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ABSTRACT

Tea is an economically important non-alcoholic lvage-yielding plant for North East India and sonaetp of South
India. Flower morphology is important to plant bie®y as they provide important information on flowature. Different
bioactive compounds are present in Tea flowers wvhave multiple beneficial effects in tea drinkeéegnetically flowers
are also different and major genes responsibleédi@al catechin content in tea flowers such as dmacsynthase (CH2)
and flavonol synthase (FLS) were found to be higbkpressed during early flowering stage, while gemech as
phenylalanine ammonia lyase (PAL1) and flavonoichydroxylase (F3'H1) were expressed in the latevéiong stage.
Pserphids are main pollinators of tea. Though ifleation of morphological and genetically natureebding becomes
easy and higher success rate. The presence ohieadeficial bioactive molecules in tea flowers Heeen globally

acknowledged.
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INTRODUCTION

The beverage “tea”, made from the bud and first leeves of the plan€amellia sinensishas cemented its place as the
world’s second most loved and consumed non-alcol@verage, just after the “elixir of life”, i. evater. For years China
had claimed to be the country of origin of thisraetic beverage. However, existence of its Indiamneerpart Camellia
assamicq had also been eventually established (Magtdal 2019; Rawadt al, 2020). Tea is preferred mainly due to its
strong aroma and stimulating effects. It is sagdatith bioactive components which not only energizdrinker, but also
contribute to innumerable health benefits (Cheal 2012; Matsud@t al2012; Wanget al, 2012; Wanget al 2017).

Bioactive Compounds
Tea flowers contain various bioactive chemicalsolvhinclude
Catechins and Caffeine

The major health-promoting polyphenols in tea atechins, theaflavins and thearubigins. As theaftaand thearubigins
areformed during black tea processing, as suclirzagailable in flowers. Even though catechin conientea flowers is
lower as compared to tea leaves, however,it isf@ggnt enough to consider them as a second soliteemajor catechins
found in tea flowers are +catechins (+C), epicate¢EC), gallocatechin (GC), epigallocatechin (EGE3techins gallate
(CG), epicatechingallate (ECG), gallocatechingal@CG) and epigallocatechin gallate (EGCG) (timl, 2003; Yanget

| Impact Factor(JCC): 5.0148 — This article can be dowatted fromwww.impactjournals.us |




[ 12 Sudipta Kunil & Nabankur Mukherjee |

al, 2007, Yanget al 2009; Morikawat al, 2013b). Among all, EGC, ECG and EGCG have foumdé¢ the most
prominent catechins in tea flowers. Caffeine, andther hand, is present only at 0.3-1.1 % of tetalflower dry weight
(Lin et al 2003; Morikawat al, 2013b) in comparison to 2-3 % of total tea leaf @eight (Nagata and Sakai, 1984;

W

(+)-catechin  (-)-epicatechin(-)-epigallocatechin (-)-epicatechingallate (-) epigallocatechin gallate

Figure 1: Structure of Major Catechins Found in TeaFlowers.

Volatile Compounds

Aromatic compounds in tea leaves are synthesizadhé terpenoid or shikimic acid pathway, or amults of fatty acid
and carotenoid degradation (Yaegal 2013). In spite of a similar constitution of aratia compounds in both tea leaves
and flowers, the volatiles acetophenone and 1-gh#rmnol are highly expressed in tea flowers (Dehgl, 2012, 2016;
Zhouet al 2014, 2015). The composition of volatile aromatienpounds in tea flowers differ depending on thivar,
geographical location and extraction procedure hiJes al, 2011a; 2011b; Wangt al, 2015). Supercritical Fluid
Extraction (SFE) has been found to be superiorigtildtion extraction methods (SDE) as the hehtiavolatiles are
retained during SFE resulting in better floral fiagce and aroma. Terpenoids, both free and glyicadiyl bound, form a
major part of the aroma components in tea flow&he major terpenoids found in tea flowers incluigh@lbol, linalool
oxides, geraniol, nerolidol angterpineol, found at various stages of floweringldionally, other components such as
benzaldehyde, glutaraldehyde, hexanoic acid, 2;tdrdbutylphenol, methyl palmitate, methyl linake, methyl salicylate

andp-ionone also add to the volatile components irfl@ers (Joshet al, 2011a).
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Figure 2: Major Volatiles in Tea Flower.
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L-Theanine

L-theanine is a non-proteinogeramino acid found most commonly in tea (genus Thaea)dt is the most common fr
amino acid found in tea and accounts -2 % of totaltea leaf dry weiglftVan, 2003; Wan and Xia, 207, up to 6 % of

total tea root dry weight (Let al, 2019and around 0.8 % of total tea flower dry wei@imanget al, 2010a).

0 0
/\H OH
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Figure 3: Structure of L-Theanine Found In Tea Flowers.

Polysaccharides

Polysaccharides have two major roles in p- as structural components and/or as reserved comfmreonsequentl
the composition of polysaccharides in different pamgéms of plants diffe. The polysaccharide content in tea flov
(5.24 %) have been fourtd be higher as compared to tea le (3.64 %) (Wanget al, 2010t).As for the composition,tea
flower polysaccharide (TFPSpmpositiondiffer depending on the method of extraction 1. Contrary to microwave or
ultrasonic-assisted extramt, traditional water extraction was found to h#imal for the extraction of TFP(Wei et al,
2010). Furthermorewater extract was found to conteiglucose: xylose: rhamnose: galactose in the rafid 22:0.81:0.9¢

whereas ethanol extract comprised of glucose: ryldsamnose: arabinose in the ratio 1.0:0.76:3312anet al, 2011b).
Saponins

Saponinconcentration in different parts of a planiries with its highest concentration found in seeds i(vVéad Xia,
2015).Tea flowers have been found to contain higher sapcontent (0.4-4.23 % dry weight) (Morikawet al, 2012)
than tea leaves (0.04-0.0% dry weight (Zhen, 2002).Tildate, 26 saponins have been identified in teadts which
include Floratheasaponin K; Chakasaponin-VI, FloraassamsaponinMHI and Assamsaponin E (Sugimoet al 2009;
Matsudaet al 2016; Ohtat al 2015, 2017 Composition of saponins, howeveliffer depending on the geographi
region. The saponin composition in tea flowersrafid were found to be similar to those in Anhui\moe in China bu

were different from the tea flowers in Japan (Y&ahiaet al, 2008).

[ yoR’
H,
- ,,[- OR?
I [ ! TNCH,OH
coon [ [ T:7 ™ HG “
| g0—_~_- " e=c!
HO,—0 ‘5 - Ang= —G CHy
(oH Yy [ H
OH HO A .O o
H no ] SN\ HiC. CH
OR? ]_ galloyi = —C—{,  —0H o=t '
HO -0 N Tg= —C "H
(OH G \
N/ OH 0
W Acs —C-CHy 2MB = —C—CH—CH,-CH,

OH o] 0 CHy,

Figure 4: Basic Backbone Structure of Saponin In Ta Flower.
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Proteins

The total protein content in tea flowers is 30-5@P4Iry weight as compared to 20-30 % of dry weightea leaves (Weng,
2004). One of the most important commercially upeateins is the protease enzymes which convert Eagroteins to
amino acids for quicker absorption. A protease sr@gxtracted from tea flowers have been founddease the amino acid

content of tea infusion up to 177 %, a competeacgrieater than any commercially available proté@benet al, 2016).
Sperm Dine Derivatives

The composition of spermidine derivatives in teavies and flowers are considerably distinct. A ppakcomponent
analysis of the different metabolites in tea leasad flowers using ultra-performance liquid chroogaéphy/time-of-
flight mass spectrometry revealed differences itiaimgite profiles between the two types of sampkesur spermidine
derivatives namely N N°, N'-tri-coumaroyl spermidine, coumaroyl di-feruloyl espidine, feruloyl di-coumaroy!
spermidine,and tri-feruloyl spermidine were detdctnd isolatedfrom tea flowers which were absentemm leaves.
Furthermore, a reduction in the content of spemeadionjugates was observed during flower developmuet was found
to concentrate primarily in the anthers (Yagtgal, 2012). The role of spermidine derivatives in pgarange from floral
induction and flower formation to sexual differeiton, tuberization, cell division, cytomorphogeisegnd even defense

against insects, pathogens and wounding (Faattahi2002).

NH-.
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Figure 5: Structure of Spermidine Found in Tea Flovers.
Gene Expression with Bioactivity of Tea Flowers

The process of flower induction and developmenblives an intricate physiological process comprisifighumerous
endogenous as well as extraneous factors €Lial 2017). During the past decade, molecular and tgengechanisms
involved in tea flower induction, differentiatiomé development have been inferred. Floral indudtias been found to be
influenced by the expression of genes such as gehigeacid intensive dwarf 1B (GID1B) and GID1GCpgerrelin 3-
oxidase 1 (GA3oxl), GIGANTEA (GI), pseudo-responmsgulator (PRR7) and flowering locus T (FT), wherea
expression of genes such as leafy (LFY), poundiibo(PNF) and pennywise (PNY) were correlated witral bud
formation (Liuet al 2020). 207 unigenes and transcription factorh as& WRKY, ERF, MYB, bHLH and MADS-box

have been particularly identified with floweringsasiated roles in tea (Liet al, 2017).

NAAS Rating: 3.00 — Articles can be sentdditor@impactjournals.us




[ Bioactive Compounds of Tea (Camellia Sinensis) Flowers 15|

Tea flower differentiation and development includesious processes. The tubulin-encodingal and pollen
coat protein Pcp) genes have been observed to promote pollen tualvetly (Fang et al, 2006) and anther development (Ye
et al, 2008) in tea. Pollen tube elongation in tea flsmvs also regulated via the nitric oxide (NO) pedly under low

temperature stress by the CAMTA TFs, COBRA-likeegeand phosphatidylinositol-4-kinase (P14K) (Raal, 2016).

Moreover, major genes responsible for total catecbintent in tea flowers such as chalcone syntt@is2) and
flavonol synthase (FLS) were found to be highly regged during early flowering stage, while geneshsas
phenylalanine ammonia lyase (PAL1) and flavonoichy@iroxylase (F3'H1) were expressed in the latevflong stage
and negatively correlated with the total catecluioistent in the flowers (Sugt al, 2019). As is evident, aroma compound
formation during tea flowering increases. This @scdue to the increasing activity of hydrolytic gmes such as
glycosidases (Watanahlet al, 1993; Hayashet al 2004). Consequently, flavor precursors formedrguanthesis are

converted to volatile compounds leading to the gahdevelopment of unique odors (Watanabal 1993).
CONCLUSION

Tea flowers have been used as deodorizer, skin #tavering agent, etc in China and Japan for ageguHowever, in the
last two decades, the presence of health-benefiimactive molecules in tea flowers has been glglzaknowledged. Tea
flowers, earlier regarded as waste, are now beaiegeasingly used as an additive in health drinks @arious other
beverages. In an initial study, tea flower extrd@se also been found to be non-mutagenic and amdo-tNevertheless,
comprehensive research on tea flowers needs tarbed out to decipher the restrictive factorsanf, in their commercial
use. ldeal plucking procedures need to be devisdtbaers often undergo browning easily due tohtgh concentration
of moisture and polyphenol oxidases. Moreover, matiextraction procedures of the individual bioncoles from tea
flowers also need to be developed targeting thmecific uses.Tea flowers, thus, provide an averfugpplied research

with extensive potential in pharmaceutical, cosmatid food industry.
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