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Synthesis and metabolism of tea aroma compounds

Abstract tea aroma is an important index of tea quality evaluation, and its formation mainly derives from
the metabolites formed in the process of tea growth and processing. These metabolites mainly include ph
enolic compounds, amino acids and aromatic compounds. The type and content of these compounds are

very important for the formation of tea aroma type, but also an important factor affecting the quality

of tea. Both

the preharvest growth and postharvest processing of tea affected the formation and metabolism of tea ar

oma. Biological stresses

(tea garden pests, pathogens) and abiotic stresses (light, temperature, mechanical damage) have importa

nt effects on the synthesis and release of aroma substances.
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1 Composition and content of aroma substances in tea

The content of aroma substances in tea is very low, but there are many types, including volatile
fatty acid derivatives (VFADs), volatile terpenes (VTs) and volatile phenylpropionic acid/benzene ring
compounds (VPBs) [1]. Volatile aromatic substances, such as alcohols, aldehydes, ketones, carboxylic
acids, esters, lactones, phenols and nitrogen, oxygen and sulfur compounds (Table 1), account for 0.03%
to 0.05% of the dry matter mass of tea, and are the main factors affecting the aroma of tea [2]. According
to different chemical structures and characteristics, alcohols can be divided into aliphatic alcohols,
aromatic alcohols and terpene alcohols. Among them, aliphatic alcohols account for 12.76% of the
aromatic oil in the dry matter of tea after processing, accounting for about 60% of the aromatic oil
content of fresh tea leaves (these substances have low boiling points and will evaporate in large
quantities with water vapor during tea processing). In oolong tea, the content of nerolidol was as high
as 25.06% [3]. Aldehydes account for about 3% of the aromatic oil in fresh tea leaves and about 10.30%
of the aromatic oil in dried tea leaves, meaning that the content of aldehydes in finished tea is higher
than that in fresh tea leaves. Ketones account for 15.35% of the aromatic substances in tea. There is no
significant difference in the content of ketone compounds among different types of tea, meaning that
ketones are commonly present in tea and are not the main factor causing significant differences in the
aroma of various types of tea [3]. Esters and lactones account for 12.44% of the aromatic substances in
tea. Nitrogen-containing compounds (pyridine, indole, etc.) are components with roasted aroma
produced through thermophysical and chemical processes [4], accounting for about 13.41% of the
aromatic substances in tea. The remaining components exist in trace amounts in volatile aromatic

substances, but the role of these substances in the formation of tea aroma is not negligible.



Table 1. Composition and content of volatile aromatic substances in tea aroma

Main ingredients

content

alcohols

aldehydes

ketones

esters

lactones

nitrogen compounds

carboxylic acids

phenols

oxygen- and sulfur-
containing

compounds

(Z)-3-Hexen-1-ol , benzyl alcohol,
phenylethanol, phenylpropanol, linalool,
geraniol, nerol, Vanillyl alcohol ,
nerolidol

acetaldehyde, n-pentanal, n-
butyraldehyde, hexenal, benzaldehyde,
cinnamaldehyde, neraldehyde, vanillin
acetophenone, a-ionone, B-ionone,
jasmone, theanone

geraniyl acetate, vanillyl acetate, linalyl
acetate, neryl acetate, phenylacetic acid
methyl ester, methyl salicylate, methyl
anthranilate

jasmine lactone, dihydroanionolide

indole, pyridine, quinoline, 2,5-
dimethylpyrazine, 2-formylpyrrole,
phenylacetonitrile

acetic acid, propionic acid, isovaleric acid,
butyric acid, isobutyric acid, salicylic acid,
palmitic acid

2-ethylphenol, 4-ethylguaiacol, eugenol,
thymol

anethole, anethole, 2-ethylfuran, 1,1-
dimethoxyethane, dimethyl sulfide,
thiophene, 2,5-dimethylthiazole,

benzothiazole

12.76%

10.30%

15.35%

12.44%

13.41%




2. The Relationship Between Tea Aroma and Tea Quality

Among the color, aroma, and flavor of tea, aroma is one of the most important factors affecting
tea quality. The combined effect of the types and contents of volatile aromatic substances in tea is the
key to restricting the aroma quality of tea [5]. The precursor substances of tea aroma determine the
characteristics and properties of aroma, including aromatic hydrocarbons and their oxides, terpenes
(monoterpenes and sesquiterpenes), amino acids, carotenoids, sugars, etc. in fresh tea leaves, as well
as enzymes necessary for the formation of aroma during processing [6-7]. The unique aroma types
formed by the combination of different aromatic substances in different proportions are one of the
characteristics of the aroma of various teas. The types and proportions of substances that make up the
aroma of the six major tea categories are different, and their aroma characteristics are also different.
For example, the main aroma components of green tea are chlorophyll, linalool and its oxides, indole,
etc. Fresh tea leaves are processed through methods such as fixation (pan-frying or steaming), rolling,
and drying (or baking, sun-drying) to form the floral and fruity aroma and roasted aroma of tea [2,8].
Black tea is a fermented tea and generally has floral and fruity aroma. The main aroma components
are geraniol, benzyl alcohol, linalool and its oxides, etc. Some of these are originally present in fresh
tea leaves, while others are formed by precursor substances (esters, terpenes, etc.) during processing
[9-10]. Fresh black tea leaves undergo four basic processes: withering, rolling, fermentation and
drying. The changes in various components are very complex, such as polyphenol compounds. The
degradation and oxidation of substances eventually form the unique red soup and red leaves, sweet
and mellow aroma of black tea [11]; Oolong tea is a semi-fermented tea, and neroli is the
characteristic component of oolong tea aroma [12]; Black tea has different characteristic aromas
depending on the place of origin, such as Hunan Xiangjian with pine resin, Sichuan Nanlu Biancha
with oily aroma, and Yunnan Pu’er with agarwood aroma [13]; Yellow tea converts sugar into caramel
under dry heat, and low-boiling-point aromatic substances will volatilize or isomerize at higher
temperatures, forming a fresh aroma; White tea is a lightly fermented tea, and the abundant white
hairs on the surface are an important factor that gives it aroma quality characteristics, constituting the
sweet and pure aroma of white tea [14]. The different composition and proportion of aroma
substances between different tea varieties, as well as the differences in processing methods, form the
representative characteristic aromas between different teas. Even among the same type of tea, the

difference in aroma will affect the quality of the tea. Therefore, the aroma characteristics of tea



determine the quality of tea and meet different needs.

3. Tea aroma formation and metabolism

Volatile fatty acid derivatives (VFADSs), volatile terpenes (VTs), volatile carotenoid derivatives
and volatile phenylpropionic acid/benzene ring compounds (VPBs) are characteristic aromatic
compounds commonly found in tea trees[1]. There are also some non-aromatic substances (such as
amino acids) that play an important role in the formation of tea aroma substances. The metabolic
changes of these compounds during the pre-harvest (tea growth process) and post-harvest

(processing) process are key factors in the formation of tea aroma[6].

Aroma substances of tea

Most fatty acid derivatives are aldehydes and esters, while unsaturated fatty alcohols (such as
quinol) are abundant in fresh tea leaves. Quinol and its precursor quinol not only contribute to the
grassy aroma of tea, but quinol also provides precursors for the formation of other aroma compounds.
Fatty acid metabolism in tea mainly occurs through two pathways: enzymatic reactions and auto-
oxidation. Unsaturated fatty acids are catalyzed by lipoxygenases to generate peroxides, which are
then catalyzed by peroxidases to form quinol and aldehydes. Finally, dehydrogenases catalyze the

reduction of aldehydes to the corresponding alcohols (Figure 1).
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Fig 1. Biosynthesis of trans-2-hexenal and (Z)-3-hexene-1-ol leaf

Terpenes are an important class of volatile aroma components in tea and belong to hydrocarbons.
The terpenes present in tea trees are mainly monoterpenes and sesquiterpenes, which often exist in the
form of glycosides (such as linalool and nerol), thus reducing their volatility. Therefore, under normal
circumstances, they do not produce aroma in fresh leaves[15]. There are two pathways for the
biosynthesis of terpenes: the mevalonate pathway (MVA) and the methyl erythritol phosphate

pathway (MEP)[18]. Both of these pathways can produce isopentenyl pyrophosphate (IPP) and



dimethylallyl pyrophosphate (DMAPP), which further synthesize terpenes. The key enzyme in the
MVA pathway is 3-hydroxy-3-methylglutaryl-CoA reductase (HMGR), which catalyzes the formation
of mevalonic acid for further synthesis of IPP; 1-deoxy-D-xylitol-5-phosphate reductase (DXR)
catalyzes the formation of 2-C-methyl-D-erythritol-4-phosphate (MEP), which is also a key rate-
limiting step in the MEP pathway [16-17].

In the shikimic acid pathway, volatile phenylpropionic acid/phenyl ring derivatives can be
generated through a series of processes. In tea, VPBs are also an important class of aroma
compounds, such as benzyl alcohol and phenylethyl alcohol, which can give tea a "fruity" aroma. The
biosynthesis of these substances is regulated by the level of precursor substances (such as
phenylalanine), but their biosynthetic pathways and corresponding formation mechanisms still need
further research to clarify.

Carotenoids directly participate in the composition of tea aroma. The oxidative degradation of
carotenoids in tea mainly occurs during processing and storage [19], and the formation of tea aroma
depends on its transformation products. The oxidative degradation of carotenoids in tea is carried out
through two pathways: biodegradation and physical degradation. Its degradation products are mainly
C9-C13 isoprene aroma substances [20]. Among them, the degradation products of C13 include [3-
ionone, f-damascene, etc. [22], and these substances have very low thresholds in aqueous solution
[21]. Using gas chromatography-olfaction determination and aroma extract dilution analysis, Schuh et
al. analyzed the main aroma substances of Darjeeling black tea and found that the aroma threshold of
-damascene was as low as 0.004 pg/L [22]. Although these volatile substances are present in very
low amounts in tea, they have a unique influence on the aroma quality of tea. Therefore, it is believed
that B-damascene plays a very important role in the formation of the aroma of Darjeeling black tea.

In addition to some aromatic substances participating in the formation of tea aroma, some non-
aromatic substances (such as amino acids) can also undergo Strecker degradation and Maillard
reaction under heat to transform into aromatic substances, or react with sugars to produce caramel
aroma substances [15, 23]. Catechins in tea trees can produce ortho-quinones through oxidation, and
amino acids formed after protein hydrolysis can react with them to produce a similar apple aroma.

Sugars can also emit a sweet aroma or roasted chestnut aroma during the roasting process of tea [12].



Multiple reactions involved in the formation of tea aroma

Tea processing involves various types of reactions: oxidative degradation of carotenoids and
fatty acids, carbonyl-amine reaction (Maillard reaction [23]), caramelization, glycoside hydrolysis and
microbial fermentation. The products formed by these reactions constitute important components of
tea aroma. lonone series compounds can participate in the formation of tea aroma and can be formed
by the degradation of carotenoids during tea processing. Through oxidative degradation, carotenoids
can produce a series of aroma substances, including B-ionone, B-damasone, tea spirone and their
oxidized derivatives. These are compounds with floral and fruity aromas and are key aroma
substances in oolong tea and black tea [24-25]. Fatty acid substances can lead to the breakage of fatty
acid chains through enzymatic oxidation or non-enzymatic oxidation pathways. The degree and rate
of oxidation are related to the degree of unsaturation of fatty acids [23]. For example, unsaturated
fatty acids undergo a series of enzymatic reactions to eventually form corresponding alcohols, which
can then participate in the formation of tea aroma. The Maillard reaction is common in food
processing and is also a common browning process in tea drying. During tea processing, amino and
carbonyl groups undergo Maillard reactions at high temperatures. Many heterocyclic compounds,
such as furan, pyrrole, thiophene, and their derivatives, are also mainly derived from Maillard
reactions [23]. Sugars can undergo caramelization at high temperatures. Maillard and caramelization
reactions during tea processing can promote the formation of pyrazine and furan derivatives, which in
turn can give tea a roasted aroma. Terpenoids and linalools in tea are bound aroma compounds. These
two types of compounds are mainly present in the form of glycosides in fresh tea leaves [26], and can
participate in the formation of alcoholic aromas in tea. In addition to bound compounds, alcoholic
aromas are also formed from free compounds, but bound compounds contribute more to alcoholic
aromas. Glycoside aroma precursors can be hydrolyzed by glycosidases, thereby releasing the
corresponding alcoholic aromas [27]. In addition, acid hydrolysis can also effectively hydrolyze
glycoside aroma precursors and release volatile aglycones[28]. The aglycones released by acid
hydrolysis and enzymatic hydrolysis can be detected by gas chromatography (GC) and GC-mass
spectrometry (GC-MS) to infer the types and contents of glycosides[29]. Microbial fermentation
mainly occurs in the production process of black tea, and it can produce characteristic aroma
substances. Taking the pile fermentation process of Pu'er tea as an example, this process uses sun-

dried green tea as raw material. Various extracellular enzymes secreted by microorganisms can lead to



a series of reactions, which change some chemical components in the tea leaves and form quality
characteristics with aged aroma and bright red and yellow liquor.

Aliphatic alcohols, aromatic alcohols, and terpenoids are important components of tea aroma. A
small portion exists in free form, while the vast majority are stored in cells by combining with
monosaccharides and disaccharides to form glycosides. Because glycosides have stronger water
solubility and weaker activity than their free glycoside ligands, aromatic compounds in tea usually
accumulate in glycoside form. Glycosidases participate in the formation of alcohol-based aromas in
tea. The isolation, purification, and characterization of glycosidases can help study the formation
mechanism of alcohol-based aroma components. Glycoside aroma precursors (primrose glycosides,
glucosides) can be hydrolyzed by B-glucosidases (B-primrose glycosidase, B-glucosidase) to release
various free volatile aroma substances [6-7]. To date, through the separation and identification of
aroma substances in tea, a variety of monoterpene alcohol glycosides and aromatic alcohol glycosides
have been discovered. They are mostly present in the form of disaccharides and monosaccharides.
Among them, the disaccharides are mostly B-primrose glycosides, and the monosaccharides are
mostly B-glucosides[27]. The content of B-primrose glycosides is relatively high. In fresh tea leaves,
glycosidases and their substrates are compartmentalized by cells and do not react. Due to a series of
reasons (such as picking, mechanical damage, insect feeding, and pathogen infection), endogenous
glycosidases in tea leaves bind to their substrates, and glycoside aroma precursors are hydrolyzed,
releasing volatile aglycones[6], thus exhibiting aroma characteristics.

Besides glycoside hydrolysis, many aromatic compounds are formed through resynthetic
pathways. In the past decade, most of the relevant genes have been cloned and their functions verified
in vitro. In 2002, Mizutani et al. [29] isolated and purified B-primrose glycosidase from fresh tea
leaves. Based on its partial amino acid sequence, they designed degenerate primers and cloned the [3-
primrose glycosidase sequence from tea leaves. The enzyme gene was introduced into Escherichia
coli for expression. The results showed that the enzyme sequence had 50%-60% similarity to the -
primrose glycosidase sequence in other plants. The enzyme could hydrolyze B-primrose glycosides in
vitro to generate primrose sugar and the corresponding ligand, but could not act on 2-phenylethyl-B-
D-glucoside. This result indicates that B-primrose glycosidase can only specifically recognize [3-

primrose glycosides and only hydrolyzes the glycosidic bond between primrose sugar and the ligand.



4. The Influence of Post-Harvest Processing Stages on the Aroma Composition of
Tea

ividedinto six types, including non-fermented green tea, slightly fermented white tea, semi-fermented
oolong tea, fully fermented black tea, post-fermented yellow tea, and dark tea[30]. Tea is subjected to
multiple stresses (damage, low temperature, water loss, etc.) during the production process. For
example, the production of black tea requires seven steps: indoor withering, rolling, breaking up
clumps, replenishing fermentation, drying, refining and baking. Among them, the withering process
requires attention to time, temperature, light and other conditions. Low temperature (26°C) withering
is conducive to aroma formation [31]. Shortening the withering time is not conducive to increasing
the activity of enzymes (polyphenol oxidase, B-glucosidase), which to some extent inhibits the
formation of tea aroma substances [31-32]. During the fermentation process, polyphenol oxidase is
released from the epidermal cells of the leaves and encounters polyphenol compounds to produce an
enzymatic reaction [33]. It is also accompanied by the degradation of carotenoids, oxidation and
reduction of catechins, decarboxylation of amino acids and decomposition of fatty acids [1]. The
synthesis of indole is terminated. After refining and baking, the quality of tea is purified, the leaf color
is reddish-brown, and the grassy smell is transformed into a sweet taste and floral and fruity aroma.
The production process of oolong tea is relatively complex. It involves a series of processing steps,
including withering (sunlight or hot air), indoor resting, stirring, pile fermentation, fixation, initial
rolling, initial drying, rolling, breaking up clumps, and drying. The leaves rub against each other, leaf
cells are damaged, moisture is released, enzyme activity is increased, internal contents are
transformed, and the formation of aroma substances (nerolidol, geraniol, linalool and their oxides) is
promoted[34]. The grassy smell is removed, and a high aroma is formed, which is fragrant. The stress
involved mainly includes mechanical damage from stirring and fixation, water loss from withering
and ultraviolet radiation[1]. Damage stress forces water to evaporate, promotes a series of enzymatic
reactions, and is a key factor affecting the aroma formation of oolong tea[35]. In addition, low
temperature stress is also an important factor inducing the formation of various aroma components in
tea. The dual stress (damage and low temperature) not only regulates the formation of volatiles, but
also has a synergistic effect[36]. Green tea is processed through withering, fixation, rolling, and
drying after picking to produce finished tea, which forms a green aroma and floral aroma[37]. During

the withering stage, green and floral aroma compounds accumulate in large quantities[37], which may



be related to the large amount of abscisic acid induced by dehydration stress during the withering
process[38]. The formation of floral and green aroma in green tea is not only related to the withering
stage, but also affected by the fixation and drying stages. The manufacturing process of white tea is
relatively simple. White tea is processed by picking tender green leaves, withering indoors, piling, and
drying to form a unique downy aroma. During the withering process of white tea, the components
contained in the fresh leaves undergo a series of enzymatic and chemical reactions, such as the
degradation of glycosides, the peroxidation and degradation of fatty acids, resulting in the generation

of a large amount of aroma substances[39].

5. Stress and the synthesis of tea aroma

Tea leaves are subject to various stresses before and after picking (Figure 2), such as climate
conditions, soil factors, feeding by leaf-eating pests and infection by pathogens. These stress factors
promote the formation, accumulation and release of aroma compounds in tea leaves. On the one hand,
the accumulated volatile aromatic substances are conducive to improving the aroma quality of tea
leaves, and on the other hand, they are also conducive to the generation of stress response

mechanisms in tea trees [1].
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Fig 2. Relationship between stress and aroma



The effects of biological stress on tea aroma formation

Under normal conditions, most volatile compounds exist in plants primarily in liquid form [40].
When plants are subjected to biological stresses such as those from the external environment, they
usually synthesize and release some volatile substances, which may have the function of mitigating
the negative effects of stress on plants. Biological stress is particularly important for the formation
and release of plant volatiles. During the growth of tea trees, some tea garden pests (such as tea green
leathoppers, tea geometrid moths, tea aphids, tea leafrollers, etc.) will attack tea trees [41]. In
addition, some tea diseases such as tea anthracnose, leaf blight, and leaf swelling will also affect the
yield, appearance, and quality of tea. These biological stress factors will lead to the production of
aroma substances such as linalool, geraniol, a-farnesene, and indole in tea.

Attacks by the green leathopper [1,42] can increase the release of (S)-linalool in tea leaves, and
damage caused by continuous feeding is a key factor in the formation and release of (S)-linalool
induced by green leathopper attacks. In addition, green leafthopper feeding can also induce the release
of some monoterpenes, such as 2,6-dimethyl-3,7-octadien-2,6-diol (diendiol I). The production of
Diendiol I is a marker of green leathopper infestation of tea leaves. Plant hormones, especially
jasmonic acid, are involved in the formation and release of volatile substances in plants. Since
damage stress from some tea garden pests can enhance the release of jasmonic acid in tea leaves, the
formation of diendiol I may depend on jasmonic acid signaling [36].

Infection by pathogens can also affect the formation of tea aroma. For example, tea infected
with tea anthracnose[43] has increased activity of phenylalanine ammonia-lyase and activated
lipoxygenase metabolic pathway, which ultimately leads to the formation and release of volatile
substances[44]. Tea cake disease is a low-temperature and high-humidity disease[45]. When tea trees
are infected with tea cake disease, the content of some tea volatiles (terpenes, aromatic compounds,
etc.) increases significantly. These substances have a certain inhibitory effect on the infection of

pathogens[1].

The effects of abiotic stress on tea aroma formation



Not only do biological factors promote the formation of tea aroma, but many more abiotic
factors can positively regulate tea aroma before and after harvest. In the pre-harvest stage, abiotic
factors such as soil, temperature, light, and mechanical damage during processing can lead to a
variety of plant responses.

Tea trees are perennial deep-rooted plants, and their growth is adaptable to a wide range of soil
textures. They are generally planted in loose, well-drained sandy soil [46]. However, they have high
requirements for soil acidity and alkalinity. Tea trees prefer acidic soil, and their soil pH range is
mostly between 4.0 and 6.5. If the soil is too acidic and the pH is below 4.0, it will cause the tea
seedlings to be infected with hydrogen ion poisoning, causing the tea leaves to turn from green to
dark and then to red. In severe cases, it will lead to the death of the tea tree. If the soil is too alkaline,
i.e., the pH is above 6.5, it will cause the tea leaves to turn yellow and be infected with chlorosis. In
severe cases, it will cause the roots to turn black, thus leading to decay and death. pH mainly affects
the aroma quality of tea by influencing the absorption of elements such as nitrogen, phosphorus,
potassium, aluminum, and calcium by the roots of the tea tree. For example, when potassium is rich
[46], it is beneficial to regulate water evaporation and can also increase the content of flavor and
aroma components in tea.

The growth and development of tea trees also have certain requirements for temperature.
Temperature restricts the growth rate of tea trees. It is usually divided into the maximum temperature,
the optimal temperature and the minimum temperature. When the temperature gradually increases, its
physiological reaction will gradually accelerate[47], and the tea tree grows faster. When the optimal
temperature is reached, the growth rate of tea trees reaches its fastest. Then, as the temperature
gradually increases, its physiological reaction will decrease. When the maximum temperature is
exceeded, the tea tree will be damaged due to lack of water. Therefore, excessively high or low
temperatures are not conducive to the growth and development of tea trees[48]. Low temperature can
affect the light reaction of photosynthesis, inhibiting the photosystem II in thylakoids. Low
temperature stress can significantly promote the synthesis of aromatic substances in fresh tea
leaves[49]. High temperature conditions will reduce the enzyme activity in the tea tree, causing the
tea tree to stop growing or even wither. Therefore, in actual production, measures such as early spring
cultivation of tea gardens, summer and autumn mulching between rows, and application of organic

fertilizer are often used to improve the soil temperature of tea gardens in order to achieve the best



environment for tea tree growth.

As an important environmental factor, light can cause stress response in tea trees, which leads to
the formation and release of aroma substances in tea[50]. Light quality, light intensity and light
duration not only affect the metabolic status of tea trees, but also affect other physiological processes
and developmental stages of tea trees. Tea trees are shade-tolerant plants with a low light
compensation point, so in actual production, shading treatment (almost no light treatment) is often
used to improve the flavor quality of tea. In addition, shading treatment also accelerates the
conversion of related ascending metabolites, especially the conversion of shikimic acid,
prephenylacetic acid and phenylpyruvic acid (PPA) to VPBs. In terms of light quality, tea trees absorb
a large proportion of blue-violet light and red light. Generally, the photosynthetic rate under red light
is higher than that under blue-violet light, which is conducive to the synthesis of sugars. Blue-violet
light can accelerate the formation of amino acids and proteins, while red light has an important
influence on the formation of tea polyphenols and carbohydrates, which is the basis for the
accumulation of substances[51]. Blue and red light can significantly increase the formation of most
volatiles in tea leaves before harvest, including VFADs, VPBs, and VTs, thereby enriching the aroma
of the tea.

Tea is subjected to multiple stresses during production and processing[1], such as low
temperature and water loss. In the processing of green tea, different fixation and drying processes
have different effects on the formation and release of aroma in the finished green tea; the relatively

complex processing of oolong tea gives it a special honey aroma and floral and fruity aroma.

6. Problems and Prospects

Tea aroma is an important component of tea quality, and its formation is closely related to both
the pre-harvest growth stage and the post-harvest processing stage. This article reviews the
biosynthesis of tea aroma substances and the regulatory mechanisms of tea under stress responses. It
introduces several characteristic aroma substances in tea and their biosynthetic pathways.
Furthermore, this article also explores the effects of biotic stress (tea garden pests, pathogens) and
abiotic stress (light, temperature, mechanical damage) on the formation of tea aroma substances.

Currently, the isolation, purification, synthesis pathways, and enzymatic or non-enzymatic



reactions involved in the aroma substances produced during tea processing require further
investigation. For example, the mechanisms by which catechins and caffeine participate in aroma
reactions remain unclear. In future research, we hope to artificially control stress mechanisms to alter
the composition and content of aroma substances in tea, aiming to obtain our desired aroma and

improve tea quality.
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