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ABSTRACT:

Aromatic compounds are characterized by flat, conjugated six-carbon cyclic structures. These
are widely used in pharmaceuticals, perfumery, pigments, food, beverage, bio-polymers and
other specialty biochemical industries. Conventionally aromatic compounds are derived from
either petroleum or from plants, however, their production is linked with restricted workability
and environmental side effects. Therefore, there is need to explore new methods for the
sustainable production of the commercial aromatic volatile compounds. In this aspect, fungi
can play promising role and the fungal metabolic pathways can be triggered for the biosynthesis
of bioflavours and fragrances of commercial importance. The present research article
overviews the potential role of fungi in flavour and fragrance industry, current global market
trends for myco-based flavours and fragrances and their future prospects.
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INTRODUCTION:

The global flavour and fragrance industries are undergoing paradigm shift due to recent updates
in myco-technology. The traditional methods of flavours and fragrance extractions are
dependent on plant-based extraction and chemical synthesis and hence faced great challenges
like raw material unavailability, environmental influence, high cost of production and
synthesis, transportation difficulties, and so on. This demands the explore of alternative cost
effective, eco-friendly, sustainable production technology. The role of fungal fermentation
technology has come up with a sustainable solution that enables the production of high-value
myco-based ingredients useful in global flavour and fragrance industry. Presently,
manufacturers can produce myco-based flavours and fragrances in a sustainable manner in a
scalable, consistent quantity by influencing the industrial bioprocessing and fermentation
technology. The fungal capability of mimicking the natural metabolic pathways and
innovations in controlled fermentation technology make them better in producing complex
flavours and aromas. This research article throws light on the potential role and commercial
applications of fungi in flavour and fragrance industry, global market trends for myco-based
flavours and fragrances and their future prospects.

COMMERCIAL ROLE AND APPLICATIONS OF FUNGI IN FLAVOUR AND
FRAGRANCE INDUSTRY:

Fungi have been reported to play vital role in fermentation industry for centuries. The recent
advancements in fungal biotechnology have shown that these fungi can be genetically
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engineered and biochemically optimized to produce desired flavours and fragrances in a
sustainable manner.

Saccharomyces  cerevisiae  synthesise  esters, lactones, and volatile sulphur
molecules possessing fruity and creamy flavours (Vancouver, 2025). Kluyveromyces lactis
produce de novo fruity, floral flavour-terpenes such as citronellol, linalool and geraniol
(Vandamme, 2003). Many filamentous fungi can naturally break down lignin and metabolize
lignin-derived aromatic compounds. Lignin is the second most abundant plant biomass on earth
and comprises various aromatic molecules. A few recent studies have focused on conversion
of lignin derived, aromatic compounds into vanillic acid, methoxyhydroquinone or
protocatechuic acid by Aspergillus niger (Lubbers, et.al., 2021). Filamentous fungal genera
like Aspergillus, Penicillium, and Trichoderma carry out biosynthesis of wvanillin,
benzaldehyde, and cinnamaldehyde which are largely used in food, beverage, cosmetic,
perfumery and in pharmaceutical industries (Vancouver, 2025, Converti, et.al., 2010, Krings
et.al., 2001). Vanillin has been produced from ferulic acid in Aspergillus luchuensis (Taira,
et.al., 2018). Similarly, in Myceliophthora thermophila, the decarboxylation of ferulic acid to
p-vinylguaiacol resulted in the synthesis of vanillic acid. The conversion of ferulic acid into
vanillic acid has also been observed in a range of ascomycota, namely in 4. niger and Botrytis,
Cephalosporium, Penicillium, Trichoderma, and Verticillium spp. (Lubbers, et.al., 2019)
Ceratocystis sp. are famous for their terpenes production possessing floral odours
(Vandamme, 2003). Trichoderma viride, Trichoderma harzianum and Trichoderma gamsii
produce 6-pentyl-a-pyrone (6-PP) having coconut flavour (Bleumke and Schrader, 2001;
Palomares et al., 2001, De Souza, et.al., 2008). Williopsis saturnus var. mrakii synthesizes
important levels of volatile branched acetates, especially 3-methylbutyl-acetate, possessing
aroma of banana. The soy sauce yeast Zygosaccharomyces Rouxii and Aspergillus sp.
produce unique compound like Furaneol, 2,5-dimethyl-4-hydroxy-3(2H)-furanone (DMHF)
exhibiting strawberry flavour in dilute concentrations and caramel flavour in high
concentrates (Dahlen et al., 2001). Methylketones (2-alkanones) produced by Penicillium
Roquefortii and Penicillium Camembertii by processing medium length fatty acids give
unique cheesy flavour and aroma to Roquefort, Camembert and Stilton cheese (Vandamme,
2003). Botryodiplodia theobromae, a plant fungal pathogen, coverts a-linolenic acid into
methyl-7-iso-jasmonic acid, possessing sweet floral, jasmine-like fragnance. Saccharomyces
cerevisiae, Kluyveromyces marxianus convert L-phenylalanine into 2-phenylethanol
possessing rosy fragrance (Lomascolo et al., 2001) Lasiodiplodia theobromae, Fusarium
solani, Aspergillus sp., Penicillium sp., and Chaetomium sp. play significant role in fragrant
resinous heartwood production by Agarwood tree (Aquilaria malaccensis) (Sangareswari,
2016). Torulopsis bombicola convert palmitic acid into ®-hydroxypalmitic acid ester, which
can then be cyclised into hexadecanolide lactone possessing musk like aroma (Cheetham,
1993). Fungi produce specific lactones and methylketones attributing mushroom flavours and
grassy green fragrances using fatty acids, added as precursors (Feron et al., 1996). Fungi like
Botryosphaeria dothidea and Botryodiplodia theobromae can convert valencene, a
sesquiterpene hydrocarbon found in oranges, into nootkatone giving grapefruit like aroma
(Furusawa, 2005). Nidula niveo-tomentosa has been exploited industrially for the
biosynthesis of raspberry ketone (Yi Zhang, et.al., 2024, Fischer, et.al., 2001). Yi Zhang,
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et.al., also demonstrated that the UV radiation stimulate raspberry ketone production in
fungal cultures (2024). Research has shown that the fungi living on flowers can significantly
impact their scent, influencing the quantity and composition of their perfumes (Penuelas, et.al.,
2014). A yellowish-brown liquid obtained from mushrooms is used in preparation of
alcoholic perfumes, anti-perspirants, and creams. Some mushrooms are famous for their
pleasant, anise-like, fruit-like, or cucumber notes, while others can have more pungent odours
like garlic or even faecal matter (Moliszewska, 2014). Such mushrooms are of great
importance in commercial food and perfume industry due to their distinct flavours and unique
fragrances. Eugenol, a highly biologically active compound found in essential plant oils was
reported to be converted into p-vinylguaiacol by S. commune, P. variotii and Fusarium
solani (Mohammed, et.al., 1989, Nazareth, et.al.,1986, Ghosh, et.al., 2005). p-vinylguaiacol is
a volatile phenolic compound known for its tobacco flavour, a molecule that is used both as a
flavour and as a pharmaceutical intermediate (Sun, et.al., 2018). Notably, several recent studies
have focused on developing aromatic compounds from agro-industrial residues. The
production of gallic acid from tannic acid by A. niger and Aspergillus oryzae was demonstrated
in solid-state fermentation of soybean hull and grape pomace (Cabezudo, et.al., 2023).

Fungal enzymes play catalysing role in biosynthesis of myco-based aromas and flavours. The
myco-enzymes break down complex substrates into volatile aromatic compounds and thereby
enhance their sensory values useful in food, beverages, and perfume industries. Fungal lipases
and esterase synthesise fruity esters used in dairy, wine, and fruit-based industries (Chandra,
et.al, 2020). Laccases and peroxidases of fungal oxidise the lignin-derived precursors into
vanillin and related compounds useful in enhancing the creamy vanilla tastes of bakery goods,
candies, ice-creams and beverages (Aza, et.al., 2023). These compounds are equally in demand
in cosmetic and pharmaceutical industries owing to their pleasantly refreshing aroma. On
fermentation, the fungal glycosidases and proteases process the precursor molecules into the
aromatic compounds responsible for enhancing the flavours of coffee, cocoa, and cheese
(Vancouver, 2025).

Shikimic acid pathway is one of the primary route for the biosynthesis of volatile aromatic
compounds by fungi. The fungi synthesise volatile aromatic compounds such as aromatic
amino acids, viz., phenylalanine, tyrosine, and tryptophan which act as the essential building
blocks for proteins in fungi and also function as precursors for the production of various
commercial secondary metabolites possessing flavours and aromas. The shikimate pathway
uses five enzymes, viz., 3 — dehydroquinate dehydratase, shikimate dehydrogenase, shikimate
kinase, EPSP synthase, and chorismate synthase. In fungi, the pathway starts with two
substrates, phosphoenol pyruvate and erythrose — 4 — phosphate, which are processed by DAHP
synthase and 3-dehydroquinate synthase to form 3-dehydroquinate. The pathway ends
with chorismate (chrorismic acid), a substrate for the three aromatic amino acids (Francenia
Santos-Sanchez, et.al., 2019). Trichoderma ovalisporum (Dang, et.al., 2010), Penicillium
griseofulvum (Simonart, et.al., 1960) and Fusarium decemcellulare (Qader, et.al., 2018) have
been reported to produce shikimic acid. The accumulation of shikimic acid in the oyster
mushroom (Pleurotus ostreatus) was reported to increase upon blue light stimulation, leading
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to increased amounts of rate-determining enzymes that resulted in increased amounts of
shikimate pathway entry compounds (Kojima, et.al., 2015).

GLOBAL MARKET SCENARIO FOR BIOFLAVOURS AND FRAGRANCES:

The worldwide demand for bioflavours and fragrances is growing enormously due to the
consumers’ awareness about side effects of aromatic compounds of synthetic origin. The global
market for microbial flavours and fragrances is subjected to grow at a compound annual growth
rate of 7.8% between 2023 and 2032 due to increased preference for natural flavours and
fragrances in food, beverage, cosmetic, and pharmaceutical industries. The global aromatics
manufacturing market size value was 233.6 billion US$ in 2021 and has been anticipated to
reach 382.4 billion US$ by 2030 (Materials and Chemicals - Aromatics Market, 2022).
Furthermore, CRISPR-based genome editing has enabled the precise activation or suppression
of desired genes in fungi responsible for the production of aromatic compounds. Recombinant
expression of plant-derived biosynthetic pathways has allowed fungi to generate unique
flavours which are difficult to extract from plants. As global industries transition towards
sustainable production of aromas and flavours, the exploration of fungi would become
inevitable.

FUTURE PROSPECTS:

Unlike plant-based sources, fungal fermentation is independent of seasonal fluctuations,
climate change impact and supply chain commotion. By reducing the land and water use, they
minimize the carbon emissions and provide environment-friendly alternative. The target
aromatic fungal compounds can be synthesised in a short span as it is free from laborious, time
consuming field based cultivations. The screening of filamentous fungi for production of
aromatic compounds has yet to be thoroughly appraised and hence there lies a great potential
and future prospects.

CONCLUSION:

Fungi possess large metabolic capabilities which need to be tapped for the production of wide
range of flavours and aromatic compounds. Use of fungi further reduces the dependency on
season-based availability of aromatic plants and their extractions. Fungal efficiency can be
scaled up through fermentation in controlled conditions to ensure the continuous supply of
quality products. Thus, it can be concluded that the fungi are unique, versatile organisms
providing the eco-friendly platform for the sustainable production of bio-flavours and
fragrances and thereby offer great prospects for food, beverage, confectionary, cosmetics and
pharmaceutical industries pursuing sustainable production alternatives.
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