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ABSTRACT

The objective of this study was to investigate an optimal drying method and
condition for producing a good quantity and quality of crude extracted Assam green
tea. Infusion of Assam green tea was extracted at a different ratio between dried
green tea powder to water at 1, 5 and 10%. Tea infusion was then dried by spray and
freeze drying. Total phenolic content, tannin content, caffeine content and
antioxidant activity measured by DPPH and FRAP assay of tea infusion and dried crude
green tea powder was performed. Assam green tea powder had total phenol
content, tannin content, caffeine content and DPPH and FRAP value of 13.41 + 0.33
¢/100 ¢ dw, 10.80 + 0.61 ¢/100 g dw , 1.72 + 0.02 ¢/100 ¢ dw, 33.45 + 0.62 mM GAE
/100g dw and 97.61 + 0.22 mM TE /100 g dw, respectively. An increase in the ratio
between dried green tea powder to water resulted in the green tea infusions, which
had a significant higher in total phenol content, caffeine content and DPPH and FRAP
value but a significant lower in tannin content, at p < 0.05. Correlation (R’) between
total phenol content of the green tea infusions and DPPH and FRAP value of 0.99 and
0.92 was observed, respectively. Average drying period of freeze drying (20  hour)
was longer than that of spray drying (2 hour). Spray dried-crude green tea powder
prepared from all extracted ratios showed a significant lower in total phenol content
and caffeine content but a significant higher in tannin content at p < 0.05. The
correlation (R) between total phenol content of dried-crude green tea powder and
DPPH and FRAP value of 1.00 and 0.89 was observed, respectively. The combination
of extraction ratio and freeze drying temperature affected significantly (p < 0.05) on
moisture content and main phytochemicals in dried powder. The correlation (RZ)
between total phenol content of dried-crude green tea powder and DPPH and FRAP
value of 0.75 and 1.00 was observed, respectively. A good quantity and quality of

dried green tea powder was obtained from the green tea infusion prepared at the

ration of 1% and dried by spray drying at drying temperature of 200 °C.

Keywords: green tea, spray drying, freeze drying, phytochemicals, antioxidant activity
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ninAmsiveRIzuUlinunssuiBmsndn (GUA 2.1) Faniindauasiiondly

nguifuilnaluysznalve oy 3 UssianAe viden Green tea) LALVEN (Oolong tea) WALy
1 (Black tea) uanmn‘[uﬂﬁvmmuuavauq amnwswama~mmwuﬂ3~mwauq LU 1192
mmaaa YUTINRY VILAUarYy (Chuen 2002) 8relsAmUYIMETT Iuﬂamﬂuwsim
waawom \asnifunsudnsesuaiadon

(1) wwdn Wuluvadiliiiuniswin (non fermented tea processing ) lay
mafivlurigen ooy 3 Tuusnainuenyn wdinanisay (withering) Tutaandu q iioan
mutuvadlumasdntion uazudamavhavenevlullulun Tavorduaudeu Tﬂam"l,m
vae3s m'l,wm']mauuuuu.m (firing) uazALSBuLULTUINleth (steaming) ledudh
Lau'lfnﬁ'[ulumLLﬁaa'mﬂﬁ‘mevﬂqamw“l,;jﬁmsmﬁammadIﬂiqa%'NLﬂﬁhJLfJumsSuﬁn
ﬁnnuummulum somensaUliLw Lwa‘ussﬂ’luussanmfﬂmwmﬂmalﬂ N35138MswaRT
wliid ndunassa wdiligniiangl e inuniwasanmadislusaniiun
NNAUY

2 wgvas WuluriHunmswiniioadntdes  (semi-fermented  tea
processing) ilelfnuenvaslunndiniy M (Fermentation) fe msugesly
wuled polyphenol oxidase Taetanizatadueulud catechol oxidase muaa’lu'lumam
pandlag catechins ‘mmumiﬂivr}auwuaaﬂsvmwm aglunauvas flavanoid TiiduSew
aiu (theaﬂavms) ey ﬁm'i'uw (thearubigins) Faduarsitlinausaluinn wazvinlweniid
wnndudedinaidu nMsuinyguawiisnmsdsrides  fio  nsdenldlumiideny
snnuagdnisianalunsisauuiusn 15 4l uwd3edudinsvihauvaaouludineg
AuSauARIINITEUIUMIHERY T Wtz lun wazoulviuianeuazussylu
ussysieengvivanana (Chuen 2002) witldiisani egsewinsidenavad doudy
Waqunai fissmniinduven SAYUAD

(3) Rk HARIINNSTUIUMTMIINANY D] (fermented  tea
processing)  WolldnAy  weuwazsahevewvuiuiugy  Tasnsilurnilay
(Wltherlng) 5717 18 alug LLaymwmm'lmu'l.uauwm’lvraamaaay 60 ntiusztilumiiia
Lammmuu (rolling) eA3aaiud Lwa'[w,ua‘uaﬂu*ﬁmwuﬂumsmﬂaaﬂﬁulmmammﬁ
yndu dleshuaiefusin Imam‘hmamwnu‘m 30 aswaldua w2 lus mmmﬁ
ouWsil 90 esmadied w20 Wil (Chuen 2002) Tusuieitlaiidsn wasiinaud
Waeuly saviffiazesnvisehnunnnimnassmiinuen Iwmquwuaumnluqhu Buidiy



NITUISHERYN

Tutnan

y

YIAUALDIALALAR

v

Flaay (Withering)

y

Raau (Withering)

y

Faau (Withering)

Tianusauluuwie/duy

A 4

UIAlUY) suluen
J Y A 4
wuluwn winluyssuzdu wiinluwaensauuged
v , |
A58 UMILAIINT DY tulum AR UMEAIILSDY

v

y

AavSPRUMEAINS DU

v

v

4161 (Black tea)

Fm%&n (Green tea)

¥1guas (Oolong

U7 2.1 nsyuumsuan

(i3 AnUUasIn Tea processing AU www.wordpress.com (accessed 10 Jan
2011))



2.2. 99AUsTNOUIAS YDV LTY7

ﬁwﬁuﬁmrﬁa’nﬂuﬁﬁwﬁ'uaeimmiwaw 15189°UMINEANI89AYTENBUMAAT]
uazAuUsy lovdvesyidsnmounseonunegrsuin sudsiiusualvsaudesay 15 - 20
vahminuis Tnofoulusivzidussiusenoundnueslusiu vennisisaiinsaexily Wy
glutamic acid, tryptophan, glycine, serine, aspartic acid, tyrosine, valine, leucine,
threonine, arginine wag lysine. fiUSunuAslawsniovay 5-7 vaatminus S'E?'aehu’lmgas
\Ju cellulose, pectins, glucose, fructose wa sucrose duviinuansdufiisadnies
wulviufioglugy lnoleic acid uway  sterols ‘smi’ﬂﬂ'ﬁ'ﬁﬁé’mﬁa chlorophyll  uax
carotenoids d@195¢ mﬂma‘ﬂm‘dﬂm adehydes alcohols ester, Way hydrocarbons
uarmnummwmmﬂimmaaav 5 ganiminui uLLsmwmﬂm Wy Ca, Mg, Cr, Mn, Fe,
Cu, Zn, Mo, Se, Na, P, Co, Sr, Ni, K, F, way AL (Carbrera uazAmuy 2006) A1579% 2.1
uanonuszneunaaiveslurileadsufisuivesduszneumaniivesvaslurisiuss
wazYs

M5 2.1 asAUsznaumaaiivaslusndauwiazlusisiusi

29AUsENOU (Sovay) Turidea* Tuagin vnlumsie

TUsfu 15 15 Trace
nsaazily q 4 3.5
NINBIIG 26 26 0
msTulaimsnduy 7 7 4
Tugiu 7 7 Trace
Sdﬂi'mq 2 2 Trace
w3579 5 5 4.5
a13UsENaUNUDAN*** 30 5 4.5

* Sppazsiorminuie (dry weight basis)
s lursainnsudlun 3 wai

= lawienailauees (flavonoids)

(A fAwUasnin  Cabrera uazpne 2006)

2.3 asausznauladl luniifinaldgninmanduinen

as ' 2 oo W o« ! 1 5
IU“U’IGWEJGEJEJU‘UFIH E‘i"liLﬂﬂJﬂ?ﬂmﬂmeLU’Qj’lLUUﬂ’liﬂaNWﬁWI'JUEJEJW (flavonoid)
Iﬂamsmmuuwmwmﬂmmwquﬁmamamwawaﬁwwnamuﬂa ANNIY (catechin) @156l
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HnnsauiRiduasiuniseandindy LLavLUuaﬁmuaumamu Faamnsadufansiinumds
1% uananasngunaliussduddiiansnguuruiiu Sanased (anthine alka loid) letun
mwdau (caffeine) SloWadu (theophylline) \iusy & mmsnammumu Samaoesii tﬂumw
aanqwﬁnszmunﬁw’mwaai yulsy mwmuﬂmam'lm'mmmannqusnsuLUiﬁ \losn
nsimam‘mammwmnms'lwm'rmau'lmnaﬂamasmm iiedudanistiansuiin Fatiu
m'sﬂsuna‘umu‘wmﬂmualuaayl,ﬁah}numwun ﬂdUUIU‘U’NQlJﬁL“UEf’JLLﬁ“&Jﬂmﬂ"IWL?JuLﬂEJ’JﬂU
Tuanan

2.3.1 @susenouiuedn (phenolic compounds)

a15usenauiuein L‘Uumsvﬂﬂsummauhmn‘lu'lwnam muumwmna’nmmmaa
VNE1TUSE nauuwmﬂmlummswm‘[mwmu asnalauows  (Flavonoids)  dafiuans
der1vat1ve5 vosasUsznaviuedn ivsunadesay 05 - 1.5 Usznaumeansszyiaudn
VauaUszne 4000 nrans wazwulungvane s 'Lw*n*ummsamm‘lunaumswmhuaaﬂ
loun  Aundy (catechins, flavan-3-ols) asvszneuviantesm i fe (1) -
epigallocatechin-3-gallate (EGCG) fUsvannsovar 59 maaﬂ%mmmm%uﬁwm, (-)-
epigallocatechin (EGC) Huszanmiogay 19, (-)-epicatechin-3-gallate (ECG) fiUszunmuioy
a¥ 13.6, (-)}-epicatechin (EQ)iUsvunnionar 6.4 (Cabrera wagppie 2006) wsnINian
Wendadinsaunadn LLa"ﬁ’lSUi“ﬂaUWu‘Dﬁﬂau‘] \Wu chlorogenic acid wag caffeic acid
U'smmmmfuuwaanuﬂaﬂUwawqama lngangismanseulurannounisviuds
mMsuinazviliiinnissaus (Polymerization) waqmiﬂsunaUWuaaniunal,?{&n
(monopolyphenolic compound)  Tassasswesansusenauamay LL'ﬁmﬂ\‘]‘SUﬂ 2.2 uay
asusznouAvTuLaTANEY Tuvdassquanadanised 2.2



EGCG OH ECa OH
H H
H OH
HO@._.\ H HO\E:,O\
oM “OH
EGC EGC GA

g‘dﬁ' 2.2 InsaasvesasUsynaunvdunasnsaunadn, () ~epigallocatechin-3-gallate
(EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin-3-gallate (ECG), (-)-epicatechin (EC)
way gallic acid (GA)

(i1 Cabrera wazmny 2006)

1599 2.2 USIey catechins, gallic acid and caffeine Turwiinsingg

AI9819 (WNEIHER) EGCG EGC ECG EC GA Caffeine
W7 (Gu) 733 321 10.4 14.1 0.7 38.3
MUy () 77.1 24.3 14.8 9.8 0.8 37.4
Y1611 (Butdie) 27.9 3.9 11.5 7.4 25 47.4
2761 (Ju) 12.3 20.1 4.4 4.0 3.1 41.5
191 (ATE9N7) 17.8 41.7 9.5 6.6 3.6 61.8
¥1gnal (Ju) 11.8 7.3 3.1 3.5 1.2 29.1

mnume: EGCG- () epigallocatechin gallate, EGC-(-) epigallocatechin, ECG-(-)
epicatechin gallate, EC-(-) epicatechin, GA- gallic acid
(A AAuUaseIn  Cabrera wavpgue 2003)



2.3.1.1 unuilu (Tannin)

@sUsznaunguuvuily  (Tannin) Wuansuseneudwanilueaiavaenir  (water-
soluble phenolics) ‘ﬁﬁwﬁ hydroxyl WudunnuasTuanaillaseasefidudey dmin
Tmaﬂaaqsumﬂq 500-3000 (widn @dandd 2539) ansUszneunguunuiiu (Juansiiisay
wazthaluiy Aidnsdanldsuussmudusuivendevtoneuiy (antidiarrheals) Taguny
1y una1ﬂ1U%UﬂU fungal proteln bacteria protein w3 viral protein 3o
macromolecules 31 9 wamaw‘sﬂimwﬂ’wL"ua“lummmmaumwnusnmsﬂm ann1siiin
suyadasylusane Iﬂmmuuumwummmauum’tumﬁmmﬂaumaae{smmmwuamwa
nsLin superoxide ion Fuarlmisndne o99zImanmMIAnuzSenegld uenvniunuiiy
daflnaenRdugdninnng Wy Sudimeviaureadulesiuiein Wiy lipoxygenase,
Angiotensin converting enzyme a1sUsznaunguunuily finsnszanevialuluonandnsive
Lﬂuaaﬁﬂaznawmﬁw&u@a IﬂEJLQW’]::ﬁﬂULgEJWj wioawuluieludeadslaha

2.3.2 AU (Caffeine)

ANNBY (Caffeine) (Juansurufiusariasys Tﬂiqaﬂa‘uaamMauuammsﬂw 23
mmduannsanuldluownsvatseialdun  wdanun A palea  annwduiietnduenidn
mmwﬂm%ﬁmﬁm stwwuaanqwﬁm‘lwauwm wazanInguasusviinle meaumu
E]'VJﬁﬂi“’i‘m‘iuUUﬂﬁuﬂ’mﬁ'JUﬂa’N lisamainauiufuaraneundd nun v
hémau sammmiaammmaa finnndududunay mejmmumm‘l,wmLWﬂuLUuminsvmu
Uiumwlﬂiummuaumnwaﬂ'luiaﬂ nmsuilaaaunduuSunawandunaiuny et lug
AMIBEnARAWWBY  (caffeinism) sawuﬁ'i'lngmmsmqqmme'mmmaaumaw'la m'u
nsdunsrdty Tandna néduiansan ueulivdy Tedu Wudu uenandnnsusinanumay
WunawusahliAsusalunssmzemns — dlddnsnay  warlsatdoslnadeunsy

(gastroesophageal reflux disease)

(FH
0 N N
T
.—' / ""N
HsC O CH3
Caffeine

5UN 2.3 Tasesasravosnindu
i

17 Zuo WazAnlz 2002)
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2.4 pruauvansilussdueandintuvesasusznauiluadn

AR sAnwethanvesasUssnovituedn fe n1siluansiusendiady
(Antioxidants) nay msmumﬁnawwuﬁ (@antimutagens) «mmmmnauuaaaﬁv (free
radicals) ‘NL‘Uua’l‘iwua”ﬂammaimaﬂamm (singlet or unpaired molecules) 1l
dmlsenavagme mmuaLanmsaulsﬂumﬂwuwswmamrﬁ,ﬂ Unfezneuv3aluianai
Lanaif\]vmammmuatanmiaunﬁumaua nindianaseuniavieiiuaniduiioamils asvinl
aumauwsaimanmmhmn \ndauTinaentan mmahujisefuesnenuessinduq iield
Waadiosnmiy ‘Ugﬂsmu’«a”mﬂmammmuanh waglifuuuumuiniuueu (Smith et al
1996) mamqauuaaaamwu’lusssmwm (9 superoxide radical (02 ) hydroxyl radical
(OH") peroxyl radical (ROO") ifiugfy (Deshpande et al 1996)

Tmam'i'diunauwuaanmwmmmﬂmauuaaﬂivLtavlaaauwaﬂawﬁmmmL's'ems
anﬂﬂﬂsmaaﬂmﬂ‘uwaﬂwuLLav‘[maﬂaauq msn1shiszmeulalnsiauunouyadasyeeis
9057 sl

ROO * + PPH =2 ROOH + PP *

RO* +PPH => ROH +PP*

\ieansUsznouiluadn Tezmaulslasiauunayyadaseluudy BYNADATYUDIAT
msﬂsmauﬂuaanavﬂaumamaﬂmamw muumlwmﬂgnsmnuImanaaumahJ falunin
Tuayyadaszunsasusy nauvluaanuqummmmmssmmnuauuaaanauimanmamm
Iwaﬁwuaaﬂmmuummmaﬂmmuauuaaasvlm 2w ngnsmma‘lﬂu (¥¥ani 2547)

2.5 msnasiauaulflunsdusendindy

Fteuiiluil 3 3370

2.5.1 Antioxidant activity anmﬁLﬂ'i'l”vmT‘Uiva‘mﬁmwwamsmuauuaaaiu Tunis
mamumsmﬂauuaaas maansmaiuaaﬂLﬂunsml*umuwwumuwuﬁvmﬂumuﬂsvna‘u vinlui
ﬂﬁ@ummimunuaumaaaﬁ wnasﬂ,ua suu lvinaneidusyyadase mﬂuummﬂgnimn‘u
aanfmu'l,umﬂ’lﬁlé’l,a‘[mmaiaanlw gaiu Conjugated diene Tads (Erikson, 1987)
ansiuayyadassivuseaiiudulsznou m’lwmimuummsn’lmLaﬂmaunuauuaaasv
a3 wannsnaamsiiedusyyadaszuensndludanle

2.5.2 Reducing power L‘U‘um'ﬁ’;Lﬂ'ﬂ“‘MWlm'mmmm‘[,umﬁmwmmimuauua
9dsy uaz Adueendiadulaesiu (FRAP — ferric reducing antioxidant power) asidusa
WalURAIIsTUBEAnsauli ey gnauviseluanalunsynavoslanefiannsounnsduiiy
lopouls (1Wu widn vouna tHusi) (Halliwell and Gutteridge, 1984) manwaa’lu‘sﬂz.ﬂa‘sm
looou (Fe 3+) ummmmm‘tumamamnmaumnmiau5] 196

2.5.3 Scavenging effect on 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) ttuns
fjt,ﬂﬁxﬁﬂ’;'mamwmﬂuaamiﬁma%aﬁmﬂumiﬁﬁmem DPPH s?fu‘fjuauyaéai:ﬁﬁaﬁm

10



wazausasudlannsaulasn LwamaauLUquLaﬂaﬁlmﬂuauuaaaﬁu msUm waziilalésu
aumaulaiﬂLf\]umﬂ‘[manaauavwﬂwaﬁmnanlmﬂuaumaaﬁv DPPH assay uduisnisin
PNENNSATBMNIAURENTWTY  (antioxidant)  Tieuarlinaidy  Tesendy  misu
(scavenge) fiu ayyadasziifinuasia (DPPH) udrarsazaneiiBoudondihaduiinges
99U mmsni’mﬁhmsmmnﬁuuaaﬁmﬁauLLﬂaelﬂﬁﬂawmanﬂﬁu 515 nm wazduuusunn
msaanqwamuauuaaaiu @Wn31 wag 23501, 2547) nalﬂmsmuauuaaasu DPPH w93a1s
mmﬂwuaa (sﬂw 2.4) Wnanmslidlanmseuunoyyadass DPPH vasassiwanfiuea Tne
‘waunaaas" DPPH  Tuansasanwasiifiing mamwrmﬂWuaa‘lwmanmauunaunaaasv
DPPH azlmuan 3DPPH ﬁ“lmﬂuauuaamxmalﬁ Favziuiudndenna

NG NO:
Ph Ph
NG N N{ PR, NG I .+ PhOA
Fh Ph
NGy NO:
DPPH (purpie} Frendlic compounds CPEH (yedow) Phenaxy radicd

]

U 2.4 nalnniseueyyadass DPPH vesanssmaniluea
(M1 5839350 Uansans 2549)

o v .
2.6 MINUAY (Drying)
M3 Wunszviunisldmnudeulunisidamiutiy Wedinusnauouss ms

*vhLLﬁqﬁ’ham'i'l,ﬁﬂmm"aut.a,riﬂ’maa"i’amﬁﬁjaﬂ Wnnduls 2 Tunaude

1L MINEmWaNY (mmsau) mnmmaau‘tﬁamwamaﬂ
2. MsoewmuIa (Aaud) mnma’lwaummwm wdszieoanly (Mujumdar
2007)
i3osvuiandftenldmuldun - Vacuum dryer, fluidized-bed dryer, band dryer,
spray dryer, flash dryer wag tray dryer vanainigaimaluladiwaurivly Wy infrared
dryer, freeze dryer wag microwave dryer
26.1  msviuialuvauseu
nMsyuAuuuenuds (Freeze  drying) LUumimLmawmmﬂsvanm'ﬂ‘ﬂu
AN IO ITUALE1 Iﬂaﬂi“mumimwaulmumswsumuauﬂsuﬂsa Tomannisidn
i wiofvinaz za1edug lnenisidsuaniusainvesududuloniofe d2onsseiiin
(sublimation) tieldiuarsemmsitiinnuseulmiseninuden Wy nsvusaniu wdatos:
viuisuuuudidenuds annsafiuinuiauamlildun fnsdsuuvasunionin wiluaz

AUNTORN
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mMsvuiwvuuiidonuds Uszneudy 3 Supeundn e

(1) nMsududs (Prefreezing) Wummhingdudissrhuwidluududs Woanadly
NSWLUULELIEaNuD 'Jan'mmumLLayamunuaﬂmwaqmamnmmmwm
wamaﬂsvawﬁmwwaﬂﬁmﬁmtmmwu

(2) Msviusaduusn (Primary drymg) \Wumsseiimiluaauzvsaudsoansan
'mn melaannzggyinie Luaf-m:uiammwmﬂﬁnmamula nﬂmﬂm
udeazseiiio vlnansasitnmtuanas & Sasmssuiinvasiugs %uaa
numwumﬂmwaammmuia maqwacs]nmmavmmmubmaamuw

(3) m‘smum*uuwaaa (Secondary drying) ‘Ifi'c‘Nﬂ"liﬂ’]'inLL‘H\‘ITJULLSHL'E%‘W
aummmu‘ua anunszinud mm’uumaluwamnmmummaaaauaa
'Lumauammmmsmu,a wldpnudou 30 - 50 ssruwaldua tieszive
Autufinawdsoanly

2.7 "idefiiieadas

Peterson uazmme 2005 wumsminluslunszuiuniseanlusides YIGUAIUAY
A1 dnasiausuiuaiswailuses (flavan-3-ol) Tugusazeda nswinviliuSunaanswan
huesdanas lulvyidisuisiivinaaswanluess 13.6 ndu/luruis 100 g d@wluwe
Wikl 4.2 n3u/luuis 100 ¢

Cabrera uazmuy (2003) wmﬂﬂsmmmsﬂixﬂaummﬁau‘iu’tummafmmmmaarm
1Jsmmmsmmﬁinlvmawamavmm NsanasteIlIuIuasAImFuAnannsvtinlurly
ﬂs.,mum'swamluw.ma's Prgnasuayn i dudiinaasaundusrnuninluluid (3.9 +
1.5 me/g) d@niluridienuasmgramuSmnuasaundudivesnia

Khokhar wazAmuy (2002) srsauinlusidiuasyide dusumuansiueanaun 80.5
=~ 134.9 mg/g of dry matter uag 87.0 - 106.2 me/g of dry matter @muasU druuSunoy
a3UsENaUANTY TUTIN 5.6 - 47.5 me/e of dry matter uay 51.5 — 84.3 me/g of dry
matter MUEWU  UazAMWEY TUSm 22 - 28 me/e of dry matter uay 11-20 mg/e of
dry matter #uaau ANuLANABIYSIIMeIRUsEnaUMRAiudnuedluTT Ratiiesain
anwmsugn ergnsiulunan msiiushwinagseduresnisminlunsyuiunisudelue

Yoshida wavAnue (1999) AnwUsEANSNINMSANA AWMU T B BN 1IEANS
anmange ‘W‘U’)’]E‘lﬂ’l’svﬂ’]iﬁﬂﬂu’l'u’]ﬂ’wﬂ’l‘iaumﬂuwLWE]‘SV]Nﬂ’J’]iJLUUﬂ‘EﬂWNm UTunuay
fau'wan'uaaﬂm WU EC, EGC, ECG way EGCG fianalaiivSunuanas Iumm.,mmﬂwsmmmm
muaaaau‘] WU C, GC, CG uay GCG fiafmlefiusinanfindu Tuanznisatafidisiamdy
nIRRneTviiAY UssAnEnwnsanamingy Suagiudnsraussnirdlurnuiuanihifldass
Benzie uaz Szeto (1999) Anwimmuannsasulunisiueuyadaszvesmn (Camellia
sinensis) 913U 25 wiln lae35ms ferric reducing/antioxidant power (FRAP) assay Wui1



ﬁﬁammam"!smasﬂ,umsﬁwua%aﬁaiwm’m‘mﬁwLLﬁ’& lugnawiawaslurideuds fe
132-654 micromol/g, 233-532 micromol/g wag 272-1144 micromol/g MUAIRU

Chen uag Chan (1996)  wuimsanalurudeauisivSinuamiuivunssyas
7.4 voniminlurus dlausndisviansussney  derivative VBIANNTUT LAWY T
USua EGCG, EGC, EC uay ECG aysouas 51.2, 18.7, 12.3 uay 11.8 Auddu ANEINISH
lumsihuujiteneendinduvenhiiunluawesesmaniGomudduied £6C > E6CG >
EC > ECG

Atoui. WasAmy (2005). AesiuSinansuszneuiludndvianus de5e Folin-
Ciocalteu assay  wuniduUSunnasussneufiuednsanunvaslusandsemann wasly
YWIINUsenATy Ao 88.1 + 042 uag 1216 + 32 mMgGAE/cup  MNEIRU &7y
Anuansasalumsiueyyadaszdeiinseilagisms DPPH assay wuin 077 + 0.012
mg extract / mg DPPH Tuluwiainuszinansn uasz 0.151 + 0.002 mg extract / mg DPPH
Turndgranusameaiy uenanimuiiiansatliuesd nsnusdnuazasusEnoU
derivative funna1afusIuILEY 60 ¥IRIINNTUATIENIELASDY LC-DAD-MS



unil 3
9MSANRUNI5ITY

p =Sh.

3.1 Jaquazansiail

Tur@oaiildlunsinundet] Wulveidosady mam‘[smuamsmaaummaam
glloauaivvans Samtadease mumsmw°l°mﬂua'rnﬂ;mmﬂ'1mLﬂﬂm (Analytical
grade) WAMlAEUIWV Sigma Aldrich (USA) Inc. uay TminelaeuIsmegidou viend saie
Janindoeln

3.2 NMIMIBUAIDENEITUTIIURGUL TR

UAae1 v NTeIvussady éﬁamnawnszﬁmummaam gunolit Al Jawdn
\Wees8 wsuierlugouuisiigamai 102 2 °C Wunan 6 Halus nente
mmmaumammmm naumlﬂummamﬁawﬂ hammer hill uaaurlunsessumsunsely
Tonsrderunay Laaﬂwmmmaumﬂ 100 lulaswas luussyqeandiuavedosun 1 ke
Uﬂmunmnm‘lwauwma’tmannvammﬂm wasthluifiulieamgiivies  revluluneass
soly

3.3 NMSABUAIDE19ESENA VT

w3osilugrahieu (Water bath) hifiguvgil 80 °C Fawastuiinimindegan
wm‘umaytaaﬂmmaaasmmwmuwmaqms (1, 5, %39 10 ¢) waziduasludnines 250 ml
Lmeumsauwmuamwnu 80 °C Y3wwms 100 ml anﬂmamwmmumaumam‘wmhum
mlﬂm‘tumamiauwamwnu 80 °C 1@y 10 ui Luamumvmmnmmmiaumammh
Tugumgiivies Faliiau udnsesonssmunses What man No. 4 n&wIntufy
asay a'1EJm‘mwaﬂmlﬁ'ﬂu‘lmaﬂaaauwmamn‘umm 4 titer waznmnifivlilugananadin il
MU 4 °C Aewthliisen

3.4 msAnwan1azlundazisnisiuiasatnansdesady
3.4.1 msvhuwisieladasumianuuna anneiifnwsenaude
- quvgiiildlunsouusis 80, 90, 100, 120 °C
- AsseUNRaY (ANUSIaY) 478, 788, 958 SaURDUT

o v w - v ) PP )
3.4.2 MINIULNIAIULATDIDULRILUUNUN DY annenanusenavnie

- grumgiililuniseunis 150, 180, 200 °C
- ALY IUNane 5, 10, 15 Brix
- AL IS UTDINAAN 2500, 3000, 3500 S0UdDUIN



3.4.3 MyuimneLAIssauLiUULSonuds anefidnwiUssnaues
- QUUNIILEUAIIUTBY (Heater)20, 30, 40 °C
- QUM TinAnAueiSudy -10, -20, -40°C

- Al lunTaULIAY 4, 5, 6 14

3.5 MIIATITAMUTY

M504 AOAC 2000 aumammmwtﬂaﬂumav mamwnu 10322 °C U‘summ 1
flug ua';mmammm‘uummm‘lﬂwau’tu desiccators damniutauastudingminues
femAnuua (W) °ZNLLaS‘Uu'Vlﬂ"LJ’]WIJﬂ‘UEJW]’JE]EJ’N‘U’IaQIUC]‘]EJWWFY]’]&J‘UN Uszanm 2-3
nfu Suimiwiniiudueu Wy hlaulugeu wamwnu 103+2 °C Uszan 16

Flu LtmmmUmmwmum“l"g‘lw,w’tu desiccators Uszunu 30 - 45 w1l wé’amn
ﬁu ‘Lau,asuumﬂumunwam’mmﬂmuﬂuumm (w,) mmammnwulﬂauaﬂﬂia‘lumau i
el 103+2 °C Uszaunw 1 mim LLam'm'mwm’nmum‘LﬂwLEJu'Lu desiccators Usvanay
30 - 45 uwWi waamnuuw.t.avuummwunmaqmﬂmmm’uuuja1 (W,) ¥insaugh

unsEiamasavas i W, waz W, Senlsiifiu 0.005 n§ wdrdunamnuSnuenuiy

USHIuANNBY (% w/w) = W, — (W, - W,) x 100

Ws

USuininuiig % DM (w/w) = 100 - % USipAIudy (w/w)

3.6 MIAATITRUSIuEsHUD AR aNA

AT (ISO 14502-1, 2005) wissuaisazawanalnedanaztuiinimingaogis
(‘mL?Ja’mﬂauLaaﬂwsamiaﬂmﬂwm) 0.2000 ¢ Lmuaﬂuwaamwmam‘uum 10 ml Yutin
Uminiiudueou (Ws) W@UWMIUamsuty 70% (v/v) wamvznu 70 C U3u1ns 5 ml. nmu
NALFIBLATDY vortex wdnhansaraneluurlugiaiou (water bath) ‘wamwnu 70 “C\Ju
VAW 10 WIT wagianIuNANSEAIEY vortex nng 5 Ui wdseantuhansazangly
NIBWNUNTZAIYNTEI What man No. 4 wazdnasiuly Volumetric flask 10 ml ilanses
@A uUS IR sazanefinsaald fowmueam ity 709% suasuuSuies

mmsmwum3a.,awmm§1umsa atunsaunada (callic acid) A1uTNTY O,
10, 20, 30, 40, uaz 50 pg/ml 'Lumnau udeasazatensaunadn waazAI Ny 1
ml aslumasaneans 10 ml udufnarsazane Folin-Ciocalteau reagent (10% v/Av) USias
5 ml lwehuazniukanmuLAIad vortex (vliigamaiives 5 wiit wdsoniuduasavas
lwdsuluarsuanun anudutu 7.5 % (wA) U5310s 4 mlwehlansazanotniunasfud
gaumqivias 60 Wit wdnhluindmaganduuds 765 nm. adansminasgiusewing e



L%’u%’uwaaaﬁasﬁmaﬂwLLﬂaé‘mLaxﬁfmiamnﬁuLLaa R TV T TC AL SRR C PP e
Wane lushednwunasdenaviearsainuideafiatadie 70% methanol ey Tneide
NwTazawanntny melivaarsasarsadalinns 1 ml $eeedetnduaunsy
U3ms 1000 ml  udvhnisiasisimusunuansiivedaranue fgwiieafunisyi
WATFIUEITATAIENIALNAGA

USinmiansituadniavun (% w/w) = (As - Ajercept) X Vs x DF x 100

Sstg X Ws x 10000 x DM
As = ANIANAULAI 765 nm vaaaet

Aintercept= AIAGALNAY Y VRINTINUINTFIU (Y-intercept)

S = A utuInNNTMYBRNAS U TATaENIALNAAR
Vs = USumsvessietaiatmle

DF = USnmsildlumsigona

Ws - dhwinveaiaoeaild ()

DM = % Dry mater content

3.7 Msnseiviuiuanduy (Caffeine)

Au3584 (IS0 10727, 1995) inSeuasaratsainlasdanassuiintmniagng
(W nIrunazidvavioansannynden) 2.00 ¢ adlubninesauin 250 ml Sudintwind
wiiuey (Ws) ifanh¥ouiigrmail 80 °C U3inas 200 mL musasdaewvisalvanuuLsy
ey (hot plant) Wunaiuu 10 wifl udhansazarslulunsossaensyaunses What
man No. 4 &mnéetndu Usinms 10 ml Sy 3 e udndnaslulu Volumetric
flask 250 ml wazUSuUSuinsansazaneiinsasld Methnsuauasuysings

MRS INANTaTaIBINASTINASaTAUAINDY (caffeine)  Amndudy 001 %
wA) Tuthndu wdhlnansasanensaninay U3ums 0, 5, 10, 15, 20, wae 25 ml iuaq
Tun volumetric flask 50 ml wdrdinnselalnsraain (HCY muduty 36 % (V/v)
USums 4 ml uagdsuuSinnsmetinnduaunsuySung warnmiulnansazaneily 25
mt inasluvin volumetric flask 50 ml udrTnnsagawsn (HCL) ramnddu 98 % ()
U313 0.3 ml wdusulSunmsmaindusuasulsunns wenlwansazanedity ualy
IANIgANAULAY 274 nm.  a$ensINRsEIUsEYIe. Maduturesasavatea iy
WaYAINIIAANAULA Mé’amnﬁ?‘tﬁmeﬁmﬁmmmLWSuﬂuaqé'hafj’NmUmamﬁamw%ami

annwdenvians



YA undy (% ww) = E x Vyx 50 x 100
1000 x V; x 25 x Ws
E = YSuuanndu (mg) ﬁlé’mnﬂswmmg'm
E/1000 = wWaguanmiemin me 1y g

Vo = USimsveaiatiedianals (250 ml)
2 = Ysumsiilglunisveass (10 mU)
100/ V, = Ysuasiilglumsidons

v
o

7] v o 1 173
utinuiavesoe1adild (9)

5
1l

3.8 N5 AATIEHUSUIauudY (Tannin)

ANI5YDY Makker et al 1993 inSsuasazavatnlnodenazsuiimhmingragns
(¥uTeIunaviBeavieansanauifen) 0.20 ¢ asludninesvuin 25 ml Tuiindhwindiuiueu
(Ws) ines@lauaruidudu 70% (vA) USuns 10 ml muranliidfunduegidenies
ultrasonic Wuanuu 20 mﬁﬁqquﬁﬁm udlunenfeaiosusn Centrifuge i
3000 RPM uazgaamgil ¢ °C Uszanm 10 wiil wdsntinhansazats nsasdenseatensas
What man No. \ivansavanefiafalaiioiasesiunuiiusoly

MNsinSsuasazatsIasIvAsazatounudy (tannin) - Aadidy 001 %
wA) luhndy uwdnansazansnseannay Usinas 0, 0.02, 0.04, 0.06, 0.08, waz 0.10
ml aslunasanaass 10 mt udnduhnduuazuSuusinasiiasy 0.50 ml nnviaan Uiun
@13agae Folin-Ciocalteau reagent (1IN w/Av) Usims 0.50 ml asazareledovluais
UBLUA AULUNTY 20% (w/v) USums 1.25 ml wenlvaisazaiedniu e uasniunay
fewA3es vortex Ui igumaivondunan 40 i waztlinAINsganduuas 725
Mo ansinesguseve anduduvesansasansunuiiuuazAinisganauuay
wé’ammisu%mmzv?mﬂ%ummﬁumaqﬁaasham‘umaxLSaﬂM’%aaﬁaﬁmmL«*ﬁmﬁ'aﬁm

mMyiAeiUSnuasiuednimuansad 1 Tnumssuaisazanssegeafiatainegy
AutuwIeae 10w udleansazarefetanaimieans Usuns 0.02 ml adly
vaeanaaes 10 ml  wdiAuiinduusung 0.48 ml wdsentudiy asazais Folin-
Ciocalteau reagent (1N w/v) U3u1as 0.25 ml wazidnaisazanslodenluaisuswun Ay
Wutu 20% (wAv)  USuies 1.25 ml wehldansazanodniu weiiazniunausieiaia
vortex udnfiuliigamaiivieatiuna 40 wiit uaziiluindinsganduuas 725 nm.

MIATeRUSImastueaaonasd 2 TnewSouamsasarefaatsiaininady
arududuiens 10 wih udlwearsavaneiegafiatadennalSings 0.04 ml asly
wapanAane 10 ml uaéis Insoluble polyvinyl pyrrolidone (PVPP) 25 me/ml Usums



0.150 ml Lm”nﬁul’ﬁ'ﬁammﬁ 4 - 5°C ludifuduna 15 it ndwnduhluuenderdas
wen Centrifuge Amunga 15 ,000 RPM uawamv]nn 4°C Uszanee 10 wiit wdsniuliun
m‘iaumﬂmmnlmhmm 0.04 ml tLaaLmumnauU‘imm 0.46 ml waziAuaisazay Folin-
Ciocalteau reagent (IN w/v) USuns 0.25 ml udadvaisazaneledioyluasuanus A
Wty 20% (wA)  Usies 1.25 ml werliansasansdiy LUEUAY NMIURALFIELAS DY
vortex udfulifigamaiveudunan 40 uni wagthluinAnisganiuuas 725 nm.

USunauunuiiu (%ew/w) = Total polyphenol 1 - Total polyphenol 2

Total polyphenol 1 (%w/w) = (As - Aprercers) X Vs x DF x 100
Seg X Va x Ws x 10000 x DM

Total polyphenol 2 (%w/w) = (As - Aitercent) X Vs x DF x 100
Sqg X Va x Ws x 10000 x DM

1 < ﬂ‘ @ |
As = ATMIAANAULEIN 725 nm VBIMIBENS
Aintercept = ANAAARAUN Y VBINTINNINTFIUY (Y-intercept)

S5 = AAUTUAIINN WA IUUNUTIY
Vs = YSumsvewiiagnanale (10 ml)
Va = Ysnamlglunsiinsen

(Total polyphenol 1 = 0.02 ml ua# Total polyphenol 2 = 0.04 ml)

DF = Ysmmsildlunisiionns (10 mu)
Ws = dmtinvaaiieteild (o)
DM = % Dry mater content

3.9 Mlwnzigvsfiueyyadaszlng3s DPPH assay

MUI5UDI DPPH assay (Chan et al 2007) lneviu{aseniu 1,2-diphenyl-1-
picrydrazyl (DPPH) in3guasavaieninsgiunsaunadaly methanol aaudady 0-1000
bM uilinansazaneuasgunsaunadauiuins iml vuiiserduansazats oPPH Ty
methanol AIIAINTY 5.9 % (wA) USIas 2 ml werdsiaIaagn vortex iUl luiiins
gouniivies 1Wuan 30 waii IRAIMTAANAULA 7 517 nm. WaAT NN IR TIUSE m'w
mmmmuwmmsa aensgIunsaunadaly Methanol wavAn1sganauuas wdsaniy
AATY umqmamuaumaaasv«aaamamamwmuma Wweanearsaiavien lneliun



Usinas 1mUhuiSenduansazans DPPH lumethanol Ansduts 5.9 % (w/v) USums 2
ml Ynmsvmasauiiendu #1385a1BNIATHIUNTALNGAA

3.10 ms"im5ﬂ"ﬁqw§ﬁmauuaﬁas~1ma%§ FRAP assay

A1u75909 FRAP assay (Chan et al 2007) msaumﬁavawmmmu 6 -hydroxy-
2,5,7,8-tetramethylchroman-2- -carboxylic acid %38 Trolox AU 0-1000 UM udal
WaasasateuInsgiu Trolox Usuims 1ml WANasa¥aY phosphate buffer AudLTY
0.2 M, pH 6.6 USums 2.5 ml uazarsazans potassium ferricyanide AM3YUTY 1 %
(w/v) Usmm 2.5 ml Naﬂmﬂuwr}uua'smumuwmwaamn:u 50 °C 1Wunan 30 wit
waamﬂummmmwmnauum 7700 nm. Lta?ﬂﬂ\‘mi’]ﬂuwiﬁ’iUi"ﬂTNﬂ’l’bSJL’UﬁJ‘UU‘UEN
d13ara18  Trolox WasAINIRANAULA 'amswwmqmmuauuaaaivwaomamamwm
unazduavieasannyien IneUiunuSunas Iml  YInisvneasndudsItu arsazane
MU Trolox

3.11 N1590AS
Nda’l'ianﬂmmmaaauﬁlﬂmﬂﬂﬁmLm\‘l uinad L% o* war b* lnediuiasesse
d ColorQuest XQ (ColorQuest, USA)

3.12 NMSATITVINI9EDR

ATl maaswynsiinssia s usiy WUU Analysis of
variance (ANOVA) uag Multi analysis of varlance (MANOVA) Iﬂatﬂiaumﬂumm’m
wansneveradsluusaznisnaasslngld SPSS 11 5 fiszurudeiiufesay 95



UNN 4
NANITNASDILAZASUIINANISNARDY

4.1 aeAUsENaUNANTNLATIvD NIV LTS EE
aeﬁUssnawé’ﬂmaLﬂﬁwmwwﬁmé’aé’u wanalumsnad 4.1 Usinamuiuens
yidvafosniuiinuanuiutesay 7 muﬂsvmﬂmmmuwamnmmamawwnismn'lu (91
u) (19n.460-2526) fiUSunquansiueasanun 13.41 + + 0.33 ¢/100 ¢ dw @y nTuiiinan
PNUssIveiy Bude LLaszu fSnaansiuoariavun 8. 70, 10.62 uay 6.58 ¢/100 ¢ dw
mmmﬂ‘u (Khokhar et al 2002) wagilUSuumnndy 10.80 + 0.61 g/100 g dw WazyLly?
findnannuseinady 8 UL uaz ﬂgUu fUSum 1811, 195 way 12.1 ¢/100 ¢ dw AUETeU
(Khokhar et al 2002) ﬂﬁumWLLa.,Uimmwmmsmwauuaaasv'[umamww RIEREATIIEE
swmumaqmmuauuaaasv MeyTBIATEY DPPH uas FRAP assay \ae# DPPH assay
Lﬂmsﬁ'lmﬂmmamsﬂlunﬁmamaunaaasu (radical scavenging method) uaz FRAP
assay tﬂmﬁﬁ'lmmmmmmiﬂ'lumsLUumimwmmwwaanmmu qwﬁmuauuaaasv
VOIIY UL IDAFUIATIEVLAE DPPH Way FRAP assay JU3ua 33.45 mM GAE /100 g uay
97.61 mM TE /100 ¢ sl DPPH value v i indnuazsminglulssmady Sude
LI.ﬁuEUUu 11 87.0, 106.2 waz 65.8 mg GAE/e dw mINETsTy (Khokhar et al 2002)
aamJiuna'uvrarwmmuuauqmmuaumaasvwmmLwawLmeanu \osnanuiinvosity
numnaeiy anuilunisinay Uaﬂmmnmaﬂu ANgANANYT 35n1stAusnunfiy
NTsUUNIUUSEU SdiSnsanauariSmsliasied  Feamsnauaiingnuniinayinly
aaﬂﬂiznauwamn'mmmasqmamuawaaaizwawmm Tuusiasiuiiunnsneiu

A5 4.1 99RUSENOUMILATUE NI TN

paAUsENOUMIALAT U3uned (/ DW)
m’m%u (Moisture content, %) 4.16 + 0.06
enstugarionun (Total phenol g/100 g) 13.41 + 0.33
- wnuily (Tannin, g/100 g) 10.80 + 0.61
AUNBY (Caffeine, ¢/100 g) 1.72 + 0.02
Vs uByadasy 33.45 + 0.62
(DPPH radical scavenging assay, mM GAE /100g)
qvissuByyadasY 97.61 + 0.22

(Ferric reducing antioxidant power
FRAP assay (mM TE /100g)

g o - z
ANARY + ANTEUUL 29INNTTIATIEN 3 AT
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4.2 safusznaundnmaAivasasarate et nu e
asazargasannulisrninnisaiamedasidmndoinetdosar 1 5 uaz 10
(w/v) TesRusznaundnmiaaiuanslunised 4.2 Tumsafnsandiuns oo ifiuty
viliuSinamiy asftuearianun me‘E’iuuasqw‘éﬁwuaq:&aﬁasxlugu DPPH waz FRAR
value anavagneiied Aty iovay 95 druuSinaunuiiy ﬁﬁi']tﬁwﬁvuadwﬁﬁ’aﬁwﬁ’mﬁ'aaax 95
qméﬁmawaﬁass DPPH value uay FRAP value 9g521719 10.42 - 1,55 mM GAE / 100 g
dw uag 13.48 - 5,39 mM TE/100 ¢ dw ANEIRU Yoshida uazams (1999) 5789771
Ussdvdamlunisafnans cateching  Safuarsitueansnluyiiden Useznaumay (-
epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG)
Waz (- epicatechin (EC) %ua;iﬁ'uﬁ'rﬂ'mmﬂumﬂ@m wiA1A L unsAReTiviny
Uszdnsamlunisannais catechins ‘i‘fuat‘jﬁ’ué“mwehumsiaﬁwﬁiﬁaﬁ’m Fawans3sui
onsrdunsr Tty v liUsinunwiy arsflupariaun AWdy LazgMaRIY
ouyadasrluzU DPPH waw FRAP value anas denrdasiunansidothady uenamniaaily
nmsanauaznsauliidfusswinanisata HnadeasnUsznaundnyaaiivesansazatsans
annyTeanguiy (Astill et al 2011)
A9 4.2 aarUsEnaUMAATivesaITazaga Aty i

2IAUSTNOUNIALALT dnsrdunarTeasionn (/ DW)

1 5 10
mm"rﬂg (Moisture content, %) 99.502+0.03 97.93b +0.07 96.22¢c+0.16
Ysmnnwewuda (Total solid, %) 050c+003 207b+007 378a=<016
ansflusaviovan (Total phenol, /100 o) 40782+ 028 3117b=x047 2914c 4074
- Uiy (Tannin, g/100 ¢) 756c+030 859b=+0.26 10.74a + 0.54
U (Caffeine, ¢/100 g) 1.66a + 002 13d4b+0.02 0.73c =+ 0.01
DPPH radical scavenging assay, (mM GAE /100 10.42a+0.44 255b+ 034 155+ 019
Q)
FRAP assay (mM TE /100¢) 13482 + 007 839b =+ 0.07 539 c + 0.51

1 U = ' P = € q’:
ANRAY + ANTBIUN 3INNITIATIEN 3 A3
9nw¥3 a, b wayc uansfisnauanisreuas ANy uLAavLO T sEnaBtE]

s

U AYVEA (p < 0.05)

ANUFLNUS (R) s siueavanunLazd DPPH value A1 0.9924 @
sewinalSnnuansitueaiavuauazen  FRAP value fifn 0.9173  druAnuduNuSIEUINg
Usunuunuiiuwazen DPPH value waz FRAP value fien 0.8622 way 0.9987 suaisu
(11319 4.3 uaznanuan n) arsiueavsualuasazatsansatnunde ﬁmsqwéﬁ’mawa
saszlavannsodeeznaulalaguun 1,1- diphenyl-2-picrylhydrazyl (DPPH) ﬁgﬂuaqnWﬂ
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fassiladesuavannsoiudianmseuldan uas 'ﬁvLUaauLUuTmaﬂawluLUuaunaaaav wauidle
"Lmsuamaaﬂ,aiﬂmumﬂmswuaamwum‘mmiaumaaﬁaﬂmmmm viviars DPPH Taiidu
ayyadasy (Katalinic et al 2006) ﬁ':w.muuumqwﬁmuaumaasuvzﬁunu Tmmﬂuaﬁmﬂu
smmmwummmsnmuataﬂmsa‘u’lwnuavmaum’eﬂmana'l.umsvna*uaﬂaw $NANITOUANG
Hulossuld 1wy wén (Halliwell and Gutteridge, 1984) wianfiegluguinasialossu (Fe™)
ummmmm‘luﬂ'rsmamnmaumnmsau‘] 161 tmuuumaamﬂmiauLW@iiﬂlaaau (Fe™)
iiiAnmesssalesau (Fe™) Tu audumiug R sewinlsnnununWduresansazanvann
YWlgnazA DPPH value A 0.6378 uavA1 FRAP value §ifn 0.9141 (A1579 4.3 uay
AIANUIN n) mnwami'mﬂLLam'lwmummsUivnauﬂ‘[uanammauumqwamuauuaaaiu
887989 a.,uumua'ﬁﬂsvnauwTuaﬂaaaﬂumi'mqwﬁmuauuaaasvaa waziiasusenaud
Iuanamnumiwqwﬁmuauuaaasumsmma @13 catechin 1y () epigallocatechin
gallate (EGCG), (-)- ep:gallocatechm (EGC), (-)-epicatechin gallate (ECG) way (-)-
epicatechin (EC) LLa.,aﬁW'uaaau 9 Wy gallic acid uJuaamJi.,nawaﬂ'luw‘umsvna‘m
(Cabrera et al 2003) fzm'msmna'r'aﬁ']n'rinnwwamat.aﬂmauﬂu 9Yuaddasy (electron
transfer/hydrogen donating ability) (Manian et al 2008) uaﬂmﬂumwmmmﬁmaqyﬁ
daszvesasaratwasainu ool DPPH  uas FRAP fimnuduwusiuludenn S
Wululgdnks 2 38 mmmmmmmmﬁ'lumim1uaansamumﬂaﬂa1ﬂlumsaaﬂqwrﬂ.ﬂa
mMsdwudianaseumiiauiy 'waamsm‘sammiwqmmuaunaaaiv‘lmwawaaﬂﬂaaanu‘lﬂ
Tuiemadientu faduanansaidenldds DPPH wie FRAP Bledsuilslunsasiviimsey o
Nam3:1%Uluﬂsquaaﬂﬂaaaﬂ‘uwamsmwae Sangkittikomol (2003)

o w w ¢ 2 '3 a W = 1
A19719N 4.3 Auaunus (R) ‘E]\'lﬂ‘U‘SSﬂEJUVI’NLﬂli‘UBQﬁTiaBa’IEJﬁ’]iﬂﬂﬂ‘U’]L‘UEJ'JLLﬁBﬂ’] DPPH
ez FRAP value

pIAUsENBUNIALAI] VL RICIICORE
DPPH value FRAP value
s HuBAT VLS 0.9924 0.9173
- WUty 0.8622 0.9987
ANBY 0.6378 0.9141

4.3 NAFNIITNISVIIUAS

AU TIeanzmMsyuiateiy wuranmensviuteilanuaulidy T
awnsaaniumsideluvisannizmsvius daiuisiniswasuuwlasnisanwantyluusas

ABnsiuiaasanaInendelsady ol



(1) msviukamendsayudauuana am'svwmmﬂivnaumaamwﬂuﬁl‘z’ﬂumsm
WA 80, 90, 100, 120°C uay mmmsauwwan (ANusaw) 478, 788, 958 JaUMBUIT
mnmiﬂnmam'avmsmummawu WU'nmsavawa’rsaﬂmmL‘umaaaulmmmsnmwe
ﬁ)’]ﬂﬂ?&imiEN'!/]’ILLMQLLUUEI'lﬂVIﬂE’iﬂ’YJ“ Aauan MW s uiuuan ey
ansoaniiunsIsuls

2 mswmmmﬂLﬂsaamumwuwuﬁaﬂ annz AfnviUsznaudae amwnuﬁ‘l‘ﬂu
MSYUAI 150, 180, 200°C ‘namswmuwawﬂmmamsasav 5,10, 15  A5259U209%0
8 2500, 3000 way 3500 Saumau TiLay amswnwsamwuuwwwmanm 1,1.5 wag2 ansme
UM wmnaﬁavmaaﬁaﬂmmL°usnaaaulummmmtmemaLﬂsaqml,mmuuwumalﬂw
amﬁmummwmmau'ﬁaaav 10, 15 wuay 20 muuawiwmuwwﬁwmmammaqwasu
sy ITranihdear 1, 5 way 10 muamwmsamwummmmanﬂ1 15,2 ans
soufiliamsaduidunsideld esnnesenhuiiuunudey liansafwunsnsinig
aanunoyles

(3) mMeviukeeidsseuLTUULEE e nuTs iﬁﬁﬂwwlﬁﬁannzﬁﬁnwwsunauﬁw
amunﬁuﬁumm%’au (heater) 20, 30, 40°C muamfamﬁnmﬂsunaumw gauNil
wdnAeIENRY -10, -20, -40°C uay naildlumseuwis 4, 5 6 Al m"tumamn
AtuMsIdule ‘Lmuaamna'r'iavawa'ﬁanm’mwmaaaulummmml.malm

MsafnmgdnsdunTsIraindesar 1, 5 uay 10 (W) Lmavwﬂwmaaﬂmm
MAsioz 2 8ns wdvilivhuste 2 B Tasnsudsmsiinunnisyiuteesndu 2 32 fo nsvin
(7 ARNRTIAGY (Spray drying, SD) mummmwmn'ﬁmumw 200°C waznsviuiuuLY
\onuds (Freeze drying, FD) AIUANGUMATINTISURT 20, 30 waz 40°C SzeznsvL
mmuhLwalﬁ’lﬂmmwammwaqmmsaﬂmmwmuaan'maaav 10 wuiszesaLady
Tumsiudis 2 Fusnsnefusenaunn (nsrei 4.4) 'lumsmLmummwLaaqumvavnm
VWAININIY 20 ‘znTm mumimumuwwuﬂaas“ gnaeds 2 Falue ey
Lmﬂmqnu Luaamnmaanﬁmimmemsmmwmauuavm‘m’rmwmaummnmaﬂu
uBNINISTEITR I TRt arY bieududuvesansadaluieifutueas
inasiosrezna M I LN LH s TiuwTy aumsvihusisuuuuidanudslusne i
é’m"rrhu‘uaamwwL%mr;ia*tfﬁﬁwammLﬁuﬂﬁumaaawsaﬁ’ﬂtﬁu%umuﬁ’u wrliifinaraszezian
MIVUAIMVULY S DnuG
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A131991 4.4 FEEaNRRENSYWasazateasannien

Ameans  Savduvesluride  33nsviuie gampivhuwts  szesaadorius’
vhifldanio (aarwaidoa) (Falan)
(Sovaz w/v)

1 1 Spray drying 200 1.01 T 0.04

2 5 Spray drying 200 1.97 £ 0.04

3 10 Spray drying 200 241%0.24

q 1 Freeze drying 20 20+2

5 5 Freeze drying 20 20+ 2

6 10 Freeze drying 20 20+2

7 5 Freeze drying 30 20 %2

8 S Freeze drying 30 20+ 2

9 10 Freeze drying 30 20+2

10 1 Freeze drying 40 0% 2

11 5 Freeze drying 40 20+ 2

12 10 Freeze drying 40 20+ 2

L a J "o a < &
ANRAY + AVEILUU 31NNTITATIEN 3 AT

4.4 aeaUsznauvanuailvasnasanauIL gL suun Ly

HIEsANAY YU LU YR BEIINaNSATA s A TAR AT UT L8 S RS 1E LRI
Jesothiosar 1, 5 uay 10 HANTIIATILRDIAYTENBUNANMIIATvD RIasaRRY LT e,
wandlumisied 4.5 U’%mmmm%uwaemmiaﬁmmﬁmﬁwLLﬁamﬂm3azawm'5ﬁﬁﬂm@m
yaaushE hiflrnauansinsiuegnsiiluddyovay 95 Yinumnutuegssnwieiovay
1.93 - 2.34 Yhnauansitusanvuauasaindy fiUSunuanasegsihivddniesar 95 dw
U%mtuLmuﬁuﬁﬂ%mmﬁu%uaﬁaﬁﬁ'aﬁnﬁ'msyaUax 95 Ulnauansiueanaun uniuiiuuay
AWBuYIIATsanRY LT sTAuUsiulren s uUSINMasmaniluansarasasaiaen
Wensudu 1esr DPPH value waswsansaimundoviuiauunudesiinseming 43.45 -
111.46 mM GAE /100 g dw @A FRAR $ifn521319 208.51 - 248.95 mM TE /100 ¢ dw
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AT 4.5 BIAUTENBUMATIVERIAN AR AT TEI NSV LU U LEB Y

23rUsENBUNIUAT Shsdunardesion (/ DM)
1 5 10
AT (Moisture content, %) 193 +023ns 223+032ns 2364+ 036 ns
asHueariavua (Total phenol, ¢/100 o) 6350 +0.19a 40.72:0.14b  39.53+0.28 ¢
-unuiiu (Tannin, ¢/100 g) 1050 + 0.10 ¢ 15344029 b  22.71+0.22 a
ANEY (Caffeine, ¢/100 o) 346 +0.06a 324:0.04b 324+004b
DPPH radical scavenging assay, (mM GAE 11146 + 0.27 4641 +0.05b 4345+0.12b
/100 g) a
FRAP assay (mM TE /100¢) 248.95 + 0.16 223.66 +0.35 20851 +0.14
a b C

1, = i a ¢ H
ANRAY + ANUBIUN 1NNTTILATIZN 3 A
ns s | o 1 ‘el @ o aa
anead wansnanuegelifituddymeadia (o > 0.05)
N3 3, b uazc uanstmuuAnAsILTarandnuE LAz IAYE EWAaDIDE

UydAtymeadia (p < 0.05)

Auduud (RD) sihUSinaasiiueaanunveseasatay L TeIuasAn DPPH
value 3if1 0.9996 uaven FRAP value fifin 0.8911 (15797 4.6 wasnIamwIn 2) Wibuiioy
AAnuduRusUTIna sHusas e unuly wasany PINNDULAZNAININNITHIW
wuuwurles (M5t 4.3 uaz 4.6) WUIIAIATUANRUS SIS s HuDav aMuAT D9
asainyndediu DPPH value hilWBsuudas usmeuduiusssvinaSinaasiuea
ﬁawmmamamsaﬁ’mmﬁmﬁ’u FRAP value Wit dausAymduiusseninausnaunil
UYDIIASANAYUTLITU DPPH valueliay FRAP value fimsiasunlasiiuty wasdiue
ANANUS SEWIIUS AU INIasaa I EafU DPPH valuelas FRAP value ilen
Indifisstu nslénufousisasviliiinns epimerisation wasaTsiuoavesasasansans
anAYTed 1t tea epicatechins (GTE) fogatiy (-)-epigallocatechin gallate (EGCG),
(-)-epicatechin gallate (ECG), (-)-epigallocatechin (EGC) and (-)-epicatechin (EC)
Wasuwlaadiu GTE epimers, namely (-)-gallocatechin gallate (GCG), (-)-catechin
gallate (CG), (-)-gallocatechin (GC) and (-)-catechin (C) m%ﬁl:*ﬂﬁﬁqw%{ﬁmauuﬁaﬁa‘imad
asmanaruinnsivasunlaiiuiunioanas (Xu et al 2004)
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-:vll s s 3 2 L3 = ar = o s 1
A1919Y 4.6 AUAUNUS (R) 29AUSENaUNIBALIY9a@TanaY L TE YU UNUH BB LAY
A1 DPPH uay FRAP

oaAUsENOUNALA] qwéﬁwuawaﬁais
DPPH value FRAR value
ansfiueaimun 0.9996 0.8911
- Wnutiy 0.6765 0.9316
ANNDY 0.6543 0.9121

4.5 99AUTENBUNANTINATIYDINIENSER AT T MU UL E o nus s

mdsannv el uudidenudinaisazsatvansatnudssnsdudosas
1, 5 uar 10 wamsiAsIvviasnUsznaundnmieiivewnalsadnsidoinandlunised 4.7
U%mmmm%’wmmmsaﬁmmL"ﬁm'ﬁwLLﬁamnmsaumamsaﬁ’mn‘ﬁmﬁy’eamé’mswﬁ'su Y
mmu,mﬂemﬁ’uaehaﬁﬁﬂﬁwﬁ‘ay%'aaau 95 U'immﬂ’nmuaasum'maaav 514 - 995
USIeuAnuy aﬁwuaamwmua%muuu anavegnivsdAySovay 95 mumaammm
WlLI.‘I/‘NLL‘U‘ULL‘ULEJE)mL‘lNLW&JEN“UU UsmmmMaumeuammuﬂmﬂmaaa., 95 aANTANAY

enhuwiuuuudBenudaiegumgivhuts 40 °C UsinuaunBuagsewineiesay 6.24 -
4.72 &A1 DPPH value wawmansannvdeniuiunvuuiidonudsegsening 277.11 -
372.38 mM GAE /100 g #@3ufin FRAP vesrsansainendoniwiwvuudidanudeagszwing
185.08 - 311.75 mM TE /100¢g
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A151991 4.7 psrUsEnaUMaAdivesasatayuTo WU ULE e nus

asrUsEnaumaadl’ SnsraunsynTesion’ (/OM)
1 5 10
mm%vu (Moisture content, %)
gamiviuiauundidenude 20 °C 9.95+0.15a 5.80+0.25 a 6.44+0.333
gaunilvhumILuuwgEanuda 30 °C 7.39 £0.15b 4.65 + 0.06b 597 +0.12a
amw{]ﬁ Muiswuuwgidanuda 4o °c 6.05 £0.31c 5.46 + 0.35a 5.14 + 0.46b
asflueaimun (Total phenol, /100 ¢ dw)
gaumiviuLuundEenuds 20 °C 51.39+0.12a 42.93+0.72a 33.36+0.34b
qm‘vzqﬁ MuAMUULtLIEanuds 30 °c 38.57+0.15b 37.36 +0.27c 35.41+0.19a
Qmﬂi‘]ﬁﬁﬂLLﬁdLLUULL‘U'Lg’e)ﬂLl‘ﬁQ a0 °c 40.06+0.19b 39.63+0.37b 31.43 +0.37¢
- Wity (Tannin, /100 ¢ dw)
gamiviwinuuudiBonuda 20 °c 13.33 +0.09a 19.82+0.21a 13.87+0.07b
qquﬁﬁmﬁmuuLLﬁLﬁanwﬁq 30 °C 13.18 +0.09a 14.30+0.27b 14.16+0.15a
Qmﬂ@)ﬁﬁ’]LLﬁGLLUULL’lﬁLSE}ﬂLLﬁd a0 °c 12.46+0.09b 11.22 +0.16c 13.40+0.15¢
AWNAY (Caffeine, /100 g dw)
gaumpilvinsiwuuudiionuds 20 °c 3.48+0.34bc 3.45+0.47¢ 4.13+0.28a
amunﬂﬁﬁ’]LLﬁqgmmmﬁﬂamyﬁq 30 °C 3.73+0.44bc 4.10+0.27b 4.00 +0.12b
gamiiviumwuuuideanuds 40 °c 4.35+0.14a 4.72 +0.02a 4.24 +0.28a

DPPH radical scavenging assay, (mM GAE /100 ¢ dw)

318.43+0.11c
331.47 +0.27b
o959 0395

FRAP assay (mM TE /100¢ dw)
270.43+0.09¢

274.67 +0.14b
311.75 +0.19a

gamgiviuiawuuugidanuds 20 °C

gaumgllviwianuuuidonuds 30 °C

o

gampilvihwianuuugidonuds 40 °c

gampilviuiawuuuiiienuds 20 °C
gampiivihuisuuuidenuds 30 °c

gampiiuiwuuubenuda 40 °C

317.25 +0.26b
315.35 +0.47c¢
372.38 +0.353

235.86+0.12b
218.36 +0.18c¢
263.29 +0.28a

277.11+0.31c
343.67+0.38b
308.25+0.48a

209.26+0.31b
185.08 +0.59¢
276.40 + 0.32a

1 . = "o a ¢ o
ANRAY + ALUBNLUY 31NN UATIEN 3 AT

NYS a,b,c Ltamﬁemmumﬂmwauw{asaaﬁmzﬂEru‘wNmﬂutwiawé’n‘umﬁamam 2819

< s

MpdAuneads (p < 0.05)

N1531A5121A1MUYTUTIU (Multiple Analysis of Variance, MANOVA) (a157971 4.8)
YDIIATEIUNIV NI (Sawar 1, 5 uay 10) wazgampivihuisuuudidanuda (20, 30

wazd0 °C) RinanemuiularesrUsznaunInas wui dninavesvaatatuiien Ao
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é’m'}é'mmw,%'arﬁiaﬁw

‘w‘lumama‘diummﬂauammuamﬂmmaaay 95 ueavnswa
ﬂwaamamﬁwa (A*B) mamaﬂsmmmnmu m'swuaamwm WYIUHY AWeY DPPH

value lag FRAP assay value ammuammymaaax 95

ANST 4.8 AATIEANLUSUTIU (Multiple Analysis of Variance, MANOVA)

F-ratio

Moisture TPP Tannin Caffeine DPPH FRAP

content value value
Main effect
A Shsdaum 208.88*  249.87*  153.26* 227™ 158180 % 771.38*
Femorh
B”: UNANYIUI 112.65*  87.41*  349.15*  14.80* 353084* 681.29*
Interaction

AB 39.00% 52.43*  1,294.92*  323*  126248* 69.26*

1 =f . P s 1 U %’ L 78
U809 individual effect 'uaaam'mummL%mmamiaaas1, 5 ey 10

2  , L. a o v
wnens individual effect vasgaumgdlviuis 20, 30, 40 °C

* Maedia significant at p < 0.05

ns MUBa non significant at p > 0.05

as s « 2 1 - ! 5 as al -] v 1
ANNEUNUS (R) SEMINUSHNUETS U IMUAYDINIENTAN AV TSI TR LU VLY
Laamwwamwnu 20 °C wawm1 DPPH value wazm FRAP value ummmauwuﬁaqﬁﬂﬂa

0.7460 uaz 0.9955 (m'mw 4.9 uazni1fNuIn A)

Li.lﬂ Wsu Wisuansily E)EW] NUALATAY

DPPH value wagA1 FRAP valuevanialsatanyndevnuisiuunutas (719799 4.6 ) uax

wuuudienudeiigamgll 20 °C (19197 4.9) Wyt Uinaansiusaiivuauaen DPPH
{ o = o v 1 o [V 2, a :
value uazm FRAP valuevaswsansaiaundywviuiuuunudos Seawdinius (R) figanin

peadidbdAny
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o v o g 2 3 = Y a o v )
M99 4.9 AUEUNUS (R") ENP}‘U'WHE]UWNLﬂmadmmiﬁﬂw’lL‘UEJ’J‘V]’ILLWLLUULL"HLEJE)HLL%&
Way ﬂ'] DPPH uag FRAP

pIrUsTNOUMIATvRMIANS qw%{ﬁwuaqnvaﬁais
annu T avusiau UL DPPH value FRAP value
\WHonuda

msvihwisuuuugidenudegamgil 20°C
asfuoaianue 0.7460 0.9955
- Wiy 0.1530 0.0284
ANNDY 0.5202 0.3334

msvihwiwvuudidonudsgumgil 30°C
asituoarimue 0.0193 0.6884
- wnutiy 0.5921 0.7129
ANNDY 0.2290 0.1897

msviuwisuuudiBonudeqamgi 40°C
ansTluoaviavue 0.4025 0.0957
- wvutly 0.0021 0.1125
ANNDY 0.0235 0.1955

uﬂwsﬂnmswmmnmiﬂ3~naumamwqusm'}uaumaasv finsagdeainnisei
o (Sterilization or pasteurization) NMSYUWA (dehydration or drying) kag NSty
(storage) (Josson 1991). agralsimny us"nmmWﬂivmumsLLU?SULLavmUsnmawmimq
yiladutldsluReasusznaumaniieiialmity m’lmqv:ﬁszwuawaaamwquuL‘uunu
(Nicoli et al 1997)

4.6 AANWITANN ¢ VBINIETHNATUTE7

4.6.1 ANNTATANE YaINIASANAT T2

ma'rsaﬁm"mﬁmﬁﬁmﬁazma‘?’famwnﬁ 30°C agjsznineiosay 92.51 - 98.23 (‘S‘U‘?f
4.1) wmw amvm:u‘lumsmLmamamamn"uiaxaw‘uaama'ﬁan%'lmmmaamwnu’tumsm
Lmaawu mm'ia:smawammu 30°C Yo sanavILdenanal Luaumnmimummmmu
aawﬂmmmmnmmmmmqmmum aawa‘lwmmsaﬂmu’uma“malm‘dsmmmiavaw

L‘WSJ‘U‘LILJ.IE}L‘V]H‘UﬂUN\‘lﬁ’]Sﬁﬂﬁ‘U'IHIEJ’JWiJﬂ'J’]iJ“UUHJﬂ’J'1 uanmnuumimumwamwﬂuaamm
Iwamﬁmm%mwaauui’mu ﬁGNﬁtL‘WBU‘ﬂ’1@‘08\‘1%\‘16’136’”}@‘2}’1L?JEJ'HJ?W‘S‘L!JHﬂ LLa“’ﬁJ‘UU’I@IWﬂJ

[

fatiuFsavansldesnasni LLavmimwwammuaamamaLmnmmsmamamwmmiﬂmu
wuaeﬂ,uaﬁavam Fadwaliusununisazanaiuiu (Goula and Adampoulos, 2005)
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98.23

100 1
§57.9 83,01 94.71
80 -
8 60 -
2
E
E
S 40 -
20
0 . . .

Spray drying at200C Freeze dryingat20C Freeze dryingat30C Freezedrying at40 C
Treatment

W 4.1 Amsazanevewsansatnv i

4.6.2 AdveasanauNTea
Frdvowsansannyudvauantluguil 4.2 (n-a) Tnewudh seaadng (*value) vos
HANTANAYUTYT BTN 51.83 - 61.85 unit  AIAIMAININIANTARAY T LIV LR LU
Ltmaammamwm 40 °C um';rmmmmamwaqmmsanﬂ‘mwmmnmmmamauq RRREY
Yudfnyiisosas 95 A7 a* -value way b* value YDINIATANAYUT VA INYANAADS
fiiuanaaiusteivedAgiisesay 95 Laa%uammmmsﬂnmmwmwumwmfumwmam
AR AU Sata Ty ITa Ny A nE e e
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= 80.00 -
=
=2 a a a
o 60.00 4 x = b
'_3' 5 B
(1] 4
>
t_', 40.00 -
!
20.00 -
0.00 ; . ;
Spray drying at 200 Freeze drying at 20 Freeze drying at 30 Freeze drying at 40
C C C C
Treatment

U9 4.2 (n) L*value veamsansainyden

10.00
8.00 - a
= I
= T
2 6.00 1
f:_) b
S 400 c c T
© £2 E
2.00
0.00 : : , —
Spray drying at 200 Freeze drying at 20 Freeze drying at 30 Freeze drying at 40
C C C C
Treatment

UM 4.2 () a*-value voamsasainuden
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5000 “|, e S g = T ——
— |
E |
= 40.00 5 ;:
g |
£ 30.00 1
£ 3
0
20.00 - c b
Cc
10.00
0.00 : - -
Spray drying at 200 Freeze drying at 20 Freeze drying at 30 Freeze drying at 40
C C C C
Treatment

UM 4.2 (A) b*-value vosrsansatngnen
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R? =0.9924
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5.00 A

®
0.00 ; I ; .
0.00 10.00 20.00 30.00 40.00 50.00

TPP

JUA n-1 Anuduiugszudng Total phenolic waz DPPH value asavansasannuiien

v
[ '

RFIEIUNI TR UNSBAaY] 5 uay 10

15.00
R?=09173
10.00 -
(=W e
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TPP

JUT n-2 midniudsywing Total phenolic way FRAP ansazansansanmuiensnsidaumg
MigIweSerazl 5 uay 10
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Tannin

U n-3 mudiniussewing Tannin was DPPH value ansavansansanauifensnsadiumg
lgraniosast 5 uay 10

15.00 g

12.00

9.00 -
R?=0.9987

FRAP

6.00

3.00 -

B

0.00 + . : }
0.00 3.00 6.00 9.00 12.00 15.00

Tannin

gﬂﬁ N-4 MNFUNUSTZWIN Tannin waz FRAP value asaLane@saNav T 0n51d U

YUY WeUITesaL1 5 uaz 10
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o OO =

=0 1 R? = 0.6378

%
9.00 -

DPPH

6.00 -

3.00 1

0.00 . } . . T
0.00 0.50 1.00 1.50 2.00 2.50 3.00

Caffeine

UV 05 mwdiniussewing Caffeine Uag DPPH value ansazansansasnunifeashsaiums
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