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Abstract

Tea infusions were prepared from green, pouching, oolong and black teas made from the
fresh tea leaves of Camellia sinensis L. (cultivar Shy-Jih-Chun) using the conventional
brewing procedure. A tea infusion sample was prepared by 5 grams of tea leaves, infused
with 150 ml of boiled water for 5 minutes, and then filtered through tea strainer. Four kinds
of tea infusions were analyzed the physico-chemical qualities, antioxidant activity,
antimicrobial activity and consumer sensory evaluation. The decrease of pH and soluble
solids of tea infusions was found when tea leaves passed the process of fermentation. The
pouching and oolong tea infusion color was brighter than other teas. The green tea was the
most greenish. Black tea infusion color was the darkest with red in color. The theaflavins,
thearubigins and highly polymerized substances content of black tea infusion was highest.
The soluble sugars found included fructose, glucose and sucrose. Fructose was found in the
highest content in all tea infusions. The most abundant amino acid was theanine which is a
unique amino acid. The total free amino acids contents of oolong tea (2.010 mg/100 ml) and
green tea (1.927 mg/100 ml) infusions are higher than that of black tea infusion (0.618
mg/100 ml). The major purine alkaloid in different tea infusions is caffeine. ~Caffeine
contents were similar (42.43-43.88 mg/100 ml). The nucleotides, B-carotene, and tocopherol
of tea infusions were not detected. The total content of ascorbic acid, total phenol and total
catechins of tea infusions: green tea (172.82 mg/100 ml) > oolong tea (160.22 mg/100 ml) =
pouching tea (156.29 mg/100 ml) > black tea (70.54 mg/100 ml). For total catechins
contents, the values were in the descending order: oolong tea = pouchong tea > green tea >
black tea. With regard to antioxidant activity, reducing power and scavenging ability, the
efficacies of black tea infusion was lowest, however, the order of efficacies in chelating
ability was reversed. The antimicrobial activity exhibited that green tea infusion was the
most effective against Staphylococcus aureus. From the hedonic scores for tea infusion,
oolong tea > pouching tea = black tea > green tea. Overall, the results were valuable for
further application and comparison.

Keywords: Green tea, Pouchong tea, Oolong tea, Black tea, antioxidant property, sensory

evaluation.
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S NEF K AWFE EFUS
TG R E A e B EF B RRPE 57k SR Yl
Ko e fai s GATFE mF 0 RERFE BN R K %1 £20CH R
T
SR Y ER ST Al
AR E LR 6 A F AL A EFEE B AR 3.0g 4~ 150 ml *
Ko B FFES LG g EF
S FFRLF TR
LpH & : B eng g kg &4 401 2818 » Mphék & 35 (Sp-701, Suntex
Instruments Inc., Taipei City, Taiwan):| Z_°
2V AP B R F O EF AR Fir 0 £ BN £(105°0) 3 £
Z o (AOAC, 1990)
3.5 A7 B p B EF ks E® A eI 3R > 11 d L3 (ZE 2000, Nippon
Denshoku Inc., Tokyo, Japan)#] ©_% ;¥ 2. CIEL*, a*, b*, AE & o M {84 1 X =
91.96°Y=93.97>Z=110.41 &L = v ¢ & 4p #(WI, whiteness index)z*+ & 2 ;N 4o

WI=100—+/(100—L)’ +a’ +b’

AESEZB-#HY 2 AP 300mg FHESIEF Y 0 4o 0 f k-1 2 42(4:6) 20 ml
8 I Z1# % 1 448 - 2 Whatman 4 575 2Bk © Bk i% % 453 nm ~ 505 nm ~ 645
nm % 663 nm Gk iE > KRG EBT AN ERTZEEF a FHE b E P
By E 2 EmI00ml) > Bfsie— #HHE > 2 mg/g %57 o (Martins et al., 2011)

chlorophyll a (mg/100 ml) = 0.999 X Agszs — 0.0989 X Agys ;
chlorophyll b (mg/100 ml) = —0.328 X Agez + 1.77 X Agss >
B-carotene (mg/100 ml) = 0.216 X Agsz — 1.220 X Agys - 0.304 X Asps + 0.452 X Ayss ©

SHERE C Hp B EF UKFER AT 2RE 0 £ 2 045um 2 iR 0
HPLC /% (Liang et al., 2009) -

0.7 A FL t Bjp e B F ks EEAIPT RE O £ 01 0.45um 2 R g
#4718 2. % B g% 1 OPA (o-phthaldialdehyde): & &| & 7 #i7 4 i* » 7R {5 i& {7 HPLC &
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skt 11 HPLC B 2 2 ¥ F 1—} s 2 £ (Taylor et al., 1981) -

8.4 % C: & * HPLC /#(Wang et al., 2006) -

9.4 ¥ fig : #* HPLC ;% (Carpenter, 1979) -

10.3-# & § % : % * HPLC ;# (Rundhaug et al., 1988) -

11.1% % 52 % % 14 * HPLC ;% (Lin et al., 2008)> ¢ & gallocatechin (GC), epigallocatechin
(EGC), catechin (C), epicatechin (EC), epigallocatechin gallate (EGCG), gallocatechin
gallate (GCQ), epicatechingallate (ECG), catechin gallate (CG)

12.48 4~ & (purine alkaloids) : ¢ * HPLC ;# (Liang et al., 2003) > & 3% 4oveez2F](caffeine) ~

¥ ¥ 4% (theobromine) - % # (theophylline) -

1357 ¢ 2 gallic acid 5 #-# & > & Wit E R o B~ 0.1ml & 53 R (N HE &) 0 4
> 2ml 2 3+ -k 4 » 0.5 ml Folin-Ciocalteu’s phenol reagent £ 4t » 15% Na,COs
25ml> 83 # % 20 A 415 > 12 3000 rpm gs 10 A 48 > B~ b % 2t 735 nm s
&g T TR ek B s R BT g B A KT R F 24 s 7 £ (Tagaet
al., 1984) -

14.f=5% i A4 : $ * Thanaraj 2 Seshadri (1990)2. = j* -

B R F A
d 3 RBRES ERFARLR T L A48 % FIP AL BT RIFEE L TR
B EERFE R 0 U H AR AR R o A T
BiF i 4 2 pE_ & Miller % (1996)2 3 % o

2., “,f DPPH p o fLic 4 2 ip] 2 $ * Shimada % (1992)z. = j* o

3&)%' BlE_t FF* Oyaizu (1986)2. = % o
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(BCRC 10675), Salmonella typhimurium (BCRC 10747) -
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EE 3A=3BFEE A4L=2FEEIARS =7 ,‘Ligg'64\—i,§j;74\:,ib#‘
TR o Fi R A A P T 2:00-4:00 (7 o IR eER LY S o BR25+1C
#E*ﬁii)ii 60+5 % -
=N BmPA
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S FEFSMERLcINFEYNTEF IS A By 2 FF e A%
R RS RRERI R ¥ C¥ A, 2001) o d Ao Fav AFT 2% F
BN e FEERE LA AT 5 A

y ’Lﬁ.&%a‘ﬁf&%b EZ2athb2 -+ B 228 8
FAR  REHERNELER
¥ e ﬁ% i* # 4 (phenolic oxidative products) 41\7/# * %‘r(theaﬂavms)% 3

(thearubigins) » H ¥ st 2. 4 22 T & % ~ (L & 5 22 2) P pEEmr » ‘
fi* 2% % fim § i f* (polyphenol oxidase) ~ i ¥ i* ﬁl@ (perox1dase) T * 5 v 5 R
(quinones) > d FRAFF & @ A= K% B ~ H a3l ¥2 % % (theasinensins) 2 % = F >
FE RGP e FE A s FRA M 5 fnd AR E H F (highly
polymerized substances, HPS)(Muthumani & Senthil Kumar, 2007) - # # % fg 3] &2

EAS ”774?'*3‘7”‘ 2 gAY o d 8 %’5\ B2 2FF o H- kANF PEEA G
«@44¢ #F A (% F, 2010) ig¢4ﬁwu,@g$ﬁéﬁmwm
theaflavin, theaflavin-3-gallate, theaflav1n—3 -gallate # theaflavin-3,3’-digallate - & **
?@*,*ﬁmwﬁnﬂam%mppiﬁkw-ﬁh sHAm o FEY 0 FRFL
EREZ AP RAE /FWT&V%K%[/‘EJ ’nﬁ,;ltf%‘r;l FREFS 2R
(Hilton & Ellis, 1972) > » & = % F 2. & %‘r:}ﬁ Hod AR YRR R
* Thanaraj % Seshadri (1990)~ 47> 2 *T@ F B2 AR F AW - BRRESF T2 K
FEFREG )T LRZFIFIEIRFINEHR e RRE SR AR
o ZASENR A>T »>5~":TI‘, ERRREFF o L E>EI K= Ar=% K
EREEIF IR O LRSERESIAESE R BRI EFFES 4P 02 o F # * Thanaraj
% Seshadri (1990)r iz = & » 7% W3 g% 40 150 mliA - R *295 °Che £ 104 48 > R {8 ig !
FREEEATd AR E (R )P R 2ZRFRE ﬂ&ﬁ*’*%*-‘%%‘:ff~ FFARZE
SRR EFZRERTZ R FMAE R 2?\ 7}@» ESE M REAFEFTiE-H
ﬁ?%?ﬂ}ﬁ?Eﬁﬁ’mﬁﬁﬁ%$§%r#?Wﬂ’“éiP*\£§%
EPF 2V (k> rse AASSR) AW ARETRI F 6 L E>EIE>
CRESHE LRSS B FEERERTIARY -

@

~

>

Bk F
(D)7 i3 B
‘“ﬂﬁﬁ*“bﬁéﬁﬁﬁ‘%%%%- CE RS BTk AR TR
Pt KT pimied t KMEGH 60~80% H=x 5 § 548 488" & ki

z\"\

%mmwmw~ﬁ+%mmmm’ﬂsﬁwfﬁ¢ii AR FEgAREEZEL
o HEARTE A AR EUERLE s - AT R T RARME F Y
WA G A AR RFEF 2 BER (R 199 c R RAE LB § R
AHFGF o AR W FEARY R VEALS O BRI RO REP R
ETIT R E RS A F T a g ER P

2ZABEF N RF B ERE L FF LV REBEOLEE VA BRRES
M- TEMEREM B SF  EWRE AR FLTREBRAIRFR R ¥
o MR REY FEAFOVAMEM B EME F 4 o Bokuchava %
Skobeleva (1969)7 ¥ 45 41 % o B A2 R chp L1 @ chF 2L S - J F M2 RaE7 2
7F’m£%mmfﬁwﬁ?m%§&*oﬁﬁavwﬁ%?ﬁwﬁgaﬁa,&f\
FREERFEFTETORE ZHEF 2 FE o & ors A aactt o
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MEF TR AR AR A Bt AR R TR & ¥ R R E 0 R &L~ w0 * OPA
WBFAA T od SMOPAKTA R ERFDFAAR ¥ AET LY ’Lafi’?ﬁ g FEWRPLS
% (¥ » 1987) -

FROMGES o [k R FE ] EG ek RARL
PRI e R ag;hzgf&{f]&s\ fm‘s ok E R XA o b EHS £ 3 e.: ¢
BETIF AR L Kl AR S B0 L AR FE- - F
BN AT AR AR I R R S 0 IR ‘7‘ s B A ERGRE > 2003) 0 F]HF
ap PR T ERYS o

d Zw ¥ &0 &40 % F(2.010 mg/100 ml)~ &% % F (1.927 mg/100 m) 2 ¢ f& %
mg/100 ml)2 453 hps 5 BB 3 2t o B8 (o 618 mg/100 ml)» o % % )@{i&"ﬁ g_
fEiE A2 ¢ > Yl fa i % 5 carbonyl compounds (Wickremasinghe et al., 1978) o fig it *53
liefhFa? o & efk(theanine) b R PFH AR 7 £ 50% M > HESE e AR B
2R Fng £ A5 51.073, 0.877, 1.072 and 0.377 mg/100 ml = ¥ ¢k » $8 i % ‘;5}3‘.’9*;5!_\
fado = F® % 3efs (aspartic acid) ~ %%k (histidine) # 4% "=f& (glutamic acid) e % F © 17 &
7T r‘g o

PRI E FRPFET R S BFR  BlvR  BvRE ErRE v R
(Yamaguchi et al., 1971) o & F* % #&fg ~ #5¥&pk (glutamic acid) % & '&fik 5 £ 7 R K
(Komata, 1969; Kaneko, Kumazawa, Masuda, Henze, & Hofmann, 2006) ; 3 "%f (alanine) -
4 %p& (glycine) ~ S5 %L (serine) fo i 7 &4 (threonine) 5 & F #fvAF 1 H "=k (arginine)
foeps ~ B 9 "efk(isoleucine) ~ v "&fiz(leucine) ~ 7 Fi¥%fik(methionine) ~ ¥ [ RfL
(phenylalanine) ~ ¢ #%fi& (tryptophan) %% f(valine) = & § FvA @ % M?ﬁ‘r;‘:(cystine) .
gﬁhf&(lysme)% fit. "%k (tyrosine) & # V%—‘ﬁ oM P RrRFHF AL TG RIE T KRB
ik £F 5 7 7 RF B R R % 78 (1.480 mg/100 ml)~ § 45 & F (1.456 mg/100 ml)
2 ¢ iR (. 234 mg/100 ml)2. B ek & A 5 £ A5 % 3+ & %32 (0.401 mg/100 ml)(% 7 ) -
FRIRABIELS S B BB RF e REFENRFE LT FDTELAYG
0.197 ~ 0.250 ~ 0.289 ~ 0.097 mg/100ml - Ak "< AFK Z E 5 =B " HA B3 F o &
FESNBWRFFR crFenz £4 95 0.163~0.161 ~ 0.182 ~ 0.063 mg/100 ml °

FERak T FE R L hiFL K f@- -2 ‘Q@fiﬁié‘%ﬁﬂ% x% > "f ERES N
B ST et E] T AR BRES T SR P T AT S KR AR
R IR AR AR e e R F V%Ph’ RrRAR A 2 PR P TR E DEERT B
ferc %k > ”ﬁ %‘5 I ZErReniTr o

AP H @

ErA PO PR 2 de AN A R 5 vRe4 (purine) 0 & F 2 BAR P G EEA BRI
B BERBRSE A B R FREREENF D A F R 0 R B R PR
kot 2 Bk Bk {v IR R A AR R IEH (X 0 2003) c PrHEET @ a8 SRR

FRFR I T Rk BrR o W R B HREY o AP DA KB SRR
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PR RIE TRy R
(D + b

’ Z_ ¥ 4 dk A B L o v ¥ (caffeine) ~ ¥ ¥ # (theobromine) 3 % #
(theophylline) » *# &3t 7 A F & ¢4 37 (methylxanthines) » 2 ¥ rmiweet®) 7 § & 5 -
g;%;&fﬂﬁ%%iyﬁwéﬁﬁfﬁ?%%ii$ﬁoﬁ Foflazrd
P e ¥ ¢ 21 B % (tannin). & = caffeine tannate (4 , 1984) > [ S S
FREARP G o T o2 F g B R F 2 R E éi“ BB
W TR R hE S (cream)n”v FEFFOERT - 27 FE2vw2F7 £ 5
4243-43.88 mg/100 ml (% =) " B2 5B T A EZBFEEE TP EFF LT 7 £ o

Bt % 22 Balentine ¥ A (19974 1§ MR EDFEMF M E LR B FE EHE R G
LR bt B S £W§??%§iiﬂ%*’£§§? e 22 ]
FEDLS-20% I3 EHKDE G A EFFRAITD -

Sy A

TE KRG ?*“ﬁﬁﬂi%ﬁ_#ﬁ LB 2 4 1@y “f TP Bt oA TR BT RY R2
PRt e EYRY M REA A PR REF ARG £ £ 94 (5K 0 2000) - Bors ¥
(1995)3% % » MR M “ £ BFIR L fh X G P FURL BT UL LM &4 0 @ 7
SEEE TSRS UL L EEE S EUE ST i T E K FCE
Berlfer By & > 7o fudbd hit o L R A d BIREF o Bt B AT &5
AZR G F B2 fa i F AR (COO «)iv™ @ b *a § i Reikim® o2 X pod JLp o B-
#E?%?ﬁwﬂwAjﬂ%%ﬁﬁ%CKEvmWMWm;wW)4*ﬁ;ﬁﬂééﬁ
F Jis2. ¥ 1k A(chain terminator) » &+ iF f"“'] g VAR - A Fo-A TR ,ﬁ‘-“f -
Bd o T 451 HAsTk F 2 -OH group®2iE ¥ © p d F(peroxyl radlcals)w"*
Lo MHEFRUML B AER AR AR T LFL TR i
PP Ed>y>B>a iLhg? g L8R € 7 £ 2 - Hiroshi 2 Kenji(1990)4; 1 » & H 2]

LRSS > NEFOE TR ERS P HA TR NS Lo TR S
e AR g IV f,r.]“’r ' Bl4e « OH ~ Hy0, ~ Oy fcHOCL » 12 2 F5 & & fpdp+ » 2 2
HABfodr g+ > FIt B G i L4 SRR RFEE AR e § el F"_' oy i
LSRR X M MR T A A(DPPH)L T AL () F R ]

RAVUEZEEY - Ba %pd Ao (b)phenoxyl radicals¥ 1135 = = B (dimerizatlon)
Bk ET Lpd Ao (c)phenoxyl radicals¥ 2 p d £ 25245 & #+(F » 2000) °
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TS FEFIRBESPREME AP IR A SRR ENROEFR T
FE2Z PR B~ Q{2 R0 FF 781 ¥ anam@nmmm%*ﬂﬂwonmgmo

ml)># f& % (156.29 mg/100 ml)> %= % (70.54 mg/lOO ml)>d iz FFEG B L5 2
RSN REG BT M ABEREE RS G 0 T FASTRIITRSE A 0 8
catechin gallate (CG) -~ epicatechin (EC) ~ epicatechingallate (ECG) ~ epigallocatechin (EGC) ~
epigallocatechin gallate (EGCG) -~ gallocatechin (GC) -~ gallocatechin gal late (GCG) > ¥ 7%
catechin A 4% # | ¥| - EGCG2 EGCE. % A F ~ ¢ A2 F 2 § F BB L& 2k % »
Fiz= fém%’—kﬂ»—%mﬁﬁ* KB >R FRE o 2R FZBHTE 2 EMR
«fu FHRLFF T FEF2dARE P F2(4 ) RFRLF 15 fiap
77 3p IEGCGT ik ® %(Wang, et al., 1989; Han, 1997) - Salah % (1995)* #i % *= %
3%’%*’:“ aokAp e pod Aenigan 4 2 L @AY AL 4 B R SRk
e ) hp d A2 gk o & LECG>EGCG>EGC > gallic acid>EC=catechin > & $f
WE i F v pd e o ECqrcatechinsx % B 22 ECG{rEGCGAp iz » & @ 11EGC
frgallic acid 7 % & &4 o Chen{rHo(1995)4p #1 52 % % jf*f LI ¥ 4+ 2 i 4 % § **BHT

fecarnosic acid e

SNV £ % ILE - X0 o

B FR A RS R RR P L AR TR AL R FRREL
W RGBSR ETIRY PRk

Lyg i 4

FEFPH L4 A fH 8% 280 R e &2aff th 325
1984) o &5 B 1B TR A K e g Tﬁ'ﬁfj» TR IE Y ’?FT'T H A% fo iy Vs e (4o
TR p)F AP gFmg Fraapd Ao tpd AL ELAFpEfEmZ2 L
B 4t (Lingnert et al., 1979) » % #F % 1 £ 57 5d Bl d ~ STl & 234 nm 2 3% %
R R R L S AR S LR
*li‘ﬁl,z\'ﬁv,ﬂﬁiﬁ iv 4 E}&g’ RRE S TR E TR I AN A W H o) & \_} B FLE ook
L

% JER % 0.0l mg/ml (B]=)>BHA % a-tocopherol & 3 #<§ * 4 » & % 5 92.93% %
8823%;: S B e AR B BHWRFE LR F b ok 2y 4 A5G 31.59%,
34.68%,36.07% % 40.62% ; catechin 2_ 13 it 4 7 3 26.61%: 2> a4 % CRIRI 3 3] »
FEAEBI Imgml> a2 22 4F V44 0 455% - 2B FE S ERF AR
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i & ~ BHA - a-tocopherol % catechin 2. Jk & 3= 1 mg/ml P& » H 3§ it 4 4 6] 5 92.79%,
93.18%, 90.72%, 90.82%, 94.51%, 85.95% and 86.51% - sz & } it % v U@ s B FF ~
KRB BEFWERER L FEDLRICEY Y G A0y 44 o Ho & (1992) ¥ 7
REF WA FEEE L F SRR o BN S E S B Ry R
FRHEAEFIPHEL G BAFTERI FOSEE > P RIRKZHE I PR RSER
7 ATk o
2.7 DPPH § ¢ &it 4
WP p F M eniEARY € A2 pd A g enpipc ) F AT %ﬁﬂﬁlﬂ
(hydrogen donor)t p o Z ki f,s’r i % P p d F(peroxy radical)m Frddh g p & it
i 4 F o RdiF by i ¥ @ % 1,1-diphenyl-2-picrylhydrazyl (DPPH,
CisHioN6Os) %t iRl4ig i B -4 i 4 - DPPH & - fAff 2 shp d 22 = fs, #H o
ARiA % ik £ 517 nm T B 3 kazdk o 2 DPPH #4id M H(AH)A pd AR «)BR
P Bk i@ g 4 2 "% 14 (Brand-Williams et al., 1995) » #* 2 A @R ¥ RE S £
fes o MIERT v 4R OGSO o dpd RIRL LT 517 nm T ek T E A R
B FRELRT ARG F A A o 41" DPPH #e R &5'5 p d A7
%ﬁ’ﬂDWHgmwm¢pHﬂ)65mpgmpﬁﬁ%&k’&%ﬁ7ﬁ1%i;
$ ¢ DPPH-P FRa ik ¢ "EFpr 3R ehff L i 4 1 > &0 F (79 S g av#pe
(%% > 2004) -
%t DPPH p o %?ﬁ“‘f w4 2R (Blz) $kAR S 0.1 mg/mlpF > catechin ~ FuUif v
fe 2 BHA & % 5 23.37%~17.57%% 14.58%; % £ ~& f& K~ % 75 X ~ = & % o-tocopherol
Bl % 7.84%, 8.15%, 7.01%, 2.49%% 824% - % k& 5 1 mg/ml & » &% 5.3 5 §7'%
%t DPPH p ¢ E_x,jﬁ"‘,f IR S L ok A ﬁ“?i(96 96%) > catechin (95.29%) > BHA(89.38%)
> % % (57.07%) > a-tocopherol (55.74%) > ¢ #& % (55.22%) > 5 7 % (49.89%) > = &
(28.21%) -
3.E& R4
A @R 4R g & LE (Prussian blue, Fes[Fe(CN)gls) 2 = & 5 4t - #% o
£ # (potassium ferricyanide, KsFe(CN)s) Bt = % & B (KyFe(CN)s) 15 - £ &= i
A i 4 g \‘;}—1 Forous kiR b Aajtid L 700 nm TRITE 4 LES
£ o ¥ Rtk &2 B R4 (Oyaizu, 1986) ° fhimx kB g5 > 27 2R R4 g5 - B R

Wpenier Ee gF tenp TR R S LMRBEF - B BRAGRE > 7 7
FPrREFFECARoAIEFRRAAFoAFIRIREY AZpd &ﬁv;‘j{-%“ﬁ fa <
P (2 2002) B RS 2 ODo TR KL S0 S R R R
B R 4 a5 0 T SRS o Rk e A k (5 B R4 A ] T2 g

BRAE S 005 mg/ml pF(Ble ) RESZ2 FEFcEF2 BRI 3 MG R R
(0.965) > catechin (0.734) > BHA(0.640) > % % (0.278) > a-tocopherol (0.230) > # f& %
(0.267)> £ 3 £(0.262)> = ¥ (0.209) o & & B 3 4 2 0.1 mg/ml » catechin ~ BHA % #o



Bnpez BRhA4 A% E 10541031 2 1030 2% %~ A%~ FiE ~ 2 x 2

a-tocopherol 2_:& i 4 & ‘v‘J % 0.507 ~ 0.500 ~ 0.480 ~ 0.364 %2 0.414 -
AF BT 20N
EHUIF o hodr BB BTG AR N g L aniEr g ik o
Rk SRR T fr»«?«???i&" Rty VA g 15\15”3 ;ﬁgs L L’I‘hﬂ'_f’r o N B
| # Fe™ 2 ferrozine cr4f & 4 % 562 nm 2. % ¢ F Ji > B Fertar s 2 0L
4+ (Dinis et al.,, 1994 ) o § # 54 & Fe™ a3 pF » €3 562 nm ¥ 3k & e i o
TR S 0.1 mgml PF(BlT ) BB E2 FEiC 2 5L %‘Hiﬁaaﬁ‘-—* e B ME
EDTA(98.1%) > ‘= % (7.88%) > 1& ¥574(3.69%) > catechin (2.23%) > % ¥(1.29%) > & ﬁ
£(1.02%) > & 3¢ % (0.68%) o % )k & 3 4 2 20 mg/ml P > catechin 2 i* L T ABEET A
B 2.23%H 40D 1530% 5 R IFRL2 AL TBA i Y R 3.69%H 4 3 27.80% ;5 1
Wi F(82.36%)% § A K (84.98%) R R B AL i i 4 B ER ¢ BE LKL
Y s 4 2wl G 57.86%% 77.32% -
S4a4 1 2 ECs
ECs (Effective concentration) & & #i§ it i # #50% 7% )k R fLz > ECsot P 38
F R MR E 2 ST cBCsoff MATIRF Ha Y g e hdrg 1t P (RN ) BE
¢fA%E ~ BT K ~ & ~ BHA ~ a-tocopherol # catechinz_ ECso4 %] 5 0.080, 0.086, 0.095,
0.065, 0.005, 0.006 and 0.225 mg dry extract/ml » % ABHA % o-tocopherol & § 4+ crifis
v 4 ¥ FF 2 g it 4 iRt catechin o é_;‘f;-"fDPPHEI d A2 w a4 2C
catechin~ BHA ~ % % ~ & &% ~ a-tocopherol ~ § #¢ % ~ ‘= & 2 ECso4 %] % 0.292~0.298 ~
0.385 ~0.857 ~ 0.888 ~ 0.894 ~ 1.036 ~ 2.354 mg dry extract/ml » & 78 ‘a4 % C'}%—"f DPPH g
d Ain A mpomn 7P EL - aBh4 e et Care%k k4> B =t 5 catechin >
SRE e AFEENR2LERA T ERFALR ¥ B a-tocopherol » 12 i F 2R R 4 B
Ao b HEGHMI NS 2 a B EBE S a”?,*’\ = ¥ 2 EDTA2 ECsp4 %] 5 15.098
> 8.492 > 6.840 > 4.631 > 0.051 mg dry extract/ml » 3%+ #7it > L_,ﬁ-“f DPPHp ¢ 2 %2 & &
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wE
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Table 1. pH, soluble solids, color and pigments in different tea infusions or tea powders

Green tea Pouchong tea Oolong tea Black tea
Tea infusion
pH value 579 £0.01A* 5.77+0.01A 5.70+0.02B 5.34 £0.01C
Soluble solids (mg/g) 4.90 £ 0.35A 3.62+0.04B 3.54+0.28B 3.00 £0.23C
L* 91.29 +0.09B” 93.87 £0.07A 93.74 +0.06A  71.24 +0.09C
a* 278 +0.04C -1.77+0.07B -1.80+0.07B  12.62 +0.21A
b* 16.38 £0.08B  13.15+£0.21C 15.18+0.32B  60.51 £0.16A
WI* 81.24 £0.07B  85.38 £+ 0.09A 83.48 £0.16A 31.82 +0.28C
Tea powder
Chlorophyll a (mg/g) 1.17£0.11A 1.01 £0.06A 1.05+0.07A 0.66 £0.11B
Chlorophyll b (mg/g) 0.35+0.04A 0.40£0.04A  0.43 £0.03A 0.18 £0.10B
Chlorophyll a+b(mg/g)  1.52+0.12A 1.40 £0.10A  1.48+0.10A 0.84 £0.21B
B-Carotene (mg/g) 0.28 £ 0.02A 0.24 £0.01A 0.26 £0.01A 0.08 £0.03B

“ WI (Whiteness index) = 100-,/(100 - L)? +a’> +b> .

bEach value is expressed as mean + SE (n = 3). Means with different letters within a row are
significantly different (P < 0.05).
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Fig 1. The color of different tea infusions.

17 -



L FEEARER AR EE L Kl  BAREF IR AEE R

Table 2. Content of theaflavins, thearubigins, highly polymerized substances and total liquor colour in different teas with different extraction

Content (g/100 g tea leaves)

Green tea Pouchong tea Oolong tea Black tea

Conventional brewing

TF(g/100 g tea leaves)” 0.035+0.005B° 0.045 £0.002 B 0.052 +£0.005 B 0.352+0.023 A
TR 1.010£0.016 D 1.058 £0.024 C 1.119 +0.016 B 1.290 £ 0.024 A
HPS 0.594 £0.040 B 0.607 £ 0.008 B 0.628 £0.016 B 1.672 £ 0.071 A
TLC 0.105 £ 0.006 D 0.120+£0.012C 0.145 £ 0.006 B 0.670 £ 0.012 A
Brewing condition from Thanaraj and Seshadri (1990)

TF 0.114 +£0.002 C 0.134 £0.005 B 0.141 £ 0.008 B 0.235+0.022 A
TR 4.809 £0.118 A 5.007£0.126 A 4939 +£0.221 A 3.930+0.236 B
HPS 2.326 £0.087 C 2.531+0.087 B 2.551+0.079B 6.303£0.173 A
TLC 0.530 £ 0.023 D 0.590 £ 0.012 C 0.695 + 0.052 B 1.895+0.017 A

“ Conventional brewing: 3 g tea leaves were mixed with 150 ml of boiling water for 5 min.

(1990): 3 g tea leaves were mixed 150 ml boiling water for 10 min brewing over water bath at 95 °C.
® TF: theaflavins, TR: thearubigins, HPD: highly polymerized substances, TLC: total liquor colour.
“Each value is expressed as mean + SE (n = 3). Means with different letters within a row are significantly different (P < 0.05).
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Table 3. Content of soluble sugars and polyols in different tea infusions

Content (mg/100 ml) b
Sugar or polyol Green tea Pouchong tea Oolong tea Black tea
Arabinose nd“ nd nd nd
Fructose 4294 £0.50A 34.67 £0.29B 40.52+0.68A 25.70 £ 0.33C
Glucose 26.41 +0.44A 18.79+0.18B 24.02+£0.64A 12.98 +0.37C
myo-Inositol nd nd nd nd
Maltose nd nd nd nd
Ribose nd nd nd nd
Sucrose 29.32 £0.26A  27.75 £0.15A 29.42 + 0.15A 8.90+0.41B
Xylose nd nd nd nd
Total 98.66 + 0.64A  81.21 £ 0.35B 93.95 + 0.83A 47.57 +£0.13C

“nd, not detected.

» Each value is expressed as mean + SE (n = 3). Means with different letters within a row are
significantly different (P < 0.05).
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Table 4. Content of free amino acids in different tea infusions

Content (mg/100ml)

Amino acids Green tea Pouchong tea Oolong tea Black tea
L-Alanine 0.055 +0.014B®  0.059 +0.019B 0.074 £ 0.007A  0.021 £ 0.026C
L-Arginine 0.019 £ 0.016B 0.017 £0.013B 0.028 £0.014A  0.016 +£0.015B
L-Aspartic acid 0.332 £ 0.060A 0.271 £0.044B 0.294 £0.036AB  0.011 £0.032C
L-Cystine nd® nd nd nd
L-Glutamic acid 0.075 £0.014A 0.086 £ 0.023A 0.090 £0.057A  0.013 +£0.026B
Glycine 0.001 £0.001A 0.002 £0.011A 0.002 £ 0.005A  0.001 £0.012A
L-Histidine * 0.119 £ 0.033A 0.095 £ 0.032B 0.087 £0.003B  0.036 +0.018C
L-Isoleucine * 0.013 £0.015B 0.026 £ 0.016A 0.030£0.014A  0.008 +0.027C
L-Leucine * 0.013 £0.061B 0.020 £ 0.013A 0.021 £0.013A  0.009 = 0.028B
L-Lysine * 0.039 £0.011A 0.003 £ 0.006D 0.033+£0.016B  0.014 £ 0.007C
L-Methionine * 0.004 £0.012B 0.012 £ 0.009A 0.012£0.039A  0.003 +£0.015B
L-Phenylalanine®  0.011 £0.010C 0.045 £0.015B 0.071 £0.041A  0.011 £0.023C
L-Serine 0.080 £ 0.027A 0.063 £ 0.026B 0.058 £0.002B  0.024 +0.015C
L-Threonine * 0.027 £0.013C 0.037 £0.014B 0.048 £0.018A  0.016 £ 0.025D
L-Tyrosine 0.040 £0.011A 0.038 £ 0.029A 0.045£0.014A  0.039 £0.032A
L-Valine * 0.006 £ 0.006B 0.011 £ 0.010A 0.013£0.013A  0.005 £0.011B
L-Tryptophan * 0.012 £ 0.008B 0.023 £0.014A 0.027 £0.018A  0.010 £0.016B
GABA 0.008 £0.005A  0.007 +£0.013AB 0.006 £0.010B  0.005 +0.010B
Theanine 1.073 £ 0.098A 0.877 £0.131B 1.072 £0.045A  0.377 £0.051C
Total 1.927 £0.111A 1.691 £0.121B 2.010£0.026A  0.618 +0.069C

“ Essential amino acid.
b Each value is expressed as mean *+ SE (n = 3). Means with different letters within a row are
significantly different (P < 0.05).

 nd, not detected.
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Table 5. Content of taste characteristics of free amino acids in different tea infusions

Taste Content (mg/100 ml)

component * Green tea Pouchong tea Oolong tea Black tea
Bitter 0.197+0.046C°  0.250+0.040B 0.289+0.035A  0.097+0.031D
MSG-like 1.480+0.105A 1.234+0.131B 1.456+£0.029A  0.401+0.058C
Sweet 0.163+0.029AB  0.161+0.035B 0.182+0.013A  0.063+0.025C
Tasteless 0.087+0.012A 0.047+0.025C 0.084+0.009A  0.059+0.026B
Total 1.927+0.111A 1.691+0.121B 2.010+£0.026A  0.618+0.069C

“ MSG-like, monosodium glutamate-like, Asp + Glu + Thea; sweet, Ala + Gly + Ser + Thr;

bitter, Arg + His + Ile + Leu + Met + Phe + Try + Val; tasteless, Lys + Tyr+GABA.

b Each value is expressed as mean + SE (n = 3). Means with different letters within a row are

significantly different (P < 0.05).
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Table 6. Alkaloids contents in different tea infusions

Contents (mg/100 ml)

Green tea Pouchong tea Oolong tea Black tea
Caffeine 4243 +227A" 43.88+245B 43.13+1.89AB  43.07 + 1.48A
Theobromine 0.65+0.11B 0.71 +£0.09B 0.73 +0.10B 0.89 £ 0.06A
Theophylline 0.01 =0.05 nd? nd nd

“Each value is expressed as mean * SE (n = 3). Means with different letters within a row are

significantly different (P < 0.05).
b nd, not detected.
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Table 7. Ascorbic acid, total phenols and various catechins contents in different tea infusions

Contents (mg/100 ml)

Green tea Pouchong tea Oolong tea Black tea

Ascorbic acid 3.26 +0.41A° 0.98 £0.14B 0.71 £0.15B nd®
B-Carotene nd nd nd nd
a-Tocopherol nd nd nd nd
v-Tocopherol nd nd nd nd
d-Tocopherol nd nd nd nd

Total phenols 92.05 £0.75A 73.46 £ 0.33B 74.52 +0.50B 66.98 + 0.40C
GC*“ 10.44 £ 0.59C 14.59 + 1.23B 16.10 £ 1.07A 0.07 £0.03D
EGC 27.16 £ 0.52A 26.75 £ 1.68A 24.24 +1.66B 1.82 +< 0.01C
Catechin nd nd nd nd

EC 3.76 £ 0.22A 3.74+0.25A 3.99 £ 0.83A 1.07+0.11B
EGCG 30.43 £ 1.67B 30.62 +1.22B 33.98 £ 1.79A 0.13 £0.01C
GCG 0.62 £0.23B 0.93 £0.03A 0.95 £0.15A 0.08 £0.02C
ECG 4.85+0.33B 4.95+0.41B 542 +047A 0.74 £< 0.01C
CG 0.27 £0.01B 0.28+0.03AB 0.30 £0.01A 0.30 £0.02A
Total catechins 77.51 £3.55B 81.85 + 1.36A 84.99 + 5.98A 3.56 + 0.09C

* GC, gallocatechin; EGC, epigallocatechin; EC, epicatechin; EGCG, epigallocatechin gallate;
GCQG, gallocatechin gallate; ECG, epicatechingallate; CG, catechin gallate.

PBach value is expressed as mean = SE (n = 3). Means with different letters within a row are
significantly different (P < 0.05).

¢ nd, not detected.
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Fig. 2. Antioxidant activity of tea infusions.

Each value is expressed as mean + SD (n = 3).

-4 -



—&— Green tea
—O— Pouchong tea
—w»— Oolong tea
—&4— Black tea
—&— BHA

—O— o -Tocopherol
—&— Ascorbic acid
—O— Catechin

Scavenging ability (%)

10 15

Concentration (mg/ml)

Bl=~%F ji;‘%'i-;%%DPPHE] d i 4
Fig 3. Scavenging ability of tea infusions on 1,1-dipheny1-2-picrylhydrazyl radicals.
Each value is expressed as mean = SD (n = 3).

-25-

20



1.4

—0
1.2 4
=
z —»
o 10- ““-\\\\i
-
~ —&— (reen tea
= 87 —O— Pouchong tea
8 —w— Oolong tea
S 6 —4— Black tea
,.cés —&— BHA
) 4 —— o — Tocopherol
S ' —— Ascorbic Acid
< —O— Catechin
2
0.0 -*J) T T

1.5

Concentration (mg/ml)

Ble ~2 k2 F28R4
Fig. 4. Reducing power of tea infusions.
Each value is expressed as mean = SD (n = 3).

- 26 -

2.0



100 -~ Tl-lf —, — &
—@— Green tea
—O— Pouchong tea
80 4 —w— Oolong tea 7
/5\ —/A— Black tea O
IS —m— EDTA
~ —O— Citric Acid
b —4&— Catechin
—_ 60 +
=
O
<
=
= 40 -
<
—
2 .
© 20 +
£
Fo—%  —
e ¢
0 - T T T 1
0 5 10 15 20

Concentration (mg/ml)

Bl -2k FFLELETHBH LA
Fig. 5. Chelating ability of different tea infusions.
Each value is expressed as mean + SD (n = 3).

-7 -



5\’ R I\ ?/5—14’7@5 it ']‘EL_57EC5()I/,§';
Table 8. EC5, of tea infusions

ECsq value ¢ (mg dry extract/ml)

Green tea Pouchong tea

Oolong tea

Black tea BHA

a-Tocopherol Ascorbic acid Catechin

Antioxidant  0.080 £ 0.003BC  0.086 + 0.002BC  0.095 +£0.113B 0.065 + 0.010C  0.005 +0.000D”  0.006 +0.15D” — 0.225 £ 0.027A
activity
Scavenging 0.857 +0.068C 0.888 +0.028C 1.036 + 0.085B 2.354 £0.123A 0.385 +0.010D 0.894 +0.007C 0.292 + 0.005D 0.298 +0.011D
ability
Reducing 0.099 +0.028C 0.100 £ 0.016C 0.105 £0.018C 0.145 £ 0.015A  0.039+0.005D”  0.121 £0.003B  0.026 + 0.002E”  0.034 + 0.003D”
power

EDTA Citric acid
Chelating 15.098 £ 0.536A  8.492 +0.330B 6.840 + 0.180B 4.631 £0.165C 0.051 = 0.000D —c — ¢
ability

“ ECso, the effective concentration at which the antioxidant activity was 50%, the 1,1-diphenyl-2- picryl hydrazyl (DPPH) radicals were
scavenged by 50%, the absorbance was 0.5 for reducing power, and ferrous ions were chelated by 50%. ECsy was obtained by interpolation from
linear regression analysis. Each value is expressed as mean + SE (n = 3). Means with different letters within a row are significantly different (P <

0.05).

» Obtained by extrapolation from linear regression analysis.

¢ No effect
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Table 9. The inhibition zone of tea infusions

Inhibition zone diameter (mm)

Blank Green tea Pouchong tea Oolong tea Black tea
G(+)  Bacillus cereus -4 - - - i
Listeria monocytoggenes - - - - -
Staphylococcus aureus - 14.67+0.16A " 13.22+0.14B 12.28+0.25B -

G(-) Escherichia coli - - - - -

Salmonella typhimurium - - - - -

a ¢

mean no inhibition zone diameter
b Each value is expressed as mean * SE (n = 3). Means with different letters within a row are significantly different (P < 0.05).
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Table 10. Hedonic test results of tea infusions

Green tea Pouchong tea Oolong tea Black tea
Color 5.0+0.7C“ 5.3%0.7B 5.8+ 0.8A 5.4+009B
Taste 45+1.0B 5410.8A 5.6+ 0.8A 5.6+ 0.9A
Aroma 4.9+0.9C 5.6+ 0.7B 6.0+ 0.8A 5.5+ 1.0B
Overall 4.8 +1.0C 5.6+ 0.6B 5.9%0.7A 5.5+0.8B

“ Seven-point hedonic scale with 1, 4 and 7 representing extremely dislike, neither like nor dislike,
and extremely like, respectively. Each value is expressed as mean = SD (n = 84). Means with
different letter within a row are significantly different (P < 0.05).
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Abstract:

GABA tea is the special tea enriched with y-aminobutyric acid by anaerobic conditions of fresh tea
leaves. GABA tea is currently available in Taiwan, and GABA-containing drinks made from GABA tea have
recently become a popular drink among health-conscious individuals in Asian countries. But no information is
available regarding the optimum extraction condition of GABA tea on bioactive components and antioxidant
properties. Ethanol is non-toxic, can be mixed with water in different ratios for the wide spectrum of phenols.
The purpose of this study is to determine the effects of various ethanol concentrations (0-95%) and extracting
temperatures (25-95°C) on the extraction yields from GABA tea leaves. Contents of total phenols, various
catechins, GABA, theanine, and antioxidant properties of extracts from different conditions were also
determined. Our results showed that 50% ethanol gave the highest extraction yield of extracts extracted at
50-95°C. The bioactive components and antioxidant properties of extracts from GABA tea leaves were
significantly affected by the ethanol concentrations and extraction temperatures. Among catechins, EGCG
(45.80-53.81%) was found to be the main catechins in all extracts, followed by EGC (20.88-33.68%), EC
(8.79-14.01%), ECG (6.16-11.72%), GC (1.53-3.09%), and GCG (0.29-1.06%), whereas catechin and CG
were not detected. The condition of 50-75% ethanol and 75-95°C in a shaking bath gave the highest contents
of ester type catechins (61.82-62.83%) and free type catechins (37.17-38.18%). Water gave the highest
GABA and theanine contents and chelating ability on ferrous ions of extracts extracted at 50-75°C. The 75%
ethanol gave the highest scavenging ability on DPPH radicals and reducing power of extracts extracted at
25-75°C. It is noteworthy that the optimum extraction conditions of GABA tea leaves were 50% ethanol and
75-95°C of extracting temperatures when the extraction yields, bioactive components, antioxidant properties

and production cost were taken into consideration.

Industry Relevant Information:

The optimum extraction conditions of GABA tea leaves were 50% ethanol and 75-95°C of extracting
temperatures when the extraction yields, bioactive components, antioxidant properties and production cost
were taken into consideration.
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Abstract:

Echinacea products are one of the most popular pharmaceuticals used in cancer patients, and they are
among the best-selling herbal preparations in several developed countries. Echinacea purpurea has recently
been introduced into Taiwan and its flower was permitted for use as a food material by the Taiwan
government in 2010. The caffeic acid derivatives are commonly used as markers to determine the medicinal
quality of Echinacea materials and herbal extracts. Total contents of phenolics and caffeic acid derivatives in
different plant parts were in the descending order: flowers > leaves > stems > roots in previously study. Colon
cancer is one of the leading causes of cancer death in the Western countries. The colon cancer morbidity has
also increased in Taiwan recently. However, no information is available regarding the effect of E. purpurea
flower extracts on human colon cancer. This study evaluated the effects of various ethanol concentrations
(0-95%) and extraction temperatures (25-95°C) on extraction yield, total phenolics and caffeic acid
derivatives of freeze-dried E. purpurea flowers. Cytotoxic effects of flowers extract and cichoric acid on
human colonic Caco-2 cancer cells, and expression of "TERT-mRNA were studied. Our results showed that
the optimal extraction condition of freeze-dried flowers obtained was 50% of ethanol concentration and 65 °C
of extraction temperature, with the extraction yield of 37.4%. Under such conditions, the total phenolics, total
caffeic acid derivatives and cichoric acid contents in freeze-dried extracts were 473.34, 302.20 and 217.61
mg/g, respectively. Cichoric acid and 50% ethanol extracts of flowers exhibited a concentration- and
time-dependent cytotoxicity in both cell lines after 48 h. Cichoric acid could inhibit the expression of hTERT
mRNA after 24h treatment. Overall, 50% ethanol extract of flowers and cichoric acid showed effective

growth inhibition and hTERT mRNA repression on human colon cancer cells.

Industry Relevant Information:

The optimal extraction condition of freeze-dried E. purpurea flowers obtained was 50% of ethanol
concentration and 65 °C of extraction temperature, with the extraction yield of 37.4%. Under such conditions,
the total phenolics, total caffeic acid derivatives and cichoric acid contents in freeze-dried extracts were
473.34, 302.20 and 217.61 mg/g, respectively. The 50% ethanol extract of flowers and cichoric acid showed
effective growth inhibition and hTERT mRNA repression on human colon cancer cells.
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