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Introduction 

Fruits are being devoured and acknowledged by more 

individuals due to their unique taste and flavor, high nutritional 

content and effects on human health (1). It is rich in a variety of a 

range of vitamins like A, B1 B2, B6, C and folate and minerals 

such as calcium, iron, magnesium, iodine, manganese, selenium, 

etc which reduces malnutrition in the growing population (2). A 

study by World Health Organization (WHO) proclaims that 

including fruit in our diet is linked to have a healthy lifestyle. Over 

the past ten years, there has been a steady increase in fruit 

production worldwide. In 2019, the estimated global fruit output 

was 883.4 metric tons (MT), with Asia producing 512.6 MT, or 58.0 

% of the total. China leads the world in fruit production, followed 

by United States, Mexico, Brazil, and India (3). In 2023-2024 the 

production of fruits in India reached 112978000.02 metric tonnes, 

with an area of 7138000 ha under fruit crop cultivation. The 

highest productivity was recorded in Uttar Pradesh (23.50 million 

tonnes per ha) followed by Tamil Nadu (22.67 million tonnes per 

ha) (Ministry of Agriculture and Farmers Welfare, Govt of India, 

2024). However, owing to the postharvest losses, which are 

mainly triggered due to storage conditions and physiology of the 

products, multiple studies have indicated that between 30 % and 

50 % of horticulture products never reach the final customers (4). 

Reducing or eliminating these losses would lessen the demand 

for horticulture output, which would ease the strain on the 

environment. In horticulture production, where natural resource 

availability has been declining while human population growth 

continues, this is essential for maintaining sustainability. 

 Postharvest diseases comprise the primary contributor to 

postharvest losses. Fungal pathogen-induced postharvest 

illnesses provide serious problems for the fruit sector, resulting in 

large financial losses between 10 % and 50 % and jeopardizing 

food security. They present a serious challenge to disease control 

due to their high genetic flexibility and diversity, which allow 

them to swiftly infiltrate new hosts, disrupt gene-mediated 

resistance, and even develop fungicide resistance (5). The most 

destructive pathogens affecting after harvesting in fruits are 

Penicillium digitatum, P. italicum which is the incitant of green 

and blue mold in citrus, stone and pome fruits, followed by 

Botrytis cinerea which causes grey mold in grapes and berries; 

Alternaria spp which causes rot in pome fruits and stone fruits, 

Colletotrichum spp. which causes anthracnose and rot in many 

tropical fruits and Monilia fructiocola in temperate fruits (6). Apart 

from quality deterioration and financial losses, fruits infected 

with fungal pathogens like Aspergillus, Pencillium, Fusarium, etc 

pose an imminent health concern due to the production of 

potential mycotoxins, which underscores the need for effective 
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Abstract  

Phytopathogen-induced postharvest fruit diseases can result in losses of up to 50 % of the world’s total production. The impact on the use 
of conventional synthetic fungicides on human health and eco-toxicological risk has raised concern all over the world and strategies have 

been made to limit their use in disease management. The development of various antagonistic microbes as potential bio-control agents 

has increased due to the need for sustainable agriculture and climate change arising globally. Yeast, a unicellular fungus, is a good 
substitute for synthetic chemicals and it could grow in various ecological niches. Commercially, yeast and its products are used in the food 

industry, medicine, and biotechnological research, but it can also provide a range of bio-controlling and growth-promoting properties for 

plants. Yeast is harnessed as a biocontrol agent as they are known for host surface colonization, host resistance induction, production of 

antifungal compounds, no production of toxic antibiotics as other antagonists and is considered safe for the final food product. Hence, 
they are extensively harnessed as a potential antagonist in efficiently managing the post-harvest diseases of fruit throughout the world. 

Their application to fruit postharvest diseases enables a sustainable substitute for synthetic fungicides, enhancing food safety and 

prolonging shelf life. This review article focuses on the mode of action and their role in post-harvest protection of fruits. 
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control.  Fungicides, together with cold chain management 

practices like packaging, cold storage, and hygiene, have long 

been the most crucial tools in the fight against postharvest 

infections. However, these existing disease management 

strategies have been curtailed due to (i) pathogen resistance to 

numerous fungicides; (ii) the emergence of novel pathogen 

biotypes; (iii) the absence of efficient substitute fungicides; (iv) 

rising fungicide residue levels in agricultural products; (v) 

toxicological issues pertaining to human health and (vi) adverse 

environmental effects (7). As a result, people became more 

conscious of agrochemicals worldwide and scientists focused on 

developing more environmentally and humanely friendly 

alternatives. 

 Yeast is a unicellular eukaryotic fungus, which has been 

widely exploited in the food and brewing industries. Yeasts 

reproduce by budding or fission asexually and sexual 

reproduction is not known. They also contribute to the 

production of biofuel (8). Saccharomyces cerevisiae, the first 

genetically manipulated eukaryote, is widely used for decades in 

various industries for wine, beer, and bread production (9). 

However, many species of yeast remain largely unexplored for 

their potential benefits in basic research and industries. 

 Both generatively (sexually) and vegetatively (asexually) 
yeast can reproduce. Budding, the earliest type of asexual 

reproduction in yeast, depends on favorable environmental 

factors including temperature and food availability. This kind of 

procreation is a feature of Rhodotorula, Pichia, Saccharomyces and 

Candida. The daughter cells, or buds, are smaller versions of the 

parent cells. Cells may merge to create a pseudomycelium, like in 

the genus Candida, or they split off from their parent cell to 

become a new individual. Another mode of asexual reproduction 

is fission where the size of daughter cell and parent cell is the same. 

Yeasts sporulate when they are under stress, such as when they are 

not getting enough nutrition (10). Pathogenic fungi multiply very 

quickly, known to have a short generation time and since they are 

target specific, the use of fungal antagonists has significantly 

increased (11). Yeast is an excellent antagonist against plant 

pathogens because it satisfies all the requirements for an effective 

antagonist, including the ability to quickly colonize plant surfaces, 

the capacity to use a variety of component sources and the ability 

to withstand and grow in a broad range of temperature. Also, they 

do not produce any detrimental metabolites and absence of 

detrimental effects on the finished food product. While many 

yeasts are beneficial and have been explored for their biocontrol 

potential, some species, such as those belonging to the Candida 

genus, are also known to act as opportunistic human pathogens 

(12). This dual nature underscores the importance of careful 

selection and risk assessment when considering yeasts for 

postharvest applications. 

Major post-harvest pathogens and associated losses 

Penicillium spp. 

Penicillium digitatum causes fruit to rot in citrus fruits. According 

to reports, P. digitatum is responsible for 90 % of the citrus 

sectors’ overall post-harvest losses (13). Fungal infections are the 

primary cause of postharvest loss in citrus fruit during storage 

and transit. Penicillium digitatum, which causes green mold, is 

the most common pathogen globally, followed by Penicillium 

italicum (14). One of the most hazardous postharvest pathogens 

is P. digitatum, which can cause significant harm to commercial 

and citriculture initiatives. It has been determined that P. 

digitatum accounts for up to 90 % of all postharvest losses in 

citrus fruit cultivation in tropical sub climate and desert zones 

(15). A survey was conducted on post-harvest Penicillium mold 

infection on sweet oranges in Tamil Nadu in 2015-16. The results 

showed that, for locally grown fruits, losses from Penicillium 

mold were 6 % at the wholesale market, 24 % at the retail level, 

20 % at the farmers market, and 2 % at the consumer level. In the 

rainy season, the percentage increased to 50% (16). 

Botrytis cinerea 

Necrotrophic fungus Botrytis cinerea is known worldwide which 

incites the disease grey mold in many fruits and is known to 

produce toxins. They degrade the quality of the fruit and result in 

significant yield losses (17). It is also challenging to combat 

because of its broad host range, multiple assault mechanisms, 

high genetic diversity, and adaptive stages that allow it to survive 

in hostile conditions (18). The main pathogen of harvested 

strawberries is B. cinerea, which causes large financial losses. If 

precautions are not followed, B. cinerea will damage over 80 % of 

strawberry fruits and blossoms (13). 

Colletotrichum spp. 

Anthracnose disease incited by Colletotrichum gloeosporioides 

significantly lowers fruit quality and commercialization; it results in 

post-harvest losses of roughly 35-40 % and is a serious post-

harvest disease of mangoes (19). Over 50 % of disease-related 

damages in fruits and vegetables during the post-harvest period 

are caused by Colletotrichum species, such as C. gloeosporioides. In 

rainy conditions, the incidence of anthracnose in mango fruit 

approaches 100 % (20). Fungi-related postharvest losses in papaya 

fruit can range from 50 % to 100 %. Of these, anthracnose is by far 

the most serious papaya disease (21). A significant obstacle to the 

marketing of fruit meant for both local and international markets is 

banana anthracnose, which is caused by C. musae. It results in 

crown and finger rots, as well as lesions on the fruit peel when it 

ripens. It has a major negative impact on fruit quality and causes 

large economic losses in many tropical regions (22). 

Lasiodiplodia spp. 

One of the potentially significant plant pathogen, Lasiodiplodia 

theobromae (Syn. Botrydiplodia theobromae), is known to cause 

significant post-harvest losses in a variety of crops that are grown 

on more than 500 hosts (23). One of the most harmful postharvest 

diseases affecting several tropical and subtropical fruits is stem-

end rot (SER). Numerous fungal pathogens, such as species of 

Botryosphaeriaceae, are responsible for the postharvest diseases 

(24). Mango postharvest disease causes significant losses and 

lower fruit quality, rendering the fruit entirely unmarketable. One 

of the most significant diseases affecting mangoes, SER poses a 

serious risk to the sector and results in financial losses (25).  

Aspergillus spp. 

Aspergillus species complex has been linked to postharvest 
degradation of many fresh fruits and vegetables, according to 

multiple authors, even though Aspergillus’ primary substrate is 

soil. These fungi are among the most prevalent ones that cause 

food spoilage (26). It has been reported that Aspergillus niger 

produces a large range of hazardous metabolites, one of which 

being ochratoxins, a class of secondary metabolites that may 

cause cancer in humans (27). Other significant post-harvest 
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pathogens include Phomopsis, Stilbella cinnabarina, Erwinia 

carotovora, Verticillium spp., Acremonium spp., Alternaria spp., 

Monilinia spp., Cladosporium spp., etc. 

Role of yeast in post-harvest protection 

Fruits constitute a major part of human dietary consumption as 
they include a plethora of vital elements that are good for the 

body. But pathogen infections, mostly from fungi such as 

Aspergillus, Penicillium, Alternaria, Botrytis, Fusarium, 

Geotrichum, Gloeosporium and Monilinia can cause these 

nutrient-dense crops to lose a significant amount of their quality 

and cause losses (28). Because pathogenic fungi produce 

mycotoxins, postharvest diseases of fruits can also pose a health 

risk to humans (29). Since Bacillus subtilis was initially used to 

fight citrus fruit diseases, the capacity of microorganisms to bio-

control postharvest degradation has garnered a lot of interest 

(30). Recently, more than 12 genera of yeasts have shown 

exhibited antagonistic activity to control various post-harvest 

diseases infection in fruits (31) (Fig. 1). 

Antagonistic activity of yeast on post-harvest pathogens  

Penicillium spp. 

Members of the genus Penicillium comprises of many post-

harvest fungi which infect large numbers of fruits and affect their 

fruit quality, appearance and shelf life. It is known to produce 

mycotoxins such as patulin and citrinin. In citrus, P. italicum and 

P. digitatum, which cause blue mold and grey mold gained 

momentum using yeast as a biological control which led to the 

commercialization of the yeast strain C. oleophila under the trade 

name of Aspire (32). But recently, killer yeast Clavispora lusitaniae 

was reported to have vigorous antagonistic activity against green 

mold of citrus, P. digitatum, than that of the commercial product 

which contains C. oleophila. This strain is also compatible with 

minor doses of fungicides (33).  

 In a set of in vitro antibiosis tests, the strain of 

Aureobasidium spp. was evaluated for its ability to inhibit P. 

expansum and patulin synthesis. Both volatile and non-volatile 

metabolites slowed P. expansum growth by 50 % on average. The 

concentration of 1×108 cells/mL, was found to be most effective 

and totally suppressed the symptoms of apple fruits blue mold. On 

“Golden Delicious” and “Fuji” apples, Aureobasidium strain UC14 

decreased patulin by 98.1 % and 96.2 % with respect to the 

control, demonstrating good efficacy as a good antagonist (34). 

Wickerhamomyces anomalus, counteracts the proliferation of P. 

digitatum by producing lytic enzymes and killer toxins (35). When 

compared to the control in-vivo, W. anomalus dramatically lowers 

the disease incidence and lesion diameter of blue mold on pears. 

When W. anomalus was utilized to treat P. expansum of pears, the 

disease incidence decreased from 5.56 % to 100 % in the control 

group.  

Lasiodiplodia theobromae 

Lasiodiplodia theobromae is the cause behind one of the most 

significant post-harvest diseases affecting mangos fruit rot. 

Cryptococcus albidus, Pichia guilliermondii and Debaryomyces 

hansenii had shown good efficacy against L. theobromae (36). 

The yeast species Talaromyces tratensis has shown the capacity 

to manage stem end rot caused by L. theobromae on the 

Thailand mango cultivars Nam Dok Mai. Mango cultivars treated 

with T. tratensis spore suspension at 106 spores/mL shown a 

noteworthy (P<0.05) reduction in lesion development, reaching 

up to 85 % and 77 %, respectively (37). 

 Not only the conventional yeast species but also many 

marine yeasts have the potential to control post-harvest diseases 

of mango such as anthracnose and stem rot. Meyerozyma 

guilliermondii and Pichia kudriavzevii showed the strongest 

suppression of mycelial development along the radial direction. 

According to in vivo experiments, P. kudriavzevii decreased the 

severity of stem-end rot by 61 ± 3 %, while M. guilliermondii 

reduced the severity of anthracnose disease by 71 ± 3 % (38).  

Colletotrichum spp. 

The anthracnose pathogen causes high yield loss in both field and 

 

Fig. 1. Major yeast antagonists used for management of post-harvest fungal pathogens of fruits. (This image was generated using Bio-render). 
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storage conditions in many fruits and are attacked by the 

pathogen in the field, in cold storage, and during long-distance 

transportation, which reduces their shelf life (39). The ability of the 

pathogen to cause latent infection makes it difficult to identify the 

disease while harvest. Fungal growth inhibition and germination of 

spores, the bio-control mechanism of antagonistic yeast strains 

was studied in papaya. Based on the molecular characterization, 

Trichosporon asahii was found to be the best strain against 

Colletotrichum (40). Mango is severely affected by anthracnose 

which reduces its fruit quality, yield and affects export. The 

antagonistic activity of yeast has proven to be excellent when 

supplied with various chemical treatments in mango. Applications 

of salicylic acid (SA) (50 mg/L) or calcium chloride (CaCl2) solution 

(1.0 g/L) and M. pulcherrima (1.0×108 cfu/mL) yeast inhibited the 

growth of the C. gloeosporioides in mango. Nevertheless, it 

reduced the decay index and inhibited the softening of the fruit 

(41). In banana, anthracnose was found to be controlled by the 

treatment of S. cerevisiae and Candida tropicalis (42).  

 Botrytis cinerea 

Raisins, wine and table grapes are affected by phytopathogenic 

fungi like Penicillium, Botrytis and Aspergillus during the post-

harvest stages. It is a necrotroph, with filamentous fungus and 

causes high degrees of postharvest losses since it is ubiquitous in 

nature. Mycotoxin, botcinic acid is produced by the pathogen 

during infection. Pichia membranifaciens, P. anomala and 

Debaryomyces hansenii has the most significant antagonistic 

activity against Botrytis strains. In some yeasts, or their toxins, 

like the deadly toxin P. membranifaciens CYC 1106, may be useful 

as novel agents to manage B. cinerea (43). Calcium ascorbate 

enhance P. kudriavzevii’s environmental adaptation and, 

consequently, the bio-control impact in cherry tomato trials 

conducted against B. cinerea has been shown in the study (44). 

The study investigated potential processes and the impact of 

calcium ascorbate on Pichia kudriavzevii’s bio-control efficacy. 

The findings showed that 0.15 g/L of Ca ascorbate greatly 

increased the bio-control activity of P. kudriavzevii, leading to 

higher rates of yeast cell growth both in vitro and in vivo. Ca 

ascorbate increased the activity of antioxidant enzymes in P. 

kudriavzevii, such as peroxidase, catalase and superoxide 

dismutase which peaked at 48, 96 and 72 hr, respectively.  

 Aspergillus spp. 

The study investigated biological control of Aspergillus flavus by 

few yeast strains of Aureobasidium pullulans on tomato fruit in 

vitro (45). The results showed that the two most efficient strains 

were A. pullulans PP4 and A. pullulans ZD1. ZD1 and PP4 strains 

suppressed spore germination by 68.97 % and 79.66 %, 

respectively, and reduced mycelial development by 53.61 % and 

63.05 % in vitro conditions. Furthermore, the production of 

chitinases and glucanases by both strains was verified as their 

mechanism of action. The effectiveness of Meyerozyma caribbica 

pretreatment with phytic acid (PA) in reducing sour rot in table 

grapes by regulating the formation of reactive oxygen species 

(ROS) to evaluate the biocontrol of this mycotoxigenic fungus 

has been examined (46). The most effective method for 

minimizing sour decay in grape berries was to pretreat M. 

caribbica with 10 μmol/mL PA (YE). This was demonstrated by an 

81 % decrease in disease incidence and a 1.5 mm lesion diameter 

by the third day. 

 The efficiency of M. caribbica isolated from soils was 

tested against Aspergillus ochraceus. M. caribbica showed 

remarkable resilience in harsh conditions and was able to clearly 

prevent A. ochraceus from growing and producing ochratoxin A 

(OTA) by destroying mycelium and suppressing the expression of 

genes necessary for OTA synthesis. Furthermore, the incidence of 

disease was decreased in grapes infected with A. ochraceus by 

both M. caribbica and the volatile organic compounds (VOCs) it 

produced (47). Yeast strains show excellent results when two 

compatible yeasts are mixed. The mixing enables compatible 

yeasts to improve their viability and effectiveness in controlling 

the radial growth of fungi in in vitro assays and on stored lemon 

fruits (48). The combination of M. guilliermondii and Pseudozyma 

sp. was found the best effective for citrus. Combined applications 

of yeast were also found effective in mandarin. Hansenia 

sporauvarum, Meyerozyma guilliermondii and Metschnikowia 

pulcherrima isolates exhibited antagonistic activity alone and in 

combinations. Yeast cultures alone showed 73.85-80.64 % 

reduction in the mycelial growth of green mold in vitro, whereas 

combinations showed 78.40-83.18 % reduction (49). Some of the 

major yeast species involved in biocontrol of post-harvest 

diseases of fruits are given in Table 1.  

Mechanism of action  

Yeast as an antagonist can outcompete the phytopathogens 

through various mechanisms. A more thorough description of 

the impact of yeasts on plants and their diseases is lacking 

compared to other microbes such filamentous fungi or bacteria. 

They have favorable effects on agricultural plant development 

and protection both directly and indirectly. They exert beneficial 

effects on plants such as bio-stimulants and biopesticides, 

preventing the development and after effect of pathogens. It is 

essential to comprehend the mechanisms underlying yeasts’ 

interactions with plants and plant diseases to effectively use 

them as plant-protection agents. These antagonists mostly use 

the following mechanisms: mycoparasitism, toxin generation, 

promotion of host resistance, release of volatile antifungal 

chemicals, competition for nutrients and space and usage of cell 

wall lytic enzymes and biofilm formation (Fig. 2). 

Nutrient competition  

This is the major and most crucial mode of action used by yeast 

during its action (48). The most important and common 

mechanism is competition for nutrients, space and oxygen. 

Fruits that have been harvested after harvesting can sustain 

physical harm that could serve as a gateway for bacteria that 

cause spoilage. Yeast species during competition can occupy 

infected areas, compete with the pathogenic fungi for resources 

and decrease the nutrient availability at the injury site and finally 

restrict the germination, growth and infection of spores (70). 

Competition is used for preventing most of the post-harvest 

fungal pathogens, as they compete for carbohydrates, nitrogen 

and oxygen. Yeast, due to its high surface colonization capacity, 

can primarily initiate growth in wounds. Carbon and nitrogen are 

the nutrients necessary for survival and proliferation of 

pathogens, and yeast is known to deplete these vital nutrients 

from the surface of the host fruits (72). Competition is more 

prominent when the yeast is present in sufficient concentration 

at the right time and injury site and has the capability to make 

use of limited resources more quickly and effectively than the 
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Fruit crop Target pathogen Antagonistic yeast References 

Citrus Pencillium digitatum Schwanniomyces vanrijiae (50) 

    Pichia galeiformis (51) 

  Aspergillus flavus Candida orthopsilosis (52) 

Orange Aspergillus niger 
Aureobasidium pullulans 

Rhodoturula minuta 
Candida tropicalis 

(53) 

  
Penicillium digitatum 

Pencillium italicum 
Saccharomyces cerevisiae (54) 

    Meyerozyma guilliermondii (55) 

Apple Pencillium digitatum Candida saitoana (56) 

  Aspergillus niger Debaryomyces hansenii (57) 

Mango C. gloeosporioides Torulaspora indica, Pseudozyma hubeiensis (58) 

  Lasiodiplodia theobromae Saccharomyces cerevisiae ESA45, ESA46, ESA 47 Pichia kudriavzevii (59) 

Banana Colletotrichum musae Saccharomyces cerevisiae Candida tropicalis (60) 

Papaya Colletotrichum gloeosporioides Meyerozyma guilliermondii (61) 

    Wickerhamomyces anomalus (61) 

Grapes Botrytis cinerea 
Saccharomyces pastorianus 

Torulaspora delbruecki 
(62) 

  
Aspergillus uvarum 

Aspergillus aculeatus 

Saccharomyces cerevisiae Wickerhamomyces anomalus 
Rhodosporidium paludigenum, 

Rhodosporidium fluviale 
(63) 

Strawberry Botrytis cinerea Aureobasidium sp. Saccharomyces cerevisiae Candida stellimalicola (64) 

Blueberry Botrytis cinerea Debaryomyces hansenii (65) 

kiwi Botrytis cinerea Candida oleophila (66) 

Avocado Colletotrichum acutatum Meyerozyma caribbica (67) 

Litchi Lasiodiplodia theobromae 
Candida tropicalis 

Saccharomyces cerevisiae 
(60) 

Loqua Colletotrichum gloeosporioides Saturnispora diversa (68) 

Jujube Pencillium itallicum Debaryomyces nepalensis (69) 

Table 1. Yeast species involved in bio-control of post-harvest diseases of fruits 

Fig. 2. The mechanism of action of yeast antagonists. (This image was generated using Bio-render). 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/wickerhamomyces-anomalus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhodosporidium
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhodosporidium
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pathogen (73). 

Synthesis of siderophores  

Iron is a biologically important element and is vital for the 

proliferation of all microbes. In nature, many microorganisms 

can produce siderophores, which are nothing but the relatively 

less molecular weight compounds which have strong attraction 

towards iron (74). These microorganisms play a major role in the 

prevention of disease and can be exploited as biological control 

by exhibiting iron competition with pathogens that produce 

relatively low quantities of siderophores with less iron affinity 

(75). Metschnikowia yeast strains employ this mechanism widely. 

The iron chelators produced by Metschnikowia pulcherrima 

efficiently impede the growth of infections by sequestering the 

necessary iron resources they require. 

 The mechanism of iron competition against B. cinerea in 
grapes was explained in M. pulcherrima. Researchers evaluated 

strains of S. cerevisiae, Wickerhamomyces anomalus, M. 

pulcherrima and Aureobasidium pullulans as bio-control agents 

(BCAs) against B. cinerea, a mold causing fungi as post-harvest 

disease in grapes. The biggest inhibitory halos indicated that the 

killer strains of W. anomalus and S. cerevisiae had the maximum 

antagonistic activity. The abilities to produce biofilm, compete 

for iron, and colonize fruit wounds have all been proposed as M. 

pulcherrima’s primary modes of action. 

Production of hydrolytic enzymes  

Parasitism is when the biocontrol agent feeds on the pathogen, 

which results in the entire devastation of pathogen vegetative 

structures (73). Most of the parasitism is associated with the 

production of certain enzymes. These enzymes are relevant as 

they can act on the fungal cell wall which causes lysis and death 

(76). The predominant component of cell wall of fungi is made up 

of chitin and β-1,3-glucan. Filamentous fungi contain more than 

20 % of chitin. Fungal cell wall also contains some glycoproteins 

(20-30 %).  

Chitinases 

Chitinases can break down chitin, unbranched homopolymer of 

N-acetyl glucosamine, linked by beta-1,4 linkages (77). They are 

hydrolyzed by exo-chitinase or endo-chitinases. Exo-chitinases 

can cleave NAG residues from the one end and endo-chitinase 

cleaves beta-linkages randomly in the long chain of polymer (78). 

Monilinia fructicola possesses chitinase activity and the chitinase 

gene MfChi was found to be highly induced in the presence of cell 

wall of M. fructicola, hence MfChi plays a role in the antagonistic 

activity of the yeast (79). 

Glucanases 

The β-1,3-glucanase generated by Pichia membranifaciens, induces 

coagulation and cytoplasm leakage in B. cinerea hyphae (80). When 

the culture medium is supplemented with β-glucan at several doses 

to assess its impact on marine yeast Scheffersomyeces spartinae W9, 

the results showed that 0.1 % β-glucan may boost its bio-control 

ability against B. cinerea in strawberries as well as in vitro. It was 

discovered that including 0.1 % β-glucan into the culture medium 

facilitated the development of S. spartinae W9 in strawberry 

wounds, improved the capacity to form biofilms, and increased the 

amount of β-1,3-glucanase produced (81). 

Bio-film formation 

The antagonistic yeast strains are known to produce biofilms 

which are embedded in a matrix of nucleic acids, hydrated 

proteins, etc. Because of this ability, yeasts can adhere, 

colonize, and multiply on both intact and wound sites of fruits 

(82). Quorum sensing is often observed in the biofilm growth of 

yeasts (69). It was proved that carboxymethyl chitosan 

promotes biofilm formation of Cryptococcus laurentii to 

improve bio-control efficacy against P. expansum.  In 

postharvest grapefruit, the synergistic efficacy of the yeast C. 

laurentii cultivated with carboxymethyl chitosan (CMCS) at 

several doses was investigated for the purpose of suppressing 

P. expansum and investigating the biofilm formation process. 

The findings show that C. laurentii treated with 0.5 % (w/v) 

CMCS for 72 hr was able to considerably elevate the biocontrol 

efficiency of P. expansum conidia by suppressing hyphal 

growth and germination of conidia in vitro on grapefruit (83). 

 The bio-control ability of Torulaspora indica DMKU-

RP31, DMKU-RP35 and Pseudozyma hubeiensis YE-21 yeast 

strains in vitro were found to be due to bio-film formation 

along with siderophore and VOC production. These 

antagonists were effective against L. theobromae infection 

in mangoes (58). The mechanism of action of native yeast 

 

Fig. 3. Phases of Saccharomyces cerevisiae biofilm formation. (This image was generated using Bio-render). 
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Clavispora lusitaniae AgL21, was investigated along with 

other strains against green mold of lemon incited by 

Penicillium digitatum and the results showed that the 

strain has ability to form biofilms and colonize lemon 

wounds (84). The phases of biofilm formation in 

Saccharomyces cerevisiae are given in Fig. 3. 

Production of volatile organic compounds (VOCs) 

When compared with other mechanisms, VOCs have gathered 

relatively less focus. Volatile organic compounds produced by 

yeast include wide range of aldehydes, ketones, esters, lactones, 

cyclohexanes, terpenes, etc (85). The biocontrol potential of 

VOCs produced by different yeast strains like P. kudriavzevii, P. 

occidentalis, Issatchenkia orientalis and M. quilliermondii/M. 

caribbica was demonstrated in grapes against mold fungi such 

as Fusarium sp., Mucor sp., Botrytis sp., Aspergillus and Penicillium 

sp. (86). Yeasts isolated from figs were detected to produce 

volatile organic compounds through screening. It was found that 

VOCs emitted by Hansenia sporauvarum had potential in the 

control of B. cinerea infection in fruits.  

 Using gas chromatography-mass spectrometry, a study 

was carried out to identify volatile organic compounds, or volatiles, 

produced by Metschnikowia pulcherrima T 2. It also sought to 

ascertain the effectiveness of Metschnikowia pulcherrima’s 

volatiles in preventing B. cinerea’s conidial germination and 

mycelial growth, as well as controlling the disease that causes 

blueberry fruit rot. The findings demonstrated that two 

compounds, 1,3,5,7-cyclooctatetraene and 3-methyl-1-butanol, 

were among the 49 volatiles (esters, alcohols, alkenes, alkanes, 

alkynes, organic acids, ketones and aldehydes) that were 

discovered from Metschnikowia pulcherrima cultures capable of 

inhibiting growth of B. cinerea (87). The mechanism of action of 

some widely exploited yeasts is given in Table 2. 

Yeast based formulations in the market 

A wide range of yeast-based products are available on the 

market, specifically designed to manage post-harvest diseases. 

Commercial formulations of yeast have gained momentum in 

various parts of the world, due to its effectiveness and eco-

friendly nature. These commercial formulations contain yeast 

species with antagonistic activity such as Saccharomyces 

cerevisiae, Pichia spp., Candida spp., etc in their live form. These 

are available as powder formulations, liquid concentrates or 

even ready to use formulations which make it easier on fruits. 

Table 2. Mechanism of action of some widely exploited yeasts 

Mode of action Yeast species Origin Target pathogen References 

Competition for nutrients 
and space 

Candida stellimalicola ACBL-07 Citrus leaves Penicillium italicum (88) 

  Debaryomyces nepalensis Soil of unsprayed 
mango orchards 

Colletotrichum 
gloeosporioides 

(89) 

Biofilm formation 
Candida oleophila L12, 

Debaryomyces hansenii L16 
Fruits of several citrus 

varieties NA (90) 

  Metschnikowia aff. fructicola 1-UDM 
Green grapes 

blackberry   (91) 

Volatile organic 
compounds (VOCs) 

Wickerhamomyces anomalus BS91 Naturally fermented 
olive brine 

Monilinia fructigena, Monilinia 
fructicola 

(92) 

  Galactomyces geotrichum JYC549 Cherry tomato Fusarium proliferatum (93) 

Killer toxin Candida stellimalicola ACBL-07 Citrus leaves Penicillium italicum (88) 

Secretion of lytic enzyme  Aureobasidium pullulans GE17, Meyerozyma 
guilliermondii KL3 

Golden Delicious 
apple 

NA (94) 

Mycoparasitism Pichia kudriavzevii S2C, Yarrowia lipolytica S4A kimchi Penicillium digitatum   

Table 3. Yeast based commercial formulations 

Antagonist Product Pathogen Use Manufacturer References 

Candida oleophila I-182 Aspire Penicillium, Botrytis Citrus, apple, pear Ecogen Inc. USA (96) 

Aureobasidium pullulans Boni protect 
Botrytis cinerea 

Penicillium expansum 
Monilinia fructigena 

Pome fruits BioFerm GMbH, 
Germany 

  
 (96) 

Cryptococcus albidus YieldPlus   Fungicide on 
vegetables and fruit 

Anchor Bio-
Technologies, Cape 
Town, South Africa 

(97) 

Candida oleophila strain O Nexy Pencilllium Apple, pear, banana BioNext sprl, France (97) 

A. pullulans Blossom 
Protect 

E. amylovora 
B. cinerea 

Soft fruits Strawberry 
Stone fruits Table/

wine grapes 
- (10) 

A. pullulans Botector Botrytis cinerea Pear, apple, grapes - (10) 

M. fructicola Noli Botrytis cinerea 
Wine grapes, 

strawberry - (10) 

S. cerevisiae 
(cell walls) 

Romeo Erysiphales 
Tomato, cucumber, 

strawberry 
- (10) 

Candida sake Candifruit 
Penicillium expansum 

Botrytis cinerea Rhizopus 
stolonifer 

Pome fruits Sipcam-Inaagri, SA 
(Valencia, Spain) 

(71) 
 

Metschniowia fructicola Shemer 
Aspergillus niger 

Botrytis cinerea Rhizopus 
stolonifer 

Grape, 
Strawberry, 

peach, citrus 

Bayer Cropscience, 
Israel 

(96) 
 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hanseniaspora-uvarum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/botryotinia-fuckeliana
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Some of the commercial yeast-based formulations are listed in 

Table 3. 

 

 

 

Conclusion  

Post-harvest diseases affect fruit quality, shelf-life and 
marketability, causing major financial losses worldwide. As 

concerns grow about toxicity, environmental impact, and 

resistance linked to synthetic fungicides, the search for safer, 

sustainable alternatives has intensified. Yeast delivers to be an 

effective replacement for the well-established chemical 

approaches towards the management of postharvest diseases 

of fruits. A wide range of yeast strains serve as beneficial bio-

control agents that can inhibit a wide range of pathogenic 

microorganisms on fruits which tends to be a major threat that 

reduces shelf-life, questioning palatability. The successful 

application of yeast in post-harvest disease management could 

culminate in safer, environmentally sound food systems while 

research remains in progress to discover the most promising 

yeast species and how to exploit them commercially and solve 

constraints with large-scale production, formulation stability, 

regulatory approval and performance consistency under 

various storage conditions to go from experimental success to 

commercial application.  
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