agent of grey mould in grapes
and strawberries; P. digitatum in grapes; P. italicum and P. digitatum in citrus;
Botrytis, Rhizopus, Penicillium, and Alternaria in tomato; and B. cinerea and
Rhizopus fungi, which cause post-harvest diseases in apples (Mehrotra et al. 1996;
Jijakli and Lepoivre 1998; Guetsky et al. 2001; Masih et al. 2001; Jijakli and Kupper
et al. 2013) (Table 11.1). Despite the knowledge about some functions of yeasts in
the environment, much remains to be discovered, especially on the mechanisms of
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Table 11.1 Yeasts used as a biocontrol agent obtained from several sources of insulation

Antagonist yeast Disease (pathogen) Fruits References
Aureobasidium Grey mould (Penicillium Apple Vero et al. (2009)
pullulans expansum)
Candida sake Grey mould (Botrytis cinerea), Apple Wilson et al.
Penicillium rot (Penicillium (1993)
expansum)
Penicillium rot (Penicillium Apple Vinas et al. (1996)
expansum)
Rhizopus rot (Rhizopus nigricans) | Apple Vinas et al. (1998)
Penicillium rot (Penicillium Apple Usall et al. (2001)
expansum)
Penicillium rot (Penicillium Apple Torres et al.
expansum) (2006)
Penicillium rot (Penicillium Apple Morales et al.
expansum) (2008)
Candida oleophila Penicillium rot (Penicillium Apple El-Neshawy and
expansum) Wilson (1997)
Anthracnose (Colletotrichum Papaya Gamagae et al.
gloeosporioides) (2003)
Grey mould (Botrytis cinerea) Peach Karabulut and
Baykal (2004)
Penicillium rots (Penicillium Citrus Lahlali et al.

digitatum, Penicillium italicum)

(2004, 2005)

Candida guilliermondii

Grey mould (Botrytis cinerea)

Nectarine /

Tian et al. (2002)

peach
Grey mould (Botrytis cinerea) Tomato Saligkarias et al.
(2002)
Candida ciferrii Blue mould (Penicillium Apple Vero et al. (2002)
expansum)
Cystofilobasidium Blue mould (Penicillium italicum) | Citrus Vero et a. (2011)
infirmominiatum
Cryptococcus laurentii | Bitter rot (Glomerella cingulata) | Apple Blum et al. (2004)
Grey mould (Botrytis cinerea) Peach Zhang et al.
(2007a)
Rhizopus rot (Rhizopus stolonifer) | Strawberry Zhang et al.
(2007b)
Debaryomyces hansenii | Green and blue mould Citrus Singh (2002)
(Penicillium digitatum,
Penicillium italicum)
Rhizopus rot (Rhizopus stolonifer) | Peach Mandal et al.
(2007)
Blue rot (Penicillium italicum) Lemon Hernandez-
Montiel et al.
(2010)
Anthracnose (Colletotrichum Papaya Hernandez-
gloeosporioides) Montiel et al.
(2018)

(continued)
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Table 11.1 (continued)

Antagonist yeast Disease (pathogen) Fruits References
Metschnikowia Blue mould (Penicillium Apple Spadaro et al.
fructicola expansum) and grey mould (2002, 2004)
(Botrytis cinerea)
Botrytis rot (Botrytis cinerea) Grapes. Kurtzman e Droby
(2001)
Pichia guilliermondii | Blue mould (Penicillium Apple McLaughlin et al.
expansum) (1990)
Grey mould (Botrytis cinerea) Apple Janisiewicz et al.
(1998)
Green mould (Penicillium Citrus Chalutz and
digitatum) Wilson (1990)
Rhizopus rot (Rhizopus stolonifer) | Grape Chalutz et al.
(1988)
Pichia guilliermondii | Grey mould (Botrytis cinérea) Tomato Chalutz et al.
(1988)
Rhizopus rot (Rhizopus nigricans) | Tomato Zhao et al. (2008)
Saccharomyces Athracnose (Colletotrichum Banana Zhimo et al.
cerevisiae musae) (2016)
Saccharomycopsis Blue mould (P. expansum and P. | Citrus Pimenta et al.
schoenii italicum) (2008)
Rhodotorula glutinis Blue mould (Penicillium Apple Calvo et al. (2007)
expansum)
Grey mould (Botrytis cinerea) Apple Zhang et al.
(2009)
Blue rot (Penicillium expansum) | Pear Zhang et al.
(2008)
Rhodotorula Grey mould (Botrytis cinerea) Strawberries | Zhang et al.
mucilaginosa (2013)

action of most biocontrol agents (Rosa-Magri et al. 2011). These biological agents
can act in complex interactions between the host (fruit), pathogen, antagonist, and
environment (Fig. 11.1). The main interaction processes are: mycoparasitism, lytic
enzyme production, predation, resistance induction, competition for space and/or
nutrients, among others. Often more than one mechanism of antagonism is involved
in the process of action of biological control agents (Pimenta et al. 2008; Di
Francesco et al. 2015; Lima et al. 2015; Droby et al. 2016; Spadaro and Droby
2016).

Among the mechanisms of action, competition for space and nutrients (e.g. car-
bohydrates and nitrogen sources) is considered the main way in which yeasts sup-
press the development of pathogens. For this reason, the biocontrol agent must
have the ability to grow rapidly and efficiently and remain viable in the substrate to
be protected in order to limit the establishment of the pathogen in the fruits (Nunes
et al. 2001). These mechanisms have already been demonstrated in several studies
as developed by Zhang et al. (2010) when using P. guilliermondii against B. cine-
rea in apples and Lutz et al. (2012) when evaluating the mechanisms of action
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Fig. 11.1 Improved strategy for the selection of Antarctic antagonist yeasts to control post-harvest
strawberry diseases and the mechanism of their action. (1) and (2) Isolation of antagonist yeasts of
angiosperms from Antarctica; (3) Biological control test in strawberries containing the antagonis-
tic yeast and the pathogen; (4) Pathogen developing the disease without the presence of yeast; (5)
Yeasts promoting biological control in strawberry. (Source: authors)
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associated with the biocontrol capacity of four yeast strains (Cryptococcus albidus
strains NPCC 1248 and NPCC 1250, Pichia membranifaciens, and Vishniacozyma
victoriae) against Penicillium expansum and Botrytis cinerea in pears; and the
application of Debaryomyces hansenii yeast in the control of Penicillium digitatum
in grapes (Droby et al. 1989) and Aureobasidium pullulans (Janisiewicz et al.
2000).

Mycoparasitism was a mechanism of action observed in the studies conducted by
Zhang et al. (2010); Arras et al. (1998) found that P. guilliermondii caused changes
in the hyphae of the fungi Botrytis cinerea and Penicillium digitatum. Predation was
observed by Pimenta et al. (2008) when studying the activity of the yeast
Saccharomycopsis schoenii against the fungus P. digitatum, which is a pathogenic
agent in oranges; the authors observed that hyphae and spores of the pathogen were
predated by the yeast.

Antibiosis is the production of metabolites that are generated by the yeast antag-
onists which have inhibitory effects on the growth or germination of the pathogen
through the production of antifungal compounds such as peptides and volatile
metabolites. Some yeast strains may produce extracellular proteins or toxins called
killer toxins, which are lethal to sensitive microbial cells (Spadaro and Droby 2016).
Kupper et al. (2013) evaluated the antagonistic potential of Saccharomyces cerevi-
siae against P. digitatum and observed inhibition of fungus growth by the produc-
tion of inhibitory substances. The production of volatile compounds was observed
by Arrarte et al. (2017) who demonstrated that the psychrophilic yeast Candida sake
played a significant role in reducing the growth of P. expansum in apples stored at
low temperatures. Rosa-Magri et al. (2011) investigated the production of killer tox-
ins as control mechanisms and verified that the yeasts Torulaspora globosa and
Candida sublineola controlled the growth of Colletotrichum graminicola.

The production of lytic enzymes may also play an important role in biocontrol
activity. The production of chitinase, f-glucanase, and chitosanases, which are the
main components of the wall of fungal cells, antagonistic yeasts that have high
enzymatic activity related to f-1,3-glucanase and chitinases (endo and exo), could
cause lysis of the cell wall of phytopathogenic agents (Di Francesco et al. 2015).
However, there is also evidence that biocontrol agents have the ability to induce
disease resistance by activation of fruit defence enzymes such as phenylalanine
ammonia-lyase (PAL), peroxidase, and polyphenoloxidase (Di Francesco et al.
2015; Liu et al. 2013). In works by Wang et al. (2010a, b), inhibitory actions pro-
moted by enzymes of the p-1,3-glucanase (GLU), phenylalanine ammonia (PAL),
peroxidase (POD), and polyphenoloxidase (PPO) were observed to be responsible
for the control of pathogens. Hernandez-Montiel et al. (2010) also found that strains
of Debaryomyces hansenii inhibited the growth of Penicillium italicum by detecting
f-1,3-glucanase production and protease activity. In a more recent work, Hernandez-
Montiel et al. (2018) also observed that the same enzymes were associated with the
biocontrol capacity of D. hansenii against Colletotrichum gloeosporioides.

Biological control using cold-adapted yeasts has been cited as an important alter-
native to the use of synthetic chemical fungicides for the management of post-
harvest fruit rot (Santos et al. 2004; Nally et al. 2012; Sriram and Poornachandra
2013; Sukorini et al. 2013; Lopes et al. 2015; Zhimo et al. 2016).
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11.5 Antarctic Psychrophilic Yeasts as Biocontrol Agents
in Post-harvest of Fruits

Antarctica is a continent that presents a set of characteristics that make it inhospi-
table for the survival of many organisms, because it has the coldest and driest cli-
mate on the planet. Despite this, Antarctica presents enormous biological diversity
(Ruisi et al. 2007; Yergeau and Kowalchuk 2008; Onofti et al. 2008; Rosa et al.
2010; Margesin and Miteva 2011). Among the organisms adapted to these environ-
mental conditions are microorganisms and among them the yeasts which may pres-
ent great potential for use as biocontrol agents (Rosa et al. 2010; Nascimento et al.
2015). In addition, the microbial diversity in this environment is at an early stage of
discovery. (Ruisi et al. 2007).

The yeast communities that inhabit the Polar Regions can be classified as
endemic or cosmopolitan. Although some endemic species have psychrophilic
behaviour, most of them are psychro-tolerant yeasts that can adapt and grow over a
wide temperature range. Connell et al. (2008) studied the diversity of yeasts isolated
from the soil in the Antarctic region and found that 89% of the isolates were com-
posed of basidiomycetes. De garcia et al. (2007) observed that the genus
Cryptococcus was the most frequently isolated, followed by cold-adapted
Leucosporidium and Rhodotorula. In a study conducted in glacial rivers of melted
water in Argentine Patagonia, Buzzini et al. (2017) obtained different genera of
yeasts in the Antarctic region, the most prevalent being: Debaryomyces,
Metschnikowia, Pichia, Cystobasidium, Dioszegia, Filobasidium, Glaciozyma,
Holtermanniella, Malassezia, Mrakia, Naganishia, Papiliotrema, Phenoliferia,
Sporidiobolus, Tausonia, and Vishniacozyma.

Yeasts that develop in extremely cold environments are interesting as biological
control agents for post-harvest diseases because they naturally produce compounds
capable of allowing them to grow under extremely low temperature conditions such
as those observed in cold storage chambers (Buzzini et al. 2012). Many species of
psychrophilic yeasts were considered to be good antagonists against pear post-
harvest pathogens (Lutz et al. 2012; Hu et al. 2015). An isolate of soil samples col-
lected in Tibet identified as Rhodotorula mucilaginosa have presented biocontrol
potential against fungi Penicillium expansum in pear (Hu et al. 2015). Using differ-
ent criteria, Rhodosporidium paludigenum, obtained from cold sea water, showed
remarkable activity against Alternaria rot in cherry tomatoes (Wang et al. 2008).

The knowledge of the diversity of yeasts in the Antarctic environment is recent
(Connel et al. 2010; Carrasco et al. 2012; Godinho et al. 2013; Furbino et al. 2014;
Zhang et al. 2014). Vero et al. (2013) examined the potential of cold-adapted yeasts
isolated from Antarctic soils to manage post-harvest disease of fruits. Leucosporidium
scottii isolate (Atl7) was identified as a good biocontrol agent producing volatile
antifungal substances that inhibit apple pathogens (Vero et al. 2013). Arrarte et al.
(2017) demonstrated that the production of volatile compounds (VOCs) by a psy-
chrophilic Candida sake strain isolated from water and soil samples from King
George Island in the subantarctic region showed potential use as post-harvest
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biocontrol agents in apples stored at low temperature. In a previous work, Robiglio
et al. (2011) showed that the microbiota associated with pears stored in the cold
showed better biocontrol performance against post-harvest deterioration fungi than
conventional yeast. Vero et al. (2011) demonstrated that Cystofilobasidium infirmo-
miniatum (PL1), selected as cold-adapted yeast, was able to control blue and green
mould in oranges during storage at 5 °C. Lutz et al. (2012) successfully used the
yeasts C. albidus, P. membranifaciens, and V. victoriae on P. expansum and B. cine-
rea in pears when fruits were stored at 0 °C for 100 days.

Thus, several investigations using yeasts isolated from the Antarctic region, as
well as in other cold environments, have demonstrated that this approach may pres-
ent a great potential for prevention against the deterioration of fruits by phytopatho-
genic fungi during post-harvest and storage (Sangorrin et al. 2014).

11.6 Strategies for Success of Yeasts as Biocontrol Agents

Tests for the use of biocontrol agents still focus mainly on research laboratories. The
success of formulations based on these microorganisms depends mainly on the level
of control performed for the target disease. Thus, the agents’ efficacy needs to be
evaluated, first in a pilot, then in a semi-commercial scale, and finally in commercial
studies under different conditions of storage and packaging (Nunes 2011; Dukare
et al. 2018). Once the previous stages have been successful, the next step involves
regulatory licensing and regulatory approval. Regulatory approval of biofungicide
formulations is generally based on the effectiveness of disease control and safety
assessment of the formulated product and involves numerous research and develop-
ment stages which should include the following steps (Dukare et al. 2018):

* Proof of post-harvest rot or disease;

» Isolation and characterization of native strains of pathogens involved;

* Isolation and selection of microorganisms/yeasts that are possible biocontrol
agents;

» Testing of the ability to control the site of action;

* Identification of the biocontrol agent;

e Determination of the mechanisms of action;

» Toxicity test;

» Large-scale production.

In the last decades, many microorganisms have been identified for use as agents
of biological control of post-harvest diseases in fruits. However, only few have been
formulated and marketed effectively (Droby et al. 2009; Abano and Sam-Amoah
2012). This scarcity in products has been the focus of much discourse, and among
the main reasons identified for this limitation are the small number of companies
involved in the development of organic products, the small size of the post-harvest
market, and the necessary expenses and time required for the selection and registra-
tion of products (Droby et al. 2009; Abano and Sam-Amoah 2012).



254

E. M. S. Ferreira et al.

Table 11.2 Examples of biocontrol products based on yeast antagonists

Biocontrol In
products Yeast base Fruit Target pathogens | Country use
Shemer Metschnikowia Table grape, Botrytis sp., Netherlands | Yes
fructicola strawberry, Penicillium sp.,
sweet potato Rhizopus sp.,
Aspergillus sp.
Boni Aureobasidium Pome fruit B. cinerea, United Yes
protect pullulans Penicillium sp., States
Monilinia sp.
Nexy Candida oleophila Pome fruit B. cinerea, Belgium, Yes
Penicillium sp. USA
Aspire Candida oleophila Citrus B. cinerea, United No
Penicillium sp. States
Candifruit | Candida sake Pome fruit B. cinerea, Spain No
Penicillium sp.
Yieldplus Cryptococcus albidus | Apples and B. cinerea, South No
pears Penicillium sp., Africa
Mucor sp.
Pro Metschnikowia Strawberries, Botrytis sp., USA Yes
Yeast-ST | fructicola grapes, and Penicillium sp.,
citrus Rhizopus sp.
Pro Metschnikowia Strawberries, Botrytis sp., USA Yes
Yeast-ORG | fructicola grapes, and Penicillium sp.,
citrus Rhizopus sp.
Biocoat Candida Grapes and Botrytis sp., Israel Yes
saitoana + chitosan sweet cherries Penicillium sp.,
Rhizopus sp.,
Aspergillus sp.
Biocure Candida Grapes and Botrytis sp., Israel Yes
saitoana + lysozyme sweet cherries Penicillium sp.,
Rhizopus sp.,
Aspergillus sp.

Source: Wisniewski et al. (2016), Spadaro and Droby (2016)

However, several yeast-based products have already reached advanced stages of

development and are available on the market (Table 11.2). These products were
registered for use in post-harvest against various fungal pathogens in fruits and veg-
etables. For example, the Shemer product was developed based on the yeast
Metschnikowia fructicola NRRL Y-27328 (Droby et al. 2009; Dukare et al. 2018),
initially registered in Israel for both pre-harvest and post-harvest application. It is
used to control deterioration caused by fungal genera such as Aspergillus, Botrytis,
Penicillium, and Rhizopus (Blachinsky et al. 2007). This product was acquired later
by Bayer CropScience (Germany) and licensed to Koppert (Holland). BoniProtect,
a product developed in Germany and produced by Bio-Ferm (Australia), is based on
two antagonistic strains of Aureobasidium pullulans and is used for the control of
developing pathogens in lesions of apples during storage (Spadaro and Droby
2016).
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Nexy, based on a strain of Candida oleophila which was developed in Belgium
and registered throughout the European Union, is produced by Lesaffre Company
(Spadaro and Droby 2016). Aspire is made from another strain of Candida oleoph-
ila. It is among the first products made using yeast. Aspire was registered as a com-
mercial formulation in 1995, and it is commercially developed by the Ecogen
Corporation for use in the United States and Israel (Droby et al. 1998). Candifruit is
produced from the Candida sake yeast; it was registered in Spain by the company
IRTA/Sipcam-Inagra. Another bioproduct, Yieldplus, based on the yeast
Cryptococcus albidus, was registered in South Africa and is being produced by
Lallem Company (Janisiewicz and Korsten 2002; Dukare et al. 2018).

However, Aspire, Candifruit, and Yieldplus have been withdrawn from the mar-
ket due to a number of reasons, including low and inconsistent trading efficiency,
low profitability, and difficulties in market penetration because of the fact that small
companies do not have the resources available to sustain product development and
marketing (Spadaro and Droby 2016).

Pro Yeast-ST and Pro Yeast-ORG, both developed from M. fructicola yeast, are
products developed by BASF and licensed by Inova Technology for use in the
United States (Sharma et al. 2012). A new generation of biofungicides such as
Biocoat and Biocure has also been developed for some years, being produced by
AgroGreen. They present Candida saitoana yeast in their composition, but also
chemical substances of natural origin such as chitosan and lytic enzymes are added
in order to potentiate the protective action and to optimize the control effects. The
combination of yeasts with other methods of control may be a promising approach
to overcome disadvantages in the activity of the biological control agent, increasing
its effectiveness. The combination of biocontrol agents with heat treatments, cool-
ing, use of GRAS substances, and other conservation treatments can produce a syn-
ergistic effect and increase levels of control of pathogens at levels similar to those
achieved with chemical fungicide treatments (Droby et al. 2009; Usall et al. 2009;
Sharma et al. 2012).

The commercial use of biofungicides is limited and represents only a very small
fraction of the potential market (Usall et al. 2001). To expand the use of biocontrol
products, Sangorrin et al. (2014) suggest that research must evolve to integrate the
use of agents into a production approach with greater efficiency and to obtain a
greater quantity of effective microorganisms. Thus, the development of new com-
mercial products will be more feasible if the microbial antagonists have a wide
scope of application, perform reliably under a variety of conditions, and are adapt-
able to different packaging and processing systems. In addition, evaluation using
different post-harvest practices, modes of application, and storage conditions is also
required (Janisiewicz and Korsten 2002).

Another important consideration would be the selection of yeasts adapted to cold
temperatures for the development of new bioproducts. Because these yeasts are
adapted to extreme conditions, they may present greater resistance and adaptation
compared to species present in tropical environments. Since the determination of
cardinal temperatures (minimum, optimal, and maximum) for the growth of a spe-
cific biocontrol agent should be considered, psychrophilic or psychro-tolerant
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microorganisms present potential for use as biocontrol agents, especially in cold
rooms (Sangorrin et al. 2014).

This strategy has still been little explored and no biofungicide has been devel-
oped or registered for this purpose so far. Thus, if more species of yeast adapted to
cold are identified, their use as biological control agents for the management of
post-harvest diseases should be expanded and more successful strategies may be
achieved. Refrigeration is still the main method of preserving and prolonging the
shelf-life of fresh food. This fact makes evident the potential of using yeasts adapted
to cold as possible biological control agents to optimize the production and conser-
vation of fresh fruits (Sangorrin et al. 2014).

11.7 Conclusions and Perspectives

Prolonging the availability and shelf-life of post-harvest of fruits stored under
refrigeration often requires application of a chemical fungicide to prevent decompo-
sitions caused by fungi growing under this condition. An alternative approach that
has not been explored yet is the use of yeasts from extreme environments such as
Antarctica or other cold environments. Thus, because they are adapted to such con-
ditions, these yeasts can present a greater resistance and adaptation and facilitate the
process of development of biological control agents for use under storage condi-
tions in cold rooms.

According to Sangorrin et al. (2014), not only the control by psychrophiles bio-
controlled yeasts of post-harvest diseases of fruits should be investigated but also
the potential to prevent diseases during the storage of tubers, and other nonedible
species such as flowers and ornamental plants should be explored. It is also impor-
tant to highlight other possible areas of application such as the use in supermarkets
and domestic refrigerators in order to extend the life of a greater diversity of
products.

The psychrophiles yeast selection system for application in biocontrol is still a
vast field, and it is likely that several new studies will be developed using only
strains adapted for cold conditions. However, although there are some products of
yeast-based biological control on the market, no product developed with yeasts
adapted to cold is available. This methodology should become a practice adopted in
the future for the development of new biofungicides suitable for the refrigerated
fruit market.

References

Abano E, Sam-Amoah LK (2012) Application of antagonistic microorganisms for the control of
postharvest decays in fruits and vegetables. [JABR 2:1-8

Arrarte E, Garmendia G, Rossini C, Wisniewski M, Vero S (2017) Volatile organic compounds
produced by Antarctic strains of Candida sake play a role in the control of postharvest patho-
gens of apples. Biol Control 109:14-20



11 The Use of Psychrophilic Antarctic Yeast in the Biological Control of Post-harvest... 257

Arras G, Cicco VD, Arru S, Lima G (1998) Biocontrol by yeasts of blue mould of citrus fruits and
the mode of action of an isolate of Pichia guilliermondii. ] Hort Sci Biotechnol 73:413-418

Axtell CA, Beattie GA (2002) Construction and characterization of a proU-gfp transcriptional
fusion that measures water availability in a microbial habitat. Appl Environ Microbiol
68:4604-4612

Barkai-Golan R (2001) Postharvest diseases of fruits and vegetable: development and control.
Elsevier, Amasterdam, The Netherlands, p 418

Blachinsky D, Antonov J, Bercovitz A, Elad B, Feldman K, Husid A, Lazare M, Marcov N, Shamai
1, Keren-Zur M, Droby S (2007) Commercial applications of “Shemer” for the control of pre-
and postharvest diseases. IOBC-WPRS Bull 30:75-78

Blum LEB, Amarante CVT, Valdebenito-Sanhueza RM, Guimaraes LS, Dezanet A, Hack-Neto P
(2004) Postharvest application of Cryptococcus laurentii reduces apple fruit rots. Fitopatologia
Brasileira 29:433-436

Boekhout T, Kurtzman CP (1996) In: Wolf K (ed) Nonconventional yeasts in biotechnology.
Springer-Verlag:Heidelberg, pp 1-81

Buck JW, Burpee LL (2002) The effects of fungicides on the phylloplane yeast populations of
creeping bentgrass. Can J Microbiol 48:522-529

Bunster L, Fokkema NJ, Schippers B (1989) Effect of surface-active Pseudomonas spp. on leaf
wettability. Appl Environ Microbiol 55:1340-1345

Buzzini P, Branda E, Goretti M, Turchetti B (2012) Psychrophilic yeasts from worldwide glacial
habitats: diversity, adaptation strategies and biotechnological potential. FEMS Microbiol Ecol
82:217-241

Buzzini P, Turk M, Perini L, Turchetti B, Gunde-Cimerman N (2017) Yeasts in polar and subpolar
habitats. In: Buzzini P, Lachance MA, Yurkov A (eds) Yeasts in natural ecosystems: diversity.
Springer, Cham, pp 331-365

Calvo J, Calvente V, de Orellano ME, Benuzzi D, de Tosetti MIS (2007) Biological control of
postharvest spoilage caused by Penicillium expansum and Botrytis cinerea in apple by using
the bacterium Rahnella aquatilis. International Journal of Food Microbiology 113:251-257

Carrasco M, Rozas MJ, Barahona S, Alcaino J, Cifuentes V, Baeza M (2012) Diversity and extra-
cellular enzymatic activities of yeasts isolated from king George Island, the sub-Antarctic
region. BMC Microbiol 12:251

Chalutz E, Wilson CL (1990) Postharvest biocontrol of green and blue mold and sour rot of citrus
fruit by Debaryomyces hansenii. Plant Dis 74:134—-137

Chalutz E, Ben-Arie R, Droby S, Cohen L, Weiss B, Wilson CL (1988) Yeasts as biocontrol agents
of postharvest diseases of fruit. Phytoparasitica 16:69-75

Connell LB, Redman R, Craig S, Scorzetti G, Iszaard M, Rodriguez R (2008) Diversity of soil
yeasts isolated from South Victoria Land, Antarctica. Microb Ecol 56:448-459

Connell LB, Redman R, Rodriguez R, Barrett A, Iszard M, Fonseca A (2010) Dioszegia antarctica
sp. nov. and Dioszegia cryoxerica sp. nov., psychrophilic basidiomycetous yeasts from polar
desert soils in Antarctica. Evol Microbiol 60:1466—1472

Cook RJ, Backer KF (1983) The nature and practice of biological control of plant pathogens. APS,
St. Paul, p 539

De garcia V, Brizzio S, Libkind D, Buzzini P, Van Broock M (2007) Biodiversity of cold-
adapted yeasts from glacial meltwater rivers in Patagonia, Argentina. FEMS Microbiol Ecol
59(2):331-341

Di Francesco A, Ugolini L, Lazzeri L, Mari M (2015) Production of volatile organic compounds
by Aureobasidium pullulans as a potential mechanism of action against postharvest fruit patho-
gens. Biol Control 81:8-14

Droby S, Chalutz E, Wilson CL, Wisniewski M (1989) Characterization of the biocontrol activ-
ity of Debaryomyces hansenii in the control of Penicillium digitatum on grapefruit. Can
J Microbiol 35:794-800

Droby S, Cohen L, Daus A, Weiss B, Horev B, Chalutz E (1998) Commercial testing of aspire:
a yeast preparation for the biological control of postharvest decay of citrus. Biol Control
12:97-101



258 E. M. S. Ferreira et al.

Droby S, Wisniewski M, Macarisin D, Wilson C (2009) Twenty years of postharvest biocontrol
research: Is it time for a new paradigm? Postharvest Biol Technol 52:137-145

Droby S, Wisniewski M, Teixidé N, Spadaro D, Jijakli MH (2016) The Science development, and
commercialization of postharvest biocontrol products. Postharvest Biol Technol 122:22-29

Dukare AS, Sangeeta P, Nambi VE, Gupta RK, Singh R, Sharma K, Vishwakarma RK (2018)
Exploitation of microbial antagonists for the control of postharvest diseases of fruits: a review.
Crit Rev Food Sci Nutr 16:1-16

El-Neshawy SM, Wilson CL (1997) Nisin enhancement of biocontrol of postharvest diseases of
apple with Candida oleophila. Postharvest Biol Technol 10:9-14

El-Otmani M, Ait-Oubahou A, Zacarias L (2011) Citrus spp.: orange, mandarin, tangerine, cle-
mentine, grapefruit, pomelo, lemon and lime. Postharvest Biol Technol Trop Subtrop Fruits:
pp. 437-516

Feliziani E, Romanazzi G (2016) Postharvest decay of strawberry fruit: etiology, epidemiology,
and disease management. J Berry Res 6:47-63

Ferreira EMS, Malta CM, Bicalho JO, Pimenta RS (2018) A safe method to control the anthrac-
nose in papaya. Rev Bras Frutic 40:1-6

Filonow AB (1998) Role of competition for sugars by yeast in the biocontrol of gray mold of apple.
Biocontrol Sci Technol 8:243-256

Fokkema NJ, Riphagen I, Poot RJ, De Jong C (1983) Aphid honeydew, a potential stimulant of
Cochliobolus sativus and Septoria nodorum and the competitive role of saprophytic mycoflora.
Trans British Mycol Soc 81:355-368

Fonseca A, Inacio J (2006) Phylloplane yeasts. In: Rosa C, Peter G (eds) Biodiversity and eco-
physiology of yeasts. Springer, Berlin, pp 263-301

Furbino LE, Godinho VM, Santiago IF, Pellizarl FM, Alves TMA, Zani CL, Junior PAS, Romanha
AlJ, Carvalho AGO, Gil LHVG, Rosa CA, Minnis AM, Rosa LH (2014) Diversity patterns,
ecology and biological activities of fungal communities associated with the endemic macroalga
across the Antarctic Peninsula. Microbial Ecol 67:775-787

Gamagae SU, Sivakumar AD, Wilson WRS, Wijesundera RLC (2003) Use of sodium bicarbonate
and Candida oleophila to control anthracnose in papaya during storage. Crop Prot 22:775-779

Godinho VM, Furbino LE, Santiago IF, Pellizzari FM, Yokoya NS, Pupo D, Rosa LH (2013)
Diversity and bioprospecting of fungal communities associated with endemic and cold-adapted
macroalgae in Antarctica. ISME J 7:1434-1451

Guetsky R, Shtienberg D, Elad Y, Dinoor A (2001) Combining biocontrol agents to reduce the
variability of biological control. Phytopathology 91:621-627

Hernandez-Montiel LG, Larralde-Corona CP, Lopez-Aburto MG, Ocho JL, Ascencio-Valle F
(2010) Characterization of yeast Debaryomyces hansenii for the biological control of blue
mold decay of Mexican lemon. CyTA- J Food 8:49-56

Hernandez-Montiel LG, Gutierrez-Perez ED, Murillo-Amador B, Vero S, Chiquito-Contreras RG,
Rincon-Enriquez G (2018) Mechanisms employed by Debaryomyces hansenii in biological
control of anthracnose disease on papaya fruit. Postharvest Biol Technol 139:31-37

Hu H, Yan F, Wilson C, Shen Q, Zheng X (2015) The ability of a cold-adapted Rhodotorula
mucilaginosa strain from Tibet to control blue mold in pear fruit. Antonie Leeuwenhoek
108:1391-1404

Hu H, WIsniewski ME, Abdelfattah A, Zheng X (2017) Biocontrol activity of a cold-adapted
yeast from Tibet against gray mold in cherry tomato and its action mechanism. Extremophiles
21:789-803

Hutchison ML, Tester MA, Gross DC (1995) Role of biosurfactant and ion channel-forming activi-
ties of syringomycin in transmembrane ion flux: a model for the mechanism of action in the
plant pathogen interaction. Mol Plant Microbe Interact 8:610-620

Janisiewicz WJ, Korsten L (2002) Biological control of postharvest diseases of fruits. Annu Ver
Phytopathol 40:411-441

Janisiewicz WJ, Conway WS, Glenn DM, Sams CE (1998) Integrating biological control and cal-
cium treatment for controlling postharvest decay of apple. HortScience 33:105-109



11 The Use of Psychrophilic Antarctic Yeast in the Biological Control of Post-harvest... 259

Janisiewicz WJ, Tworkoski TJ, Sharer C (2000) Characterizing the mechanism of biological con-
trol of postharvest diseases on fruits with a simple method to study competition for nutrients.
Phytopathology 90:1196-1200

Janisiewicz WJ, Pimenta RS, Jurick WM 1II (2011) A novel method for selecting antagonists
against postharvest fruit decays originating from latent infections. Biol Control 59:384-389

Jijakli MH, Lepoivre P (1998) Characterization of na exo-f-1,3-glucanase produced by Pichia
anomala strain K, antagonist of Botrytis cinerea on apples. Phytopathology 88:335-343

Karabulut OA, Baykal N (2004) Integrated control of postharvest diseases of peaches with a yeast
antagonist, hot water and modified atmosphere packaging. Crop Protection 23:431-435

Kupper KC, Cervantes ALL, Klein MN, Silva AC (2013) Avaliagdo de microrganismos antagoni-
cos, Saccharomyces cerevisiae e Bacillus subtilis para o controle de Penicillium digitatum. Rev
Bras Frutic 35:425-436

Kurtzmam CP, Fell JW, Boekhout T (2011) The yeast, a taxonomic study, 5th edn. Elsevier,
Amsterdam

Kurtzman CP, Droby S (2001) Metschnikowia fructicola, a new ascosporic yeast with potential for
biocontrol of postharvest fruit rots. Syst Appl Microbiol 24:395-399

Lachance MA, Starmer WT (1998) Ecology and yeasts. In: Kurtzman CP, Fell JW (eds) The
yeasts, a taxonomy study, 4th edn, Amsterdam, Elsevier, pp 21-30

Lahlali R, Serrhini MN, Jijakli MH (2004) Efficacy assessment of Candida oleophila (strain O)
and Pichia anomala (strain K) against major postharvest diseases of citrus fruit in Morocco.
Commun Agric Appl Biol Sci 69:601-609

Lahlali R, Serrhini MN, Jijakli MH (2005) Development of a biological control method against
ostharvest diseases of citrus fruit. Commun Agric Appl Biol Sci 70(3):47-58

Lee G, Lee S-H, Kim KM, Ryua C-M (2017) Foliar application of the leaf-colonizing yeast
Pseudozyma churashimaensis elicits systemic defense of pepper against bacterial and viral
pathogens. Scientific Rep 7:39432

Lima G, Ippolito A, Nigro F, Salermo M (1997) Effective ness of Aureobasidium pullulans and
Candida oleophila against postharvest strawberry rots. Postharvest Biol Technol 10:169-178

Lima LHC, Marco JL, Felix CR (2000) Enzimas hidroliticas envolvidas no controle biolégico por
micoparasitismo. In: Melo IS, Azevedo JL (Org.). Controle biol6gico. Jaguaritina: Embrapa
Meio Ambiente 2:263-304

Lima G, Sanzani SM, Curtis D, Ippolito F (2015) Biological control of postharvest diseases. In:
Golding J (ed) Wills, R.B.H. CRC Press, Advances in postharvest fruit and vegetable technol-
ogy, pp 65-81

Lindow SE, Brandl MT (2003) Microbiology of the phyllosphere. Appl Environ Microbiol
69:1875-1883

Liu J, Sui Y, Wisniewski M, Droby M, LiuY (2013) Review: Utilization of antagonistic yeasts to
manage postharvest fungal diseases of fruit. Int J Food Microbiol 167:153-160

Lopes MR, Klein MN, Ferraz LP, da Silva AC, Kupper KC (2015) Saccharomyces cerevisiae: a
novel and efficient biological control agent for Colletotrichum acutatum during pre-harvest.
Microbiol Res 175:93-99

Lutz MC, Lopes CA, Sosa MC, Sangorrin MP (2012) A new improved strategy for the selection
of cold-adapted antagonista yeasts to control postharvest pear diseases. Biocontrol Sci Technol
22:465-1483

Mandal G, Singh D, Sharma RR (2007) Effect of hot water treatment and biocontrol agent
(Debaryomyces hansenii) on shelf life of peach. Indian J Hortic 64:25-28

Margesin R, Miteva V (2011) Diversity and ecology of psychrophilic microorganisms. Res
Microbiol 162:346-361

Masih El, Slezack-deschaumes S, Marmaras I, Ait-barka E, Vernet G, Charpentier C, Adholeya A,
Paul B (2001) Characterization of the yeast Pichia membranifaciens and its possible use in the
biological control of Botrytis cinerea. FEMS Microbiol Letters 202:227-232



260 E. M. S. Ferreira et al.

McLaughlin RJ, Wilson CL, Chalutz E, Kurtzman WF, Osman SF (1990) Characterization and
reclassification of yeasts used for biological control of postharvest diseases of fruit and veg-
etables. Appl Environ Microbiol 56:3583-3586

Mehrotra NK, Sharma N, Ghosh NR, Nigam M (1996) Biological control of green and blue mould
disease of citrus fruit by yeast. Indian Phytopatol 49:350-354

Mendéz SV, Mondino P (1999) Control biologico postcosecha en Uraguay. Horticultura
Internacional 26:1999

Mercier J, Lindow SE (2000) Role of leaf surface sugars in colonization of plants by bacterial
epiphytes. Appl Environ Microbiol 66:369-374

Miller MW (1979) Yeasts in food spoilage: an update. Food Technol 33:76-80

Mondino P, Vero V (2006) Control Biologico de Patogenos de Plantas. Facultad de Agronomia-
Unidad de Educacién Permanente, Uruguay, p 320

Morales H, Sanchis V, Usall J, Ramos AJ, Marin S (2008) Effect of biocontrol agents Candida sake
and Pantoea agglomerans on Penicillium expansum growth and patulin accumulation in apples.
Int J Food Microbiol 122:61-67

Morales H, Marin S, Ramos JA, Sanchis V (2010) Influence of post-harvest technologies applied
during cold storage of apples in Penicillium expansum growth and patulin accumulation: A
review. Food Control 21:953-962

Nally MC, Pesce VM, Maturano YP, Munoz CJ, Combina M, Toro ME, Castellanos de Figueroa
LI, Vazquez F (2012) Biocontrol of Botrytis cinerea in table grapes by nonpathogenic indig-
enous Saccharomyces cerevisiae yeasts isolated from viticultural environments in Argentina.
Postharvest Biol Technol 64:40-48

Nascimento TL, Oki Y, Lima DMM, Almeida-Cortez JS, Fernandes GW, Souza-Motta CM (2015)
Biodiversity of endophytic fungi in different leaf ages of Colotropis procera and their antimi-
crobial activity. Fungal Ecol 14:79-86

Nunes CA (2011) Biological control of postharvest diseases of fruit. Eur J Plant Pathol 133:181-196

Nunes C, Usall J, Teixid6 N, Vifas I (2001) Biological control of postharvest pear diseases using a
bacterium Pantoea agglomerans (CPA-2). Int J Food Microbiol 70:53-61

Onofri S, Barreca D, Selbmann L, Isola D, Rabbow E, Horneck G, de Vera JPP, Hatton J, Zucconi
L (2008) Resistance of Antarctic black fungi and cryptoendolithic communities to simulated
space and Martian conditions. Stud Mycol 61:99-109

Phaff HJ, Starmer WT (1987) Yeasts associated with plants, insects and soils. The yeasts. London:
Academic Press pp. 123-180

Pimenta RS, Silva FL, Silva JEM, Morais PB, Braga DT, Rosa CA, Corréa C Jr (2008) Biological
control of Penicillium italicum, P. digitatum and P. expansum by the predacious yeast
Saccharomycopsis schoenii on oranges. Braz J Microbiol 39:85-90

Pimenta RS, Morais PB, Rosa CA, CORREA J (2009) Utilization of yeasts in biological con-
trol programs. In: Yeast biotechnology: diversity and applications. Springer Science, Berlin,
pp 200-212

Pimenta R, Silva JFM, Buyer JS, Janisiewicz WJ (2012) Endophytic fungi from plums (Prunus
domestica) and their antifungal activity against Monilinia fructicola. J Food Protect
75:1883-1889

Plaza P, Usall J, Teixid6 N, Vidias I (2003) Effect of water activity and temperature on germination
and growth of Penicillium digitatum, P. italicum and Geotrichum candidum. J Appl Microbiol
94:549-554

Robiglio A, Sosa MC, Lutz MC, Lopes CA, Sangorrin MP (2011) Yeast biocontrol of fungal spoil-
age of pears stored at low temperature. Int J] Food Microbiol 147:211-216

Rosa LH, Almeida Vieira M de L, Santiago IF, Rosa CA (2010) Endophytic fungi community asso-
ciated with the dicotyledonous plant Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae)
in Antarctica. FEMS Microbiol 73:178-189

Rosa-Magri MM, Tauk-Tornisielo SM, Ceccato-Antonini SR (2011) Bioprospection of yeasts as
biocontrol agents against phytopathogenic molds. Braz Arch Biol Technol 54:1-5



11 The Use of Psychrophilic Antarctic Yeast in the Biological Control of Post-harvest... 261

Ruisi S, Barreca D, Selbmann L, Zucconi L, Onofri S (2007) Fungi in Antarctica. Rev Environ Sci
Biotechnol 6:127-141

Saligkarias ID, Gravanis FT, Epton HAS (2002) Biological control of Botrytis cinerea on tomato
plants by the use of epiphytic yeasts Candida guilliermondii strains 101 and US 7 and Candida
oleophila strain I-182: in vivo studies. Biological Control 25:143-150

Sangorrin MP, Lopes CA, Vero S, Wisniewski M (2014) Cold-adapted yeasts as biocontrol agents:
biodiversity, adaptation strategies and biocontrol potential In: Buzzini P, Margesin R (eds)
Cold-adapted yeasts. Springer, Berlin, Heidelberg pp. 441-464

Santos A, Sanchez A, Marquina D (2004) Yeasts as biological agents to control Botrytis cinerea.
Microbiolo Res 159:331-338

Sharma RR, Singh D, Singh R (2009) Biological control of postharvest diseases of fruits and veg-
etables by microbial antagonists: a review. Biol Control 50:205-221

Sharma N, Sharma S, Prabha B (2012) Postharvest biocontrol — new concepts and application. In:
Venkateswarlu B, Shanker A, Shanker C, Maheswari M (eds) Crop stress and its management:
perspectives and strategies. Springer, Dordrecht

Singh D (2002) Bioefficacy of Debaryomyces hansenii on the incidence and growth of Penicillium
italicum on Kinnow fruit in combination with oil and wax emulsions. Ann Plant Protect Sci
10:72-276

Sommer NF (1985) Role of controlled environments in suppression of postharvest diseases. Can
J Plant Pathol 7:331-339

Spadaro D, Droby S (2016) Development of biocontrol products for postharvest diseases of fruit:
the importance of elucidating the mechanisms of action of yeast antagonists. Trends Food Sci
Technol 47:39-49

Spadaro D, Vola R, Piano S, Gullino ML (2002) Mechanisms of action and efficacy of four iso-
lates of the yeast Metschnikowia pulcherrima active against postharvest pathogens on apples.
Postharvest Biol Technol 24:123-134

Spadaro D, Garibaldi A, Gullino ML (2004) Control of Penicillium expansum and Botrytis cinerea
on apple combining a biocontrol agent with hot water dipping and acibenzolar-S-methyl, bak-
ing soda, or ethanol application. Postharvest Biol Technol 33:141-151

Sriram S, Poornachanddra S (2013) Biological control of post-harvest mango fruit rot caused
by Colletotrichum gloeosporioides and Diplodia natalensis with Candida tropicalis and
Alcaligenes faecalis. Indian Phytopathol 66:375-380

Sukorini H, Sangchote S, Khewkhom N (2013) Control of postharvest green mold of citrus fruit
with yeasts, medicinal plants, and their combination. Postharvest Biol Technol 79:24-31

Tian SP, Fan Q, Xu Y, Qin GZ, Liu HB (2002) Effect of biocontrol antagonists applied in combi-
nation with calcium on the control of postharvest diseases in different fruit. Bull OILB/SROP
25:193-196

Torres R, Teixido N, Vinas I, Mari M, Casalini L, Giraud M, Usall J (2006) Efficacy of Candida
sake CPA-1 formulation for controlling Penicillium expansum decay on pome fruit from differ-
ent Mediterranean regions. J Food Protect 69:2703-2711

Troncoso-Rojas R, Tiznado-Hernandez ME (2014) Alternaria alternata (Black Rot, Black Spot).
In: Postharvest decay, pp 147-187

Usall J, Teixido N, Torres R, Ochoa de Eribe X, Vinas I (2001) Pilot tests of Candida sake (CPA-
1) applications to control postharvest blue mold on apple fruit. Postharvest Biol Technol
21:147-156

Usall J, Teixidé N, Abadias M, Torres R, Canamas T, Vinas I (2009) Improving formulation of
biocontrol agents manipulating production process. In: Prusky D, Gullino M (eds) Postharvest
pathology. Plant pathology in the 21st century (contributions to the 9th international congress),
vol 2. Springer, Dordrecht

Usall J, Torres R, Teixid6é N (2016a) Biological control of postharvest diseases on fruit: a suitable
alternative. Curr Opin Food Sci 11:51-55

Usall J, Ippolito A, Sisquella M, Neri F (2016b) Physical treatments to control postharvest diseases
of fresh fruits and vegetables. Postharvest Biol Technol 122:30-40



262 E. M. S. Ferreira et al.

Vero S, Mondino P, Burgueiio J, Soubes M, Wisniewski M (2002) Characterization of biocontrol
activity of two yeast strains from Uruguay against blue mold of apple. Postharvest Biol Technol
26:91-98

Vero S, Garmendia G, Belén MB, Garat MF, Wisniewski M (2009) Aureobasidium pullulans as
a biocontrol agent of postharvest pathogens of apples in Uruguay. Biocontrol Sci Technol
19:1033-1049

Vero S, Garmendia G, Garat MF, De Aurrecoechea I, Wisniewski M (2011) Cystofilibasidium
infirmominiatum as a biocontrol agent of postharvest diseases on apples and citrus. Acta Hortic
905:169-180

Vero S, Garmendia G, Gonzalez MB, Bentacur O, Wisniewski M (2013) Evaluation of yeasts
obtained from Antarctic soil samples as biocontrol agents for the management of postharvest
diseases of apple (Malus X domestica). FEMS Yeast Res 13:189-199

Vinas I, Usall J, Teixido N, Fons E, Ochoa-de-Eribe J (1996) Successful biological control of the
major postharvest diseases on apples and pears with a new strain of Candida sake. British Crop
Protection Conference, Pests and Diseases 6:603-608

Vinas I, Usall J, Teixido N, Sanchis V (1998) Biological control of major postharvest pathogens on
apple with Candida sake. Int J Food Microbiol 40:9-16

Wang YF, Bao YH, Shen DH, Feng W, Zhang J, Zheng XD (2008) Biocontrol of Alternaria alter-
nata on cherry Proposed definition related to induced disease tomato fruit by use of marine yeast
resistance Rhodosporidium paludigenum Fell and Tallman. Int J Food Microbiol 123:234-239

Wang YF, Yu T, Xia JD, Yu DS, Wang J, Zheng XD (2010a) Biocontrol of postharvest gray mold of
cherry tomatoes with the marine yeast Rhodosporidium paludigenum. Biol Control 53:178-182

Wang Y, Wang P, Xia J, Yu T, Lou B, Wang J, Zheng XD (2010b) Effect of water activity on
stress tolerance and biocontrol activity in antagonistic yeast Rhodosporidium paludigenum. Int
J Food Microbiol 143:103—-108

Warren J, Dias A (2001) A two- pollinator model for the evolution of floral complexity. Evol Ecol
15:157-166

Wilson C (2013) Establishment of a world food preservation center. Agric Food Secur 2:1-4

Wilson CL, Wisniewski ME, Droby S, Chalutz E (1993) A selection strategy for microbial antago-
nists to control postharvest diseases of fruits and vegetables. Sci Hortic 53:183-189

Wisniewski M, Wilson CL, Hershberger W (1989) Characterization of inhibition of Rhizopus sto-
lonifer germination and growth by Enterobacter cloacae. Plant Dis 81:204-210

Wisniewski M, Droby S, Norelli J, Liu J, Schena L (2016) Alternative management technologies
for postharvest disease control: The journey from simplicity to complexity. Postharvest Biol
Technol 122:3-10

Yergeau E, Kowalchuk GA (2008) Responses of Antarctic soil microbial communities and
associated functions to temperature and freeze—thaw cycle frequency. Environ Microbiol
10:2223-2235

Zhang H, Zheng XD, Yu T (2007a) Biological control of postharvest diseases of peach with
Cryptococcus laurentii. Food Control 18:287-291

Zhang H, Zheng X, Wang L, Li S, Liu R (2007b) Effect of antagonist in combination with hot
water dips on postharvest Rhizopus rot of strawberries. J Food Engin 78:281-287

Zhang H, Wang L, Dong Y, Jiang S, Zhang H, Zheng X (2008) Control of postharvest pear dis-
eases using Rhodotorula glutinis and its effects on postharvest quality parameters. Int J Food
Microbiol 126:167-171

Zhang H, Wang L, Ma L, Dong Y, Jiang S, Xu B, Zheng X (2009) Biocontrol of major postharvest
pathogens on apple using Rhodotorula glutinis and its effects on postharvest quality param-
eters. Biol Control 48:79-83

Zhang D, Spadaro D, Garibaldi A, Gullino ML (2010) Efficacy of the antagonist Aureobasidium
pullulans PL5 against postharvest pathogens of peach, apple and plum and its modes of action.
Biol Control 54:172-180

Zhang H, Yang Q, Lin H, Ren X, Zhao X, Hou J (2013) Phytic acid enhances biocontrol efficacy
of Rhodotorula mucilaginosa against postharvest gray mold spoilage and natural spoilage of
strawberries. Food Sci Technol 52:110-115



11 The Use of Psychrophilic Antarctic Yeast in the Biological Control of Post-harvest... 263

Zhang T, Zhang YQ, Liu HY, Su J, Zhao LX, Yu LY (2014) Cryptococcus fildesensis sp. nov., a
psychrophilic basidiomycetous yeast isolated from Antarctic moss. Intl J Syst Evol Microbiol
64:675-679

Zhao Y, Tu K, Shao X, Jing W, Su Z (2008) Eftects of the yeast Pichia guilliermondii against
Rhizopus nigricans on tomato fruit. Postharvest Biol Technol 49:113-120

Zhimo VY, Bhutia DD, Saha J (2016) Biological control of post harvest fruit diseases using antag-
onistic yeasts in India. J Plant Pathol 98:275-283

ZhouY, Deng L, Zeng K (2014) Enhancement of biocontrol efficacy of Pichia membranaefaciens
by hot water treatment in postharvest diseases of citrus fruit. Crop Prot 63:89-96

Zoffoli JP, Latorre BA (2011) Table grape (Vitis vinifera L.). In: Yahia EM (ed) Postharvest biol-
ogy and technology of tropical and subtropical fruits. V. 3, Coconut to Mango. Woodhead
Publishing Limited, Cambridge, pp 179-214



	Chapter 11: The Use of Psychrophilic Antarctic Yeast in the Biological Control of Post-harvest Diseases of Fruits Stored at Low Temperatures
	11.1 Introduction
	11.2 Post-harvest Diseases of Fruits Stored at Low Temperature
	11.3 Biological Control
	11.4 Yeasts as Biocontrol Agents
	11.5 Antarctic Psychrophilic Yeasts as Biocontrol Agents in Post-harvest of Fruits
	11.6 Strategies for Success of Yeasts as Biocontrol Agents
	11.7 Conclusions and Perspectives
	References


