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ABSTRACT 

In orchards, storage and processing facilities, considerable quantities of fresh products are lost 

due to mould spoilage thus threatening the economic growth, food safety and security. Twenty 

five percent of the total fruits produced in industrialised countries is lost due to mould and more 

than 50% in developing countries. Fresh fruit and those used for beverage production must 

meet stringent quality and regulatory requirements in order to reach consumers in good quality. 

Currently, preservation can be achieved by application of synthetic chemicals to control the 

growth of mould. However, chemical fungicides pose serious health concerns to consumers 

such as skin and eyesight damage, as well as cardiovascular diseases. Synthetic fungicides can 

also have a negative impact on the environment, which results in the search for alternative 

methods of preservation. Biological control is a promising alternative to reduce or eliminate 

the use of synthetic chemicals, since it is more environmentally friendly and cost-effective. 

Yeasts can be used as alternative to synthetic chemicals because of their ability to compete for 

nutrients and produce inhibitory growth compounds The aim of this study was to screen yeasts 

for growth inhibition activity against fruit spoilage mould, Botrytis cinerea, Penicillium 

expansum and Alternaria alstroemeriae under in vitro and in vivo conditions.  

Yeasts were screened against Botrytis cinerea, Penicillium expansum and Alternaria 

alstroeneriae using radial fungal plug inhibition assay, dual inhibition assay and the mouth-to-

mouth plate inhibition assay. Three yeast strains were also evaluated for growth inhibition 

activity against the mould during post-harvest apple trials. Out of 104 yeasts screened, 67 

showed growth inhibition activity against Penicillium expansum, 36 yeasts inhibited Botrytis 

cinerea, 47 yeasts inhibited Alternaria alstroemeriae and 22 yeasts showed inhibition against 

all three moulds. Candida pyralidae, Meyerozyma guilliermondii and Zygoascus hellenicus 

yeast strains showed highest inhibition activity against P. expansum (38%, 42% and 35%), B. 

cinerea (62%, 63% and 58%) and A. alstroemeriae (34%, 40% and 35%), respectively. Volatile 
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organic compounds produced by Pichia kluyveri, showed 81%, 91% and 76% growth 

inhibition activity against P. expansum B. cinerea and A. alstroemeriae respectively. While, C. 

pyralidae showed 57% and 68% against B. cinerea and A. alstroemeriae respectively, and two 

M guilliermondii yeast strains were effective in inhibiting the growth of all three mould with 

percentage inhibition ranging from 57% to 70%. 

On apples, a commercial fungicide showed 100%, 51% and 24% growth inhibition activity 

against A. alstroemeriae, B. cinerea and P. expansum, respectively. While the selected 

P. kluyveri strain showed 100%, 57% and 26% inhibition against A. alstroemeriae, B. cinerea 

and P. expansum, respectively, and M. guillermondii showed 100%, 60% and 18% inhibition 

against A. alstroemeriae, B. cinerea and P. expansum, respectively. C. pyralidae showed least 

inhibition activity by showing 36%, 47% and 13% inhibition against A. alstroemeriae, B. 

cinerea and P. expansum, respectively. The P. kluyveri and M. guilliermondii strains showed 

good potential as biocontrol agents against spoilage moulds and needs further investigation. 

Yeast can be used to control the growth of mould, but the level of inhibition is species 

dependent. The bio-control yeasts that were used in this study were comparable to a 

commercial fungicide, therefore they can potentially be considered as alternatives to chemical 

fungicides. Future research should investigate the application of these yeasts as biofungicides 

during pre- and post-harvest trials of different fruit. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1 Background 

The control and maintenance of fruits is one of the most important aspects in agricultural 

industry, thus fruits play an important role in contributing to the sustainability of the global 

economy. Fruits meant for both local and export markets must meet stringent quality and 

regulatory requirements in order to reach consumers in good quality [Calvin et al., 2006; 

Jongwanich, 2009; Al-hindi et al., 2011]. Apples (Malus domestica) are the third most 

cultivated fruit crop in the world and the production of apples has increased to about 85 million 

tonnes in 2016 [FAOstat, 2019]. South Africa produces approximately 1.3 million tonnes of 

apples each year, with a total value of more than R8 billion and 92% of this income is generated 

by fresh fruit sales [Du Plessis, 2017]. 

Fruits are characterised by low pH, and high levels of sugars and nutrients, which make them 

particularly susceptible to fungal decay [Al-hindi et al., 2011]. Agricultural produce are subject 

to mould spoilage before, during and after harvest, as well as during transportation and 

processing [Romanazzi et al., 2016, 2017]. Fruit losses due to mould pose several challenges 

to the agrifood industry [Salman, 2005; Parveen et al., 2016]. Each year, 25% of the total fruits 

produced in industrialised countries are lost and more than 50% in developing countries. 

[Droby, 2005; Nunes, 2012]. These losses in return affect negatively on the economy of the 

producing countries. Extending the shelf life and improving the quality of fruit post-harvest 

and during transportation remains important to the agricultural industry. During the pre- and 

post-harvest stages, considerable amounts of fruits including apples are lost due to diseases 

caused by Botrytis cinerea (grey mould), Penicillium expansum (blue mould), Alternaria spp. 

(necrotic leaf blotch), Venturia inaequalis (apple scab), Cladosporium spp. (sooty spot), 
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Aspergillus spp. (black mould), Mucor spp. (Mucor rot), Rhizopus stolonifer (black bread 

mould) and Colletotrichum gloeosporioides (bitter rot) [Sharma et al., 2009]. 

Spoilage mould need to be controlled to maintain the quality and quantity of fruit produced 

around the world [Mercier & Lindow, 2001]. This can only be achieved by preservation or 

post-harvest control without altering the properties of the products, and also without posing 

health problems to consumers [Calvin et al., 2006]. Currently, fruit producers and exporters 

are using costly spraying programs incorporating synthetic chemicals, which are labour 

intensive and require the application of various classes of fungicides sprayed up to 20 times 

during the growing season. These practices can negatively affect the health of consumers, the 

environment, the taste and aroma of the food being preserved [Oliveira et al., 2014; Contarino 

et al., 2019]. In addition, prolonged exposure to those chemicals even at the lowest dose 

possible can lead to serious health problems in humans [Benito et al., 2009]. Some fungi can 

become resistant to fungicides as farmers use the chemicals regularly [Fernández-Ortuño et al., 

2008]. 

Consumers are forcing the industries to reduce chemical residues and are promoting the search 

for alternatives to synthetic chemical fungicides [Quaglia et al., 2011; Robiglio et al., 2011]. 

The recent trend is shifting towards safer and environmentally friendly alternatives for the 

control of post-harvest decay [Sharma et al., 2009; Chitranshi et al., 2020]. Biocontrol agents 

are more environmentally friendly since they leave no residues behind after application and 

cost effective than synthetic chemicals, because the agents can reproduce and they are available 

in food, beverages and even on waste materials [Öberg, 2002; Suprapta, 2012]. 

Yeasts can be used as alternative to synthetic chemicals because of their ability to compete for 

nutrients, space, their ability to grow faster than fungal pathogens and the production of 

inhibitory growth compounds [Liu et al., 2013; Mewa-Ngongang et al., 2019a, b]. Advantage 
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of biological systems is their ability to secrete extracellular metabolites, such as Volatile 

organic compound (VOCs), Acetic acid, hydrogen sulphide and cell wall degrading enzymes 

such as laminarinases, glucanases, proteases, peroxidase and chitinases with antimicrobial 

properties against many fruit spoilage mould [Grevesse et al., 2003; Hua et al., 2014; Cordero-

Bueso et al., 2017; Zhou et al., 2018; Mewa-Ngongang et al., 2019b]. The aim of this study 

was to screen yeasts for growth inhibition activity against fruit spoilage mould, Botrytis 

cinerea, Penicillium expansum and Alternaria alstroemeriae in vitro and in vivo.  

1.2 Research questions  

 Will the yeast-based biological agent be able to control mould growth of apples? 

 Can the yeast-based formulation be used as pre and post-harvest biocontrol agent?  

 What will be the nature of growth inhibition and the mode of inhibition associated with 

the biocontrol activity? 

 What are the predominant species that will show antagonistic effect? 

1.3 Aim and objectives 

The aim of this study was to evaluate the efficacy of yeast-based biological agents to control 

spoilage of Botrytis cinerea, Penicillium expansum and Alternaria alstroemeriae on apples. 

Objective 1: To screen and identify yeasts for growth inhibition activity against Botrytis 

cinerea, Penicillium expansum and Alternaria alstroemeriae.  

Objective 2: To use a selection of biological control yeasts (n = 22) for further evaluation 

during in vitro plate assays against spoilage moulds. 

Objective 3: Use selected biological control yeasts (n = 3) for in vivo bioassay based on activity 

against spoilage moulds. 
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1.4 Delineation of the research 

This study did not investigate the application of the biocontrol agents in experimental or 

commercial orchards and no toxicology study of the biocontrol agents was conducted. 

1.5 Significance of the research 

This research will help in sustainable consumption and production of fruit, since the biocontrol 

agents are environmentally friendly, and are safe for human consumption. Since synthetic 

chemicals leave residues on fruits that cause harm to humans, biocontrol is the best alternative 

for good health and well-being on humans. This study also provide novel information about 

the growth inhibition activity of various yeast species against Botrytis cinerea, Penicillium 

expansum and Alternaria alstroemeriae. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

In this section, the importance of apples in human health, how this fruit play major role in 

human diet and inhibit some chronic diseases will be briefly discussed. This review will also 

cover the commercial importance and economic value of apples in South Africa. From planting 

until storage apples are exposed to fungal pathogens, which can cause huge losses to producers 

and can also affect the appearance of the fruit during marketing. Mould have been causing 

major problems to fruits for decades [Janisiewicz & Korsten, 2002]. The four major fungal 

pathogens affecting apples will be discussed briefly according to life cycle, symptoms, 

infection rate and sources. This section will also cover the prevention methods of these fungal 

pathogens, focusing on chemical control and biological control. 

2.2 The importance of apples to human health 

Apples (Malus domestica) are perishable crops, widely cultivated important economic fruit 

crop with nutritive and medicinal importance [Ben-Noun, 2016; Singh & Sharma, 2018]. 

Apples play a major role as a significant source of sugars, minerals, dietary fibre in human diet 

[Singh & Bedi, 1990; Vinson et al., 2001; Bondonno et al., 2017]. This fruit also contains 

antioxidants such as quercetin, catechin, phloridzin and chlorogenic acid that are capable of 

inhibiting cancer cell proliferation, lower cholesterol, prevent diabetes and heart disease [Singh 

& Bedi, 1990; Ben-Noun, 2016]. The concentration of nutrients required by the body depends 

on factors such as age, mass, sex, health and physical activity [Fourie, 1996]. Apples are a good 

source of soluble fibre, especially pectin a structurally and functionally complex 

polysaccharide [Mohnen, 2008], which helps to control insulin levels by slowing the release of 
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sugar into the bloodstream and it can also help to reduce cholesterol levels by lowering insulin 

secretion [Lee, 2012]. 

2.3 Commercial importance of apples  

Apples are classified as deciduous fruits [Sacu, 2007]. The pomaceous fruit of the apple tree, 

species Malus domestica belong to the rose family (Rosaceae) [Sun et al., 2013]. Globally, 

apples are the third most produced fruit, with production increasing from 58 million tonnes in 

2001 to 75.5 million tonnes in 2011 [ FAOstat, 2013]. South Africa is a relatively small apple 

grower in terms of global hectares and produces approximately 1.3 million tonnes each year, 

with a total value of more than R8 billion [Du Plessis, 2017] . Ninety two percent of this income 

is generated by fresh fruit sales [Du Plessis, 2017]. 

There are over 6000 regionally important cultivars, but a few major cultivars dominate 

worldwide [Ramírez & Davenport, 2013]. Most commercial cultivars have an ancient origin 

and a long propagation history, such as McIntosh (1800s), Jonathan (1820s), Cox’s Orange 

Pippin (1830s), Granny Smith (1860s), Delicious (1870s) and Golden Delicious (1890s) [Liang 

et al., 2015]. Most apples in South Africa are produced in Ceres, Groenland, 

Villiersdorp/Vyeboom in the Western Cape and Langkloof in the Eastern Cape [Sacu, 2007]. 

The South African apple industry is export-oriented with approximately half of the apples 

produced being absorbed by the export market [Department of Agriculture Forestry and 

Fisheries, 2018]. 

South Africa exports approximately 43% of produced apples every year, and the main buyers 

of South African apples are the UK and Malaysia [Garming et al., 2014]. The total area for 

apple cultivation in South Africa is 24 156 hectares [Department of Agriculture Forestry and 

Fisheries, 2018]. During the 2016 and 2017 seasons, apples contributed about 28.2% (5.5 

billion Rand) of the total gross value for deciduous fruits in South Africa [Department of 
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Agriculture Forestry and Fisheries, 2018]. Due to increase in area planted and yields, available 

irrigation water and improved water management techniques by farmers, the production of 

apples is estimated to increase by 6% in the year 2019 and 2020 [Wellington, 2019]. Post-

harvest losses in the world can range from 10 to 30% per year despite the use of modern storage 

facilities and chemicals applications [Singh et al., 2017]. 

2.4 Fungal pathogens of apples 

Spoilage microorganisms require nutrients for their growth and proliferation. Fungal pathogens 

cause huge losses to harvested apples during transportation and storage [Sharma, et al., 2009]. 

Losses of fresh apples after harvest can be very high depending on the species, harvest methods, 

length of storage and marketing conditions [Ippolito & Nigro, 2000]. Post-harvest decay has 

been a major problem for decades and overcoming this problem has been difficult [Janisiewicz 

& Korsten, 2002]. Pre-harvest infection of apples may occur through direct penetration of the 

skin, infection through natural openings on the produce, and infection through the damaged 

parts [Singh & Sharma, 2018].  

There are several moulds that are capable of initiating the infection process on the surface of 

floral parts and on developing fruits [Singh & Sharma, 2018]. Mould, such as Botrytis cinerea 

(grey mould), Penicillium expansum (blue mould), Alternaria spp. (necrotic leaf blotch), 

Venturia inaequalis (apple scab), Cladosporium spp. (Sooty spot), Aspergillus spp. (black 

mould), Mucor spp. (Mucor rot), Rhizopus stolonifer (black bread mould) and Colletotrichum 

gloeosporioides (bitter rot) are responsible for the majority of pre- and post-harvest losses 

[Sharma et al., 2009; Singh & Sharma, 2018]. The growth of mould in highly perishable fruits 

such as apples and pears is one of the major problems that may lead to significant economic 

losses [Sardella et al., 2016]. Mould can be found everywhere and can grow in most moist 

environments, such as ceilings, floors, walls, and drains or improperly sanitised surfaces 
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[Sardella et al., 2016]. Major fungal pathogens affecting apples will be discussed briefly in the 

following sections. 

2.4.1 Penicillium expansum (blue mould) 

Blue mould caused by P. expansum is one of the most economically significant post-harvest 

disease known to cause soft rot or wet rot and in pears, apples, peach and other fruits [Zhang 

et al., 2007b; Sanzani et al., 2009; Vico et al., 2014]. It causes the loss as well as shortens the 

shelf-life of harvested fruits [Yu et al., 2007]. Infection of fruits by P. expansum has potential 

public health significance, since the pathogen produces the mycotoxin patulin, a highly reactive 

unsaturated lacton that can be found in several fruit-derived food (including apples and pears) 

[Beretta et al., 2000; Spadaro et al., 2007; Sanzani et al., 2009; Vico et al., 2014]. There is no 

clear evidence that patulin is carcinogenic, however, it has been shown to cause immunotoxic 

and neurotoxic effects in animals [Deveraj, 1982; Paucod et al., 1990; Wouters & Speijers, 

1996]. Beretta et al. [2000] explained that patulin may cause acute and chronic toxicity, 

including carcinogenic, mutagenic, and teratogenic effects. Acute symptoms of patulin 

consumption can include agitation, convulsions, edema, ulceration, intestinal inflammation and 

vomiting [Speijers, 2004]. 

Blue mould originates primarily from infection of wounds, such as punctures, bruises, and limb 

rubs on the fruit [Sardella et al., 2016]. P. expansum spore masses may appear on the decayed 

area starting at the infection site and decayed fruit has an earthy musty odour [Shim et al., 

2002; Sardella et al., 2016]. The first symptoms are soft watery brown spots, which undergo 

rapid enlargement at temperatures between 20°C and 25°C [Snowdon, 1990].  

Blue mould can occur in production areas where the most advanced post-harvest storage 

technologies are available [Sanzani et al., 2009]. P. expansum can also occur during shipping 

and marketing of the fruit, dramatically reducing shelf life (affects the quality properties of the 
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infected fruit making it unmarketable) and causing serious losses [Sanzani et al., 2009; Sanzani 

et al., 2013; Wang et al., 2014]. Under adequate storage conditions, losses due to this rot should 

be less than 1%, but if storage problems occur, or conditions are less than optimal, losses can 

be 50% or more [Mari et al., 2002; Monroe, 2009]. 

2.4.2 Botrytis cinerea (grey mould) 

B. cinerea is the causal agent of grey mould, an airborne plant pathogen with a necrotrophic 

lifestyle (kills the living cells of its host and then feeds on the dead matter) attacking over 200 

crop hosts worldwide [Have et al., 1998; Williamson et al., 2007]. Grey mould is considered 

as the second most important pathogen of fruits such as apples and pears [Pierson, 1970; 

Aldwinckle & Jones, 1990; Dean et al., 2012]. B. cinerea produces a range of cell wall 

degrading enzymes, toxins and other low molecular weight compounds such as oxalic acid 

[Williamson et al., 2007]. 

Grey mould originates mainly from wounds, such as punctures and bruises, which are created 

during harvest or post-harvest handling [Rosenberger, 1990b; Xiao & Kim, 2008; Sardella et 

al., 2016]. Generally, grey mould does not have a distinct odour, but in advanced stages, it may 

have a pleasant fermented odour that differentiates it from other storage rots [Pierson et al., 

1970]. The infection commonly begins on attached senescent flowers and then as a soft rot, it 

spreads to affect the adjacent developing fruit (blossom-end rot) it is characterised by a dry and 

shallow red discoloration [Sholberg et al., 2003; Williamson et al., 2007]. When the entire fruit 

is decayed, it may appear like a baked apple [Xiao & Kim, 2008]. Under high relative humidity, 

greyish spore masses and fluffy white to grey mycelia may appear on the decayed area [Xiao 

& Kim, 2008]. 

Losses as high as 20% to 60%, due to B. cinerea are common, especially after an extended 

period of storage and is mostly found on fruits that were not treated with fungicides prior to 
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storage [Sardella et al., 2016]. This is because grey mould has the ability to spread from 

decayed fruit to healthy fruit through direct contact of fruit during storage [Xiao & Kim, 2008; 

Sardella et al., 2016]. The disease develops more quickly in cold storage temperatures unlike 

other postharvest decays [Aldwinckle & Jones, 1990]. The mould is able to cause spoilage 

during cold storage where the temperatures ranges to –0.6°C to 2°C by forming a nest rot 

growing from infected to healthy fruit [Ogawa &English, 1991; Have et al., 1998; Xiao & Kim, 

2008]. 

2.4.3 Venturia inaequalis (apple scab) 

Apple scab, caused by the mould V. inaequalis, is the most important disease of apples and has 

been found in all apple-growing regions around the world, reducing yield and quality of fruit 

[MacHardy et al., 2001; Spitaler et al., 2004; Gladieux et al., 2008; Hossain et al., 2009]. The 

mould is virulent on all green herbaceous organs of the apple tree [Lauret, 2011]. V. inaequalis 

can infect and colonise the sepals, leaves, fruits, petioles, blossoms and even twigs of the tree, 

but the symptoms are commonly observed on the leaves and fruits [Lauret, 2011; 

Doolotkeldieva & Bobusheva, 2017]. V. inaequalis reproduces sexually and asexually and it 

rapidly builds up resistance against fungicides [Reddel, 2015]. V. inaequalis is responsible for 

disease of apple trees worldwide and requires a high number of fungicide applications to 

control [Schmoock et al., 2008; Fiaccadori et al., 2011]. 

Infection is initiated by ascospores (a spore contained in an ascus or that was produced inside 

an ascus) that are released by rainfall from pseudothecia, the release coincides with host 

budburst and leaf unfurling, increasing the probability of host infection [Carisse & Rolland, 

2004; Reddel, 2015; Scheer et al., 2015]. On leaves and fruits, the disease appears as olive 

green to dark brown to black, soft circular spots that consist of sporulating mycelia, growing 

under the epidermis [Lauret, 2011; Sardella et al., 2016]. Apple scab causes badly scabbed or 

misshapen fruits, the tree becomes susceptible to chilling and freezing injuries, and causes 



11 
 

premature leaf and fruit fall [Lauret, 2011; Thakur et al., 2013; Sardella et al., 2016]. Research 

has shown that the mould can overwinter as conidia on bud scales and it mostly overwinters in 

the apple leaf litter [Carisse & Rolland, 2004; Doolotkeldieva & Bobusheva, 2017]. 

Apples are susceptible, primarily early in the growing season, but the scab may occur 

throughout the growing season [Scheer et al., 2015; Sardella et al., 2016]. In order to limit the 

damage by V. inaequalis, focus has to be on the reduction of primary inoculum during 

overwintering in the leaf litter [Scheer et al., 2015]. The losses from apple scab can be 70% or 

more of the total fruit value [Agrios, 2005; Schmoock et al., 2008]. 

2.4.4 Alternaria species 

Alternaria is a very complex genus that involves hundreds of species, but specific data are 

difficult to obtain because of the proliferation of nomenclature of doubtful taxonomic validity 

[Pastor & Guarro, 2008]. Alternaria causes a range of diseases with economic impact on a 

large variety of important agronomic host plants including apples [Thomma, 2003; Kayalvizhi 

& Antony, 2011; Patriarca & Fernández Pinto, 2018; Mir et al., 2020]. Alternaria species are 

able to colonise ripening fruits in the field and that will lead to spoilage of fruits after harvest 

and during storage [Thomma, 2003; Patriarca & Fernández Pinto, 2018]. Alternaria spp. are 

well known for the production of toxic secondary metabolites that are powerful mycotoxins 

that have been linked to the development of cancer in mammals [Pastor & Guarro, 2008; 

Thomma, 2003]. In addition, Alternaria is gaining importance as an emerging human pathogen, 

especially in immune compromised patients [Thomma, 2003; Patriarca & Fernández Pinto, 

2018]. 

Alternaria species are foliar pathogens that cause slow damage of host tissues through the 

reduction of photosynthetic potential [Thomma, 2003; Kayalvizhi & Antony, 2011]. The most 

susceptible plants to Alternaria are those that are physiologically old, weak, wounded by wind, 

sand, hail or insects and weakened tissue due to stresses [Thomma, 2003; Tsedaley, 2014]. 
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Small, slightly sunken, light to medium brown spots appear on the lenticels of the fruit (apples 

, pears, citrus) often post-rainfall and usually no earlier than 6-8 weeks prior to harvest 

[Horlock, 2006; Kayalvizhi & Antony, 2011; Tsedaley, 2014). During late spring or early 

summer a small, round, blackish spots appear on leaves, later they gradually enlarge in diameter 

to have purplish border [Mir et al., 2020].  

Most Alternaria species are saprophytes that are commonly found in soil or on decaying plant 

tissue [Thomma, 2003; Pastor & Guarro, 2008; Patriarca & Fernández Pinto, 2018]. These 

mould grow well at low temperatures, they are responsible for spoilage of fruits and vegetables 

in refrigerated storage [Patriarca & Fernández Pinto, 2018]. Although exact figures have not 

been estimated yet but it is estimated that the disease have 70% infection rate on Delicious 

apples [Kayalvizhi & Antony, 2011]. 

2.5 Prevention methods for mould 

2.5.1 Chemical control 

Despite the wide-spread use of modern storage facilities and techniques, chemical fungicides 

are the major means by which post-harvest diseases of certain fruits are controlled [Spadaro et 

al., 2002; Calvo et al., 2007; Sharma et al., 2009; Lima et al., 2011]. For post-harvest mould 

control, triazoles, hydroanilide fenhexamid, dicarboximides and succinate dehydrogenase can 

be used [Meissner & Stammler, 2010]. Benzimidazole fungicides, including benomyl, 

thiabendazole (TBZ) and thiophanate-methyl, were introduced in the late 1960s [Zhao et al., 

2010]. Benzimidazoles were initially registered for use in the orchard to control powdery 

mildew and other mould diseases as well as in the packinghouse to control post-harvest 

diseases including grey mold and blue mold [Zhao et al., 2010]. 

However, resistance to benzimidazole fungicides was observed among populations of B. 

cinerea and P. expansum on pear in the mid-1970s [Bertrand & Saulie-Carter, 1978]. Chemical 
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control is being increasingly limited because these chemicals have some negative effects on 

the taste and aroma of the fruits as well as the onset of fungicide-resistant strains of fungal 

pathogens [Errampalli et al., 2006; Lima et al., 2011]. Prolonged exposure to some of 

chemicals even at the lowest dose possible can lead to serious health problems [Benito et al., 

2009; Yang et al., 2011a]. 

2.5.1.1 Penicillium expansum (blue mould) 

The use of chemical fungicides is an important strategy for controlling P. expansum in 

harvested commodities [Spadaro et al., 2013]. First-generation post-harvest fungicides, such 

as sodium o-phenylphenate (SOPP), dichloran, sec-butylamine, etc., are effective in preventing 

decay by wound invading pathogens (e.g., Penicillium, Rhizopus, etc.) [Singh & Sharma, 

2018]. Errampalli & Crnko, [2004] found that individual as well as mixtures of isolates of P. 

expansum are sensitive to fungicides fludioxonil and cyprodinil. Lima et al. [2011] showed 

that cyprodinil (CYPR) and boscalid (BOSC) at full and low dosage are highly effective against 

isolates of P. expansum under in vitro and in vivo trials. On the other hand on experiments 

carried out on wounded apples, Lima et al. [2011] found that thiabendazole (TBZ), which is 

presently allowed for post-harvest treatment of pome fruit in different countries, either at full 

or at low dosage, is ineffective against P. expansum. 

2.5.1.2 Botrytis cinerea (grey mould) 

Compounds with excellent B. cinerea activity came to the market, the pyrimidines cyprodinil, 

pyrimethanil and droxyanilide fenhexamid [Rosslenbroich & Stuebler, 2000]. Metomeclan, 

dichlofluanid, myclozolin, N-phenylcarbamate plus carbendazim and iprodione were the most 

efficient chemicals to control grey mould of rose flowers during 20 incubation. [Elad, 1988]. 

Three out of 123 B. cinerea isolates sampled from floral parts of apple from commercial apple 

orchards were highly resistant to thiabendazole, while all remaining isolates were sensitive to 
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thiabendazole [Zhao et al., 2010]. Acibenzolar-S-methyl resulted in a greater protection of the 

fruit against grey mould by significantly reducing the pathogen growth on apples [Spadaro et 

al., 2004]. 

2.5.1.3 Venturia inaequalis (apple scab) 

Fungicides are generally considered to be the only economically feasible control measure 

against apple scab [Carisse & Rolland, 2004]. Control of apple scab in orchards relies on 

repeated applications of fungicides during spring and summer to prevent primary infection of 

fruit and leaves [MacHardy 1996; Scheer et al., 2015]. Summer applications of fungicides also 

reduce the late infection of apple fruit, which may result in scab lesions on stored fruit [Scheer 

et al., 2015]. When fungicides are applied during late summer to prevent pre-harvest infection, 

there is the risk that trace residues of fungicides may remain on the fruit at harvest [Beresford 

et al., 2008]. Apple scab control was mainly based on spray intervals of no more than 6–7 days, 

but the introduction of strobilurin fungicides led to the extension of the application interval up 

to about 10 days [Fiaccadori et al., 2011; Köhl et al., 2015] For organic cultivation, only a few 

substances are able to control scab effectively [Spitaler et al., 2004]. V. inaequalis  populations 

developed resistance to an increasing number of fungicides such as dodine, benomyl, the DMI 

fungicides (sterol demethylation inhibitors) and newly developed strobilurin-based fungicides 

in major apple growing areas [Carisse & Pelletier, 1994; Fiaccadori et al., 2011; Beresford et 

al., 2013]. 

2.5.1.4 Alternaria species 

The most common and effective method for the control of Alternaria, is through the application 

of foliar fungicides [Tsedaley, 2014]. It is suggested that fungicides must be applied regularly 

in the early stages of the disease to prevent infection [Tsedaley, 2014]. Captan, mencozeb and 

benomyl failed to control Alternaria, hence, iprodione chlorothalonil, maneb, or macozeb 

chemicals were introduced and showed best control of the disease Alternaria, [Filajdac & 
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Sutton, 1992; Tsedaley, 2014]. From flowering onwards, 3–4 sprays fungicide should be 

applied [Tsedaley, 2014]. 

2.5.2 Biological control 

There are several definitions for biological control. De Bach [1964] defined biological control 

as the action of parasites, predators or pathogens in maintaining another organism's population 

density at a lower average than would occur in their absence. Eilenberg et al. [2001] defined 

biological control as the intentional introduction of a biological control agent (natural enemy 

or predator) for permanent establishment and long-term pest control. Michaud et al. [2008] 

defined biological control as the reduction of pest populations brought about through the 

actions of other living organisms, often referred to as natural enemies or beneficial species. 

The definition of Eilenberg et al. [2001] will be used as working definition in the context of 

this study. 

The development of pathogen resistance to chemical fungicides, together with growing concern 

in human demand for healthier preservative methods and environmental pollution associated 

with the use of pesticides, have stimulated the search for alternative control methods [ Spadaro 

& Gullino, 2004; Calvo et al., 2007; Quaglia et al., 2011]. Biocontrol is becoming one of the 

most promising alternatives to chemical fungicides. The societal pressure for healthy food, free 

of chemical residues, compelled research to rapidly develop environmental friendly methods 

[Gerbore et al., 2014]. Control of mould using biocontrol agents has increased, fuelled by the 

legislative removal of certain chemicals in some countries [Andersen & Winding, 2004]. 

Biological control is a component of integrated pest management (IPM) and is often most 

effective when coupled with other pest control tactics in an IPM program. There are substantial 

research and publications on biological control of plant pathogens, but the application of 

biocontrol options to control pathogens such as apple scab are still limited because successful 
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application of biological controls requires more knowledge-intensive management [Carisse & 

Dewdney, 2002; Gardener & Fravel, 2002; 

 Köhl et al., 2015]. 

2.5.2.1 Yeasts as biocontrol agents  

Yeasts have received little attention as biocontrol agents of soil-borne fungal plant pathogens 

in comparison with bacteria [Robiglio et al., 2011; Di Francesco et al., 2021]. Yeasts can be 

considered as an alternative to synthetic chemicals because of their ability to compete for 

nutrients, space, and to grow faster than fungal pathogens [Liu et al., 2013; Banjara et al., 2016; 

Mewa-Ngongang et al., 2018; Mewa-Ngongang et al., 2019a, b]. Robiglio et al. [2011] 

suggested that yeasts also have potential to control diseases caused by soil-borne fungal plant 

pathogens. 

Three biocontrol agents (BCAs) Metschnikowia pulcherrima strain (MACH1), M. pulcherrima 

strain (GS9), and M. fructicola strain (AL27) effectively reduced the blue mould rot diameter 

and weight on apple [Spadaro et al., 2013]. These authors further explained that AL27 was the 

most effective antagonist and reduced the rot diameter similar to the highly used chemicals 

imazalil + pyrimethani. Experiments carried out on wounded apples with P. expansum, 

Rhodosporidium kratochvilovae LS11 and Cryptococcus laurentii LS28 significantly reduced 

the level of infection although they were applied at a relatively low concentration of cells 

(5×106 cells/mL) [Lima et al., 2011]. Zhang et al. [2007b], found that when infected wounds 

on peach fruit were treated with Cryptococcus laurentii, lesion development by B. cinerea, P. 

expansum or R. stolonifer were effectively reduced and prevented. These authors showed that 

C. laurentii has potential as a biocontrol agent for the control of postharvest grey mould rot, 

blue mould rot and Rhizopus rot caused by B. cinerea, P. expansum and R. stolonifer, 

respectively.  
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Mewa-Ngongang et al. [2018] showed that Candida pyralidae strain Y1117, Pichia kluyveri 

strains Y1125 and Y1164 inhibited the growth of Botrytis cinerea at different inoculum doses. 

Cryptococcus laurentii effectively reduced the development of decay by B. cinerea on 

wounded apples at inoculum level of 104-105 cells per wound [Roberts, 1990]. Application of 

Candida saitoana to apple wounds significantly restricted the proliferation of B. cinerea and 

reduced the incidence of decay caused by B. cinerea [El Ghaouth et al., 2003]. C. saitoana 

applied on fresh apples either immediately or 24 h before inoculation with B. cinerea had no 

significant effect on lesion development caused by B. cinerea, but when C. saitoana was 

applied at 48 or 72 hours prior to inoculation with B. cinerea, C. saitoana effectively reduced 

lesion development [El Ghaouth et al., 2003]. The application of a cell suspension of the 

BIO126 strain of Metschnikowia pulcherrima at inoculum 108 cells/mL proved to be highly 

effective against grey mould on apples [Spadaro et al., 2004]. 

The application of yeast extract from Saccharomyces cerevisiae after leaf fall showed the 

greatest efficacy and significantly reduced ascospore discharge of V. inaequalis in 2013 and 

2014 [Porsche et al., 2017]. These authors showed that the treatment of leaf litter with yeast 

extract can completely eliminate V. inaequalis inoculum in the course of the entire primary 

season. 

During in vivo trials Meyerozyma guilliermondii reduced the fruit rot lesion size caused by 

A. alternata. on strawberries [Al-Rahbi et al., 2021]. The use of M. guilliermondii as the 

biocontrol of A. alternata was confirmed duirng in vitro and in vivo trials [Al-Maawali et al., 

2021]. Rhodosporidium paludigenum showed antagonistic effect in controlling post-harvest 

decay of A. alternata and did affect fruit quality parameters [Wang et al., 2009]. Candida sake 

showed antagonistic effect by producing VOCs, which inhibited the growth of A. alternata 

[Arrarte et al., 2017]. This antagonistic effect showed by the yeast has the potential for use as 

a biofungicide for the control of A. alternata [Wang et al., 2009; Al-Rahbi et al., 2021]. 
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2.5.2.2 Bacteria as biocontrol agents  

As a group of important natural enemies of nematodes and fungi, bacteria have various modes 

of action: these include parasitizing; producing toxins, antibiotics, or enzymes; making the 

plant resistant to diseases and promoting plant health [Tian et al., 2007; Pane & Zaccardelli, 

2015]. When a bacterial biological agent is used to control root pathogenic fungi, it is typically 

introduced to soil and rhizosphere by seed coating [Andersen & Winding, 2004). Among the 

control alternatives to chemicals, the application of beneficial bacteria living in association 

with plant roots is promising and several studies have documented improved plant traits by 

interaction with plant associated bacteria [Chowdhury et al., 2013]. Lactic acid bacteria (LAB) 

are widely used by food industries in the production of fermented products and also used to 

inhibit spoilage organisms for food safety [Paul Ross et al., 2002]. Cyclic dipeptides, 

phenyllactic acid, proteinaceous compounds, and 3-hydroxylated fatty acids are antifungal 

metabolites that have been isolated from LAB and used as biopreservatives [Schnürer & 

Magnusson, 2005]. Lactic acid bacteria and their antimicrobial metabolites have potential to 

be natural preservatives to control the growth of spoilage [Jeevaratnam et al., 2005]. 

Seventy-one Pseudomonas syringae strains have been evaluated as biological control agents 

(BCAs) and have been shown to inhibit/prevent post-harvest decay of apple fruit [Cirvilleri et 

al., 2005]. Experiments carried out by Quaglia et al. [2011] on wounded apples inoculated with 

P. expansum showed that the percentage of infection was significantly reduced in the wound 

sites treated with the Pseudomonas syringae. 

Pseudomonas cepacia strongly inhibited fungal growth of grey mould during in vitro screening 

on nutrient yeast dextrose agar medium [Janisiewicz & Roitman, 1988]. These authors showed 

that at inoculum level of 103-105 conidia/mL, P. cepacia completely controlled B. cinerea on 

apples and pears. During in vitro assays, the antagonistic bacterium Rahnella aquatilis 

completely inhibited the germination of B. cinerea spores at a concentration of 106 cells/mL at 
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28°C [Calvo et al., 2007]. Assays using R. aquatilis for biological control of B. cinerea was 

performed at 4°C and 90% relative humidity. Under these cold storage conditions, the treatment 

with R. aquatilis significantly inhibited the development of B. cinerea on apples stored for 40 

days [Calvo et al., 2007]. 

Bacterial suspension of Pseudomonas fluorescens Bk3 in minimal medium (2×109 cells/ml) 

with asparagine medium showed up to 73% inhibition of conidial growth of V. inaequalis after 

7 days of pre-incubation [Hossain et al., 2009]. 

Enterobacter roggenkampii and Pseudomonas aeruginosa showed antagonistic effect against 

Alternaria fruit rot of tomato [Al-Maawali et al., 2021]. Bacillus species showed growth 

inhibition activity by decreasing severity of Alternaria disease on tomato (Pane & Zaccardelli, 

2015). Bacillus Licheniformis and B. subtilis showed strong inhibitory effect against A. 

alternata [Sid et al., 2003]. Two strains of Pseudomonas fluorescens showed maximum 

inhibition (35 % and 38.6 % respectively) against A. brassicae in vitro and in vivo conditions 

(Gupta et al., 2020). 

2.6 Conclusions 

Both yeast and bacteria show promising results to control the growth of mould. The 

antimicrobial activity of biocontrol agent is mostly in vitro trials where the environment is 

controlled. The biocontrol agents show great potential in vitro as alternative to chemical 

fungicides for the control of spoilage mould, but more research is needed where biocontrol 

agents are applied as preventive and curative treatments during post-harvest trials. More 

research is needed on the application of biocontrol agents as post-harvest treatments of fruit. 

There is limited research where the biocontrol agents are applied as pre-harvest treatments, 

therefore more work needs to be done where biological agents are evaluated as preventive and 

curative treatments as pre-harvest control of spoilage mould. 
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Abstract 

During pre- and post-harvest stages, considerable quantities of fresh products are lost due to 

mould spoilage. The aim of this study was to evaluate the antagonistic effect of selected yeasts 

against spoilage mould under in vitro and in vivo conditions. One hundred and four yeast 

isolates were screened for growth inhibition activity against Botrytis cinerea, Penicillium 

expansum and Alternaria alstroemeriae using plate assays. Three yeast strains were also tested 

for growth inhibition activity against the three mould species during post-harvest apple trials. 

Sixty-seven out of 104 yeasts showed growth inhibition activity against P. expansum, 36 yeasts 
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inhibited B. cinerea, 47 yeasts inhibited A. alstroemeriae and 22 yeasts showed inhibition 

against all three moulds. Candida pyralidae, Meyerozyma guilliermondii and Zygoascus 

hellenicus yeast strains showed highest inhibition activity against all three moulds. Volatile 

organic compounds produced by Pichia kluyveri, C. pyralidae and two M. guilliermondii yeast 

strains were effective in inhibiting the growth of all three moulds. The selected P. kluyveri 

strain showed 100%, 57% and 26% growth inhibition against A. alstroemeriae, B. cinerea and 

P. expansum, respectively, on apples and performed better than a commercial fungicide. While 

the selected M. guillermondii strain showed 100%, 60% and 18% inhibition on apples against 

A. alstroemeriae, B. cinerea and P. expansum, respectively. Pichia kluyveri and Meyerozyma 

guilliermondii yeast strains showed potential as biofungicides and warrant further 

investigation. 

Keywords: Mould spoilage, fungicides, postharvest control, biocontrol agents (BCAs), apples 

 

3.1 Introduction  

Fruits are commercially and nutritionally important commodities, and play an important role 

in human health by supplying vitamins and minerals [Al-Hindi et al., 2011]. Globally, apples 

(Malus domestica) are the third most-produced fruit, with production increasing to 85 million 

tonnes in 2016 [ FAOstat, 2019]. South Africa is a relatively small apple grower in terms of 

global hectares and produces approximately 1.3 million tonnes each year, with a total value of 

more than R8 billion [Du Plessis, 2017]. Ninety-two percent of this income is generated by 

fresh fruit sales [Du Plessis, 2017]. Agricultural produce is subject to mould spoilage before, 

during and after harvest, as well as during transportation and processing [Romanazzi et al., 

2016; 2017]. Fruit losses due to spoilage mould pose several challenges to the agrifood industry 

[Salman, 2005; Parveen et al., 2016]. Each year, 25% of the total fruits produced in 
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industrialised countries is lost and more than 50% in developing countries [Droby, 2005; 

Nunes, 2012]. During the pre- and post-harvest stages, considerable amounts of fruits including 

apples are lost due to mould diseases caused by Botrytis cinerea (grey mould), Penicillium 

expansum (blue mould), Alternaria spp. (necrotic leaf blotch), Venturia inaequalis (apple 

scab), Cladosporium spp. (Sooty spot) and Colletotrichum gloeosporioides (bitter rot) [Sharma 

et al., 2009].  

Spoilage mould needs to be controlled to maintain the quality and abundance of fruit produced 

[Mercier & Lindow, 2001]. Currently, fruit producers and exporters are using costly spraying 

programs incorporating synthetic chemicals, which are labour intensive and require the 

application of various classes of fungicides sprayed up to 20 times during the growing season. 

These practices can negatively affect the health of consumers, the environment, and the taste 

and aroma of the food being preserved [Oliveira et al., 2014; Contarino et al., 2019]. In 

addition, prolonged exposure to chemicals even at the lowest dose possible can lead to serious 

health problems in humans [Benito et al., 2009]. Some fungi can become resistant to fungicides 

as farmers use the chemicals regularly [Fernández-Ortuño et al., 2008]. 

The desire to minimise chemical residues and to offset rising prices of new synthetic chemicals 

is fostering the search for alternatives to synthetic chemical fungicides [Quaglia et al., 2011; 

Robiglio et al., 2011]. The recent trend is shifting towards safer and environmentally friendly 

alternatives for the control of post-harvest decay [Sharma et al., 2009]. Interest in biological 

control approaches is greater than ever because it showed great potential as alternatives to 

chemical fungicides [Liu et al., 2013; Mewa-Ngongang et al., 2019b]. Biocontrol agents are 

more environmentally friendly and cost effective than synthetic chemicals [Öberg, 2002].  

Yeasts can be used as alternatives to synthetic chemicals because of their ability to compete 

for nutrients and space, their ability to grow faster than fungal pathogens and the production of 
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inhibitory growth compounds [Liu et al., 2013; Mewa-Ngongang et al., 2019a, b]. Yeasts such 

as Meyerozyma guilliermondii, Candida pyralidae and Hanseniaspora species have the ability 

to secrete extracellular metabolites, such as volatile organic compounds (VOCs), acetic acid, 

hydrogen sulphide and cell wall degrading enzymes, which have antimicrobial properties 

against many fruit spoilage moulds [Mewa-Ngongang et al., 2019b; Ruiz-Moyano et al., 2020; 

Al-Maawali et al., 2021; Han et al., 2021]. The aim of this study was to screen yeasts for 

growth inhibition activity against Botrytis cinerea, Penicillium expansum and Alternaria 

alstroemeriae under in vitro and in vivo conditions. 

3.2 Materials and methods 

3.2.1 Culturing conditions and inoculum preparation 

One hundred and four yeast isolates were obtained for evaluation from the ARC Infruitec-

Nietvoorbij (The Fruit, Vine and Wine Institute of the Agricultural Research Council, 

Stellenbosch, South Africa), the Instituto Superior de Agronomia (Lisbon, Portugal), the 

Centraal Bureau voor Schimmelcultures (Utrecht, Netherlands), the Gulbenkian Institute of 

Science (Oeiras, Portugal) and the Council for Scientific and Industrial Research (Pretoria, 

South Africa) (Table S1). The yeasts were cultured on yeast malt agar (YMA) (1% glucose, 

0.3% malt extract, 0.5% peptone, 2% bacteriological agar) for 2 days at 28°C. A loopful of 

each pure yeast colony on the plates was transferred into test tubes containing 5 mL of sterilised 

yeast malt broth (YMB) (Sigma-Aldrich, South Africa) and incubated at 28°C for 2 days. 

Thereafter 1 mL of the culture was transferred to a sterile 2 mL microtube and centrifuged at 

13500 rpm (20412 × g) for 5 minutes. The supernatant was discarded, and the pellet 

resuspended in 100 µL of sterile distilled water. Yeast cells were counted using a 

haemocytometer and a microscope (400X magnification) in order to prepare the yeast inoculum 

(1×108 cells/mL). 
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For the apple bioassay, grape pomace was obtained by pressing Chenin Blanc grapes from the 

ARC Infruitec-Nietvoorbij research farm (Stellenbosch) at 200 kPa. The resultant grape 

pomace extract was frozen in 25 L polypropylene buckets at −20°C. Prior to use, the grape 

pomace extract was thawed and diluted with sterile distilled water to the required sugar 

concentration. Yeast strains Y63 (C. pyralidae), Y88 (M. guilliermondii) and Y64 (P. kluyveri) 

from the ARC Infruitec-Nietvoorbij culture collection, were used. Yeasts were grown in 5 mL 

YMB for 2 days at 28°C and then transferred to Erlenmeyer flasks containing 50 mL of sterile 

grape pomace extract broth (GPB), incubated at 28°C and agitated at 150 rpm, using a rotary 

shaker (LM-53OR, RKC Instrument Inc., Ohta-ku Tokyo, Japan) for 2 days. The yeast cultures 

were then transferred to 500 mL GPB and grown at 28°C for 24 hours under agitation. The 

yeast inoculum of 1×108 cells/mL was used, as mentioned previously. 

The fruit spoilage moulds, B. cinerea, P. expansum and A. alstroemeriae, were obtained from 

the Post-harvest Pathology laboratory at ARC Infruitec-Nietvoorbij and cultured for 7 to 14 

days at 25°C on potato dextrose agar (PDA, Merck, South Africa). Spores were harvested by 

gently scraping them from the surface of the agar and rinsing with sterile distilled water to 

attain 50 mL of a spore suspension in a sterile 250 mL Schott bottle. The inoculum was 

prepared by adjusting the spore suspension to 1×105 cells/mL using a haemocytometer and a 

microscope (400X magnification). 

3.2.2 Radial growth inhibition assay 

The radial growth inhibition assay was applied as described by Núñez et al. [2015], with some 

modifications. In brief, a 5 mm mycelial disk, obtained from a 7-day old mould culture, was 

placed at the centre of a fresh YMA plate using a sterile cork borer. Subsequently, 15 µL of 

the yeast cells suspension (1×108 cells/mL) was spotted 25 mm away from the mould plug. 

Four different yeast isolates were spotted per plate and incubated at 25°C for 7 days. All yeast 
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treatments had three replicates. The control plates only contained the 5 mm diameter mycelial 

disk of the respective mould. Positive growth inhibition results were observed by the presence 

of C-shape growth around the yeast colonies and negative growth inhibition results were 

observed by the growth of the mould all around the yeast colony (Figure 1). 

 

FIGURE 1. Botrytis cinerea growth (A) and antagonistic effect of selected yeast isolates Candida pyralidae (1), 

Pichia kluyveri (Y64) (2), Meyerozyma guilliermondii (Y88) (3) and Debaryomyces hansenii (Y8) (4) against B. 

cinerea (B) on yeast malt agar. The positive sign (+) represents growth inhibition activity and the negative sign (-

) represents no inhibition. This is a representative example of three replicates 

3.2.3 Diffusible metabolites assay  

The dual assay described by Chen et al. [2018] was used to evaluate 23 yeasts that were selected 

based on the growth inhibition activity against the three mould species during the radial growth 

inhibition assay (Figure 2). Only those yeasts that showed growth inhibition activity against 

the three mould species during the radial growth inhibition assay were evaluated further. One 

yeast strain, Y64 (P. kluyveri), was also included as reference yeast. Similar to the radial growth 

inhibition assay, a 5 mm mould mycelial disk was placed at the edge of the YMA plate. 

Subsequently, 20 µL of the yeast suspension (1×108 cells/mL) was spotted 40 mm away from 

the mould plug (Figure 3) and incubated at 25°C for 9 days. The negative control plates 

contained only the 5 mm diameter mycelial disk of the respective mould. All treatments had 
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three replicates. The percentage inhibition was calculated using the mathematical expression: 

Fungal Radial Growth Inhibition (FRGI) = (D0 –Dt/D0) ×100, with D0 representing the 

horizontal growth average of the fungal colony on the negative control plates and Dt 

representing the horizontal growth average of fungal colony on the yeast treated plates (Figure 

3), as described by Núñez et al. [2015]. 

 

 

FIGURE 3. Visual representation of the growth of Botrytis cinerea (A) and the antagonistic effect of yeast isolate 

Meyerozyma guilliermondii (Y88) against B. cinerea (B) on yeast malt agar. D0 representing horizontal growth of 

the fungal colony on the negative control plates and Dt representing the horizontal growth average of fungal colony 

on the yeast treated plates. Each plate is a representative example of three replicates. 

3.2.4 Volatile organic compound (VOCs) detection  

To assess the effect of VOCs produced by the 23 yeasts used in relation to their growth 

inhibition potential against fruit spoilage organisms, the mouth-to-mouth assay described by 

Medina-Córdova et al. [2016] was used. Two YMA plates facing each other were sealed with 

laboratory film, per experimental repeat. The bottom plate was spread with 100 µL of the yeast 

suspension (1×108 cell/mL), while the top plate contained a 5 mm mould mycelial disk placed 

at the centre. The negative control treatment only contained the 5 mm diameter mycelial disk 

in the centre of the plate, while no yeast was spread on the second plate. The plates were 
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incubated at 25°C for 7 days. All treatments had three replicates. The VOC inhibition activity 

(VOCIA) was calculated using the mathematical expression [Núñez et al., 2015]: VOCIA = 

(D0 −Dt/D0) ×100, with D0 representing the average diameter of the fungal colony on the 

negative control plates and Dt representing the diameter of the fungal colony on the yeast 

treated plates, as shown in Figure 4. 

 

 

FIGURE 4. Visual representation of the growth of Botrytis cinerea (A) and the antagonistic effect of yeast isolate 

Pichia kluyveri (Y64) against B. cinerea (B) on yeast malt agar. D0 representing the average diameter of the fungal 

colony on the negative control plates and Dt representing the diameter of the fungal colony on the yeast treated 

plates. Each plate is a representative example of three replicates. 

3.2.5 Apple Bioassay  

The post-harvest biocontrol efficacy assay was performed on the apple cultivar “Panorama 

Goldens” and sixteen treatments were applied (Table 1). Each treatment had five replicates. 

Each replicate consisted of a rectangular fruit-packaging box containing five apples. Ethanol 

(70% v/v) was sprayed on the apples to eradicate any microorganisms on the surface and 

allowed to dry completely before wound infliction. Apples were uniformly wounded 

(approximately 5 mm diameter and 3 mm deep), with a sterile cork borer. After 15 minutes, 15 

µL of sterile purified water was inoculated into the wound of the control treatment, while the 
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other treatments received 15 µL of the respective mould spore suspension (1×105 cells/mL) 

and then allowed to dry for 30 minutes. Subsequently, 15 µL of a yeast inoculum (1×108 

cells/mL) or commercial fungicide was introduced into the wound. The negative control 

treatments were only infected with B. cinerea, P. expansum or A. alstroemeriae and not treated 

with yeast or the commercial fungicide. The commercial fungicide N-(trichloromethylthio) 

cyclohex-4- ene-1,2-dicarboximide, common name Captan (800 g/kg) (South Africa) was 

used. Treated apples were maintained at ±20°C for 7-20 days. During the incubation period, 

the relative humidity was maintained at 80%. Growth inhibition results were characterised by 

the absence of mould development. Lesion diameters were measured, and percentage growth 

inhibition was calculated and analysed statistically to determine the effectiveness of the 

treatments. 
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TABLE 1. Treatments applied on apples during postharvest biocontrol trials*.  

Treatment description 

Sterile distilled water (Control) 

Botrytis cinerea 

Penicillium expansum 

Alternaria alstroemeriae 

B. cinerea and Candida pyralidae Y63 

P. expansum and C. pyralidae Y63 

A. alstroemeriae and C. pyralidae Y63 

B. cinerea and Meyerozyma guilliermondii Y88 

P. expansum and M. guilliermondii Y88 

A. alstroemeriae and M. guilliermondii Y88 

B. cinerea and Pichia kluyveri Y64 

P. expansum and P. kluyveri Y64 

A. alstroemeriae and P. kluyveri Y64 

B. cinerea and Captan 

P. expansum and Captan 

A. alstroemeriae and Captan 

*Apples were incubated in rectangular fruit packaging boxes and five boxes (replicates) 

were used per treatment, with each box containing five apples. 
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3.2.6 Identification 

Only yeast isolates that showed growth inhibition activity were identified to species level. 

Yeast DNA was extracted using the method described by Lõoke et al. [2011]. Yeast 

identification to the species level was performed by amplification of the 5.8S-internal 

transcriber spacer (ITS) ribosomal region, using primers ITS1 and ITS4 [Mitchell et al., 1994]. 

PCR reaction mixture (50 µL) contained 5 µL SuperTherm Taq buffer, 0.2 µL SuperTherm 

Taq polymerase, 1.5 µL of 25 mM MgCl2, 1 µL of 2.5 mM dNTP, 3 µL of each primer (2.5 

mM), 0.5 µL of BSA, 5 µL of template DNA (100 ng/µL) and 30.8 µL sterile dH2O. The PCR 

conditions used were: initial denaturation at 94°C for 3 minutes, followed by 35 cycles of 94°C 

for 30 seconds, 55°C for 30 seconds and 72°C for 1 minute, and a final extension at 72°C for 

10 minutes. The PCR products were submitted to Inqaba Biotechnical Industries (Pty) Ltd 

(Pretoria, South Africa) for Sanger sequencing. The sequenced fragments were then compared 

to sequences on the NCBI database using the standard nucleotide homology search Basic Local 

Alignment Search Tool (BLAST, http://www.ncbi.nih.gov/BLAST).  

3.2.7 Statistical analyses 

Growth inhibition data was subjected to analysis of variance (ANOVA) using XLSTAT 

software (Version18.07.39157, Addinsoft, New York, USA) and GLM procedure of SAS 

software (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.  

3.3 Results and discussion 

3.3.1 Radial growth inhibition assay 

Of the 104 yeasts, 83 showed growth inhibition activity against the selected mould species. 

Sixty-seven yeasts showed growth inhibition activity against P. expansum, 36 against B. 

https://www.future-science.com/doi/full/10.2144/000113672
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cinerea, 47 against A. alstroemeriae and 22 yeasts showed inhibition activity against all three 

moulds (Table 2). Most of the isolates that showed antagonistic effects against the spoilage 

moulds belong to the genus Hanseniaspora, with H. uvarum being the predominant species. 

From the 22 yeasts selected for further characterisation, most of the isolates belonged to the 

genus Zygosaccharomyces. Yeasts can inhibit the growth of mould in different ways, such as 

the ability to grow faster than the spoilage mould by rapidly colonising surfaces, competition 

for nutrients or by production of growth inhibition compounds [Liu et al., 2013; Banjara et al., 

2016; Mewa-Ngongang et al., 2019b]. 
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TABLE 2. Growth inhibition activity* of yeasts against selected mould on yeast malt agar.  

Yeast codes Species  

Penicillium 

expansum 

Botrytis 

cinerea 

Alternaria 

alstroemeriae 

Y1 Rhodotorula dairenensis + − ++ 

Y2 Hanseniaspora uvarum + − − 

Y3 Hanseniaspora uvarum  − +++ − 

Y5 Saccharomyces uvarum + − + 

Y6 Aureobasidium melanogenum ++ +++ ++ 

Y7 Aureobasidium melanogenum − ++ +++ 

Y8 Debaryomyces hansenii + − − 

Y10 Saccharomyces uvarum + − + 

Y11 Debaryomyces hansenii + ++ ++ 

Y12 Rhodotorula dairenensis ++ − ++ 

Y13 Hanseniaspora opuntiae − ++ − 

Y14 Saccharomyces uvarum + − +++ 

Y15 Hanseniaspora. uvarum − − + 

Y16 Hanseniaspora uvarum + − − 

Y17 Hanseniaspora occidentalis ++ +++ +++ 

Y18 Debaryomyces hansenii  − + + 

Y19 Hanseniaspora uvarum + − + 

Y20 Hanseniaspora uvarum +++ − − 

Y21 Debaryomyces hansenii +++ − − 

Y24 Meyerozyma guilliermondii  ++ ++ +++ 

Y25 Hanseniaspora. uvarum  +++ ++ − 

Y26 Hanseniaspora. uvarum  + − − 

Y27 Hanseniaspora uvarum − − + 

Y30 Candida oleophila + − + 

Y31 Candida oleophila  + + − 

Y32 Candida oleophila + − − 

Y34 Candida oleophila + − − 

Y35 Rhodotorula dairenensis ++ +++ ++ 

Y36 Candida oleophila ++ − − 

Y37 Candida oleophila ++ − − 

Y38 Hanseniaspora uvarum + − + 

Y39 Meyerozyma guilliermondii + +++ +++ 

Y43 Hanseniaspora guilliermondii + − − 

Y45 Zygosaccharomyces bailii + − − 

Y47 Hanseniaspora opuntiae ++ − − 

Y50 Candida stellimalicola + − +++ 

Y51 Pichia kudriavzevii ++ − − 

Y53 Rhodotorula dairenensis − − +++ 

Y54 Hanseniaspora guilliermondii + − − 

Y55 Pichia kudriavzerii + − − 

Y56 Pichia fermentans − − + 

Y57 Hanseniaspora valbyensis − + + 

Y58 Saccharomyces cariocanus + − − 



33 
 

Y61 Dekkera anomala + − + 

Y62 Dekkera anomala − + − 

Y63 Candida pyralidae +++ +++ +++ 

Y65 Meyerozyma guilliermondii  + +++ ++ 

Y67 Brettanomyces lambicus + + − 

Y69 Zygosaccharomyces bailii − − ++ 

Y70 Lanchancea thermotolerans − − + 

Y71 Torulaspora delbrueckii + − − 

Y72 Metschnikowia pulcherrima − + − 

Y73  Lanchancea thermotolerans + − − 

Y74 Torulaspora delbrueckii  ++ +++ ++ 

Y75 Saccharomyces cerevisiae + + ++ 

Y76 Zygosaccharomyces bailii + − − 

Y78 Meyerozyma guilliermondii  + − − 

Y79 Pichia kluyveri + − − 

Y80 Zygoascus hellenicus +++ − − 

Y81 
Meyerozyma guilliermondii  

+ − + 

Y82 Meyerozyma guilliermondii  + − + 

Y83 Brettanomyces lambicus + +++ +++ 

Y84 Debaryomyces hansenii ++ +++ ++ 

Y85 Pichia kluyveri + − + 

Y87 Meyerozyma guilliermondii  + − − 

Y88 Meyerozyma guilliermondii  +++ +++ +++ 

Y89 Zygoascus helenicus +++ +++ +++ 

Y90 Zygosaccharomyces bailii + − ++ 

Y91 Zygosaccharomyces rouxii + +++ ++ 

Y92  Zygosaccharomyces rouxii ++ + ++ 

Y93 

Zygosaccharomyces 

microellipsoides + +++ ++ 

Y94  Zygosaccharomyces cidri + − − 

Y95  Zygosaccharomyces florentinus + +++ ++ 

Y96  Zygosaccharomyces fermentati + ++ ++ 

Y97  Zygosaccharomyces bisporus + + ++ 

Y98  Zygosaccharomyces bisporus ++ + − 

Y99 Brettanomyces bruxellensis  − + − 

Y100 Brettanomyces bruxellensis  − + − 

Y101  Brettanomyces lambicus − + + 

Y102 Candida magnoliae  + + ++ 

Y103 Saccharromyces cerevisiae + ++ ++ 

Y104 Saccharromyces bayanus/cerevisiae + − + 

Y105 Meyerozyma guilliermondii  + − − 

*(-) no activity, (+) mild activity, (++) medium activity, (+++) strong activity 
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3.3.2 Diffusible metabolites assay  

The 23 selected yeasts showed varying levels of antagonistic effects against, B. cinerea, P. 

expansum and A. alstroemeriae (Figures 2a, b, c). In general, the selected yeasts showed higher 

inhibition activities against B. cinerea (39% mean inhibition) than the other two mould species. 

The selected yeasts showed the lowest inhibition activity against P. expansum (17% mean 

inhibition). Nally et al. [2012] and Mewa-Ngongang et al. [2019b] reported that different yeast 

species showed growth inhibition activity at different levels against fruit spoilage mould, which 

is in agreement with the findings of this study. 

Y88 (Meyerozyma guilliermondii), Y63 (Candida pyralidae) and Y89 (Zygoascus hellenicus) 

had the highest growth inhibition activity against B. cinerea, with 63%, 62% and 58%, 

respectively (Figure 2a). Y88, Y63 and Y89 showed significantly higher inhibition activity 

than the other yeast treatments. Yeast Y64 (Pichia kluyveri), that was selected as the control 

yeast, showed low inhibition activity (3%) against B. cinerea. Based on the growth inhibition 

activity, the yeasts were more effective against B. cinerea, than against P. expansum and 

A. alstroemeriae. 

Yeasts Y88, Y63 and Y89 also had the highest growth inhibition activity against P. expansum, 

with 42%, 38% and 35%, respectively and were significantly better than the other yeast 

treatments (Figure 2b). The control yeast, Y64 showed 2% inhibition against P. expansum. The 

same three yeasts (Y88, Y63 and Y89) also showed highest inhibition activity against 

A. alstroemeriae, with 41%, 37% and 35%, respectively (Figure 2c). The control yeast (Y64) 

showed 7% inhibition activity against A. alstroemeriae. Meyerozyma guilliermondii strain Y88 

had the highest inhibition activity against all three mould species. This is the first report of 

growth inhibition activity of M. guilliermondii against A. alstroemeriae. Al-Rahbi et al. [2021] 

and Al-Maawali et al. [2021] reported that M. guilliermondii had an antagonistic effect against 

Alternaria alternata under in vitro conditions. Wang et al. [2018] reported that M. 
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guilliermondii had antagonistic effects against two strains of B. cinerea, while inhibition of P. 

expansum growth by M. guilliermondii was reported by Han et al. [2021].  

Candida pyralidae was the second best performing yeast against all three moulds. This is in 

agreement with the findings of Mewa-Ngongang et al. [2019b], who reported the antagonistic 

effects of C. pyralidae against the germination of B. cinerea spores under in vitro conditions. 

This is the first report of the growth inhibition properties of C. pyralidae against P. expansum 

and A. alstroemeriae, and of the growth inhibition properties of Z. hellenicus against B. cinerea, 

P. expansum and A. alstroemeriae.
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FIGURE 2. Growth inhibition activity expressed as a percentage (%) of 23 yeasts against Botrytis cinerea (A), Penicillium expansum (B) and Alternaria alstroemeriae (C) 

based on the diffusible metabolites assay results. Values are means of three replicates and the standard deviations are also shown. The different letters indicate significant 

differences (p < 0.05) between treatments. 
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3.3.3 Volatile organic compound (VOC) detection 

The 23 yeasts produced VOCs that inhibited the growth of B. cinerea (Figure 5a), P. expansum 

(Figure 5b) and A. alstroemeriae (Figure 5c), but the level of growth inhibition varied among 

the yeasts. Yeast isolates Y64 (P. kluyveri), Y63 (C. pyralidae), and Y24 (M. guilliermondii) 

showed 91%, 57% and 56% growth inhibition activity against B. cinerea, respectively (Figure 

5a). Against P. expansum, the highest growth inhibition was shown by P. kluyveri Y64, M. 

guilliermondii Y88 and Y65, with 81%, 70% and 69%, respectively (Figure 5b). The best 

performing yeasts against A. alstroemeriae were P. kluyveri Y64, C. pyralidae Y63 and M. 

guillermondii Y88, with 76%, 68% and 61% growth inhibition activity, respectively (Figure 

5c). 

Yeast isolate Y64 (P. kluyveri) showed the highest growth inhibition activity against all three 

moulds and was significantly better than the other yeast treatments (Figure 5) during the VOC 

trial. While the opposite was observed during the diffusible metabolite assay (Figure 2). It is 

clear that the mode of action of Y64 is linked to its ability to produce VOCs. The findings of 

this study are in agreement with Mewa-Ngongang et al. [2019b], who also reported on the 

ability of P. kluyveri and C. pyralidae to inhibit the growth of B. cinerea under in vitro 

conditions. Ruiz-Moyano et al. [2020] reported that H. uvarum also produced VOCs to control 

the growth of B. cinerea on fruits. Choińska et al. [2020] observed that M. guilliermondii 

produced VOCs to control the growth of B. cinerea and P. expansum, which is in agreement 

with the findings in this study. Pichia kluyveri showed the highest inhibition against P. 

expansum. Cordero-Bueso et al. [2017] also reported that VOCs produced by P. kluyveri have 

antagonistic activity against P. expansum. This the first report of VOCs from P. kluyveri, C. 

pyralidae and M. guilliermondii inhibiting the growth of A. alstroemeriae. However, Al-

Maawali et al. [2021] showed that VOCs produced by M. guilliermondii inhibited the mycelial 

growth of A. alternata. 
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FIGURE 5. The growth inhibition activity expressed as a percentage (%) of 23 yeasts against Botrytis cinerea (A), Penicillium expansum (B) and Alternaria alstroemeriae 

(C) based on the volatile organic compound production. Values are means of three replicates and the standard deviations are also shown. The different letters indicate 

significant differences (p < 0.05). 
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3.3.4 Postharvest application of biocontrol yeasts on apples  

The yeasts were effective in preventing mould spoilage of apples and reducing decay 

considerably (Figures 6a and 6b). However, the inhibition responses were yeast and mould 

species-dependent. Meyerozyma guilliermondii Y88 and P. kluyveri Y64 were effective in 

suppressing mould growth on apples, with 100% inhibition activity against A. alstroemeriae. 

The commercial fungicide (Captan) also provided 100% inhibition. Candida pyralidae Y63 

showed 36% inhibition against A. alstroemeriae, which was significantly lower than the other 

treatments. This is the first report on growth inhibition activity of P. kluyveri, C. pyralidae and 

M. guillermondii against A. alstroemeriae on apples. However, Al-Rahbi et al. [2021] and Al-

Maawali et al. [2021] showed that M. guilliermondii reduced the fruit rot lesions of A. alternata 

on strawberries and tomatoes by 68% and 50%, respectively.  

Against B. cinerea, M. guilliermondii Y88 and P. kluyveri Y64 showed 61% and 57% 

inhibition, respectively, which was higher than the 52% obtained by the Captan  (Figure 6a). 

Candida pyralidae Y63 showed 47% inhibition against B. cinerea, which was significantly 

lower than the other treatments. These findings are is in agreement with those of Mewa-

Ngongang et al. [2019b] who also reported on the antagonistic effects of C. pyralidae against 

B. cinerea on apples. Wang et al. [2018] reported that M. guilliermondii showed an antagonistic 

effect against B. cinerea isolates on grape berries, while Mewa-Ngongang et al. [2021] showed 

that P. kluyveri when applied preventively, was effective in suppressing B. cinerea growth by 

95% on apples.  

All the yeasts showed the lowest growth inhibition activity against P. expansum (Figure 6a). 

Pichia kluyveri Y64 showed the highest growth inhibition activity (26%) against P. expansum 

and performed better than the commercial fungicide, which showed 24% inhibition. 

Meyerozyma guilliermondii Y88 and C. pyralidae Y63 showed 19% and 13% inhibition against 

P. expansum, respectively. This study confirmed the findings of Cordero-Bueso et al. [2017], 
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who reported that P. kluyveri has antagonistic activity against P. expansum. Han et al. [2021] 

showed that M. guilliermondii has antagonistic activity against P. expansum on pears. This is 

the first report on the growth inhibition properties of C. pyralidae against P. expansum on 

apples. These observations on apples could be of great importance to the agricultural industry 

because these biocontrol yeasts can potentially be used as alternatives to chemical fungicides. 
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FIGURE 6. The growth inhibition activity expressed as a percentage (%) of Y63 Candida pyralidae, Y88 Meyerozyma guilliermondii and Y64 Pichia kluyveri yeasts against 

Alternaria alstroemeriae, Botrytis cinerea and Penicillium expansum during postharvest trials on apples (A). Values are means of five replicates and the standard deviations 

are also shown. The different letters indicate significant differences (p < 0.05) between treatments. (B) Photographs of apples showing lesion diameters. Each set is a 

representative example of 25 apples. 
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3.4 Conclusions 

The cell suspensions of yeast strains C. pyralidae Y63, M. guillermondii Y88 and Z. hellenicus 

Y89 showed the best antagonistic effects against B. cinerea, P. expansum and A. alstroemeriae. 

The production of VOCs by P. kluyveri was the mechanism of inhibition against B. cinerea, P. 

expansum and A. alstroemeriae. Candida pyralidae Y63, M. guillermondii Y88 and P. kluyveri 

Y64 showed effective inhibition against all three mould species on apples and were comparable 

to the commercial fungicide. These yeasts can potentially be considered as alternatives to 

chemical fungicides. However, more research is needed to determine how to apply these yeast-

based biocontrol agents and the minimum dosage or inhibitory concentration that is needed. 

The VOCs that are responsible for inhibition should be identified and the production process 

needs to be optimised. Future research should also investigate the application of the yeast-

based biological agents on fruit and trees for pre-harvest control of mould. 
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CHAPTER 4 

General Discussion, Conclusions and Recommendations 

4.1 General discussion 

Yeasts occur naturally on fruit and are used in several fermentation processes and are generally 

regarded as safe. This study focused on the application of yeasts as natural biocontrol agents 

against Botrytis cinerea, Penicillium expansum and Alternaria alstroemeriae. The 

antimicrobial efficacy evaluations of different yeast species against fungal pathogens showed 

that some yeasts, grown in a culture suspension grown to (1×108 cells mL), inhibited the growth 

of the spoilage mould, B. cinerea, P. expansum and A. alstroemeriae. The mode of action of 

the various yeasts was not one of the objectives of this study, but it was evident that yeasts can 

inhibit the growth of mould by the production of antimicrobial compound such as extracellular 

metabolites and/or volatile organic compounds (VOCs), which is in agreement with other 

studies [Ruiz-Moyano et al., 2020; Al-Maawali et al., 2021; Han et al., 2021]. The production 

of VOCs by the various yeasts was effective in inhibiting the growth of the three selected 

spoilage moulds.  

Only yeast isolates that showed growth inhibition activity were identified during this study. 

Overall, eighty-three yeasts showed growth inhibition activity against the selected moulds. 

Most of the isolates that showed broad antagonistic effects against the spoilage moulds belong 

to the genus Hanseniaspora, with Hanseniaspora uvarum being the predominant species. From 

the 22 yeasts selected for further characterisation, most of the isolates belonged to the genus 

Zygosaccharomyces, even though they did not show the highest growth inhibition activity. 

Identification of the yeasts to strain level was not part of the study, but based on the activity of 

the yeasts and their origins; we observed that there are differences among the species, but also 

strain differences within species. This aspect should be considered in future evaluations.  
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Three different yeast species Candida pyralidae, Meyeromzyma guilliermondii and Pichia 

kluyveri were selected as the best yeasts because of the antagonistic effect against B. cinerea, 

P. expansum and A. alstroemeriae on plate assays (in vitro) and apples (in vivo). Mewa-

Ngongang et al. [2019b], confirmed that C. pyralidae and P. kluyveri showed inhibition activity 

in vitro against fruit spoilage mould. M. guilliermondii, known as a spoilage organism of 

alcoholic and non-alcoholic beverages [Comitini et al., 2004], showed antagonistic effects 

against fruit spoilage mould, which are in agreement with Al-Rahbi et al. [2021] and Al-

Maawali et al. [2021]. This study clearly indicate that although some of the yeast might be 

spoilage organisms, they might have antimicrobial activity against moulds and can be used as 

biocontrol agents. However, more investigation is needed in terms of mode of action and 

minimum inhibitory concentration for application.  

The study is the first to report on yeasts showing growth inhibition activity against A. 

alstroemeriae. This is also the first report of the growth inhibition properties of C. pyralidae 

against P. expansum and A. alstroemeriae and of the inhibition properties of Z. hellenicus 

against B. cinerea, P. expansum and A. alstroemeriae. This is also the first report of VOCs 

produced by P. kluyveri, C. pyralidae and M. guilliermondii inhibiting the growth of A. 

alstroemeriae. 

4.2 Conclusions 

Mould management in agricultural industry is primary depended on chemical fungicides, 

which leave harmful residues on food products, therefore researchers has come to a decision to 

use best alternative which is the biological control. Yeast can effectively control the growth of 

mould, but the level of inhibition is species dependent. C. pyralidae, M. guilliermondii and P. 

kluyveri were found to produce antimicrobial compounds that are effective against B. cinerea, 

P. expansum and A. alstroemeriae. The yeasts inhibited the growth of the mould by production 

of extracellular metabolites and volatile organic compounds (VOCs). The yeasts that are 
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generally known as spoilage organisms, showed antimicrobial activity against moulds and can 

also be used as biocontrol agents. The effective inhibition activity of these yeasts on apples 

was comparable to a commercial fungicide. Yeasts can potentially be considered as alternatives 

to chemical fungicides 

4.3 Recommendations 

The biocontrol yeasts showed great potential as alternative to synthetic chemicals but, before 

applying these yeast-based agents on a commercial scale, the production process needs to be 

optimised. The mode of action and the antimicrobial compounds of the selected yeasts needs 

to be determined. Future research should determine what the minimum inhibitory concentration 

or dosage that is needed to inhibit the growth of moulds. Future research should also investigate 

the application of the yeast-based biological agents against different spoilage moulds and on 

different fruits such as grapes, peaches, citrus and strawberries and on trees for pre-harvest and 

postharvest control of mould. Although the yeast are generally regarded as safe and occur 

naturally on different sources, it will be important to do biotoxicity test on these yeasts to 

cornfirm that they or their products are safe for human consumption. 
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Appendix 

TABLE S1 Yeasts used in this study.  

Yeast codes Species name Culture collection Source 

Y1 Rhodotorula dairenensis ARCa-Genebank Jaboticaba fruit 

Y2 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y3 Hanseniaspora uvarum  ARC-Genebank Jaboticaba fruit 

Y4 Unknown ARC-Genebank Jaboticaba fruit 

Y5 Saccharomyces uvarum ARC-Genebank Jaboticaba fruit 

Y6 Aureobasidium melanogenum ARC-Genebank Jaboticaba fruit 

Y7 Aureobasidium melanogenum ARC-Genebank Jaboticaba fruit 

Y8 Debaryomyces hansenii ARC-Genebank Jaboticaba fruit 

Y9 Unknown ARC-Genebank Jaboticaba fruit 

Y10 Saccharomyces uvarum ARC-Genebank Jaboticaba fruit 

Y11 Debaryomyces hansenii ARC-Genebank Jaboticaba fruit 

Y12 Rhodotorula dairenensis ARC-Genebank Jaboticaba fruit 

Y13 Hanseniaspora opuntiae ARC-Genebank Jaboticaba fruit 

Y14 Saccharomyces uvarum ARC-Genebank Jaboticaba fruit 

Y15 Hanseniaspora. uvarum ARC-Genebank Jaboticaba fruit 

Y16 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y17 Hanseniaspora occidentalis ARC-Genebank Jaboticaba fruit 

Y18 Debaryomyces hansenii  ARC-Genebank Jaboticaba fruit 

Y19 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y20 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y21 Debaryomyces hansenii ARC-Genebank Jaboticaba fruit 

Y22 Unknown ARC-Genebank Jaboticaba fruit 

Y23 Unknown ARC-Genebank Jaboticaba fruit 

Y24 Meyerozyma guilliermondii  ARC-Genebank Jaboticaba fruit 

Y25 Hanseniaspora. uvarum  ARC-Genebank Jaboticaba fruit 

Y26 Hanseniaspora. uvarum  ARC-Genebank Jaboticaba fruit 

Y27 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y28 Unknown ARC-Genebank Jaboticaba fruit 

Y29 Unknown ARC-Genebank Jaboticaba fruit 

Y30 Candida oleophila ARC-Genebank Jaboticaba fruit 

Y31 Candida oleophila  ARC-Genebank Jaboticaba fruit 

Y32 Candida oleophila ARC-Genebank Jaboticaba fruit 

Y33 Unknown ARC-Genebank Jaboticaba fruit 

Y34 Candida oleophila ARC-Genebank Jaboticaba fruit 

Y35 Rhodotorula dairenensis ARC-Genebank Jaboticaba fruit 

Y36 Candida oleophila ARC-Genebank Jaboticaba fruit 

Y37 Candida oleophila ARC-Genebank Jaboticaba fruit 

Y38 Hanseniaspora uvarum ARC-Genebank Jaboticaba fruit 

Y39 Meyerozyma guilliermondii ARC-Genebank Jaboticaba fruit 

Y40 Unknown ARC-Genebank Mobola plum 

Y42 Unknown ARC-Genebank Jaboticaba fruit 
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Y43 Hanseniaspora guilliermondii ARC-Genebank Marula pulp 

Y44 Unknown ARC-Genebank Marula pulp 

Y45 Zygosaccharomyces bailii ARC-Genebank Marula pulp 

Y46 Unknown ARC-Genebank Marula pulp 

Y47 Hanseniaspora opuntiae ARC-Genebank Marula pulp 

Y48 Unknown ARC-Genebank Marula pulp 

Y49 Unknown ARC-Genebank Marula pulp 

Y50 Candida stellimalicola ARC-Genebank Marula pulp 

Y51 Pichia kudriavzevii ARC-Genebank Marula pulp 

Y52 Unknown ARC-Genebank Marula pulp 

Y53 Rhodotorula dairenensis ARC-Genebank Marula pulp 

Y54 Hanseniaspora guilliermondii ARC-Genebank Marula pulp 

Y55 Pichia kudriavzevii  ARC-Genebank Marula pulp 

Y56 Pichia fermentans ARC-Genebank Marula pulp 

Y57 Hanseniaspora valbyensis ARC-Genebank Palm wine  

Y58 Saccharomyces cariocanus ARC-Genebank Palm wine 

Y59 Unknown ARC-Genebank Palm wine 

Y60 Pichia kluyveri ARC-Genebank Shiraz Fermentation 

Y61 Dekkera anomala ARC-Genebank Wine barrel 

Y62 Dekkera anomala ISAb 1653 Unknown 

Y63 Candida pyralidae ARC-Genebank Shiraz Fermentation 

Y64 Pichia kluyveri ARC-Genebank Shiraz Fermentation 

Y65 Meyerozyma guilliermondii  ARC-Genebank Grape must (Chardonnay) 

Y66 Dekkera bruxellensis ARC-Genebank Wine barrel 

Y67 Brettanomyces lambicus CBSc Unknown 

Y68 Unknown ARC-Genebank Palm wine 

Y69 Zygosaccharomyces bailii ARC-Genebank Chardonnay 

Y70 Lanchancea thermotolerans ARC-Genebank Chardonnay must 

Y71 Torulaspora delbrueckii ARC-Genebank Grape must,  

Y72 Metschnikowia pulcherrima ARC-Genebank Chardonnay 

Y73 Lanchancea thermotolerans CHR Hansen Unknown 

Y74 Torulaspora delbrueckii  ARC-Genebank Spontaneous Shiraz fermentation 

Y75 Saccharomyces cerevisiae ARC-Genebank Grapes 

Y76 Zygosaccharomyces bailii IGCd 4242 Unknown 

Y77 Brettanomyces. lambicus CBS 3093 Unknown 

Y78 Meyerozyma guilliermondii  ARC-Genebank Apple 

Y79 Pichia kluyveri ARC-Genebank Apple 

Y80 Zygoascus hellenicus ARC-Genebank Apple 

Y81 
Meyerozyma guilliermondii  

ARC-Genebank Apple 

Y82 Meyerozyma guilliermondii  ARC-Genebank Apple 

Y83 Brettanomyces lambicus ARC-Genebank Unknown 

Y84 Debaryomyces hansenii ARC-Genebank Mobola plum 

Y85 Pichia kluyveri ARC-Genebank Mobola plum 

Y87 Meyerozyma guilliermondii  ARC-Genebank Apple 

Y88 Meyerozyma guilliermondii  ARC-Genebank Apple 

Y89 Zygoascus helenicus ARC-Genebank Apple 
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Y90 Zygosaccharomyces bailii CBS 4689 Grape must 

Y91 Zygosaccharomyces rouxii CBS 731 Grape must 

Y92 Zygosaccharomyces rouxii CBS 681 Soya product 

Y93 Zygosaccharomyces microellipsoides CBS 2734 Unknown 

Y94 Zygosaccharomyces cidri CBS 2951 Cider 

Y95 Zygosaccharomyces florentinus CSIR H576 Unknown 

Y96 Zygosaccharomyces fermentati CBS 4506 Fruit fly 

Y97 Zygosaccharomyces bisporus CSIRe Y849 Soil 

Y98 Zygosaccharomyces bisporus CBS 702 Unknown 

Y99 Brettanomyces bruxellensis ARC-Genebank Wine barrel 

Y100 Brettanomyces bruxellensis ARC-Genebank Wine barrel 

Y101 Brettanomyces lambicus CBS 2910 Unknown 

Y102 Candida magnoliae ARC-Genebank Shiraz 

Y103 Unknown ARC-Genebank Spontaneous Shiraz fermentations 

Y104 Saccharromyces cerevisiae ARC-Genebank Apples 

Y105 Meyerozyma guilliermondii  ARC-Genebank Apples 
 

aARC-Agricultural Research Council  

bISA-Instituto Superior de Agronomia 

cCBS-Centraal Bureau voor Schimmelcultures  

dIGC-Gulbenkian Institute of Science 

eCSIR-Council for Scientific and Industrial Research 

 


