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Abstract

Fungi play a crucial role in food production, processing, and preservation, yet their effects on food safety and quality are diverse and complex. This
review aims to comprehensively analyze the multifaceted involvement of fungi in the food industry, emphasizing both their beneficial and harmful impacts. The
literature review was conducted through an extensive search of databases including Pub-Med, Scopus, Web of Science, and Google Scholar, using keywords
such as “fungi in food” and “mycotoxins” in order to meet the objective of the study. It was observed that fungi have multifaceted role in food sector contributing
to various aspects in the field of dairy industry, bakery industry, post-harvest technology of fruits and vegetables, mycoprotein production, mycotoxin production
and food spoilage. Various types of fungal cultures are incorporated into the food industry to enhance shelf stability, nutritional content and ensure food safety.
Examining both the health benefits and risks associated with fungal consumption, this review underscores the need for proper management and understanding

of fungi to ensure food safety, quality and innovation in the food industry.
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Introduction

Background

Fungi are a diverse group of microorganisms that have a
significant impact on the production, processing, and preservation of
various food products. They play a crucial role in shaping the sensory
characteristics, nutritional composition, and safety of foods [1]. Fungi
encompass a wide range of species, including yeasts and molds, each
with unique properties and capabilities that make them valuable in the
food industry [2]. Understanding the roles of fungi in food systems is
essential for optimizing food production, improving product quality,
and ensuring food safety [3]. Fungal involvement in foods is not a
recent phenomenon but has been practiced for centuries. Traditional
food fermentation processes, such as the production of cheese, bread,
and alcoholic beverages, rely on the activities of specific fungal
strains to achieve desired sensory and nutritional attributes [4]. In
addition to their traditional applications, fungi have gained attention
in modern food science and technology due to their versatile nature
and potential for novel applications [5]. They are being explored for
their ability to enhance flavor profiles, increase nutritional value, and
contribute to the development of functional foods [6].

Objectives

The objective of this review is to provide a comprehensive
overview of the role of fungi in various food categories as well as
to address the challenges associated with fungal contamination,
mycotoxin production, and food spoilage.

Role of Fungi in Dairy Industry
Fungi in cheese production

Cheese production is a traditional fermentation process that relies
on the activities of various fungi, including yeasts and molds. These
fungi contribute to the development of unique flavors, textures, and
aromas in different types of cheese [7]. For instance, specific fungal
strains, such as Penicillium roqueforti and Penicillium camemberti, are
used in the production of blue and soft-ripened cheeses, respectively
[8]. These fungi play a crucial role in the breakdown of proteins and
lipids, resulting in the characteristic flavor and texture of cheese [9].

Yogurt and Fermented Milk Products

Fungi, particularly lactic acid bacteria and yeasts, play a significant
role in the production of yogurt and other fermented milk products.
The addition of specific fungal strains, such as Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus thermophilus, alongside yeasts
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like Saccharomyces cerevisiae, allows for the conversion of lactose into
lactic acid and the production of characteristic flavors and textures
[10]. These fungi contribute to the acidity, aroma, and viscosity of
fermented milk products.

Fungal Starter Cultures in Dairy Fermentations

Fungal starter cultures are widely used in dairy fermentations to
initiate and control fermentation processes. These cultures consist
of specific fungal strains selected for their ability to contribute to
the sensory and textural properties of fermented dairy products.
For example, Geotrichum candidum is a common fungal starter
culture used in the production of soft cheese and contributes to the
development of characteristic flavors and textures [5]. Fungal starter
cultures also aid in the inhibition of undesirable microorganisms,
thereby improving product safety and shelf life [12].

Role of Fungi in Cereal-based Products
Bread and Bakery Products

Fungi play a vital role in the production of bread and other
bakery products. Saccharomyces cerevisiae, commonly known as
baker’s yeast, is used as a leavening agent in bread-making processes.
It ferments sugars present in dough, producing carbon dioxide gas,
which helps to leaven the dough and create a light and airy texture
[13]. Additionally, filamentous fungi, such as Aspergillus Niger,
are utilized in the production of enzymes, including amylases and
xylanases, which improve dough handling and bread quality [14].

Fermented Cereals and Grains

Fermented cereals and grains are important food staples in
many cultures, and fungi play a significant role in their fermentation
processes. For instance, in the production of traditional African
fermented foods like ogi, kenkey, and injera, filamentous fungi,
including Rhizopus and Aspergillus species, are utilized as starter
cultures. These fungi contribute to the break down of Complex
carbohydrates, and the
characteristic flavors and textures in the final products [15,16].

protein  hydrolysis, development of

Mycotoxins in Cereal-Based Foods

Mycotoxins are toxic compounds produced by certain fungi
that can contaminate cereal- based foods, posing health risks to
consumers. Some common mycotoxins include aflatoxins, produced
by Aspergillus species, and deoxynivalenol, produced by Fusarium
species. These mycotoxins can occur in grains and cereals and may
persist through food processing steps, leading to potential human
exposure. Stringent quality control measures and proper storage
conditions are essential to minimize mycotoxin contamination and
ensure food safety [17].

Role of Fungi in Fruits and Vegetables
Post-Harvest Diseases and Decay

Fungi are major contributors to post-harvest diseases and decay in
fruits and vegetables. Various fungal species, such as Botrytis cinerea,
Colletotrichum spp., and Penicillium spp., can cause significant losses
during storage and transportation. These fungi invade plant tissues,
leading to rotting, discoloration, and deterioration of the quality and
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shelf life of fresh produce [18,19]. Effective management strategies,
including proper storage conditions, fungicide applications, and
post-harvest treatments, are essential to control fungal diseases and
preserve the quality of fruits and vegetables [20].

Edible Mushrooms

Fungi are extensively utilized in the cultivation and production
of edible mushrooms. Species such as Agaricusbisporus (button
mushrooms), Pleurotusostreatus ~ (oyster ~mushrooms), and
Lentinulaedodes (shiitake mushrooms) are commercially grown
for their culinary and nutritional value. Fungi play a vital role in
the degradation of lignocellulosic materials and the conversion
of agricultural wastes into nutrient-rich substrates for mushroom
cultivation. They also contribute to the formation of characteristic
flavors, textures, and aromas in edible mushrooms [21,22].

Mycoprotein Production

Mycoprotein is a protein-rich food ingredient produced from
filamentous fungi, specifically the species Fusarium venenatum. It
serves as an alternative protein source for vegetarian and vegan diets.
Fungi are cultivated on a substrate composed of carbohydrates, such
as glucose or lactose, to promote fungal biomass production. The
resulting mycoprotein is then harvested, processed, and used as a
meat substitute in various food products. Mycoprotein production
offers sustainable and efficient utilization of fungal biomass for
human consumption [23].

Role of Fungi in Fermented Food Products
Traditional Fermented Foods

Fungi have long been utilized in the fermentation of various
traditional foods. Fermented foods from different regions and
cultures, such as sauerkraut, kimchi, miso, and tempeh, rely on fungal
activity for the transformation of raw materials into flavorful and
preserved products. Fungal strains, including Aspergillus, Rhizopus,
and Saccharomyces, contribute to the fermentation process, imparting
unique flavors, textures, and nutritional changes to the final products
[24,25].

Fungi in Alcoholic Beverages

Fungi, particularly yeast species, are crucial in the production of
alcoholic beverages. Saccharomyces cerevisiae, commonly known as
brewer’s yeast, is used in the fermentation of beer, wine, and other
alcoholic beverages. Yeasts convert sugars into alcohol and carbon
dioxide through the process of fermentation. Different strains of
yeast contribute to the flavor, aroma, and alcohol content of the final
beverages. In addition to Saccharomyces cerevisiae, other yeast species
such as Saccharomyces pastorianus and Brettanomyces bruxellensis
are also involved in specific types of alcoholic fermentations [26,27].

Fungi in Non-Alcoholic Beverages

Fungi also contribute to the production of non-alcoholic
fermented beverages. For example, certain species of filamentous
fungi, such as Aspergillus oryzae and Rhizopus spp., are used in the
fermentation of traditional Asian beverages like sake and rice wine.
These fungi produce enzymes that break down starches and proteins,
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leading to the conversion of raw materials into flavorful and aromatic
beverages [28]. Additionally, kombucha, a popular fermented tea
drink, involves the symbiotic growth of yeasts and bacteria, including
Saccharomyces cerevisiae and Acetobacter species, which contribute
to the fermentation process and the development of characteristic
flavors [29].

Beneficial Aspects of Fungal Involvement in Foods
Flavor Development

Fungi play a crucial role in the development of flavors in various
food products. During fermentation processes, fungi produce a
range of volatile compounds, including alcohols, esters, and organic
acids, which contribute to the characteristic aromas and flavors
of fermented foods. For example, the production of specific flavor
compounds by yeast strains is essential in the production of bread,
beer, wine, and cheese, enhancing the sensory profiles and overall
consumer acceptance [30,31].

Nutritional Enhancement

Fungi can contribute to the nutritional enhancement of food
products. Certain fungal species, such as filamentous fungi and
yeasts, are capable of producing essential vitamins, including B
vitamins, as well as minerals and other bioactive compounds. For
instance, the fermentation of soybeans by Aspergillus oryzae in the
production of soy sauce leads to the synthesis of vitamins and amino
acids, improving the nutritional value of the final product [32]. Fungi
can also enhance the bioavailability and digestibility of nutrients in
food matrices, thereby increasing their nutritional benefits [33].

Probiotic Properties

Certain fungal species possess probiotic properties and can
contribute to gut health when consumed. For example, species
of the yeast Saccharomyces and filamentous fungi from the genus
Trichoderma have been studied for their probiotic potential. These
fungi can survive and prolife rate in the gastro intestinal tract,
promoting beneficial effects such as the modulation of gut micro-
biota, improvement of intestinal barrier function, and enhancement
of immune responses [34,35] . However, further research is needed
to fully explore and understand the probiotic properties of fungi and
their potential applications in food products.

Challenges Associated with Fungal Contamination
and Spoilage

Food borne Fungal Pathogens

Although most fungi are harmless or even beneficial, certain
fungal species can act as food borne pathogens and cause infections
in humans. Examples include Aspergillus flavus, which produces
aflatoxins in food and can lead to liver toxicity, and Fusarium species,
which produce mycotoxins associated with various health effects.
Adequate food safety measures, such as good manufacturing practices,
proper storage conditions, and monitoring for fungal pathogens, are
essential to prevent food borne illnesses caused by these fungi [36,37].

Mycotoxin Production

Mycotoxins are toxic secondary metabolites produced by fungi,
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primarily molds that can contaminate food and pose significant
risks to human health. Common mycotoxins include aflatoxins,
ochratoxins, and fumonisins, among others. These mycotoxins are
known to have carcinogenic, mutagenic, and immunosuppressive
effects. Preventing mycotoxin contamination requires appropriate
storage conditions, monitoring of raw materials, and effective post-
harvest management strategies [38].

Food Spoilage by Fungi

Fungi are responsible for a significant portion of food spoilage.
Their ability to grow on various food matrices, especially under
favorable environmental conditions, can lead to undesirable changes
in color, texture, odor, and taste, rendering the food unpalatable and
unsafe for consumption. Common spoilage fungi include species of
Penicillium, Aspergillus, and Rhizopus. Proper sanitation, temperature
control, and packaging techniques are essential to prevent fungal
spoilage and maintain the quality and safety of food products [39].

Fungal Biotechnology and Future Prospects
Fungal Enzymes in Food Processing

Fungi produce a wide range of enzymes with diverse
functionalities that can be utilized in food processing. Fungal
enzymes, such as amylases, proteases, lipases, and celluloses, have
applications in various food industries, including baking, brewing,
dairy, and meat processing. These enzymes facilitate the break down
of complex substrates, improve product quality, enhance Process
efficiency, and enable the development of novel food products with
desired attributes [40-41].

Single-Cell Protein and Fungal Biomass

Fungi offer the potential for the production of single-cell protein
(SCP) and fungal biomass, which can serve as alternative protein
sources. Certain fungal species, such as Candidautilis and Fusarium
venenatum, are grown on various substrates to produce protein-rich
biomass. This biomass can be incorporated into animal feed, human
food products, and biofuels, providing sustainable and eco-friendly
alternatives to conventional protein sources [42,43].

Emerging Trends in Fungal Fermentation

Fungal fermentation is a rapidly evolving field with emerging
trends and novel applications. Recent advancements include the
use of genetically modified fungi for enhanced production of
specific compounds, the exploration of fungal consortia for complex
fermentations, and the integration of omics technologies for better
understanding and control of fermentation processes. Additionally,
the application of fungal fermentation in the production of bioactive
compounds, functional foods, and nutraceuticals is gaining
momentum, opening up new avenues for innovation in the food
industry [44,45].

Conclusion

In conclusion fungi are indispensable agents in food production,
offering diverse benefits from flavor enhancement to nutritional
enrichment. Despite their pivotal role, fungal contamination and
mycotoxin risks necessitate stringent monitoring. Yet, fungal
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biotechnology offers promising solutions, leveraging enzymes and
biomass for sustainable food alternatives. Understanding fungal

dynamics is paramount for optimizing production and ensuring food
safety. This review underscores significance of fungi in food sector,
driving innovation and heralding a new era of fungal biotechnology
in the food industry. Future research can be conducted on harnessing
fungal biotechnology for sustainable food production and safety
enhancement through advanced genetic modifications and omics
technologies.
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