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1.INTRODUCTION 

Consumers across the globe have become 
increasingly aware of the relationship 
between diet and wellness, resulting in a 
shift from simple and highly sweet flavor 
profiles toward more complex, authentic, 
and fermentation-derived sensory 
experiences (Ajibola, Hipolito, & Thomas, 
2026).  

This transition is associated with growing 
consumer interest in exploring novel 
culinary experiences and seeking products 
that provide greater sensory depth and 
satisfaction, which has encouraged food 
manufacturers to increasingly incorporate 
flavors derived from traditionally fermented 
products (Ayseli, 2023; Cvetan, 2025).  As 
consumers seek more depth and nuance in 
food, the "swicy" trend has evolved into 
more complex variations such as "swangy" 

(spicy, sweet, and sour) and "swavory" 
(spicy, sweet, and salty/umami)(Dion, 
2025). In particular, younger consumers, 
especially Generation Z, are becoming 
increasingly attracted to umami-rich, tangy, 
and intensely savory / aromatic flavor 
profiles commonly found in traditional 
fermented foods and beverages 
(TFFBs)(Hanlon et al., 2026). These 
products offer multi-layered sensory 
experiences that are difficult to replicate 
using conventional formulations, thereby 
creating perceptions of superior quality, 
authenticity, and craftsmanship among 
consumers. 

Consumers today are more informed and 
conscientious about their food choices, 
seeking products with simple, 
understandable ingredients. This shift in 
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consumer preference is compelling food and 
beverage manufacturers to reformulate 
products using clean label ingredients, 
which typically exclude artificial additives, 
preservatives, and colorants (Ayseli, 2023). 
Moreover, the growing incorporation of  
TFFBs as flavor-enhancing ingredients in 
diverse food products is closely associated 
with consumer perceptions of authenticity, 
gut health, functional value, and sustainable 
food traditions (X. Shi et al., 2026). This 
finding is consistent with a recent study 
showing that approximately 50% of 
consumers cite taste as the primary reason, 
while 35% cite health benefits for 
consuming fermented foods (Hanlon et al., 
2026).  

Although previous reviews have 
comprehensively summarized the 
nutritional, functional, microbiological, and 
health-related aspects of fermented foods 
and beverages, their flavor characteristics 
have generally been discussed from a 
product-specific or compositional 
perspective. In contrast, this review adopts a 
consumer-oriented approach by integrating 
recent flavor trends with the underlying 
flavor chemistry of traditional fermented 
foods and beverages. Particular emphasis is 
placed on the relationship between emerging 
sensory preferences, representative 
fermented products, and fermentation-
derived aroma-active compounds, thereby 
providing a comprehensive overview of 
flavor innovation in this rapidly evolving 
field. 

 

 

 

 

2. FLAVOUR TRENDS 

TFFBs continue to attract considerable 
consumer interest due to their complex, 
multidimensional, and distinctive flavor 
profiles (Table 1). In recent years, evolving 
consumer preferences and the growing 
demand for authentic, clean-label, and 
sensory-rich food experiences have driven 
flavor innovation within this category. 
Between 2020 and 2026, several prominent 
flavor trends have emerged in TFFBs, 
including the increasing popularity of umami- 
and kokumi-rich flavor profiles, the growing 
demand for fruity and floral sensory attributes 
in fermented beverages, and the incorporation 
of fermented ingredients into sweet, sweet-
savory, and dessert applications (Table 2). 

           2.1. Consumer Preference Shifts 
Toward Complex and Umami-Rich Flavors 

   Consumer taste preferences have shifted 
toward bold, complex, and plant-derived 
flavor experiences, including pungent, earthy, 
and fermented flavor profiles (such as aged 
cheese, kimchi, fish sauce, tempeh, and natto), 
as well as umami (such as soy sauce, miso, 
koji, and fermented shrimp juice) (Ayseli, 
2023; Dhiman et al., 2025; Kim et al., 2020).  

This trend is partly driven by the growing 
demand for authentic and naturally generated 
flavors that provide greater sensory 
complexity than conventional formulations. 
Microbial fermentation promotes the 
production of aroma-active compounds, 
including amino acids, organic acids, and 
umami peptides, which serve as important 
flavor contributors and precursors. In 
particular, microbially derived umami 
peptides have attracted increasing attention 
because of their cost-effective production and 
significant contribution to umami perception 
(Y. Fan et al., 2025).
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Table 1 Comprehensive volatile and non-volatile compounds in traditional fermented foods and 
beverages 

Compound CAS No. Flavor Descriptor Typical Occurrence and 
Representative Primary 

Reference(s) 

Origin / Microbial Source 

Acids 

Acetic acid 64-19-7 Sharp, vinegar-like Kombucha (Jayabalan et al., 
2014), miso (Kaku et al., 
2000; S. Wang et al., 2021), 
doenjang (Lee, Lee, Lee, & 
Kim, 2024), shalgam (Altay, 
Karbancioglu-Güler, 
Daskaya-Dikmen, & 
Heperkan, 2013), pickle juice 
(Hooper Marosek, Antharam, 
& Dowlatshahi, 2020), kefir 
(X. Li et al., 2023), Coffee 
cascara kombucha (Sales et 
al., 2023) 

Produced by acetic acid 
bacteria (Acetobacter and 
Komagataeibacter spp.) via 
ethanol oxidation, as well as by 
heterofermentative lactic acid 
bacteria (e.g., Lactobacillus 
spp.) through the 
phosphoketolase pathway 
during fermentation. 

Butyric acid  107-92-6 Rancid, cheesy Kimchi, kefir  (X. Li et al., 
2023), Doenjang-guk (Jo, 
Cho, Song, Shin & Kim, 
2011) 

Produced primarily by 
Clostridium spp. through 
carbohydrate fermentation and 
by certain lactic acid bacteria 
via amino acid and 
carbohydrate metabolism 
during fermentation. 

Citric acid 77-92-9 Sour, fresh, citrusy Pixian Doubanjiang 
(PXDBJ)(Yang et al., 2020), 
miso (N. Xu et al., 2016) 

Naturally present in raw 
materials and produced or 
metabolized through the 
tricarboxylic acid (TCA) cycle 
by yeasts, lactic acid bacteria, 
and filamentous fungi during 
fermentation 

Decanoic acid 334-48-5 Soapy Miso (JPRN-
UMIN000051444, 2023) 

Produced through microbial 
lipid hydrolysis and β-
oxidation during fermentation. 

Gluconic acid 526-95-4 Tart, clean Kombucha (Kaewkod, 
Bovonsombut, & 
Tragoolpua, 2019) 

Produced by acetic acid 
bacteria (mainly 
Gluconobacter spp.) through 
oxidation of glucose during 
fermentation. 
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Glutamic acid 56-86-0 Umami, savory Miso (Tamura, Kirimura, 
Hara, & Sugimura, 1952), 
doenjang-guk  (Yul Lee et 
al., 2024) 

Released from raw 
plant/soybean proteins via 
proteolysis mediated by fungal 
proteases (e.g., Aspergillus 
oryzae) and intracellular 
peptidases from lactic acid 
bacteria and yeasts during 
fermentation. 

Hexanoic acid 142-62-1 Fatty, cheesy Shalgam (Tanguler, Selli, 
Sen, Cabaroglu, & Erten, 
2017) 

Produced through fatty acid de 
novo synthesis and chain 
elongation pathways by yeasts 
and bacteria, as well as 
microbial lipid hydrolysis 
during fermentation. 

Heptanoic acid 111-14-8 Rancid, fatty, 
cheesy 

Shalgam (Tanguler et al., 
2017) 

Produced via microbial fatty 
acid metabolism, chain 
elongation, and enzymatic lipid 
hydrolysis during fermentation. 

Isobutyric acid 79-31-2 Sweaty, cheesy Fermented soy, natto (D. H. 
Wang et al., 2019), 
kombucha (Phung et al., 
2023) 

Produced through microbial 
catabolism of valine by 
Bacillus spp., yeasts, and lactic 
acid bacteria during 
fermentation. 

Lactic acid 50-21-5 Smooth, sour Kombucha (Jannah, Wakiah, 
Sandi, Islamawan, & Wulan, 
2025), miso (N. Xu et al., 
2016), pickle juice, 
fermented apple juice (J. R. 
Liang, Deng, Hu, Zhao, & 
Meng, 2022), kefir (X. Li et 
al., 2023) 

Produced primarily by lactic 
acid bacteria through 
carbohydrate fermentation 
(glycolysis) during 
fermentation. 

 

Malic acid 6915-15-7 Sour, tart, fruity Kefir (X. Li et al., 2023), 
Pixian Doubanjiang 
(PXDBJ)(Yang et al., 2020) 

Naturally present in plant 
materials and modified during 
fermentation through 
microbial metabolism of 
carbohydrates and the 
tricarboxylic acid (TCA) cycle 
by yeasts and lactic acid 
bacteria. 

Octanoic acid 124-07-2 Fatty, rancid Kombucha (Sales et al., 
2023), Coffee cascara 
kombucha (Sales et al., 2023) 

Produced by yeasts (e.g., 
Saccharomyces cerevisiae) 
during fatty acid synthesis and 
incomplete esterification, as 
well as microbial lipid 
hydrolysis during fermentation. 
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Pentanoic acid 109-52-4 Cheesy, rancid, 
sweaty 

Shalgam (Tanguler et al., 
2017) 

Produced through microbial β-
oxidation of fatty acids and 
amino acid catabolism during 
fermentation. 

Succinic acid 110-15-6 Acidic, salty Soy sauce, miso, kefir (X. Li 
et al., 2023) 

Produced through the 
tricarboxylic acid (TCA) cycle 
by yeasts and certain lactic acid 
bacteria during fermentation. 

Tartaric acid 87-69-4 Sour, tart, 
astringent 

Kefir (X. Li et al., 
2023),Kombucha, fermented 
orange vinegar, grape-based 
fermented beverages (Leal, 
Suárez, Jayabalan, Oros, & 
Escalante-Aburto, 2018; 
Sanwal et al., 2023) 

Naturally abundant in grapes 
and other fruits; retained or 
concentrated during 
fermentation and may be 
partially metabolized by certain 
lactic acid bacteria and acetic 
acid bacteria, contributing to 
the sour taste and overall 
acidity of fermented beverages. 

2-methylbutanoic 
acid 

116-53-0 Cheesy, sweaty, 
rancid, fruity 

Pixian douban (Lu & He, 
2021) 

Produced through microbial 
catabolism of isoleucine during 
fermentation, primarily by 
Bacillus spp. and yeasts, 
contributing to the 
characteristic matured aroma 

3-methylbutanoic 
acid  

503-74-2 Cheesy, sweaty, 
rancid, malty 

Kombucha (Sales et al., 
2023), Doenjang-guk (Jo, 
Cho, Song, Shin & Kim, 
2011) 

Produced through microbial 
catabolism of leucine by yeasts, 
lactic acid bacteria, and 
Bacillus spp. during 
fermentation. 

Aldehydes 

Benzaldehyde 100-52-7 Almond-like Miso (S. Wang et al., 2021), 
Doenjang-guk (Yul Lee et 
al., 2024) kombucha (Marsh 
et al., 2014) 

Formed through microbial 
catabolism of phenylalanine 
via the Ehrlich pathway, 
Strecker degradation, and 
Maillard reactions during 
fermentation. 

Citral 5392-40-5 Lemon, citrus, 
fresh 

Finger citron kombucha (Y. 
Xu et al., 2024), pickle juice 
(A. Fan et al., 2015) 

Naturally present as a major 
monoterpene in botanical raw 
materials (e.g., finger citron, 
lemongrass); retained, 
biotransformed, or partially 
degraded by yeasts and acetic 
acid bacteria (Gluconobacter 
spp.) during fermentation. 
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Decanal 112-31-2 Orange-like Kombucha (Sales et al., 
2023), fermented Sichuan 
pickle (M. Shi et al., 2023) 

Formed via enzymatic lipid 
cleavage and oxidative 
degradation of unsaturated 
fatty acids (primarily oleic and 
linoleic acids) during 
fermentation and matrix aging. 

(E, E)-2,4-
decadienal  

25152-84-5 Fried, fatty, deep-
fried, green 

Kimchi (Cha, Kim, & 
Cadwallader, 1998),  miso 

 

Formed mainly via lipid 
oxidation, particularly of 
linoleic acid 

(E, Z)-2,6-
nonadienal 

557-48-2 Cucumber-like, 
green, fresh, fatty 

Kimchi (Cha et al., 1998), 
Pickle juice (Tong et al., 
2026) 

Formed primarily via lipid 
oxidation of polyunsaturated 
fatty acids (e.g., linoleic acid) 

 

(E)-2-Nonenal 18829-55-5 Cucumber-like, 
fatty, green 

Pickle juice (Tong et al., 
2026) 

Formed mainly via lipid 
oxidation (especially of 
unsaturated fatty acids) during 
fermentation and storage; 
detected in aged beverages, rice 
milk, and cucumber 

Furfural 98-01-1 Sweet, caramel, 
bready Doenjang-guk (Yul Lee et 

al., 2024), Pixian douban (Lu 
& He, 2021) 

Formed through carbohydrate 
degradation, Maillard 
reactions, and thermal 
dehydration of pentoses during 
fermentation and heat 
processing. 

Hexanal 66-25-1 Green, grassy Kombucha, kimchi (Seo, 
You, & Baek, 2024), 
Doenjang-guk (Jo, Cho, 
Song, Shin & Kim, 2011) 

Formed through oxidative 
degradation of unsaturated 
fatty acids, particularly linoleic 
acid, during microbial lipid 
oxidation and fermentation. 

Heptanal 111-71-7 Fatty, green Fish-based miso (Giri, 
Osako, & Ohshima, 2010) 

Formed through the oxidative 
cleavage of 9-hydroperoxides 
derived from unsaturated fatty 
acids (e.g., oleic acid) via 
microbial lipid degradation and 
auto-oxidation during 
fermentation. 

Nonanal 124-19-6 Fatty, citrus Kimchi, miso,  Kombucha 
(Sales et al., 2023), Pickle 
juice (Tong et al., 2026), 
Coffee cascara kombucha 
(Sales et al., 2023), 

Formed through the oxidative 
cleavage of 9-hydroperoxides 
derived from unsaturated fatty 
acids (e.g., oleic acid) via 
microbial lipid degradation and 
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fermented Sichuan pickle 
(M. Shi et al., 2023) 

auto-oxidation during 
fermentation. 

Octanal 124-13-0 Citrus, fruity Kombucha (Sales et al., 
2023), fermented Sichuan 
pickle (M. Shi et al., 2023) 

Formed via enzymatic lipid 
cleavage and oxidative 
degradation of unsaturated 
fatty acids (primarily oleic and 
linoleic acids) during 
fermentation and matrix aging. 

Phenylacetaldehyde 122-78-1 Floral, sweet, 
honeysuckle-like 

Miso (S. Wang et al., 2021), 
rice milk, soy milk, pistachio 
milk, and Kimchi (Cha et al., 
1998), Coffee cascara 
kombucha (Sales et al., 2023) 

Formed through microbial 
catabolism of phenylalanine 
via the Ehrlich pathway and 
Strecker degradation during 
fermentation. 

(Z)-3-hexenal 6789-80-6 Green, grassy Kimchi (Seo et al., 2024) Formed through lipoxygenase-
mediated oxidation of 
polyunsaturated fatty acids, 
particularly linolenic acid, 
during fermentation. 

2-Methylbutanal 96-17-3 Malty, nutty, 
cocoa-like, fruity 

Miso (S. Wang et al., 2021), 
Fish-based miso (Giri, 
Osako, et al., 2010), kimchi, 
soy sauce, Doenjang-guk (Jo, 
Cho, Song, Shin & Kim, 
2011) 

Formed through microbial 
catabolism of isoleucine via 
transamination and 
decarboxylation steps of the 
Ehrlich pathway, as well as 
Strecker degradation during 
fermentation 

2-Methylpropanal  78-84-2 Malty, cocoa-like, 
nutty, chocolate-
like 

Horse mackerel miso (Giri, 
Okamoto, et al., 2010) 

Formed via microbial 
catabolism of valine through 
the Ehrlich pathway, as well as 
Strecker degradation and 
thermal Maillard reactions 
during processing and 
fermentation. 

3-Methylbutanal 590-86-3 Malty, cocoa-like, 
chocolatey, nutty 

Miso (Giri, Okamoto, et al., 
2010), Fish-based miso (Giri, 
Osako, et al., 2010), 
Doenjang-guk (Yul Lee et 
al., 2024)(Jo et al., 2011) 

Produced via microbial 
catabolism of leucine through 
the Ehrlich pathway by yeasts, 
lactic acid bacteria, and 
Bacillus species, supplemented 
by Strecker degradation. 

5-Methyl-2-
furaldehyde 

 

620-02-0 Caramel, sweet, 
roasted,bready 

Miso (Dutta, De, Saha, & 
Alam, 2012) 

 

Formed via Maillard reaction 
and sugar degradation; present 
in fermented beverages (beer, 
sake),  roasted or cooked 
plant-based ferments. 
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Alcohols 

Citronellol 106-22-9 Rose-like lychee kefir (Chen et al., 
2025), rose fermented 
beverage (Zhou et al., 2025), 
fermented apple juice (H. Li 
et al., 2021), pickle juice (A. 
Fan et al., 2015) 

Naturally present in botanical 
raw materials; released from 
glycosidically bound 
precursors through enzymatic 
hydrolysis (mediated by 
microbial 𝛽-glucosidases) and 
biotransformed from 
geraniol/neral by yeasts and 
lactic acid bacteria during 
fermentation. 

Geraniol 106-24-1 Floral, citrus Finger citron kombucha (Y. 
Xu et al., 2024),  

Naturally present in botanical 
raw materials; liberated from 
bound glycosides via microbial 
𝛽-glucosidase activity and 
biotransformed through 
enzymatic isomerization by 
yeasts and acetic acid bacteria 
during fermentation. 

Isoamyl alcohol 123-51-3 Whiskey-like Miso (S. Wang et al., 2021), 
Shalgam (Tanguler et al., 
2017), Coffee cascara 
kombucha (Sales et al., 2023) 

Produced through the Ehrlich 
pathway via transamination, 
decarboxylation, and reduction 
of leucine (or de novo via 𝛼-
ketoisocaproate) primarily by 
yeasts during fermentation. 

Linalool 78-70-6 Floral, citrus Finger citron kombucha (Y. 
Xu et al., 2024), Kimchi 
(Cha et al., 1998), Pickle 
juice (Tong et al., 2026), 
Coffee cascara kombucha 
(Sales et al., 2023) 

Naturally present in finger 
citron (Citrus medica var. 
sarcodactylis); retained and 
partially transformed during 
fermentation by acetic acid 
bacteria (Gluconobacter spp.) 
and yeasts. 

1-Butanol 71-36-3 Alcoholic, sweet, 
slightly woody or 
fruity 

Shalgam (Tanguler et al., 
2017), Miso (Lee et al., 
2024) 

Produced by yeasts and certain 
lactic acid bacteria through 
carbohydrate fermentation and 
amino acid metabolism 

1-Hexanol 111-27-3 Leafy, green Miso (Lee et al., 2024), Fish-
based Miso (Giri, Osako, et 
al., 2010) 

Formed mainly through 
enzymatic oxidation of 
unsaturated fatty acids and lipid 
degradation during 
fermentation 

1-Heptanol 111-70-6 Fatty, floral, 
slightly green or 
citrusy 

Fish-based Miso (Giri, 
Osako, et al., 2010) 

Produced through microbial 
metabolism of fatty acids and 
lipid-derived aldehydes during 
fermentation 
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1-Nonanol 143-08-8 Fatty, citrusy, 
floral, slightly 
waxy 

Shalgam (Tanguler et al., 
2017) 

Produced via microbial 
reduction of lipid-derived 
aldehydes (nonanal/octanal) 
catalyzed by alcohol 
dehydrogenases (ADH) during 
fermentation. 

1-Octanol 111-87-5 Fatty, waxy, 
citrusy, slightly 
floral 

Shalgam (Tanguler et al., 
2017) 

Produced via microbial 
reduction of lipid-derived 
aldehydes (nonanal/octanal) 
catalyzed by alcohol 
dehydrogenases (ADH) during 
fermentation. 

1-Octen-3-ol 3391-86-4 Mushroom, earthy Miso (Lee et al., 2024), Fish-
based Miso (Giri, Osako, et 
al., 2010) 

Generated through fungal 
lipoxygenase- and 
hydroperoxide lyase-mediated 
cleavage of linoleic acid during 
koji or solid-state fermentation 
(e.g., by Aspergillus oryzae). 

 

1-Propanol 71-23-8 Alcoholic Shalgam (Tanguler et al., 
2017) 

Produced during microbial 
fermentation through amino 
acid catabolism and 
carbohydrate metabolism. 

2-Butanol 78-92-2 Alcoholic, sweet, 
solvent-like, fruity 

Shalgam (Tanguler et al., 
2017) 

Produced by microbial 
reduction of 2-butanone during 
fermentation by yeasts and 
certain bacteria. 

 

2-Methyl-1-butanol 137-32-6 Malty, alcoholic, 
whiskey-like, fruity 

Pixian douban (Lu & He, 
2021) 

Produced through microbial 
catabolism of isoleucine via the 
Ehrlich pathway (or de novo 
carbohydrate synthesis via 𝛼-
keto-𝛽-methylvalerate) 
primarily by yeasts during 
fermentation. 

6-Methyl-5-hepten-
2-ol 

1569-60-4 Green, citrus, floral Shalgam (Tanguler et al., 
2017) 

Formed through enzymatic 
degradation of carotenoids and 
terpenoid metabolism during 
fermentation. 

2-Phenylethanol 60-12-8 Rose, honey Miso (Kaku et al., 2000; S. 
Wang et al., 2021)., Shalgam 
(Tanguler et al., 2017), 
kombucha (Marsh et al., 
2014) 

Produced from phenylalanine 
via the Ehrlich pathway by 
yeasts and some lactic acid 
bacteria during fermentation. 
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Ketones  

Acetoin  513-86-0 Buttery Miso (Lee et al., 2024), Fish-
based Miso (Giri, Osako, et 
al., 2010), Horse mackerel 
miso (Giri, Okamoto, et al., 
2010), fermented Sichuan 
pickle (M. Shi et al., 2023) 

Produced primarily by lactic 
acid bacteria (e.g., 
Lactococcus, Leuconostoc 
spp.) via pyruvate catabolism 
and citrate metabolism through 
𝛼-acetolactate 
decarboxylation, as well as the 
reversible enzymatic reduction 
of diacetyl. 

β-Ionone 79-77-6 Floral, woody Pickle juice (Tong et al., 
2026) 

ormed via enzymatic oxidative 
cleavage of 𝛽-carotene 
catalyzed by microbial 
carotenoid cleavage 
dioxygenases (CCDs) or non-
enzymatic auto-oxidation 
during fermentation. 

β-Damascenone 23726-93-4 Floral, fruity, rose-
like, honey, apple 

Coffee cascara kombucha 
(Sales et al., 2023) 

Formed through acid-catalyzed 
degradation of allenic 
carotenoid precursors (such as 
neoxanthin) and microbial 𝛽-
glucosidase hydrolysis of 
glycosidic precursors during 
fermentation and aging. 

Diacetyl (2,3-
butanedione)  

431-03-8 Buttery, creamy Miso, soy milk, Kimchi (Cha 
et al., 1998) 

Produced primarily by lactic 
acid bacteria through pyruvate 
and citrate metabolism via 
spontaneous oxidative 
decarboxylation of 𝛼-
acetolactate during 
fermentation. 

Geranyl acetone 3796-70-1 Floral, citrus, 
green, fruity 

Coffee cascara kombucha 
(Sales et al., 2023) 

Formed through oxidative 
degradation of open-chain 
carotenoids (e.g., phytoene, 
lycopene) or terpene 
catabolism, mediated by 
microbial oxidative enzymes 
during fermentation. 

2-Heptanone 110-43-0 Fruity, cheese-like Cheonggukjang (Lee et al., 
2024) 

Formed via microbial 𝛽-
oxidation of free fatty acids 
followed by decarboxylation of 
𝛽-ketoacids, catalyzed 
primarily by fungal and 
bacterial 
lipases/decarboxylases during 
fermentation. 
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2-Butanone 78-93-3 Sweet, solvent-like Cheonggukjang (Lee et al., 
2024) 

Produced through microbial 
catabolism of 2,3-butanediol or 
via acetoacetate 
decarboxylation by yeasts and 
bacteria during carbohydrate 
fermentation. 

2,3-Pentanedione 600-14-6 Butter, caramel Miso (Kumazawa, Kaneko, 
& Nishimura, 2013) 

Produced by lactic acid bacteria 
through amino acid and 
pyruvate metabolism via 
spontaneous oxidative 
decarboxylation of 𝛼-
acetohydroxybutyrate during 
fermentation. 

3-Octanone 106-68-3 Fruity Miso (S. Wang et al., 2021) Produced through 
lipoxygenase-mediated 
oxidative degradation of 
unsaturated fatty acids 
(predominantly linoleic acid) 
by fungi and bacteria during 
fermentation. 

Phenols and Polyphenols 

Acetovanillone 498-02-2 Vanilla-like, sweet, 
smoky, phenolic 

Shalgam (Tanguler et al., 
2017) 

Formed through microbial 
biotransformation and 
oxidative degradation of ferulic 
acid and lignin-derived 
phenolic intermediates by 
yeasts and lactic acid bacteria 
during fermentation. 

Daidzein 486-66-8 Bitter, astringent, 
mild beany 

Fermented soy products such 
as soy milk, doenjang-guk 
and miso (Kaufman, Duke, 
Brielmann, Boik, & Hoyt, 
1997) 

Liberated from its glycoside 
precursor (daidzin) through 
enzymatic cleavage by 
microbial 𝛽-glucosidases 
produced by filamentous fungi 
(e.g., Aspergillus oryzae), 
yeasts, and lactic acid bacteria 
during fermentation. 

Eugenol 97-53-0 Clove, spice Cinnamon enriched 
kombucha (Tamer, Özkan 
Karabacak, & Durgut 
Malçok, 2025), Shalgam 
(Tanguler et al., 2017) 

Naturally present in botanical 
spices (e.g., cinnamon, clove); 
released from bound glycosidic 
precursors via microbial 
hydrolysis and partially 
transformed by yeasts and 
acetic acid bacteria during 
fermentation. 
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Guaiacol 90-05-1 Smoky, medicinal Pixian douban (Lu & He, 
2021), Sesame flavoured 
baijiu (Deng et al., 2024) 

Produced through microbial 
decarboxylation of ferulic acid 
to p-vinylguaiacol followed by 
demethylation/dealkylation, as 
well as thermal degradation of 
lignin derivatives during 
fermentation and thermal 
processing. 

Genistein 446-72-0 Bitter, astringent, 
mild beany 

Fermented soy products such 
as soy milk, soy sauce, 
doenjang-guk, natto, tempeh 
and miso (Kaufman et al., 
1997) 

Released from its glycosidic 
form (genistin) via microbial 𝛽-
glucosidase-mediated 
hydrolysis during fermentation, 
leading to enhanced 
bioavailability and modified 
matrix interactions. 

Propiovanillone 1835-14-9 Sweet, vanilla-like, 
smoky, phenolic 

Shalgam (Tanguler et al., 
2017) 

Produced via microbial 
degradation and 
biotransformation of 
phenylpropanoid precursors 
and lignin-derived phenolic 
intermediates during 
fermentation. 

p-Vinyl guaiacol 7786-61-0 Clove-like, smoky, 
spicy, phenolic 

Shalgam (Tanguler et al., 
2017) 

Formed through non-oxidative 
decarboxylation of ferulic acid 
catalyzed by phenolic acid 
decarboxylase (PAD) 
expressed by yeasts (e.g., 
Saccharomyces cerevisiae) and 
lactic acid bacteria. 

3-
Methylacetophenon
e 

585-74-0 Sweet, floral, 
almond-like, fruity 

Shalgam (Tanguler et al., 
2017) 

Formed via microbial 
metabolism of aromatic amino 
acids (e.g., phenylalanine) and 
secondary biotransformation of 
phenylpropanoid-derived 
intermediates during 
fermentation. 

4-Vinylphenol 2628-17-3 Sweet, floral Doenjang-guk (Jo, Cho, 
Song, Shin & Kim, 2011) 

Formed through microbial 
decarboxylation of p-coumaric 
acid by phenolic acid 
decarboxylase during 
fermentation. 

4-Ethylphenol 123-07-9 Smoky, earthy Doenjang-guk (Jo, Cho, 
Song, Shin & Kim, 2011) 

Formed via microbial 
decarboxylation of p-coumaric 
acid catalyzed by phenolic acid 
decarboxylase (PAD) from 
yeasts and lactic acid bacteria 
during fermentation. 
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Esters 

Ethyl acetate 141-78-6 Fruity, solvent-like Horse mackerel miso (Giri, 
Okamoto, et al., 2010), 
Pixian douban (Lu & He, 
2021),Coffee cascara 
kombucha (Sales et al., 2023) 

Produced by yeasts through 
enzymatic esterification of 
ethanol and acetic acid via 
alcohol acetyltransferases 
during fermentation. 

Ethyl butyrate 105-54-4 Fruity, pineapple Coffee cascara kombucha 
(Sales et al., 2023) 

Produced by yeasts and 
bacteria through enzymatic 
condensation of butyryl-CoA 
and ethanol, or via esterase-
catalyzed esterification during 
fermentation. 

Ethyl decanoate 110-38-3 Fruity, floral, 
grape-like 

Horse mackerel miso (Giri, 
Okamoto, et al., 2010) 

Produced by yeasts through 
acyl-CoA:ethanol O-
acyltransferase-catalyzed 
condensation of decanoyl-CoA 
and ethanol during 
fermentation. 

Ethyl hexanoate 123-66-0 Apple, pineapple Fish-based miso (Giri, 
Osako, et al., 2010) 

Produced primarily by yeasts 
through acyl-CoA:ethanol O-
acyltransferase-catalyzed 
condensation of hexanoyl-CoA 
and ethanol during 
fermentation. 

Ethyl heptanoate 106-30-9 Fruity, pineapple-
like, sweet, wine-
like 

Horse mackerel miso (Giri, 
Okamoto, et al., 2010) 

Produced through yeast-
mediated condensation of 
heptanoyl-CoA and ethanol or 
esterase-catalyzed 
biotransformation during 
fermentation. 

Ethyl octanoate 106-32-1 Fruity, floral Shalgam (Tanguler et al., 
2017) 

Produced primarily by yeasts 
through acyl-CoA:ethanol O-
acyltransferase-catalyzed 
condensation of octanoyl-CoA 
and ethanol during 
fermentation. 

Ethyl propionate 105-37-3 Fruity, pineapple-
like, sweet 

Shalgam (Tanguler et al., 
2017) 

Produced by yeasts through 
enzymatic condensation of 
propionyl-CoA and ethanol or 
esterase activity during 
fermentation. 
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Isoamyl acetate 123-92-2 Banana-like Fish-based miso (Giri, 
Osako, et al., 2010) 

Produced primarily by yeasts 
through alcohol 
acetyltransferase-catalyzed 
esterification of isoamyl 
alcohol and acetyl-CoA during 
fermentation. 

Sulfur compounds 

Allyl methyl 
trisulfide (AMTS) 

34135-85-8 Garlic-like, onion-
like, sulfurous, 
pungent, savory 

Kimchi (Seo et al., 2024) Formed from the enzymatic 
degradation of sulfur-
containing compounds in 
Allium vegetables (e.g., garlic 
and onion) during fermentation 
and subsequent 
oxidation/rearrangement of 
allyl sulfur intermediates. 

 

Dimethyl Sulfide 
(DMS) 

75-18-3 Sulfurous, cooked 
vegetable 

Doenjang-guk (Jo, Cho, 
Song, Shin & Kim, 2011)  

Produced during microbial 
metabolism of sulfur-
containing amino acids (e.g., 
methionine) and degradation of 
S-methylmethionine 

Dimethyl disulfide 
(DMDS) 

624-92-0 Garlic, onion-like Fish-based miso (Giri, 
Osako, et al., 
2010),fermented Sichuan 
pickle (M. Shi et al., 2023) 

Formed via microbial 
degradation of methionine to 
methanethiol, followed by air 
oxidation and dimerisation 
during fermentation. 

Diallyl disulfide 
(DADS) 

2179-57-9 Garlic-like, 
pungent, savory 

Kimchi (Cha et al., 1998) Formed primarily from alliin in 
garlic and other Allium species 
via enzymatic cleavage 
(alliinase) 

Dimethyl trisulfide 
(DMTS) 

3658-80-8 Pungent Kimchi (Cha et al., 1998; 
Seo et al., 2024), Pickle juice 
(Tong et al., 2026), Horse 
mackerel miso (Giri, 
Okamoto, et al., 2010), 
fermented Sichuan pickle 
(M. Shi et al., 2023) 

Formed via microbial 
degradation of methionine to 
methanethiol, followed by 
oxidative coupling and reaction 
with hydrogen sulfide or 
elemental sulfur during 
fermentation. 

Diallyl trisulfide 
(DATS) 

2050-87-5 Garlic-like, 
pungent, savory, 
slightly sweet 

Kimchi (Cha et al., 1998)  Formed from the enzymatic 
degradation of allicin and other 
sulfur-containing compounds 
in Allium vegetables 
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Dimethyl 
tetrasulfide 
(DMTTS) 

5756-24-1 Sulfurous, garlic-
like, cooked 
cabbage, onion-like 

Kimchi (Seo et al., 2024) Formed through microbial 
degradation of methionine into 
methanethiol and subsequent 
oxidative condensation with 
hydrogen sulfide and sulfur 
species during fermentation. 

Methional (3-
(methylsulfanyl)pro
panal) 

3268-49-3 Boiled potato, 

cooked cabbage, 
onion-like, savory, 
meaty 

Pixian douban (Lu & He, 
2021), miso (S. Wang et al., 
2021), Fish-based miso (Giri, 
Osako, et al., 2010), Horse 
mackerel miso (Giri, 
Okamoto, Okazaki, & 
Ohshima, 2010), doenjang 
and fermented soybean paste 
(Lee et al., 2024), kimchi 
(Cha et al., 1998) and other 
protein-rich fermented foods 

Formed through the microbial 
degradation of methionine and 
cysteine via methanethiol 
condensation with C1 
metabolic intermediates and 
subsequent oxidation during 
fermentation. 

 

 

 

 

Methyl allyl 
disulfide (MADS) 

719-59-9 Garlic-like, oniony, 
pungent, savory 

Kimchi (Cha et al., 1998) Formed from enzymatic 
degradation of sulfur-
containing compounds in 
Allium vegetables (e.g., garlic, 
onion) during fermentation; 
found in fermented garlic, 
onion, and other sulfur-rich 
vegetable ferments. 

Methyl 
(methylthio)methyl 
disulfide 

42474-44-2 Sulfurous, garlic-
like, cabbage-like, 
onion-like 

Kimchi (Seo et al., 2024) Formed through microbial 
metabolism of sulfur-
containing amino acids 
(primarily methionine and 
cysteine) during fermentation 
and subsequent oxidation of 
volatile sulfur intermediates. 

 

Table 2. Major flavor trends and representative products in traditional fermented foods and beverages 
(2020–2026). 

Flavor Trend Representative Products Consumer Appeal / Key Drivers 

 

 

 

Miso & Doenjang: Fermented 

soybean pastes are transcending 

traditional soups. Chefs and 

manufacturers are using them in 

Increasing demand for savory, deep, and complex flavor 

experiences 
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Complex Umami & 

Deep Earthiness 

glazes, marinades, and even desserts to 

add savory depth 

Koji-fermentation: Used as a base for 

marinades and alternative protein 

products to mimic the savory, meaty 

notes of traditional dishes 

 

Kokumi and 

Mouthfulness 

Long-ripened miso, aged cheeses, 

fermented bean pastes 

Enhanced mouthfeel, continuity, richness, and flavor 

persistence 

 

Plant-Based Savory 

Flavors 

Tempeh, natto, koji-fermented 

products, fermented legumes 

Growth of plant-based diets and demand for natural 

flavor enhancement 

 

 

Fermented Vegetables 

and Condiments 

 

Kimchi, sauerkraut, fermented lemon, 

pickles 

 

Desire for authentic, tangy, and culturally distinctive 

flavors 

 

Culinary 

Fermentation 

Innovations 

Koji-cured vegetables, smoked miso 

caramel, fermented sauces, umami-

enriched vegan broths 

Fusion cuisine, premium gastronomy, and novel sensory 

experiences 

 

 

Swicy (Sweet + Heat) 

& Bold Spices 

Miso chocolate, soy sauce caramel, 

fermented honey, traditional Asian 

fermented pastes ( gochujang, 

doubanjiang), fermented hot sauces 

(Sriracha, harissa, and fermented 

Growing interest in sweet–savory flavor combinations 

and artisanal products 
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jalapeños), swicy snacks (honey or 

chili crisps paired with fermented tang) 

 

 

 

 

Fermented Beverages  

Kombucha, kefir, coffee, tea, fruit 

vinegars, fermented fruit beverages 

such as tepache 

Preference for refreshing, natural, fruity, and functional 

beverages (sport performance beverage, enery-boosting 

drink, cognitive-enhancing beverage, detoxification 

tonics) 

Beyond traditional applications, koji-based 
ingredients are increasingly incorporated into 
snacks, condiments, and emerging fermented 
products, reflecting the growing consumer 
appreciation for fermentation-derived umami 
flavors. One example is fermented shrimp 
juice, commonly referred to as shrimp oil, a 
fermented extract derived from fresh shrimp. 
During koji-assisted fermentation, enzymatic 
hydrolysis and microbial metabolism enhance 
the formation of amino acids, esters, alcohols, 
and sulfur-containing compounds, thereby 
increasing flavor complexity and umami 
intensity. These flavor characteristics have 
contributed to the increasing consumer and 
industrial interest in fermented shrimp 
products as novel umami-rich ingredients (W. 
Liang et al., 2025).  This trend is further 
reflected in a variety of culinary applications, 
including koji-cured vegetables with 
mushroom-like depth, smoked miso caramel 
used in desserts, and umami-enriched vegan 
broths such as ramen (An et al., 2023).  

             2.1.1 Miso 

Among these umami-rich fermented products, 
miso represents one of the best examples of 
how microbial fermentation generates aroma-
active compounds that shape contemporary 
consumer preferences.  Miso is a traditional 
and widely consumed Japanese fermented 

soybean paste produced by fermenting 
soybeans with salt and koji (steamed rice 
inoculated with Aspergillus oryzae). The 
growing global popularity of miso is closely 
associated with the increasing consumer 
demand for umami-rich, complex, and 
authentic flavor experiences (Inoue et al., 
2016). Beyond its traditional applications in 
soups and sauces, miso is increasingly 
incorporated into plant-based foods, gourmet 
sauces, marinades, and even confectionery 
and bakery products. The primary driver of 
this growing interest is its unique combination 
of savory, roasted, floral, earthy, and buttery 
aroma notes generated during fermentation, 
which provide the flavor depth and 
complexity increasingly sought by modern 
consumers (Cvetan, 2025). 

Yeast and Lactic Acid Bacteria (LAB) 
contribute to the characteristic flavor of miso 
by producing a wide range of volatile 
compounds, some of which have been 
identified as key aroma-active compounds. 
The predominant aroma-active aldehydes 
include 2-methylbutanal (malty, chocolate), 
3-methylbutanal (malty, cocoa), 
phenylacetaldehyde (floral, honey-like), 
benzaldehyde (almond-like), 3-
methylthiopropanal (musty, cabbage), and 3-
methylsulfanylpropanal (sulfurous).  
Alcohols constitute the second major group of 
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aroma-active compounds, with 2-
phenylethanol (rose), 3-methyl-1-butanol 
(malty), and 3-methylsulfanylpropan-1-ol 
(cooked potato) being the most important 
contributors. Furthermore, 3-Methyl-1-
butanol and 2-phenylethanol are 
quantitatively the main aroma-active 
compounds in salty red rice miso (Kaku, 
Sugawara, & Takahashi, 2000).   

Sulfur compounds contribute to the 
characteristic sulfurous and savory notes of 
miso and originate from both the raw 
materials and biochemical reactions occurring 
during fermentation. Among them, methional 
(3-methylsulfanylpropanal) is produced from 
methionine through Strecker degradation 
under the reducing conditions of fermentation 
(S. Wang et al., 2021). 

Diacetyl (2,3-butanedione) is a diketone  that 
imparts a characteristic buttery aroma and 
creamy mouthfeel. 1-Octen-3-one is 
associated with mushroom-like and earthy 
notes and is mainly formed through the 
oxidation of linoleic acid. During heat 
processing, the concentrations of 1-octen-3-
one and 3-octanone decrease in the presence 
of amino acids, contributing to changes in the 
characteristic flavor of miso (S. Wang et al., 
2021). Esters also play an important role in the 
aroma profile of miso. Among them, 2-
phenylethyl acetate provides distinctive floral 
and sweet notes and is formed through the 
esterification of acetic acid and 2-
phenylethanol, whereas ethyl acetate 
contributes pleasant fruity characteristics 
(Kaku et al., 2000; S. Wang et al., 2021). 

Collectively, these aroma-active compounds 
contribute to the distinctive sensory 
characteristics of miso, including umami 
intensity, flavor complexity, and 
mouthfulness, supporting its increasing use in 
modern culinary applications. 

     2.1.2 Doenjang-guk 

Doenjang-guk is a traditional Korean soup 
prepared with fermented soybean paste 
(doenjang), which is produced by fermenting 
soybeans with salt using naturally occurring 
microorganisms, together with vegetables 
such as spinach, zucchini, mushrooms, 
seaweed, tofu, and garlic (Kang, Hwang, & 
Kim, 2026). The growing consumer 
acceptance of doenjang has stimulated 
increasing research into the aroma-active 
compounds responsible for its characteristic 
sensory profile. Similar to miso, the 
increasing popularity of doenjang-based 
products reflects growing consumer demand 
for deeply savory, earthy, and fermented 
flavor profiles. Its characteristic combination 
of roasted, smoky, nutty, sulfurous, and 
umami-related aroma notes provides the 
sensory complexity increasingly valued in 
both traditional and contemporary 
gastronomy (Kang et al., 2026).  

Previous studies have shown that the flavor 
profile of doenjang-guk is dominated by 
pyrazines, phenols, organic acids, furans, 
sulfur-containing compounds, and aldehydes ) 
(Jo, Cho, Song, Shin & Kim, 2011). Major 
aroma-active compounds include 2-ethyl-5-
methylpyrazine and 2,3-dimethylpyrazine 
(roasted), butanoic acid, acetic acid, 2-
methylbutanoic acid, and 3-methylbutanoic 
acid (acidic and cheesy), dimethyl disulfide 
(sulfurous), 4-vinylphenol (4-VP) and 4-
ethylphenol (4-EP) (phenolic), hexanal, 2-
methylbutanal, 3-methylbutanal (malty and 
green), and the furan derivatives dihydro-5-
methyl-2(3H)-furanone and 2-pentylfuran, 
which collectively contribute to the 
characteristic roasted, savory, and fermented 
flavor of doenjang-guk (Jo, Cho, Song, Shin 
& Kim, 2011). Among these compounds, 4-
ethylphenol (4-EP) is formed through the 
microbial decarboxylation and subsequent 
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reduction of p-coumaric acid, while short-
chain organic acids, including acetic, 2-
methylbutanoic, and 3-methylbutanoic acids, 
are key contributors to flavor development in 
doenjang produced with bacterial starter 
cultures (Jo et al., 2011; Kheir, Salameh, 
Strehaiano, Brandam,2013).  

Fermentation enzymes modify the structure of 
polysaccharides (pectin, cellulose, and 
hemicellulose) and proteins derived from 
soybeans through enzymes. These structural 
changes enhance the water-binding capacity, 
viscosity, and gel-forming properties of 
doenjang-guk, resulting in the characteristic 
texture and mouthfeel valued by consumers. 
Additionally, oligosaccharides and bioactive 
peptides are released during fermentation, 
leading to improved digestibility. Therefore, 
the relationship between microbial enzymes 
and native hydrocolloids during fermentation 
plays an essential role in improving the 
textural properties of TFFBs without the need 
for synthetic additives, further supporting 
their development as functional foods (Choi, 
Lee, & Kim, 2018).  

Collectively, these sensory and textural 
characteristics have supported the increasing 
incorporation of doenjang-guk and related 
fermented soybean products into 
contemporary food formulations as natural 
flavor-enhancing ingredients. 

2.2. Fruity, Floral, Botanical,  and 
Mushroom-Based Fermented Beverages 

Recently, consumers have shown increasing 
interest in refreshing, fruity, floral, and citrus-
like flavor profiles, particularly in functional 
and fermented beverages. This trend is driven 
by the demand for lighter sensory 
experiences, natural ingredients, and products 
perceived as healthier alternatives to 
conventional soft drinks (Reinoso, 2026). 

 Lactic acid bacteria (LAB) such as 
Lactiplantibacillus plantarum play an 
important role in shaping these sensory 
attributes through the production of aroma-
active compounds such as esters, aldehydes, 
alcohols, and organic acids. Compounds such 
as linalool contribute floral and citrus notes, 
whereas esters and alcohols provide fruity and 
sweet characteristics. The growing popularity 
of non-alcoholic craft beverages has further 
stimulated the use of traditional microbial 
fermentation with fruits such as blackcurrant 
and tropical botanicals to create balanced 
fruity and acidic flavor profiles. Similarly, 
tepache, a traditional Mexican fermented 
beverage prepared from pineapple or orange 
peels, piloncillo sugar, cinnamon, and cloves, 
has recently attracted increasing consumer 
interest (Karim, Jumadi, Hartati, Arsal, & 
Suryani, 2024). 

Fermented drinks like kombucha and 
botanical vinegars increasingly incorporate 
floral notes like hibiscus, rose, and 
elderflower. Likewise, products such as 
kombucha, natural vinegars, and fermented 
citrus fruits (such as preserved lemon or 
fermented yuzu) have gained popularity due 
to their fresh, tangy, and aromatically 
complex flavor profiles. The popularity of 
kombucha is further supported by growing 
consumer interest in gut health, digestive 
wellness, and functional beverage (Fraiz et al., 
2025). 

Synbiotic mushroom-based beverages are 
emerging as a rapidly growing category 
within the functional beverage market, 
particularly among physically active 
consumers seeking products that support 
energy metabolism and sports performance. 
Commercial examples include mushroom 
coffees enriched with Reishi (Ganoderma 
lucidum) or Lion's Mane (Hericium 
erinaceus), as well as fermented mushroom–
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kombucha beverages (Ajibola et al., 2026).  In 
addition to their perceived health benefits, 
mushroom fermentation can substantially 
modify aroma profiles. For example, 
fermentation of green tea with enokitake 
(Flammulina velutipes) reduces grassy notes 
while promoting the formation of aroma-
active compounds such as 2-ethyl-3,5-
dimethylpyrazine and β-damascenone, 
resulting in desirable nutty and chocolate-like 
aroma characteristics (Rigling et al., 2021). 
These findings demonstrate the potential of 
mushroom fermentation to simultaneously 
improve sensory quality and enhance the 
functional value of fermented beverages. 

2.2.1. Kombucha 

Kombucha has become one of the fastest-
growing fermented beverage worldwide, 
largely driven by consumer demand for 
refreshing, functional, and naturally flavored 
products  (Andrade et al., 2025). Its 
characteristic balance of sweetness, acidity, 
mild bitterness, and fruity-floral aromas aligns 
well with current flavor trends emphasizing 
freshness and sensory complexity (Frolova, 
2022).  Reflecting this increasing consumer 
demand, the global kombucha market is 
estimated to be worth US$ 2.85 billion in 2025 
and is projected to reach US$ 5.9 billion by 
2029. 

The distinctive sensory characteristics of 
kombucha are largely determined by 
microbial fermentation and the formation of a 
diverse range of aroma-active compounds. 
Traditionally, kombucha is produced by 
fermenting sweetened tea with a symbiotic 
culture of bacteria and yeast (SCOBY), 
resulting in the formation of organic acids 
(acetic, gluconic, glucuronic, and lactic) 
(Mohd Ariff et al., 2023), ethanol, and 
numerous aroma-active compounds (Sanwal, 
Gupta, Bareen, Sharma,2023). Kombucha can 
be prepared using a variety of tea types and 

fruit substrates, thereby expanding its flavor 
diversity (Mohd Ariff et al., 2023).  

To meet the growing consumer demand for 
novel flavor profiles, ingredients such as 
coffee, hibiscus, ginger, bee pollen, guava, 
and papaya have increasingly been 
incorporated into kombucha formulations 
(Mohd Ariff et al., 2023; Sanwal, Gupta, 
Bareen, Sharma & Sahu, 2023). Fermentation 
parameters, such as pH, temperature, time, 
and substrate, play critical roles in 
determining the final aromatic complexity of 
kombucha (Villarreal-Soto, Beaufort, 
Bouajila, Souchard, & Taillandier, 2018).  

The main volatile compounds found in 
traditional kombucha include benzaldehyde 
(nutty, almond-like), 2-phenylethanol (floral 
and fruity), phenolic  compounds 
(smoky)(Marsh et al., 2014), ethyl acetate, 
and isoamyl acetate (sweet and fruity) (Kong 
et al., 2019). Yeasts play a key role in the 
biosynthesis of alcohols and esters, which are 
major contributors to the characteristic aroma 
of kombucha (Dufresne & Farnworth, 2000). 
Recent studies have further demonstrated that 
B. bruxellensis and A. indonesiensis produce 
characteristic apple-like aroma notes during 
kombucha fermentation (Tran et al., 2022).  

Furthermore, organic acids such as gluconic 
and acetic acids, together with ethanol, 
contribute to the tangy taste of kombucha 
(Jayabalan et al., 2014). Prolonged 
fermentation promotes the formation of 
complex volatiles and acids (Greenwalt et al., 
2000). Microbial enzymes also transform tea 
polyphenols and polysaccharides, including 
hydrocolloids such as glucans, thereby 
influencing  the viscosity and mouthfeel of 
kombucha (Jayabalan, Marimuthu & 
Swaminathan, 2014). Collectively, these 
fermentation-derived metabolites and 
structural modifications contribute to the 
fruity, floral, tangy, and refreshing sensory 
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profile that has driven the increasing 
consumer preference for kombucha and other 
fermented functional beverages. 

According to recent data from global and local 
food markets, functional hybrids, floral and 
botanical blends, and sugar-free formulations 
have emerged as major trends in the 
kombucha market. Consumers are 
increasingly seeking premium kombucha 
products that offer not only distinctive sensory 
characteristics but also added functional 
benefits (Ayseli, 2023). Functional hybrids 
often incorporate adaptogenic ingredients, 
such as Ashwagandha, together with 
medicinal mushrooms including Reishi 
(Ganoderma lucidum) and Lion's Mane 
(Hericium erinaceus). Fermentation 
significantly improves the bioavailability and 
nutritional value of mushrooms, making it an 
effective strategy for enhancing both the 
health-promoting properties and sensory 
quality of mushroom-based beverages (Di 
Renzo et al., 2025). 

Another major trend involves floral and 
botanical blends, featuring exotic flavors such 
as yuzu, orange, and mango–chili 
combinations (Woo, Lee, Jeong, Choi, & 
Huh, 2021), fruits (lemon, orange, mango, 
apple, etc.), vegetables (cucumber, 
cucumber–mint, beetroot, etc.), berries 
(cranberries, lingonberries, chokeberry, 
raspberries, etc.), herbs and spices (mint, 
nutmeg, star anise, cloves, lavender, vanilla, 
hibiscus, butterfly pea flower, elderflower), as 
well as functional ingredients (vitamins, 
prebiotics, probiotics, and chlorophyll) 
(Frolova, 2022).   

Another important trend is the growing 
demand for sugar-free formulations. Driven 
by the preferences of Generations Z and Y for 
products containing naturally derived 
sweeteners, manufacturers are developing 
formulations with no added sugar by replacing 

artificial sweeteners with monk fruit (Siraitia 
grosvenorii Swingle) or stevia (Stevia 
rebaudiana Bertoni)(Pereira, 2026; Tan et al., 
2025). 

 2.3. Swicy, Sweet–Savory, and Dessert-
Oriented Fermented Flavors 

A notable emerging trend in the food industry 
is the incorporation of fermented ingredients 
into confectionery, dessert, and swicy (sweet 
+ heat) formulations. Fermentation-derived 
ingredients are increasingly utilized to 
enhance flavor complexity, improve sensory 
appeal, and introduce functional attributes to 
sweet products. In recent years, consumers 
have shown growing interest in products that 
combine sweetness with spicy, savory, acidic, 
and umami characteristics, creating multi-
layered sensory experiences. Examples 
include fermented honey and fruit preserves, 
kefir-based ice creams, kombucha sorbets, 
miso-infused chocolates, soy sauce caramel, 
traditional Asian fermented pastes such as 
gochujang and doubanjiang, and fermented 
hot sauces including Sriracha, harissa, and 
fermented jalapeños (Al, Ergin Zeren, Çomak 
Göçer, Demir, & Küçükçetin, 2025). These 
products benefit from the unique balance of 
sweetness, acidity, umami, pungency, and 
aromatic complexity generated during 
fermentation, appealing to consumers seeking 
both indulgence and authenticity. 
Furthermore, the integration of fermented 
ingredients is consistent with the growing 
demand for functional, artisanal, and flavor-
rich foods, offering opportunities for product 
differentiation and flavor innovation 
(Reinoso, 2026). 

Fermented fruit-based pastes prepared from 
banana, mango, and date have also emerged as 
a growing market trend and are increasingly 
incorporated into confectionery formulations 
because of their rich, fresh, and aromatic 
flavor profiles. In the plant-based market, 
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fermented oat milk desserts have gained 
momentum, appealing to consumers seeking 
dairy-free products with greater flavor 
complexity. 

The growing popularity of global street-food 
culture has increased consumer exposure to 
fermented condiments and sauces, 
particularly kimchi, gochujang, doubanjiang, 
and fermented chili products. These 
ingredients are increasingly incorporated into 
modern snack formulations, street-food-
inspired products, and fusion cuisines, where 
they contribute distinctive spicy, savory, 
umami-rich, and fermented flavor 
characteristics (Cvetan, 2025). 

3. CONCLUSION 

Traditional fermented foods and beverages 
continue to gain worldwide recognition as 
consumers increasingly seek authentic, clean-
label, and sensory-rich food experiences. The 
growing demand for umami-rich, fruity, 
floral, sweet–savory, and swicy flavor profiles 
has expanded the application of fermented 
ingredients beyond their traditional uses, 
driving innovation in condiments, desserts, 
snacks, and beverages. 
    Although numerous studies have identified 
volatile compounds associated with 
traditional fermented foods and beverages 
(TFFBs), the biochemical mechanisms 
governing flavor formation remain only 
partially understood. Flavor development 
results from complex interactions among 
microbial succession, substrate composition, 
enzymatic activities, and processing 
conditions. Major pathways, including amino 
acid catabolism through the Ehrlich pathway 
and Strecker degradation, lipid oxidation, 
carbohydrate degradation, esterification, 
Maillard reactions, and carotenoid 
degradation, collectively contribute to the 
formation of aroma-active compounds. 
However, the relative importance of these 

pathways varies considerably among 
fermented products, microbial communities, 
and processing conditions, highlighting the 
need for more systematic mechanistic studies. 
Integrating metabolomics, transcriptomics, 
isotope-labeling techniques, and microbial 
ecology will improve our understanding of 
these interactions and support the 
development of predictive models linking 
microbial metabolism to flavor generation. 
Such knowledge will facilitate the 
optimization of volatile and non-volatile 
flavor-active compounds through advanced 
fermentation technologies and controlled 
fermentation processes. 
Collectively, this review highlights the 
continuing importance of traditional 
fermentation as both a source of flavor 
innovation and a means of meeting evolving 
consumer expectations for natural, diverse, 
and high-quality food experiences. Given the 
remarkable diversity of fermented foods 
worldwide and their increasing role in flavor 
innovation, this review provides a 
comprehensive scientific resource for future 
research and product development in 
fermentation and flavor science. Future 
advances should focus on precision 
fermentation, targeted microbial strain 
selection, multi-omics approaches, advanced 
analytical technologies, and the integration of 
artificial intelligence, predictive modeling, 
and sensory science. These interdisciplinary 
approaches are expected to accelerate the 
development of next-generation clean-label 
fermented foods and beverages with tailored 
flavor profiles, improved sensory quality, and 
enhanced consumer acceptance. 
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