
 
 

© STM Journals 2025. All Rights Reserved 1  
 

STM JOURNALS

ISSN: 3049-1509 

Volume 2, Issue 1, 2025 

January–June 

DOI (Journal): 10.37591/IJF 

International Journal of  

Fungi 
 

https://journals.stmjournals.com/ijf 

Review IJF 

Aspergillus Oryzae: Multifunctional Powerhouse 
Revolutionizing Food Industries and Gut Health 
 

Saksham Gupta1, Kanchi Khandelwal1,* 

 

Abstract 

Aspergillus oryzae, commonly known as “Koji mold,” is a filamentous fungus extensively utilized in 

various food industries due to its robust enzymatic activity and generally recognized as safe (GRAS) 

status. This review explores its diverse applications, focusing on its role in fermented food production, 

enzyme generation, and contributions to gut health. In the production of fermented foods, such as soy 

sauce, miso, and sake, A. oryzae serves as a crucial microorganism, breaking down complex 

carbohydrates and proteins into simple sugars and amino acids, and enhancing flavor and nutritional 

profiles. Its ability to produce industrial enzymes, including amylases, proteases, and lipases, has made 

it indispensable in brewing, baking, and the dairy industry. Additionally, A. oryzae-derived enzymes 

are widely used in developing food thickeners and flavor enhancers, underscoring their 

biotechnological significance. Emerging studies highlight the potential of A. oryzae in promoting gut 

health. Fermented foods made with Aspergillus oryzae can support better digestion, balance the gut 

microbiome, and boost the absorption of nutrients. Its enzymes aid in breaking down complex dietary 

components, reducing gut inflammation, and supporting overall gastrointestinal well-being. This 

review consolidates recent advancements in the food industry and explores the symbiotic relationship 

between A. oryzae and gut health, emphasizing its importance in functional food development. 
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INTRODUCTION 

Aspergillus oryzae (A. oryzae) is a multicellular fungus renowned worldwide as a vital 
biotechnological asset. Its exceptional ability to produce amylase and protease enzymes, which break 
down proteins and starches into amino acids and sugars, makes it indispensable in the food industry. It 
is extensively used to create a variety of fermented products, such as miso (soybean paste), shoyu (soy 
sauce), tane-koji (seed rice malt), douche (fermented and salted black soybean), bean curd seasoning, 
and vinegar [1]. Historically, A. oryzae has been central to koji production in the orient for over two 
millennia and has been employed in Europe for enzyme production in brewing and baking since the 
early 1900s [2]. In Japanese cuisine, koji refers to soybeans or cooked grains fermented with a specific 
mold, later termed koji mold to denote its role in koji fermentation [3]. 

 
It plays a crucial role in traditional Japanese 

fermentation industries, contributing to the 
production of staples like soy sauce, sake, bean curd 
seasoning, and vinegar. Its exceptional capacity to 
secrete a diverse range of enzymes makes it 
particularly notable among filamentous fungi. 
Recent advancements in genetic engineering have 
further enhanced its application in modern 
biotechnology, particularly in industrial enzyme 
production. Notably, A. oryzae facilitated the first 
commercial production of a heterologous enzyme in 
1988, when it was used to manufacture a lipase for 
laundry detergents [4]. 
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Within the Aspergillaceae family, A. oryzae holds significant importance for Japan’s economy due 

to its enzyme production capabilities. While its utilization is widespread in Japan, its adoption in 

Western countries has been relatively limited. One notable exception is the amylo-process introduced 

in France in 1891 by Calmette and Bodin, who explored its potential in the spirit industry. In Japan, A. 

oryzae has been employed for centuries in the production of sake, soy sauce, and miso, generating 

substantial economic value. For example, in 1912, sake fermentation contributed $41,974,630 in 

revenue, while soy products accounted for $2,048,141 in taxes, with the total value of products derived 

from this fungus estimated at $200,000,000. Prof. Kozai of Tokyo Imperial University acknowledged 

early investigations into the industrial applications of A. oryzae, crediting Hoffmann and Korshelt as 

pioneers in the field. 

 

GRAS STATUS AND SAFETY PROFILE 

Aspergillus oryzae has been extensively used in food fermentation industries for centuries, leading 

to its designation as generally recognized as safe (GRAS) by the FDA in the USA [5, 6]. The World 
Health Organization (WHO) also supports its safety [7]. Despite its genetic similarity to A. flavus, a 

known producer of the potent carcinogen aflatoxin, A. oryzae has no history of producing aflatoxins or 
other carcinogenic compounds [8]. Foods fermented with A. oryzae, including its close relative A. sojae, 

have been confirmed aflatoxin-free [9, 10]. Traditional distinctions between A. oryzae and A. flavus 
were based on morphology, physiology, and culture characteristics [11], but recent DNA-based 

techniques have improved their differentiation [12–14]. Studies by Zhang et al. revealed that aflatoxin 
biosynthesis genes in A. oryzae are not expressed even under conditions favorable for aflatoxin 

production in A. flavus and A. parasiticus [15]. 
 

While A. oryzae has provided immense benefits for thousands of years, its unique cultivation 
methods, species origin, and isolation processes remain subjects of intrigue. Despite its economic 

importance, traditional research on A. oryzae has been limited due to its multinucleate conidia and the 

absence of a sexual cycle. Genomics holds promise for uncovering its evolutionary history, molecular 
mechanisms for high secretion, and potential applications in unexplored fields. 

 
APPLICATIONS OF ASPERGILLUS ORYZAE IN FOOD INDUSTRIES 

It plays a pivotal role in the food industry due to its exceptional enzymatic capabilities and GRAS 
(generally recognized as safe) status. This versatile fungus is integral to the production of a variety of 

fermented foods, including soy sauce, miso, and sake, where it enhances flavor, nutritional quality, and 
overall product appeal. Beyond traditional fermentation, its ability to produce significant enzymes, such 

as amylases, proteases, and lipases has cemented its importance in processes like brewing, baking, and 
dairy production. These applications highlight the indispensable role of A. oryzae in shaping both 

traditional and modern food technologies. 
 

ROLE IN FERMENTED FOOD PRODUCTION 

Aspergillus oryzae has been a foundational element in fermented food production for centuries, 

thanks to its ability to convert complex carbohydrates and proteins into simpler compounds. This 
enzymatic process not only enriches the taste and aroma of products like soy sauce, miso, and sake but 

also boosts their nutritional value. By facilitating the release of simple sugars, amino acids, and other 

bioactive compounds, A. oryzae plays a critical role in creating high-quality, flavorful, and health-
promoting fermented food products, making it indispensable in traditional and contemporary food 

preparation. 
 

Soy Sauce Fermentation 

In the production of soy sauce, cooked soybeans and roasted crushed wheat are mixed in varying 

ratios (6:4 to 4:6) and inoculated with a pure starter culture of Aspergillus oryzae, known as koji starter 
or seed mold. The mixture is then transferred to a koji cultivation room, where it is spread on large 

stainless steel trays and incubated at 25–30ºC for two to three days. During this time, temperature, 
moisture, and aeration are carefully controlled to promote the growth of the mold and enzyme 
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production. Stirring is performed twice during the incubation period to maintain optimal conditions and 
prevent the temperature from exceeding 35ºC, which would kill the mold. The product, koji, is 

characterized by fungal growth covering the raw materials, resulting in a clear yellow to yellowish-
green color (Figure 1) [16].  

 

The A. oryzae mold is crucial for soy sauce production due to its high productivity of α-amylase, 

which helps break down starches into sugars, and proteases that hydrolyze proteins into amino acids 

and peptides. Aspergillus oryzae is also integral to the production of other traditional Japanese 

fermented foods, including miso and sake [16–18]. 

 

In the mash production phase, koji is mixed with water and salt, creating a mixture called moromi, 

which is transferred to large fermentation tanks for four to eight months. During fermentation, enzymes 

from the koji mold continue to break down starches and proteins, with the remaining starch converted 

into simple sugars. As the fermentation progresses, lactic acid bacteria and yeasts ferment these sugars 

into lactic acid and alcohol, lowering the pH of the mash [17, 18]. 

 

After fermentation, the mash is pressed under high pressure to extract the liquid, which becomes the 

raw soy sauce. The residue, known as soy sauce cake, is used as animal feed. The liquid is then refined 

by separating it into three layers – sediment, a clear middle layer, and an oily top layer. The oil is 

removed, and the middle layer is pasteurized at high temperatures to denature enzymes, coagulate 

proteins, and develop the characteristic color and aroma of soy sauce. The final product is then filtered, 

bottled, and ready for market [16, 17]. 

 

 
Figure 1. The manufacturing process of soy sauce (koikuch-shoyu), which is a representative of 

fermented soy sauce in Japan.  
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Soybean Paste (MISO) Fermentation (Rice-Miso and Barley-Miso) 

Whole yellow soybeans are used to make ordinary miso, while dehulled soybeans or soybean grits 

are used for white or pale-yellow rice-soybean paste (Figure 2). The process involves soaking soybeans 

in water, followed by cooking or steaming. For koji cultivation, A. oryzae is applied to rice, barley, or 

rye at 35ºC to 38ºC for 40–48 hours, sometimes reaching 40ºC in the final stage. The resulting koji is 

mixed with salt (30% by weight) to halt mold growth. After mixing with cooked soybeans, salted rice- 

or barley-koji, and necessary microbial inoculants, fermentation occurs at 30ºC for 1–3 months. The 

role of A. oryzae is critical in the production of koji, where it promotes enzyme activity, particularly for 

starch breakdown and fermentation. After fermentation, the paste is blended, mashed, and pasteurized 

to complete the process [16, 18]. 

 

 
Figure 2. The manufacturing process of soybean paste (miso). 

 

Sake (Japanese Rice Wine) Fermentation 

In sake production, Aspergillus oryzae (koji mold) is essential for converting the starch in rice into 

fermentable sugars through saccharification. The process begins with inoculating steamed rice with 

conidiospores of A. oryzae in a koji-making room maintained at around 30ºC with high humidity. The 

mold grows over the rice grains, producing amylolytic enzymes, such as α-amylase and glucoamylase, 

which break down starches into fermentable sugars. This step is critical because the production of 

amylolytic enzymes is optimal at temperatures above 35ºC, which is higher than the temperature 

required for protein-degrading enzymes in soy sauce production. The final product of this stage, koji, 

is white and faintly smells of sweet chestnuts (Figure 3) [19, 20]. 

 

In sake fermentation, A. oryzae continues to contribute by facilitating the simultaneous 

saccharification and ethanol fermentation process. Koji enzymes liquefies and saccharify starch in rice, 

producing sugars that are later fermented into ethanol by sake yeast (Saccharomyces cerevisiae). The 

quality of the koji used in sake making differs from those used in soy sauce or miso production, with a 

focus on high amylolytic activity and minimal proteolytic and peptidase activity. This tailored enzyme 

profile ensures efficient starch breakdown without excessive protein degradation, contributing to the 

overall quality of the same [19, 20]. 
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Figure 3. The manufacturing process of sake (Japanese rice wine). 

 

Industrial Enzyme Production 

There is increasing potential for utilizing low-cost and safe resources to produce valuable byproducts. 

Enzymes of microbial origin are preferred for industrial applications over those obtained through 

conventional methods due to various advantages, including economic viability, low toxicity, eco-

friendliness, reduced energy requirements, enhanced efficiency, and superior product quality (Table 1) 

[21]. Additionally, the ability of microbes to grow on solid substrates enables the conversion of 

agricultural byproducts into valuable materials, contributing to both sustainable agriculture and 

environmental conservation. Among microbial enzymes, those derived from fungi are particularly 

favorable due to their hyphal growth form, tolerance to low water activity (0.5–0.6 aw), and ability to 

thrive under high osmotic conditions [22, 23]. Enzyme production is typically carried out using either 

solid-state fermentation (SSF) or submerged fermentation (SmF) methods [24]. Aspergillus oryzae, 

having GRAS (generally recognized as safe) status [25], is widely and safely utilized as a source for 

numerous industrial enzymes. 

 

Liang et al. (2009) and Chancharoonpong et al. (2012) reported that Aspergillus oryzae produces 

significant amounts of hydrolytic enzymes, including amylase, proteases, and glutaminase, in soybean 

koji [26, 27]. Proteases, widely used in food, pharmaceutical, and biotechnological industries, account 

for 60% of the global enzyme market and are favored for their extracellular nature and ease of recovery 

[28, 29]. A. oryzae proteases have been used for protein hydrolysis, enhancing antioxidant activity [30], 

and as a potential therapy for gluten intolerance [31]. 

 

Amylases, including α-amylase, are critical in food and detergent industries, with A. oryzae 
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producing them on substrates like wheat bran and oil cakes [32, 33]. Glucoamylases are used in syrup 

and alcohol production [34], while lipases contribute to food, cosmetics, and medicine applications [35, 

36]. Additionally, cellulases and pectinases from A. oryzae are employed in various industries, 

including textiles, fuel, and food processing [37, 38]. Enzymes like β-galactosidase aid in lactose 

intolerance management [39], and asparaginase helps hydrolyze asparagine [40]. 

 

Table 1. Some industrial enzymes originated from A. oryzae and their substrates. 

Enzyme Substrate Production Yield References 

Neutral protease Soybean  84.38 U/g  [27] 

Alkaline protease Soybean 

Wheat bran 

41.35 U/g 

600 U/ml 

 [27, 41] 

α-amylase, glucoamylase Coconut oil cake 

Soybean  

Wheat bran 

Wheat bran 

Wheat bran and sugar cane bagasse  

3388 U/g  

200 U/g  

1986 U/g  

36.31 U/ml  

330 µg/ml/min  

 [27, 32, 42–44] 

 

Prolyl endopeptidases Wheat gliadin 22 U/ml   [31] 

Cellulase Corncobs  38.80 U/ml   [45] 

Asparaginase Asparagine  282 U/ml  [46] 

Lipase Sorghum  35.66 U/ml   [36] 

Pectinase Soybean residue 

Cellulose  

120 U/ml 

2.03 U/ml  

 [47, 48] 

β-galactosidase Wheat bran and rice husk  386.6 U/ml  [39] 

 

Improving the Quality of Bakery Products 

Exogenous microbial enzymes, such as amylases and proteases, have long been used in industrial 

baking [49–52]. Recently, hemicellulases, particularly endo-xylanases, have been incorporated to 

improve dough, bread, biscuits, cakes, and other bakery products [52]. While the exact mechanism of 

action of endo-xylanases is not fully understood, it is believed that they hydrolyze arabinoxylan in 

dough, aiding water redistribution, which enhances dough handling, bread volume, texture, and stability 

[52, 53]. Additionally, adding endo-xylanases increases arabinoxylan oligosaccharides in bread, which 

may have health benefits. Enzymes like arabinases, α-L-arabinofuranosidases, and esterases also play 

significant roles in improving the texture, quality, and sensory properties of bakery products [52]. The 

optimal combination of these enzymes is crucial for maximizing benefits during baking. 

 

Beer Brewing 

This technology relies on enzymes activated during malting and fermentation. Malting of barley 

involves seed germination, triggering the biosynthesis of enzymes like α- and β-amylases, 

carboxypeptidase, and β-glucanase, which hydrolyze seed reserves (Table 2). However, many breweries 

use poor-quality or un-malted barley due to seasonal variations, cultivars, or poor harvests, which 

contain low β-glucanase levels. These grains, with 6–10% nonstarch polysaccharides (NSP), primarily 

soluble β-glucan, cause filtration issues, slow runoff, and haze formation. To tackle this issue, microbial 

β-glucanases from species like Penicillium emersonii, Aspergillus niger, Bacillus subtilis, and 

Trichoderma reesei are introduced to lower wort viscosity [54]. 

 

Pajunen (1986) found that the β-glucanase from Trichoderma had the best cost/performance ratio 

[55]. Oksanen et al. (1985) showed that Trichoderma enzymes, including endoglucanase II and 

cellobiohydrolase II, significantly reduced polymerization and wort viscosity, improving filtration by 

30% and decreasing β-glucan content by 90% [56]. Further studies confirmed that Trichoderma β-

glucanase outperformed others in pilot and industrial trials, yielding high-quality beer without 

compromising flavor [55, 57]. Thus, Trichoderma β-glucanase is ideal for brewing with poor-quality 

barley. 
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Table 2. Cellulases, hemicellulases and pectinases in brewery and wine biotechnology. 

Enzyme Function Application References 

b-Glucanase/ 

glucanolytic yeast  

Hydrolysis of b-1, 3, and b-1, 4 glucans; 

reducing the viscosity and releasing 

reducing sugars during primary 

fermentation. 

Improvement in primary 

fermentation, filtration, and quality 

of beer  

 [54–57] 

Pectin esterase De-esterification and gelling of pectins. Improvement in the clarification of 

cider. 

 [58] 

Macerating enzymes 

(cellulases, 

hemicellulases and 

pectinases) 

Hydrolysis of plant cell wall 

polysaccharides. 

Improvement in skin maceration and 

color extraction of grapes; quality, 

stability, filtration, and clarification 

of wines. 

 [54, 58, 59]  

ꞵ-Glucosidase Modification of aromatic residues. Improvement in the aroma of wines.  [60, 61] 

 

Wine Production 

This biotechnological process involves both yeast cells and enzymes, which play critical roles in wine 

production. Over the past four decades, efforts have focused on improving yeast strains for grape juice 

fermentation and incorporating exogenous microbial enzymes. The primary enzymes used in 

winemaking are pectinases, β-glucanases, and hemicellulases, offering several benefits: enhanced skin 

maceration and color extraction, easier clarification and filtration, and improved wine quality and 

stability (Table 2) [54]. Recently, β-glucosidase has gained attention for enhancing wine aroma by 

modifying glycosylated precursors [60, 61]. 

 

The first microbial enzyme used in winemaking was pectinase from Aspergillus, which includes 

pectin esterase, polygalacturonase, pectin lyase, and small amounts of hemicellulose [54]. Adding 

pectinase during grape crushing or to the must improves juice extraction, reduces clarification time, and 

increases terpene content in wine. Pectinase with high pectin lyase and low pectin methyl esterase 

activities is preferred to minimize methanol production during fermentation [54]. 

 

In the early 1980s, Trichoderma β-glucanase was identified as useful for winemaking from Botrytis 

cinerea-infected grapes, which produce problematic β-glucan during filtration [62, 63]. A β-glucanase 

from Trichoderma harzianum was patented to hydrolyze these glucans and improve filtration [54]. 

Combining macerating enzymes resulted in improved grape pressability, juice yield, and settling rate 

compared to pectinase alone [64]. 

 

Galante et al. (1998b) assessed a commercial enzyme preparation, Cytolase 219, and found 

significant improvements in wine production, including a 10–35% increase in juice extraction, up to 

180% improvement in filtration rate, and energy savings during cooling [54]. This enzyme technology 

offers substantial benefits to the wine industry, and further advancements in enzyme development are 

expected to bring additional advantages for both producers and consumers. 

 

SYMBIOSIS WITH GUT HEALTH 

Emerging research highlights the symbiotic relationship between Aspergillus oryzae and gut health, 

showcasing its potential as a key player in gastrointestinal well-being. Fermented foods produced using 

A. oryzae have been shown to improve digestion, modulate the gut microbiome, and enhance nutrient 

absorption. Its enzymes contribute to breaking down complex dietary components, reducing gut 

inflammation, and supporting a balanced microbial environment. This underscores the significance of 

A. oryzae in promoting digestive health and its growing relevance in the development of functional 

foods aimed at improving overall gut health. 

 

Primary and Secondary Metabolites Produced by Aspergillus oryzae Fermentation 

Comprehensive analytical studies, employing both targeted and untargeted methods, have revealed 

that Aspergillus oryzae produces a diverse range of primary and secondary metabolites (Table 2). 
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Primary metabolites are essential for the organism’s growth and physiological processes, while 

secondary metabolites, although not directly involved in growth or development, contribute to 

virulence, host defense, and environmental adaptation [65–67]. 

 

A. oryzae has a rich history in fermentative metabolite production, with kojic acid being a notable 

secondary metabolite. First isolated in 1907 from koji culture [68], kojic acid serves multiple 

applications, including as an antibiotic [69, 70], food preservative [71], antioxidant [72, 73], and 

tyrosinase inhibitor [74]. Its role in cosmetics for skin lightening [75] and medical treatments for 

chloasma [76] underscores its versatility. The production of kojic acid by Aspergillus oryzae is well-

documented and thoroughly understood [77–79]. 

 

Aspergillus species are key producers of organic acids, including 1, 4-dicarboxylic acids like 

succinic, malic, and fumaric acids, which play essential roles in the tricarboxylic acid (TCA) cycle. 

These acids, recognized as high-value chemicals derived from biomass by the U.S. Department of 

Energy, have broad industrial applications [80]. While other Aspergillus strains are favored for fumaric 

and malic acid production under stress conditions [81], A. oryzae shows significant potential for 

succinic acid production under optimized fermentation conditions [82–85]. Malic acid, commonly used 

in food and beverages for its flavor-enhancing qualities, also finds applications as a cleaning agent and 

an additive in animal feed [86–88]. 

 

Secondary metabolite production by Aspergillus species is influenced by fermentation conditions and 

methods [89]. A. oryzae generates various secondary metabolites, including terpenoids, coumarins, and 

oxylipins, which are detailed in (Table 3). 

 

Table 3. Metabolites found in Aspergillus oryzae fermentation products and their described bioactivity. 
Metabolite Chemical 

Class/Family 

Occurrence Bioactivity References  

Asperorydines A-M Alkaloid Fermentation of A. oryzae 
strain L1020 in potato dextrose 
broth at 25°C for 7 days  

Neuroprotective effect   [90] 

L-ergothioneine Amino acid 
derivative 

Fermented rice bran with A. 
oryzae  

Antioxidant activity, 
cytoprotective effects  

 [91–93] 

Asperfuran  Furan  Fermentation of A. oryzae 
strain HA 302–84 on YMG-
medium at 23°C for 48h  

Chitin synthase inhibitor  
 

 [94] 

Aspirochlorine  Gliotoxin Fermentation of A. oryzae 
strain IAM 2613 on a medium 
mainly containing sucrose, 
peptone, and yeast at 29°C for 
20 days  

Antibiotic activity, 
antifungal activity  
 

 [95, 96] 

Dihydroxymethoxycoumarin Isocoumarin 
derivative 

Fermentation of A. oryzae 
strain KCCM 12698 on malt 
extract agar plates or broth at 
28°Cover 16days  

Antimicrobial activity   [89] 

Agmatine  Polyamine Fermentation of A. oryzae 
strain RW (rice wine) on 
steamed rice  

Antidepressant-like 
effect, anxiolytic 
activity, 
antihyperalgesic effects  

 [97–100] 

 

Modulation of Gut Microbiota 

The molecular composition of a potential Aspergillus oryzae postbiotic is heavily influenced by the 

method of inactivation used. Various drying techniques can modify the profiles of primary and 

secondary metabolites [101–103], influence enzymatic activities [104, 105], and alter the morphology, 

structure, and molecular weight of polysaccharides [106, 107].  
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The Aspergillus oryzae postbiotic is a fermentation product derived from a specific strain of 

Aspergillus oryzae (NRRL 458), combined with 4–5% wheat bran as a carrier. The fermentation process 

occurs in a two-stage liquid fermenter system under closed and sterile conditions, using standard 

production media. After the second fermentation, the supernatant – comprising the broth and cell solids 

– is sprayed onto food-grade wheat bran at a ratio of 4–5% w/w. It is then air-dried at 55°C until the 

moisture content drops to below 10%, typically averaging around 7.2%. The final commercial product 

contains approximately 7 × 10⁶ intact Aspergillus oryzae conidiospores, along with 0.2% citric acid, 2.3 

mg riboflavin, 202.0 mg niacin, 23.2 mg pantothenic acid, 8.5 mg pyridoxine hydrochloride, 0.9 mg 

folic acid, 0.4 mg biotin, and 1.2 µg cobalamin per kg. It also includes enzymatic activities of 3.0 IU 

cellulase and 40.0 IU amylase per kg [108]. 

 

The health-promoting potential of Aspergillus oryzae has traditionally focused on its probiotic [109–

112] and prebiotic effects [113–115]. Recent studies, however, have begun exploring its role as a 

progenitor microorganism for postbiotic production, highlighting its ability to modulate gut health. For 

example, Nomura et al. (2022) showed that heat-killed Aspergillus oryzae spores notably boosted the 

population of the anti-inflammatory gut bacterium Bifidobacterium pseudolongum in mice, helping to 

reduce colitis symptoms and improve gut health [116]. In a similar study, Ríus et al. (2022) discovered 

that feeding A. oryzae postbiotics to dairy calves enhanced intestinal barrier function and water 

absorption, although it had minimal impact on systemic inflammation markers [117]. 

 

Other studies provide indirect evidence of A. oryzae postbiotic potential in gut modulation. Hymes-

Fecht and Casper (2021) reported improved nutrient absorption and feed efficiency in livestock fed 

dried A. oryzae fermentation products, while Gomez-Alarcon et al. (1990) demonstrated enhanced 

rumen digestibility and fiber utilization in Holstein cows [118, 119]. These findings underscore A. 

oryzae’s capacity to support gastrointestinal health by improving nutrient utilization, promoting 

beneficial gut microbes, and mitigating inflammatory responses in animals. 

 

Modulation of the Resident Gut Microbiota  

Postbiotics can directly and indirectly influence the composition and functionality of the intestinal 

microbiome [120]. Components, such as short-chain fatty acids (SCFAs) have direct effects on the gut 

microbiota [121], while exopolysaccharides (EPS) from organisms like Bifidobacterium interact with 

gut flora [122]. Additionally, metabolites like bacteriocins [123] and organic acids [124] can inhibit 

pathogenic activity in the gut. Postbiotics often include indigestible fibers, which have a prebiotic-like 

effect by fostering beneficial microbiota growth. This dual functionality highlights how postbiotics can 

simultaneously offer prebiotic benefits. 

 

A. oryzae is a rich source of various polysaccharides, such as β-glucans [125, 126], galactomannan 

[127, 128], chitin, and chitosan [129, 130], which act as prebiotics. β-galactosidase from A. oryzae has 

been used to produce galactooligosaccharides from lactose, which enhance the growth of 

Bifidobacterium infantis at higher concentrations [114]. Additionally, koji glycosylceramide from A. 

oryzae serves as a prebiotic, promoting the abundance of B. coccoides in the gut, as demonstrated in 

mouse studies [113]. These findings underscore the potential of A. oryzae in supporting gut health 

through microbiota modulation. 

 

Enhancement of Epithelial Barrier Function 

The integrity of the gut epithelium is essential for overall health, acting as a vital barrier against 

pathogens and harmful substances [131]. Strategies to enhance epithelial barrier function include 

stimulating the secretion of proteins like HM0539 [132], reducing inflammation [133], supporting tight 

junction function [134], and protecting against LPS-induced damage [135]. These effects have been 

well-documented for postbiotics derived from Lactobacillus plantarum [136], Lactobacillus rhamnosus 

GG [132], and Bifidobacterium longum [137]. Such postbiotics contribute to the strengthening and 

functionality of the epithelial barrier, which is critical for gut health and pathogen defense. Enzymes 
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produced during Aspergillus oryzae fermentation may also play a role in this process, potentially 

enhancing the digestibility and bioavailability of nutrients that support epithelial health [138, 139]. 

Xylanase supplementation has been shown to improve intestinal health in broiler chickens, particularly 

by mitigating barrier dysfunction caused by Clostridium perfringens infections, as reported by Liu et 

al. (2012) [140]. In another study, Petry et al. (2020) demonstrated that xylanase supplementation also 

improves gut barrier integrity in growing pigs [141]. 

 

Enhancing the gut barrier can lead to improved nutrient absorption and overall health in pigs, 

demonstrating the wide applicability of xylanase across different species. Further studies have 
emphasized the role of phytase in regulating the expression of intestinal tight junction and nutrient 

transporter genes in pigs [142]. Additionally, research by [143] demonstrated that phytase 
supplementation improves intestinal health in broiler chickens, likely by modulating the gut microbiota 

[143]. It promotes the growth of beneficial bacteria while reducing harmful bacteria, leading to better 

intestinal morphology. These changes are linked to increased nutrient digestibility and enhanced bone 
development, highlighting a direct connection between enzyme supplementation and improved 

physiological growth in poultry. Moreover, potential components of Aspergillus oryzae postbiotics, 
such as specific furans and alkaloids, may directly influence tight junction proteins [144]. Additionally, 

the prebiotic-like effects of A. oryzae preparations could also affect epithelial barrier function by 
altering the gut microbiome [145, 146]. 

 

Modulation of Systemic Metabolic Responses 

Postbiotics influence systemic metabolic responses through metabolites and enzymes within inactive 
microorganisms [147]. For instance, Lactobacillus johnsonii supernatant, a postbiotic, can transform 

benign bile constituents into toxic compounds against Giardia duodenalis, highlighting its role in bile 
acid metabolism and parasitic infection management. Similarly, A. oryzae fermentation products, such 

as koji glycosylceramide, have shown potential in modulating cholesterol and bile acid metabolism. 
Feeding koji glycosylceramide to obese mice significantly reduces liver cholesterol levels, likely by 

promoting cholesterol conversion into bile acids. 
 

The secondary metabolites synthesized by Aspergillus oryzae exhibit antioxidative, antimicrobial, 

and antitumor properties (refer to Table 2), suggesting their potential role in modulating systemic 
metabolic pathways. However, the mechanisms underlying these effects remain unclear. The 

concentration and bioavailability of these metabolites in postbiotic formulations likely determine their 
biological efficacy, making them critical considerations in optimizing health benefits. 

 

FUTURE DIRECTIONS 

The promising applications of Aspergillus oryzae in the food industry and gut health open several 
avenues for future research and innovation. Advanced studies should focus on optimizing the 

fermentation processes involving A. oryzae to enhance the nutritional and therapeutic properties of food 
products. Genetic engineering approaches can be employed to develop strains with improved enzyme 

productivity and specificity, catering to diverse industrial needs. Exploring the interactions between A. 
oryzae-derived metabolites and the gut microbiome may yield novel insights into its role in promoting 

gastrointestinal health and preventing disorders. Additionally, research on the potential application of 
A. oryzae in personalized nutrition and functional foods tailored to individual gut microbiota profiles 

could revolutionize health-oriented dietary strategies. Finally, expanding the scope of A. oryzae’s 
applications beyond the food industry, such as in pharmaceutical and agricultural domains, warrants 

further investigation to maximize its biotechnological potential. 

 
CONCLUSIONS 

Aspergillus oryzae, celebrated for its enzymatic versatility and GRAS status, remains an 
indispensable organism in the food industry and functional food development. Its pivotal role in 

producing fermented foods and industrial enzymes demonstrates its unmatched biotechnological 
potential, enhancing flavor, nutritional value, and food processing efficiency. Beyond its industrial 
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significance, emerging research underscores its contributions to gut health, particularly through 
digestion improvement, gut microbiome modulation, and gastrointestinal well-being. By consolidating 

recent advancements, this review highlights A. oryzae as a cornerstone in both traditional practices and 
innovative food technologies, paving the way for future applications in health-oriented food products. 

 

REFERENCES 

1. Watarai N, Yamamoto N, Sawada K, Yamada T. Evolution of Aspergillus oryzae before and after 

domestication inferred by large-scale comparative genomic analysis. DNA Res. 2019;26(6):465–

472. 

2. Barbesgaard P, Heldt-Hansen HP, Diderichsen B. On the safety of Aspergillus oryzae: a review. 

Appl Microbiol Biotechnol. 1992;36:569–572. 

3. Gomi K. Regulatory mechanisms for amylolytic gene expression in the koji mold Aspergillus 

oryzae. Biosci Biotechnol Biochem. 2019;83(8):1385–1401. 

4. Christensen T, Woeldike H, Boel E, Mortensen SB, Hjortshoej K, Thim L, et al. High level 

expression of recombinant genes in Aspergillus oryzae. Bio/technology. 1988;6(12):1419–1422. 

5. Taylor MJ, Richardson T. Applications of microbial enzymes in food systems and in biotechnology. 

Adv Appl Microbiol. 1979;25:7–35. 

6. Abe K, Gomi K, Hasegawa F, Machida M. Impact of Aspergillus oryzae genomics on industrial 

production of metabolites. Mycopathologia. 2006;162:143–153. 

7. Joint FAO/WHO Expert Committee on Food Additives. Meeting, World Health Organization. 

Safety evaluation of certain food additives and contaminants. World Health Organization; 2008. 

Vol. 68. 

8. Barbesgaard P, Heldt-Hansen HP, Diderichsen B. On the safety of Aspergillus oryzae: a review. 

Appl Microbiol Biotechnol. 1992;36:569–572. 

9. Matsushima K, Chang PK, Yu J, Abe K, Bhatnagar D, Cleveland T. Pre-termination in aflR of 

Aspergillus sojae inhibits aflatoxin biosynthesis. Appl Microbiol Biotechnol. 2001;55:585–589. 

10. Matsushima K, Yashiro K, Hanya Y, Abe K, Yabe K, Hamasaki T. Absence of aflatoxin 

biosynthesis in koji mold (Aspergillus sojae). Appl Microbiol Biotechnol. 2001;55:771–776. 

11. Murakami H. Classification of the koji mold. J Gen Appl Microbiol. 1971;17(4):281–309. 

12. Gomi K, Tanaka A, Iimura Y, Takahashi K. Rapid differentiation of four related species of koji 

molds by agarose gel electrophoresis of genomic DNA digested with SmaI restriction enzyme. J 

Gen Appl Microbiol. 1989;35(3):225–232. 

13. Lee CZ, Liou GY, Yuan GF. Comparison of the aflR gene sequences of strains in Aspergillus 

section Flavi. Microbiology. 2006;152(1):161–170. 

14. Chang PK, Bhatnagar D, Cleveland TE, Bennett JW. Sequence variability in homologs of the 

aflatoxin pathway gene aflR distinguishes species in Aspergillus section Flavi. Appl Environ 

Microbiol. 1995;61(1):40–43. 

15. Zhang Y, Wilkinson H, Keller N, Tsitsigiannis D. Secondary metabolite gene clusters. In: 

Handbook of industrial mycology. CRC Press; 2004. pp. 374–405. 

16. Fukushima D. Industrialization of fermented soy sauce production centering around Japanese 

shoyu. Food Sci Technol-NY-Marcel Dekker. 2004;1–88. 

17. Abe K, Gomi K, Hasegawa F, Machida M. Impact of Aspergillus oryzae genomics on industrial 

production of metabolites. Mycopathologia. 2006;162:143–153. 

18. Yokotsuka T, Sasaki M. Fermented protein foods in the Orient: shoyu and miso in Japan. Microbiol 

Ferment Foods. 1998;351–415. 

19. Houston DF, editor. Rice: Chemistry and technology. 1972. 

20. Yoshizawa K, Ishikawa T. Industrialization of sake manufacture. Food Sci Technol-NY-Marcel 

Dekker. 2004;149–188. 

21. Gurung N, Ray S, Bose S, Rai V. A broader view: microbial enzymes and their relevance in 

industries, medicine, and beyond. Biomed Res Int. 2013;2013:329121. 

22. Raimbault M. General and microbiological aspects of solid substrate fermentation. Electron J 

Biotechnol. 1998;1(3):26–27. 



 

 

Aspergillus Oryzae: Multifunctional Powerhouse Revolutionizing                                      Gupta and Khandelwal 

 

 

© STM Journals 2025. All Rights Reserved 12  
 

23. Raveendran S, Parameswaran B, Ummalyma SB, Abraham A, Mathew AK, Madhavan A, et al. 

Applications of microbial enzymes in food industry. Food Technol Biotechnol. 2018;56(1):16. 

24. Subramaniyam R, Vimala R. Solid state and submerged fermentation for the production of bioactive 

substances: a comparative study. Int J Sci Nat. 2012;3(3):480–486. 

25. Godfrey T, Reichelt J. Industrial enzymology. Nature Press New York; 1983. 

26. Liang Y, Pan L, Lin Y. Analysis of extracellular proteins of Aspergillus oryzae grown on soy sauce 

koji. Biosci Biotechnol Biochem. 2009;73(1):192–195. 

27. Chancharoonpong C, Hsieh PC, Sheu SC. Enzyme production and growth of Aspergillus oryzae S. 

on soybean koji fermentation. Apcbee Procedia. 2012;2:57–61. 

28. Ramakrishna V, Rajasekhar S, Reddy LS. Identification and purification of metalloprotease from 

dry grass pea (Lathyrus sativus L.) seeds. Appl Biochem Biotechnol. 2010;160:63–71. 

29. Sampaio e Silva TA, Knob A, Tremacoldi CR, Brochetto-Braga MR, Carmona EC. Purification 

and some properties of an extracellular acid protease from Aspergillus clavatus. World J Microbiol 

Biotechnol. 2011;27:2491–2497. 

30. de Castro RJS, Sato HH. Protease from Aspergillus oryzae: biochemical characterization and 

application as a potential biocatalyst for production of protein hydrolysates with antioxidant 

activities. J Food Process. 2014;2014(1):372352. 

31. Eugster PJ, Salamin K, Grouzmann E, Monod M. Production and characterization of two major 

Aspergillus oryzae secreted prolyl endopeptidases able to efficiently digest proline-rich peptides of 

gliadin. Microbiology. 2015;161(12):2277–2288. 

32. Ramachandran S, Patel AK, Nampoothiri KM, Chandran S, Szakacs G, Soccol CR, Pandey A. 

Alpha amylase from a fungal culture grown on oil cakes and its properties. Braz Arch Biol Technol. 

2004;47:309–317. 

33. Fadel M, AbdEl-Halim S, Sharada H, Yehia A, Ammar M. Production of glucoamylase, α-amylase 

and cellulase by Aspergillus oryzae F-923 cultivated on wheat bran under solid-state fermentation. 

J Adv Biol Biotechnol. 2020;23(4):8–22. 

34. James JA, Lee BH. Glucoamylases: microbial sources, industrial applications and molecular 

biology—a review. J Food Biochem. 1997;21(6):1–52. 

35. Priji P, Sajith S, Faisal PA, Benjamin S. Microbial lipases− properties and applications. J Microbiol 

Biotechnol Food Sci. 2016;6(2):799. 

36. Ahmed A, Badar R, Khalique N. Screening and optimization of submerged fermentation of lipolytic 

Aspergillus oryzae. BioResources. 2019;14(4). 

37. Bhat M. Cellulases and related enzymes in biotechnology. Biotechnol Adv. 2000;18(5):355–383. 

38. Hoa BT, Hung PV. Optimization of nutritional composition and fermentation conditions for 

cellulase and pectinase production by Aspergillus oryzae using response surface methodology. Int 

Food Res J. 2013;20(6):3269. 

39. Nizamuddin S, Sridevi A, Narasimha G. Production of β-galactosidase by Aspergillus oryzae in 

solid-state fermentation. Afr J Biotechnol. 2008;7(8):1096. 

40. Olempska-Beer Z. Asparaginase from Aspergillus oryzae encoded by the asparaginase gene from 

A. oryzae. Chem Tech Ass (CTA). 2007;1–7. 

41. Yepuru SK. Production of alkaline protease from Aspergillus oryzae isolated from seashore of Bay 

of Bengal. J Appl Nat Sci. 2018;10(4):1210–1215. 

42. Zambare V. Solid state fermentation of Aspergillus oryzae for glucoamylase production on agro 

residues. Int J Life Sci. 2010;4:16–25. 

43. Lakshmi MVVC, Jyothi P. Production and optimization of glucoamylase from Aspergillus oryzae 

NCIM 1212 using wheat bran, varying chemical parameters under solid-state fermentation. Int J 

Curr Microbiol App Sci. 2014;3(5):70–76. 

44. Parbat R, Singhal B. Production of glucoamylase by Aspergillus oryzae under solid-state 

fermentation using agro-industrial products. Int J Microbiol Res. 2011;2:204–207. 

45. Sher H, Faheem M, Ghani A, Mehmood R, Rehman H, Bokhari SA. Optimization of cellulase 

enzyme production from Aspergillus oryzae for industrial applications. World J Biol Biotechnol. 

2017;2(2):155–158. 



 

International Journal of Fungi 

Volume 2, Issue 1 

ISSN: 3049-1509 

 

© STM Journals 2025. All Rights Reserved 13  
 

46. Dias FFG, Ruiz ALT, Della Torre A, Sato HH. Purification, characterization and antiproliferative 
activity of L-asparaginase from Aspergillus oryzae CCT 3940 with no glutaminase activity. Asian 
Pac J Trop Biomed. 2016;6(9):785–794. 

47. Meneghel L, Reis GP, Reginatto C, Malvessi E, da Silveira MM. Assessment of pectinase 
production by Aspergillus oryzae in growth-limiting liquid medium under limited and non-limited 
oxygen supply. Process Biochem. 2014;49(11):1800–1807. 

48. Ketipally R, Ram MR. Optimization of pectinase production by Aspergillus oryzae RR 103. Curr 
Agric Res J. 2018;6(1):37. 

49. Hamer RJ. Enzymes in the baking industry. In: Enzymes in food processing. Springer US; 1995. 
pp. 190–222. 

50. Kulp K. Enzymes as dough improvers. In: Advances in baking technology. Springer US; 1993. pp. 
152–178. 

51. Linko Y, Linko P. Enzymes in baking. Chem Phys Baking. 1986;105–116. 
52. Poutanen K. Enzymes: an important tool in the improvement of the quality of cereal foods. Trends 

Food Sci Technol. 1997;8(9):300–306. 
53. Maat J, Roza M, Verbakel J, Stam H, Santos da Silva MJ, Bosse M, et al. Xylanases and their 

applications in bakery. In: Xylans and xylanases. Elsevier, Amsterdam; 1992. pp. 349–360. 
54. Galante YM, De Conti A, Monteverdi R. Application of Trichoderma enzymes in the textile 

industry. Trichoderma & Gliocladium. 1998;2:311–325. 
55. Pajunen E. Optimal use of β-glucanases in wort production. In: EBC-Symposium on wort 

production, Monograph XI. Maffliers, France; 1986. pp. 137–148. 
56. Oksanen J, Ahvenainen J, Home S. Microbial cellulase for improving filterability of wort and beer. 

J Inst Brew. 1985;91(3):130. 
57. Canales AM, Garza R, Sierra JA, Arnold R. The application of a beta-glucanase with additional 

side activities in brewing. Tech Q Master Brewers Assoc Am. 1988. 
58. Uhlig H, editor. Industrial enzymes and their applications. John Wiley & Sons; 1998. 
59. Grassin C, Fauquembergue P, Godfrey T, West S. Industrial enzymology. 1996. 
60. Caldini C, Bonomi F, Pifferi PG, Lanzarini G, Galante YM. Kinetic and immobilization studies on 

fungal glycosidases for aroma enhancement in wine. Enzyme Microb Technol. 1994;16(4):286–
291. 

61. Gunata YZ, Bayonove CL, Cordonnier RE, Arnaud A, Galzy P. Hydrolysis of grape monoterpenyl 
glycosides by Candida molischiana and Candida wickerhamii β‐glucosidases. J Sci Food Agric. 
1990;50(4):499–506. 

62. Dubourdieu D, Ribereau-Gayon P, Fournet B. Structure of the extracellular β-D-glucan from 
Botrytis cinerea. Carbohydr Res. 1981;93(2):294–299. 

63. Villettaz JC, Steiner D, Trogus H. The use of a beta glucanase as an enzyme in wine clarification 
and filtration. Am J Enol Vitic. 1984;35(4):253–256. 

64. Harbord R, Simpson C, Wegstein J. Winery scale evaluation of macerating enzymes in grape 
processing. Wine Ind J. 1990;5:134–137. 

65. Vining LC. Functions of secondary metabolites. Annu Rev Microbiol. 1990;44(1):395–427. 
66. Pagare S, Bhatia M, Tripathi N, Pagare S, Bansal YK. Secondary metabolites of plants and their 

role: Overview. Curr Trends Biotechnol Pharm. 2015;9(3):293–304. 
67. Bennett RN, Wallsgrove RM. Secondary metabolites in plant defence mechanisms. New Phytol. 

1994;127(4):617–633. 
68. Bentley R. From miso, sake and shoyu to cosmetics: a century of science for kojic acid. Nat Prod 

Rep. 2006;23(6):1046–1062. 
69. Morton HE, Kocholaty W, Junowicz-Kocholaty R, Kelner A. Toxicity and antibiotic activity of 

kojic acid produced by Aspergillus luteo-virescens. J Bacteriol. 1945;50(5):579–584. 
70. Rodrigues JC, Lima da Silva W, Ribeiro da Silva D, Maia CR, Santos Goiabeira CV, Figueiredo 

Chagas HD, et al. Antimicrobial activity of aspergillus sp. from the Amazon biome: isolation of 
Kojic acid. Int J Microbiol. 2022;2022(1):4010018. 

71. Wang R, Hu X, Agyekumwaa AK, Li X, Xiao X, Yu Y. Synergistic effect of kojic acid and tea 

polyphenols on bacterial inhibition and quality maintenance of refrigerated sea bass (Lateolabrax 

japonicus) fillets. Lwt. 2021;137:110452. 



 

 

Aspergillus Oryzae: Multifunctional Powerhouse Revolutionizing                                      Gupta and Khandelwal 

 

 

© STM Journals 2025. All Rights Reserved 14  
 

72. Ermis N, Zare N, Darabi R, Alizadeh M, Karimi F, Singh J, et al. Recent advantage in 

electrochemical monitoring of gallic acid and kojic acid: a new perspective in food science. J Food 
Meas Charact. 2023;17(4):3644–3653. 

73. Yi BH, Kim DH. Antioxidant activity of maltol, kojic acid, levulinic acid, furfural, 5-
hydroxymethyl furfural, and pyrazine. Korean J Food Sci Technol. 1982;14(3):265–70. 

74. Saruno R, Kato F, Ikeno T. Kojic acid, a tyrosinase inhibitor from Aspergillus albus. Agric Biol 
Chem. 1979;43(6):1337–1338. 

75. Phasha V, Senabe J, Ndzotoyi P, Okole B, Fouche G, Chuturgoon A. Review on the use of kojic 
acid—A skin-lightening ingredient. Cosmetics. 2022;9(3):64. 

76. Monteiro RC, Kishore BN, Bhat RM, Sukumar D, Martis J, Ganesh HK. A comparative study of 

the efficacy of 4% hydroquinone vs 0.75% kojic acid cream in the treatment of facial melasma. 
Indian J Dermatol. 2013;58(2):157. 

77. Marui J, Yamane N, Ohashi-Kunihiro S, Ando T, Terabayashi Y, Sano M, et al. Kojic acid 
biosynthesis in Aspergillus oryzae is regulated by a Zn (II) 2Cys6 transcriptional activator and 

induced by kojic acid at the transcriptional level. J Biosci Bioeng. 2011;112(1):40–43. 
78. Terabayashi Y, Sano M, Yamane N, Marui J, Tamano K, Sagara J, et al. Identification and 

characterization of genes responsible for biosynthesis of kojic acid, an industrially important 
compound from Aspergillus oryzae. Fungal Genet Biol. 2010;47(12):953–961. 

79. Chib S, Jamwal VL, Kumar V, Gandhi SG, Saran S. Fungal production of kojic acid and its 
industrial applications. Appl Microbiol Biotechnol. 2023;107(7):2111–2130. 

80. Werpy T, Petersen G. Top value-added chemicals from biomass: volume I—results of screening 
for potential candidates from sugars and synthesis gas (No. DOE/GO-102004-1992). National 

Renewable Energy Lab (NREL), Golden, CO (United States); 2004. 
81. Shigeo A, Akira F, Ichiro TK. U.S. Patent No. 3, 063, 910. Washington, DC: U.S. Patent and 

Trademark Office; 1962. 
82. Brown SH, Bashkirova L, Berka R, Chandler T, Doty T, McCall K, et al. Metabolic engineering of 

Aspergillus oryzae NRRL 3488 for increased production of L-malic acid. Appl Microbiol 

Biotechnol. 2013;97:8903–8912. 
83. Geyer M, Onyancha FM, Nicol W, Brink HG. Malic acid production by Aspergillus oryzae: the 

role of CaCO3. 
84. Knuf C, Nookaew I, Brown SH, McCulloch M, Berry A, Nielsen J. Investigation of malic acid 

production in Aspergillus oryzae under nitrogen starvation conditions. Appl Environ Microbiol. 
2013;79(19):6050–6058. 

85. Kövilein A, Umpfenbach J, Ochsenreither K. Acetate as substrate for L-malic acid production with 
Aspergillus oryzae DSM 1863. Biotechnol Biofuels. 2021;14:1–15. 

86. Aldrich D, Vink W, Deptula RW, Muskus DJ, Fronczkowski PR, Chrusch M. U.S. Patent No. 4, 
154, 867. Washington, DC: U.S. Patent and Trademark Office; 1979. 

87. Zhang Z, Wang B, Zhou P, Guo D, Kang R, Zhang B. A novel approach of chemical mechanical 
polishing using environment-friendly slurry for mercury cadmium telluride semiconductors. Sci 

Rep. 2016;6(1):22466. 
88. Stallcup OT. U.S. Patent No. 4, 161, 539. Washington, DC: U.S. Patent and Trademark Office; 

1979. 
89. Son SY, Lee S, Singh D, Lee NR, Lee DY, Lee CH. Comprehensive secondary metabolite profiling 

toward delineating the solid and submerged-state fermentation of Aspergillus oryzae KCCM 12698. 

Front Microbiol. 2018;9:1076. 
90. Liu L, Bao L, Wang L, Ma K, Han J, Yang Y, et al. Asperorydines A–M: prenylated tryptophan-

derived alkaloids with neurotrophic effects from Aspergillus oryzae. J Org Chem. 2018;83(2):812–
822. 

91. Horie Y, Goto A, Imamura R, Itoh M, Ikegawa S, Ogawa S, et al. Quantification of ergothioneine 
in Aspergillus oryzae-fermented rice bran by a newly-developed LC/ESI-MS/MS method. LWT. 

2020;118:108812. 

92. Cheah IK, Halliwell B. Ergothioneine; antioxidant potential, physiological function and role in 

disease. Biochim Biophys Acta Mol Basis Dis. 2012;1822(5):784–793. 



 

International Journal of Fungi 

Volume 2, Issue 1 

ISSN: 3049-1509 

 

© STM Journals 2025. All Rights Reserved 15  
 

93. Servillo L, D'Onofrio N, Balestrieri ML. Ergothioneine antioxidant function: from chemistry to 
cardiovascular therapeutic potential. J Cardiovasc Pharmacol. 2017;69(4):183–191. 

94. Pfefferle W, Anke H, Bross M, Steffan B, Vianden R, Steglich W. Asperfuran, a novel antifungal 
metabolite from Aspergillus oryzae. J Antibiot (Tokyo). 1990;43(6):648–654. 

95. Sakata K, Kuwatsuka T, Sakurai A, Takahashi N, Tamura G. Isolation of aspirochlorine (= 
antibiotic A30641) as a true antimicrobial constituent of the antibiotic, oryzachlorin, from 

Aspergillus oryzae. Agric Biol Chem. 1983;47(11):2673–2674. 
96. Monti F, Ripamonti F, Hawser SP, Islam K. Aspirochlorine: A highly selective and potent 

inhibitor of fungal protein synthesis. J Antibiot (Tokyo). 1999;52(3):311–318. 
97. Akasaka N, Kato S, Kato S, Hidese R, Wagu Y, Sakoda H, et al. Agmatine production by 

Aspergillus oryzae is elevated by low pH during solid-state cultivation. Appl Environ Microbiol. 
2018;84(15):e00722-e00718. 

98. Courteix C, Privat AM, Pélissier T, Hernandez A, Eschalier A, Fialip J. Agmatine induces 
antihyperalgesic effects in diabetic rats and a superadditive interaction with R (–)-3-(2-

carboxypiperazine-4-yl)-propyl-1-phosphonic acid, a N-methyl-D-aspartate-receptor antagonist. 
J Pharmacol Exp Ther. 2007;322(3):1237–1245. 

99. Lavinsky D, Arteni NS, Netto CA. Agmatine induces anxiolysis in the elevated plus maze task in 

adult rats. Behav Brain Res. 2003;141(1):19–24. 
100. Zomkowski AD, Hammes L, Lin J, Calixto JB, Santos ARS, Rodrigues ALS. Agmatine produces 

antidepressant-like effects in two models of depression in mice. Neuroreport. 2002;13(4):387–
391. 

101. Zagórska J, Czernicka-Bos L, Kukula-Koch W, Szalak R, Koch W. Impact of thermal processing 
on the composition of secondary metabolites of ginger rhizome—A review. Foods. 2022;11:3484. 

102. Managa MG, Sultanbawa Y, Sivakumar D. Effects of different drying methods on untargeted 
phenolic metabolites, and antioxidant activity in Chinese cabbage (Brassica rapa L. subsp. 

chinensis) and nightshade (Solanum retroflexum Dun.). Molecules. 2020;25(6):1326. 
103. Lu H, Peng S, Xu N, Shang X, Liu J, Xu Z, et al. Exploring the effects of different drying methods 

on related differential metabolites of Pleurotus citrinopileatus Singer based on untargeted 
metabolomics. Plants. 2024;13(12):1594. 

104. Valadez-Carmona L, Plazola-Jacinto CP, Hernández-Ortega M, Hernández-Navarro MD, 
Villarreal F, Necoechea-Mondragón H, et al. Effects of microwaves, hot air, and freeze-drying on 

the phenolic compounds, antioxidant capacity, enzyme activity, and microstructure of cacao pod 
husks (Theobroma cacao L.). Innov Food Sci Emerg Technol. 2017;41:378–386. 

105. Wang W, Jung J, McGorrin RJ, Traber MG, Leonard SW, Cherian G, et al. Investigation of drying 

conditions on bioactive compounds, lipid oxidation, and enzyme activity of Oregon hazelnuts 
(Corylus avellana L.). Lwt. 2018;90:526–534. 

106. Kong L, Yu L, Feng T, Yin X, Liu T, Dong L. Physicochemical characterization of the 
polysaccharide from Bletilla striata: Effect of drying method. Carbohydr Polym. 2015;125:1–8. 

107. Li W, Wu DT, Li F, Gan RY, Hu YC, Zou L. Structural and biological properties of water soluble 
polysaccharides from lotus leaves: Effects of drying techniques. Molecules. 2021;26(15):4395. 

108. European Food Safety Authority (EFSA). Opinion of the Panel on additives and products or 
substances used in animal feed (FEEDAP) on the safety and efficacy of the product “Amaferm” 

as a feed additive for dairy cows and cattle for fattening in accordance with Regulation (EC) No 
1831/2003. EFSA J. 2006;4(3):337. 

109. Konishi H, Isozaki S, Kashima S, Moriichi K, Ichikawa S, Yamamoto K, et al. Probiotic 
Aspergillus oryzae produces anti-tumor mediator and exerts anti-tumor effects in pancreatic 

cancer through the p38 MAPK signaling pathway. Sci Rep. 2021;11(1):11070. 
110. Lee K, Lee SK, Lee BD. Aspergillus oryzae as probiotic in poultry—A review. Int J Poult Sci. 

2006;5(1):1–3. 
111. Iwashita MKP, Nakandakare IB, Terhune JS, Wood T, Ranzani-Paiva MJT. Dietary 

supplementation with Bacillus subtilis, Saccharomyces cerevisiae, and Aspergillus oryzae 
enhance immunity and disease resistance against Aeromonas hydrophila and Streptococcus iniae 

infection in juvenile tilapia Oreochromis niloticus. Fish Shellfish Immunol. 2015;43(1):60–66. 



 

 

Aspergillus Oryzae: Multifunctional Powerhouse Revolutionizing                                      Gupta and Khandelwal 

 

 

© STM Journals 2025. All Rights Reserved 16  
 

112. Dawood MA, Eweedah NM, Moustafa EM, Farahat EM. Probiotic effects of Aspergillus oryzae 

on the oxidative status, heat shock protein, and immune-related gene expression of Nile tilapia 
(Oreochromis niloticus) under hypoxia challenge. Aquaculture. 2020;520:734669. 

113. Hamajima H, Matsunaga H, Fujikawa A, Sato T, Mitsutake S, Yanagita T, et al. Japanese 
traditional dietary fungus koji Aspergillus oryzae functions as a prebiotic for Blautia coccoides 

through glycosylceramide: Japanese dietary fungus koji is a new prebiotic. SpringerPlus. 
2016;5:1–10. 

114. Kim SY, Jeong HS, Ahn SW, Shin KS. Prebiotic effects of structurally identified galacto-
oligosaccharides produced by β-galactosidase from Aspergillus oryzae. Food Sci Biotechnol. 

2014;23:823–830. 

115. Podversich F, Tarnonsky F, Bollatti JM, Silva GM, Schulmeister TM, Martinez JJ, et al. Effects 
of Aspergillus oryzae prebiotic on animal performance, nutrients digestibility, and feeding 

behavior of backgrounding beef heifers fed with either a sorghum silage-or a byproducts-based 
diet. J Anim Sci. 2023;101:skac312. 

116. Nomura R, Tsuzuki S, Kojima T, Nagasawa M, Sato Y, Uefune M, et al. Administration of 
Aspergillus oryzae suppresses DSS-induced colitis. Food Chem Mol Sci. 2022;4:100063. 

117. Ríus AG, Kaufman JD, Li MM, Hanigan MD, Ipharraguerre IR. Physiological responses of 
Holstein calves to heat stress and dietary supplementation with a postbiotic from Aspergillus 

oryzae. Sci Rep. 2022;12(1):1587. 
118. Hymes-Fecht UC, Casper DP. Adaptation and withdrawal of feeding dried Aspergillus oryzae 

fermentation product to dairy cattle and goats on in vitro NDF digestibility of selected forage 
sources. Transl Anim Sci. 2021;5(2):txab051. 

119. Gomez-Alarcon RA, Dudas C, Huber JT. Influence of cultures of Aspergillus oryzae on rumen 
and total tract digestibility of dietary components. J Dairy Sci. 1990;73(3):703–710. 

120. Ozma MA, Abbasi A, Akrami S, Lahouty M, Shahbazi N, Ganbarov K, et al. Postbiotics as the 
key mediators of the gut microbiota-host interactions. Le infezioni in medicina. 2022;30(2):180. 

121. Rad AH, Aghebati-Maleki L, Kafil HS, Abbasi A. Molecular mechanisms of postbiotics in 

colorectal cancer prevention and treatment. Crit Rev Food Sci Nutr. 2021;61(11):1787–1803. 
122. Salazar N, Gueimonde Fernández MC, Hernández-Barranco AM, Ruas-Madiedo P, González de 

los Reyes-Gavilán C. Bifidobacterium exopolysaccharides fermented by human microbiota. 
123. Huang F, Teng K, Liu Y, Cao Y, Wang T, Ma C, et al. Bacteriocins: potential for human health. 

Oxid Med Cell Longev. 2021;2021:5518825. 
124. Dittoe DK, Ricke SC, Kiess AS. Organic acids and potential for modifying the avian 

gastrointestinal tract and reducing pathogens and disease. Front Vet Sci. 2018;5:216. 
125. Lam KL, Cheung PCK. Non-digestible long chain beta-glucans as novel prebiotics. Bioact 

Carbohydr Diet Fibre. 2013;2(1):45–64. 
126. Russo P, López P, Capozzi V, De Palencia PF, Dueñas MT, Spano G, Fiocco D. Beta-glucans 

improve growth, viability, and colonization of probiotic microorganisms. Int J Mol Sci. 
2012;13(5):6026–6039. 

127. Zartl B, Silberbauer K, Loeppert R, Viernstein H, Praznik W, Mueller M. Fermentation of non-
digestible raffinose family oligosaccharides and galactomannans by probiotics. Food Funct. 

2018;9(3):1638–1646. 
128. Wang H, Lai C, Tao Y, Zhou M, Tang R, Yong Q. Evaluation of the enzymatic production and 

prebiotic activity of galactomannan oligosaccharides derived from Gleditsia microphylla. 

Fermentation. 2023;9(7):632. 
129. Liu L, Wang Y, Kong M, Li X. Prebiotic-like effects of water soluble chitosan on the intestinal 

microflora in mice. Int J Food Eng. 2018;14(7–8):20180089. 
130. Guan Z, Feng Q. Chitosan and chitooligosaccharide: The promising non-plant-derived prebiotics 

with multiple biological activities. Int J Mol Sci. 2022;23(12):6761. 
131. Sözener ZC, Cevhertas L, Nadeau K, Akdis M, Akdis CA. Environmental factors in epithelial 

barrier dysfunction. J Allergy Clin Immunol. 2020;145(6):1517–1528. 

132. Gao J, Li Y, Wan Y, Hu T, Liu L, Yang S, et al. A novel postbiotic from Lactobacillus rhamnosus 

GG with a beneficial effect on intestinal barrier function. Front Microbiol. 2019;10:477. 



 

International Journal of Fungi 

Volume 2, Issue 1 

ISSN: 3049-1509 

 

© STM Journals 2025. All Rights Reserved 17  
 

133. Schiavi E, Gleinser M, Molloy E, Groeger D, Frei R, Ferstl R, et al. The surface-associated 

exopolysaccharide of Bifidobacterium longum 35624 plays an essential role in dampening host 

proinflammatory responses and repressing local TH17 responses. Appl Environ Microbiol. 

2016;82(24):7185–7196. 

134. Engevik MA, Luk B, Chang-Graham AL, Hall A, Herrmann B, Ruan W, et al. Bifidobacterium 

dentium fortifies the intestinal mucus layer via autophagy and calcium signaling pathways. MBio. 

2019;10(3):1121–1128. 

135. Feng Y, Wang Y, Wang P, Huang Y, Wang F. Short-chain fatty acids manifest stimulative and 

protective effects on intestinal barrier function through the inhibition of NLRP3 inflammasome 

and autophagy. Cell Physiol Biochem. 2018;49(1):190–205. 

136. Izuddin WI, Loh TC, Foo HL, Samsudin AA, Humam AM. Postbiotic L. plantarum RG14 

improves ruminal epithelium growth, immune status, and upregulates the intestinal barrier 

function in post-weaning lambs. Sci Rep. 2019;9(1):9938. 

137. Martorell P, Alvarez B, Llopis S, Navarro V, Ortiz P, Gonzalez N, et al. Heat-treated 

Bifidobacterium longum CECT-7347: a whole-cell postbiotic with antioxidant, anti-

inflammatory, and gut-barrier protection properties. Antioxidants. 2021;10(4):536. 

138. Li Q, Gabler NK, Loving CL, Gould SA, Patience JF. A dietary carbohydrase blend improved 

intestinal barrier function and growth rate in weaned pigs fed higher fiber diets. J Anim Sci. 

2018;96(12):5233–5243. 

139. He X, Yu B, He J, Huang Z, Mao X, Zheng P, et al. Effects of xylanase on growth performance, 

nutrients digestibility and intestinal health in weaned piglets. Livest Sci. 2020;233:103940. 

140. Liu D, Guo S, Guo Y. Xylanase supplementation to a wheat-based diet alleviated the intestinal 

mucosal barrier impairment of broiler chickens challenged by Clostridium perfringens. Avian 

Pathol. 2012;41(3):291–298. 

141. Petry AL, Huntley NF, Bedford MR, Patience JF. Xylanase increased the energetic contribution 

of fiber and improved the oxidative status, gut barrier integrity, and growth performance of 

growing pigs fed insoluble corn-based fiber. J Anim Sci. 2020;98(7):skaa233. 

142. Lu H, Shin S, Kuehn I, Bedford M, Rodehutscord M, Cowieson AJ. Influence of enzyme 

supplementation and feeding regimes on gut barrier integrity and immune response in poultry. J 

Anim Sci. 2018;96(6):2387–2397. 

143. Glávits R, Tóth L, Gábor G, Szászi J, Szabó N, Hódosi T, et al. Interaction of dietary 

supplementation of a fungal enzyme mixture and organic acids with intestinal barrier function in 

weaning pigs. Livest Sci. 2020;232:103954. 

144. Mózes F, Marton S, Szentirmai I, Sárközi S, Glávits R. Effects of yeast cell wall derivatives on 

the barrier function of the intestine of weaning piglets. Vet Sci. 2023;10(6):158. 

145. Fursova NK, Kushnarenko SV, Tishchenko VV, Ryabov AF. The effect of biotechnologically 

produced Aspergillus oryzae enzymes on the composition of the bacterial community and the 

function of the intestinal microbiome of poultry. Biol Microorganisms. 2021;40(4):71–81. 

146. Shao Y, Li W, Wu Y, Li H, Dong X, Sun S, et al. Effect of dietary supplementation with 

Aspergillus oryzae on growth performance, intestinal histology, and intestinal barrier function in 

weaned piglets. Animals. 2023;13(3):387. 

147. Kuo T, Chiou P, Chen L, Liang H, Chen C. Effect of dietary Aspergillus oryzae supplementation 

on the performance, antioxidant status, and intestinal health of broiler chickens under heat stress. 

Anim Feed Sci Technol. 2021;272:1147692. 

 


