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Antagonistic yeasts (also known as biocontrol yeasts) are promising substitutes for chemical fungicides in the
control of postharvest decay owing to their widespread distribution, antagonistic ability, environmentally friendly

nature, and safety for humans.

yeast biological control postharvest decay fruit

| 1. Introduction

Fungi are the main cause of postharvest spoilage. Fruit rot can be induced by wound generated during harvesting,
packaging, storage, and transportation, as well as the favorable growth conditions for pathogens (e.g., high water
and nutrient content, low pH, and decreased resistance after harvest)ll. During the process of infection, many
fungi produce mycotoxins, which may enter the food chain via fresh and processed fruit products and then
endanger human health. For example, Penicillium expansum, which causes blue mold in many fruits, leads to not
only fruit decay but also the contamination of patulin, a teratogenic, carcinogenic, and immunotoxic mycotoxin 2.
Chemical fungicides have long been used to control postharvest decay. However, overdependence on traditional
chemical fungicides has resulted in a variety of problems, such as fungicide residues, environmental pollution, and
increased pathogen resistance to fungicides. Therefore, identifying safe and effective approaches to control

postharvest fungal disease is urgent.

Since Gutter and Littauer first reported the use of Bacillus subtilis to combat citrus fruit pathogens in 1953, the
biocontrol capability of microorganisms against postharvest decay has attracted widespread attention2l4l, Among
the various microbial antagonists, yeast and yeast-like fungi occupy an important position as they are
environmentally friendly, exhibit good biocontrol efficacy against pathogens, possess adequate stress tolerance,
and can potentially be genetically improved; additionally, there is a well-developed system for culturing,
fermentation, storage, and handling of these antagonistic yeasts®. Moreover, yeasts have been used in food and
beverage production for thousands of years and currently play an important role in the food industry. Thus, the
utilization of yeasts is generally considered safe, and easily acceptable by market. With the great properties and
application superiority, antagonistic yeasts are considered as a promising alternate to synthetic chemical
fungicides48, Over the past few decades, great progresses have been made in biological control based on
antagonistic yeasts, including strain isolation and screening, mode of action, improvement of biocontrol efficacy,
and formulation. Particularly, several antagonistic yeasts with excellent biocontrol performance have been

developed and registered as commercial products.
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| 2. Features of Antagonistic Yeasts

Yeasts are a group of eukaryotic fungi, most of which are unicellular and reproduce by buddinglZ. There are also a
variety of phylogenetically different groups of yeast-like fungi, such as Aureobasidium pullulans. Antagonistic
yeasts (also known as biocontrol yeasts) refers to yeast or yeast-like fungi that can inhibit or interfere with the
growth, development, reproduction, or activity of phytopathogens. Wilson and Wisniewski summarized the criteria
for the selection of ideal biocontrol agents in 1989El. With the extensive research on antagonistic yeasts, the
screening criteria for antagonistic yeasts have gradually improved [9]. An ideal antagonistic yeast should be
genetically stable, have simple nutrient requirements, be effective in adverse environmental conditions and at low
concentrations, and be effective against multiple fungal pathogens on various fruitsil4l, Moreover, an antagonistic
yeast should have favorable commercial potential: It should be able to grow on an inexpensive growth medium, be
easy to store and dispense, and be compatible with other physical and chemical treatments (e.g., controlled
atmosphere, low/high temperature, chemical fungicides/pesticides, and phytohormonesl8l. As for biosafety, a
desirable antagonistic yeast would be environmentally friendly, have no pathogenicity regarding the host fruits,

produce no metabolites that are harmful to humans, and be unable to cause infection in humans!(8l,

The isolation and screening process is the first step in the development of a biocontrol agent. Most antagonistic
yeasts were isolated directly from fruit surfacesi2lll put they have a wider distribution in nature, such as on
leaves and roots and in seawater and soil (even Antarctic soil)[22L3II4IS|I6)17] 5o far, a large number of
antagonistic yeasts have been isolated and screened. Some of them have been widely studied, such as Candida
spp., Cryptococcus spp., Metschnikowia spp., Pichia spp., Rhodotorula spp., and yeast-like fungus A. pullulans,
and several species, such as Candida oleophila, Candida sake, Metschnikowia fructicola, A. pullulans,
Saccharomyces cerevisiae, and Cryptococcus albidus, have been developed as commercial products1ZI[181[19]120]
(21[22]123124] They have been demonstrated to antagonize common postharvest pathogens, including Botrytis
cinerea, Penicillium spp., Rhizopus stolonifer, Colletotrichum spp., Monilinia fructicola, Alternaria alternata, and
Aspergillus niger. Representative antagonistic yeasts that were isolated from various sources and are used for the

management of postharvest diseases are shown in Figure 1.
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Genus Candida Metschnikowia  Aureobasidium Saccharomyces  Cryptococcus Picha Rhodotorula Kloeckera

P. membranaefaciens

C. Oleophila C. albidus P. guilliermondii
C. Sake M. fructicola A . P fermentans R. mucilaginosa
Species C. guilliermondii A. Pullulans S. cerevisiae C. laurentii b, caribbi K. apiculata
C. Intermedia M. pulcherrima oLl R. glutinis
C. saitoana C. flavus ’; ‘;’L:;’z’:
Sources Fruit, Leaves, Root, Soil, Ocean, etc.

Target
Pathogens

.—

Figure 1. Representative antagonistic yeasts from various sources used for the management of postharvest decay.

Botrytis, Penicillium, Rhizopus, Colletotrichum, Monilinia, Aspergillus, Alternaria, etc.

Species that have been already in commercial use are highlighted in red.

| 3. Perspectives

Although the application of antagonistic yeasts is limited by many obstacles, there is still great potential for their
improvement and development. Due to the regulatory restrictions on chemical fungicides and the declining
consumer acceptance of them, it is foreseeable that the use of chemical fungicides will be gradually decreased or
even discontinued. The reduction in available products on the market and the increasing demand for safe and
effective antifungal products provide opportunities for the development of antagonistic yeast products. The
biocontrol efficacy of antagonistic yeasts could be further improved in the future through a variety of strategies,
such as combining an antagonistic yeast with a chemical or physical treatment, using multiple antagonistic yeasts,
and genetically altering antagonistic yeasts. Moreover, the advancement of molecular biotechnologies and the
emergence of “omics” technologies are providing powerful tools for the development and application of antagonistic

yeasts.

To promote the commercial application of antagonistic yeasts, efforts can be made in the following aspects: (a) the
full verification of biosafety; (b) the in-depth exploration of the involved mechanisms of action; (c) the enhancement
and maintenance of biocontrol efficacy under commercial conditions; (d) the development of broad-spectrum
antifungal products; (e) the extension of shelf-life; (f) the control of cost and the development of the market; and (g)
the understanding of the complex interactions between the components of the biocontrol system, including the
antagonistic yeast, pathogen, host, natural microbiome, and environment. Furthermore, gene editing has been

considered to be a potentially effective strategy to improve the performance of antagonistic yeasts, though
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genetically modified microorganisms (GMOs) are restricted due to government policies and low consumer

acceptance at present.
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