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Tea (Camellia sinensis L.): Manufacturing and Chemical Compositions from Fermentation

a L3 b‘*
BIMWY ENWNTEU
dindngnavnssuinuns I Inedeusiiivas

Theerapong Theppakorn*
School of Agro-Industry, Mae Fah Luang University.

UNANED

g luranilorunszuunsRanTiLanaeiuilldyseiy 3 Ussan fe ¥l wgnas uazen 1lendu
ildeunsniin wgnasdumindniissunsaiu wazsdndurivinegsauysel lusswitimandin Tuluwe3nanmdu
= & 3 Ao W a I a a P a Y oA a A a a A a a
Fadussrvsznouiidfglulumazildsuluidulamednaumtulavaisviln loun Aovaiu Aediuudu Aedniu uas
fowunivadluy mnduasiianisyululndweinewiuiiSendy fezgiiu ssduszneumunainfintulusswinsduneu
AsvinYdNaned wazsauAuesyn Ynlrnaniunsvnddwagsavananslianunliniunisvin unanudvnisile
PNUIIULDNATITHAT U LEUBNTTUIUNITHAR wazasAusenaumaaiiiiaduluseninaniswanan

Aadgy : 11 asAUsznauvaedl  n1svdn

Abstract

Freshly harvested tea leaves are processed differently to produce specific types of teas (green, oolong,
and black teas). Green tea is a non-fermented tea. Oolong tea is semi-fermented to permit a moderate level of
enzymatic oxidation, whereas black tea is the most thoroughly oxidized enzymatically. During tea fermentation, the
major components in fresh tea leave, monomeric catechins, are transformed to various dimeric catechins (theaflavins,
theasinensins, theacitrin and theanapthoquinone) and then transformed to polymeric catechins (thearubigins). These
compounds derived from fermentation affect color and flavor of fermented teas providing unique properties which are
different from non-fermented teas. The present review summarizes the data of tea manufacturing and the chemical

composition formed in fermentation process.
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Insoluble matter

Soluble matter

Flavanols

asauznaumaadilulunan
y1uannen1sAndulnguiain 2 anefug de
Camellia sinensis var. sinensis (¥13u, Chinese tea) way
Camellia sinensis var. assamica (¥198du, Assam tea)
nsiiulunandifinunmiietiindinssuaunisaanazly
ussaweulunsifiu Teedonifuamzseniiguuazlud
sansanguanen 2-31u (1 sen 2-3 1) Taevhlusealuman
UsznousnennutuUszanas 75-80% lnetmidn duilvie
(20-25%) \Juvewdeionun (a1t 1) vesudaianun
Usznausedauiiliazateth (insoluble matter) wagaaudi
a1 (soluble matter) sfUsTnaUMBATvasdILi
avaneuarldazaneiuandlunmil 1 esusznouddy
Tuduitazanethiie nafluea (polyphenols) Teguszana
10-25% Tagtmidnusts (Haslam, 2003) Tnafusadu
asrUsznavluluranysenaumenguuesalsusznou 6 Ny
fia flavanols, hydroxy-4-flavonols, anthocyanins, flavones,
flavonols way phenolic acids Iaenaiiiuea (flavanols)
Wusadusznoufinuunndian (60-80% vealwdiluea)
Foninaundu (catechins) Annduiiwuunlusn léun
(-)-Epigallocatechin-3-gallate (EGCG), (-)-Epigallocatechin

Water 70—85%
Dry matter 20—25%

Cellulose 6-8
Lignin 4-6
Polysaccharide 4-10
Lipids 2-4
Insoluble pigments 0.5
Insoluble minerals 1.5-3
Volatiles

Flavanols 18-32
Flavonol glycosides 3-4
Proanthocyanidins 2-3
Caffeine 3-4
Carbohydrates 3-5
Amino acids 2-4
Soluble minerals 2-4
Organic acids 0.5-2
Vitamins 0.6-1
Pigments

EGCG
EGC
ECG
EC
GC

C
Minor catechins

27 1 srdszneumamdlulurian (U5uU3eain Zhen et al., 2002) asdusznouniuaiiludiuves insoluble matter,

soluble matter waz flavanols fvuielusovazlnavinntinwi
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(-)-Epigallocatechin gallate (EGCG) (-)-Epicatechin gallate (ECG)

2wl 2 lassasiwesnmndunnvanntulusian (Zhen
et al., 2002)

(EGQ), (-)-Epicatechin-3-gallate (ECG) waw (-)-Epicatechin
(ECQ) aundumaniifioguszana 90% vosaundusianmn
(it 2) nguvesnmBuiinuluuinadesldun (+)-Gal-
locatechin (GC), (+)-Catechin (C) LLazmm%ﬁuﬂ W
(-)>-Gallocatechin gallate (GCG) wag (-)-Catechin gallate
(CG) (Zhen et al., 2002)
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1. ¥1Wy7 (Green tea)
Jundldeinunszuiunismin (non-fermented tea)
FBnsuanisunevlumandaslet (steaming) wiadauu

nsgnz¥ou (panfiring) levyanisvieuvedeulusined
flusanandina (polyphenoloxidase, PPO) vinlvitoulasl
laanansassuiseneendinduresamduisliianismdn
niiilduan (olling) Whiludy wazshlusuus (drying)
MIUFILNTAANTA (sorting) kavuTsq (packaging)

2. 9@uas (Oolong tea)

Juwfeunszuiunismdnifissunsaiu (partially-
fermented tea) 3¥n15WAAE1NANY (outdoor withering)
Usganas 20-40 Wit Tnennsilauan sesnlunnazgaildlusy
(indoor withering) wiouwennseuitelilumdluuina
vouly nsislusuuazglilumawhlfiAansuiinidies
vduimilieuluimediiusasendinaissufisenoondindu
Yo an1snituvesnnduduasusznauln
vilvingvasiid ndu warsamddisnslunnsden aindu
hluan (rolling) Fugulshiusin wastluouuis aude
NSARALNTA UALUTTY

3. 9191 (Black tea)

\Humnihunszuumsninegisanusal (completely-
fermented tea) luranazgniviiioanannudu mufeun
waw/vdeRvy Mniudunssuiunsviindivaeslioules]
SeUAseneenTinduatnuegraauysal ANNTuILLAN
ponfindunazsausiuiuassenevlnifiididutund
Pguas wazriden ntusuuis nufemadangn ua
U399

A1SRANYI

YUY PIPNAI HaTYIPIAIUNAANIIINEDATDY
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fisnsfy lidesdsusznoumaaiifiunnsnsiuly denali

Freshlteavleaves Stea:nin% 05 Firing > Rolling Dryi?g Pzglzzgigr;g Ly Greeﬂn tea
ISR W %D AN WINT DULAY o PN
60 U779
Fresh tea leaves Outdoor witherin Indoor witherin Rollin Dryin sorting, Oolong tea
] 4 8 dq . & > & v " g —»| Packaging [P ) g
Tumein flauan fialwin wiem auuke . ngnag
A0 U7y
Fresh tea leaves Witherin Rollin Fermentation Dryin sorting, Black tea
A ) ' g > g L p ! > Y y g —»| Packaging [P .
TR (ANl WINT WNNNT DU o balonl
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Juanslunguilenaniu (theaflavins, TFs) waziloz3ddu
(thearubigins, TRs) (Subramanian et al., 1999) 8115‘17?&
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OH o
OH
EGC or EGCG OH
HO oL EGC: R=H
EGCG: R =galloyl group OH
/oR OH
OH R = Galloyl group
0,
Tea-leaf PPO o OH
OH
(0}
; J + HO oL
o oL oH
y
, OR
Yor
oH Ortho-quinone derivative OH ECor EGC
0; EC: R=H
co, EGC: R = galloyl group
OH
OR OH
OH OR, OH
on OH OR
HO [0} OH
o HO o} OH
0 0 HO o Q OH
OH
OH HO oW OH ©
0 OH oM
O O “HIoR HoOC
OH
Ho 0 OH
Theaflavins: Ry =H, R, =H Epitheaflavicacid : R=H
Theaflavate A: R=H Theaflavin 3-gallate: R, = galloyl, R,= H Epitheflavic 3'-gallate: R = galloyl
Theaflavate B: R = galloyl L, ) _ _
Theflavin 3'-gallate: Ri=H, R,= galloyl
Theflavin 3,3'-digallate: R, = galloyl, R,= galloyl
OH OH 1L
OH
OH
HO OH
(o}
OH

HOOC

NeoTheaflavin: R=H

NeoTheaflavin 3-gallate: R = galloyl Theaflavic acid

NeoTheaflavate A

Al 4 FAmaiefierlaiu (theaflavins) waglassaisvesanslunguilionarduinulunisvdn (USuusan Haslam,
2003; Kim et al., 2011; Sang et al., 2011)
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Theadibenzotropolone C

OH

HO Theasinensin B
OH
OH

OH

Theasinensin C

HO

OH

Theasinensin F

OH

Theacitrin OH

Theanapthoquinone

it 5 anslunguivulelnsinlau Benzothropolone) i@ (Theasinensins) ey (theacitrin) uazfilowunineiluy
(theanaphthoquinone) AAntuluszinen1T1ing (Kuhnert, 2010 uag Sang et al., 2011)
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vaamluY (ortho-quinone derivatives) wagaziinufizen
sdaffunmBudug Wy EC war ECG Iidulaweinamdy
(dimeric catechins) Ben1 fivenaniu (TFs) fewanufinusnn
1 4 ¥ila Ao theaflavin (1AR91A EGC + EC) theaflavin
3-gallate (1NN EGCG + EC) theaflavin 3-gallate (1Ana7N
EGC + ECG) wae theaflavin 3, 3-gallate (sinan EGCG + ECG)
uaﬂmﬂﬁé’dwumsﬂszﬂauﬁLﬂuaﬂgﬁuémaﬁwmaﬁu Town
iewaam (theaflavate) wazilionaiia wodn (theaflavic
acid) waznuiasieslelelywes (steareocisomer) vasiitonaiu
Froviam wazfiewanin ueda (nwil 4) (Haslam, 2003; Kim
etal., 2011; Sangetal., 2011) msﬂsznau‘lumjuﬁwﬂaﬁu
Hunduesansiilaindosdu uazdunng nieurilsan e
(astringent) n13ANWIBIAUTTNBUNINARTUSZWININIIULN
wﬁ’wwudwﬁLaWaﬁuﬁLﬁﬂﬁuawuﬁaﬁwﬂﬁﬁ%msméfﬁu
Adurindug Wadulnswe3naundu (trimeric catechins)
Fan71 wulglnslnlau (benzotropolone) (Sang et al., 2004)
Jagdunuansusznauiuulginsinlavluseninenisndng
4 %iln Ao theadibenzotropolone A, theadibenzotropolone

B, theadibenzotropolone C ilag theatribenzotropolone A

OH

OH
EGC or EGCG
HO o\ EGC: R=H
; V "/oR

Tea-leaf PPO

[o}

ﬁ:/[c}
HO o
; \/ "/oR

OH

ortho-quinone derivative

=/

Theaflavins
Theacitrin

l Theasinensins
.

C: R=
OH ' EGCG: R = galloyl group

OH
EG, ECG, EGC or EGCG

Theaphthoquinone

Tnssadrsvesanslunguivulelnsinlauuanadanini 5
(Subramanian et al., 1999; Sang et al., 2004)
usnINAnTuazasuduamslunguiloviariunay
wulgnsinlaulunsudnvinds anseudnulamesn
AT (dimeric catechins) iinaNAVUFAeHeves
aqﬁuéﬂfﬂuu (ortho-quinone derivatives) 89 EGC Wag
EGCG loun 7advisu (theacitrin) (David et al., 1997) #it®
wunInadluu(theanaphthoquinone) (Tanaka et al., 2000)
LAZLOTUUTY (theasinensins) (Tanaka et al., 2002;
Tanaka et al., 2005) (Mt 5) luussanansivani aslungu
fotuuduldinsdunuuasAnuiunniian arslunduil
Juarsuszneuiliinainnissiudaseninseyiudailuu
(ortho-quinone derivatives) 189 EGC %30 EGCG (Tanaka
et al., 2005) AuANNTUINA EGC EGCG %138 ECG WUy

Lafiuszasenindluiana arslunguiliediuudunnuly
Yaqiuiivanevlialiun theasinensin A, B, C, D, E, F uaz G
pgnalsAmuiediuuduniuinde theasinensin A, B, C wag F

(Sang et al., 2011)

} monomeric catechins

@io H
oL

OH

IR

Increasing in Degree of Fermentation

Dimeric catechins

} Trimeric catechins

} Polymeric catechins v

nalnfiezifululalunisifinansitezsidu (thearubiging) Tusgwitsnswiineg (agudsziiuain Haslam, 2003;

Benzotropolones “‘.‘
o \ Yy s
Thearubigins
il 6 3
Kuhnert, 2010; Kim et al., 2011; Sang et al., 2011)
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Kuhnert et al., 2010) oﬁ’aﬁf’umﬂaﬁasﬁauﬂamuﬁﬁaLﬁ'mﬁ’u
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NzUIUNITVIN (Haslam, 2003; Kuhnert, 2010; Kim et al.,
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sgdlamBuaguin lumgnasivinuiunarauasusinidy
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Tunguiter303u Taelansdansiiossiiusguszunn
10-20% ngtwidn fanslunguitonlaniudseanm 1-2%
Tnenimiin dvoniaziifihmaunsdadudvesiiorsiu
HsavAdudu thendnties (Haslam, 2003)
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