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Green Tea (Camellia sinensis L.)
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Abstract

The commercial green tea leaves were packaged with polyethylene film and irradiated by electron beam
at doses of 0, 5, 10, 20, and 30 kGy. After irradiation, green teas were prepared by soaking the leaves in water
(1 g/100 mL) at 75°C for 10 min, and the physicochemical characteristics of green tea were determined. Electron
beam irradiation decreased total phenol contents (TPC), total flavanol contents (TFC), ascorbic acid contents
(AAC). Irradiation at dose of 20 kGy decreased TPC, TFC, and AAC from 223.46, 32.50, and 6.03 mg/g to
202.88, 31.16, and 5.57 mg/g, respectively, compared with non irradiated control. Electron beam irradiation
also decreased catechins, caffeine, and nitrite scavenging activity of green tea. However, the changes of overall
color and radical scavenging activity of irradiated green tea were negligible.
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=2 Camellia sinensis L.)E 2% d14q 7154
Fo 2 2vFe] gton A AAA R & thgom szt
de] 451 9lE 71Z85e|t) HA e+ polyphenol, A
A4, A gt g, e, AW, f2lolwledl, nlE
1, peptide, caffeine, &4, F714, 714t So] vlek 345
o] Qdok1). 53¢ 7154 %E F v+ 2] polyphenolf-oll <3}
+ flavan-3-ol-& 7| ¥ 2 & 3} catechinFE+ epicate—
chin®%& (-)-epicatechin(EC), {-)-epicatechin gallate(ECG),
(-)-epigallocatechin(EGC), (-)-epigallocatechin gallate
(EGCG)7F 913, 1 epimerdl epicatechin epimer® (+)-
catechin(C), (-)-catechin gallate(CG), (-)—gallocatechin
(GC), (-)-gallocatechin gallate(GCG) F°] ¢1.2.9, alkaloid
9l caffeine, theobromine, theophylline 5-& &3} it}
(2). E2+¢] polyphenol”d 33E4l flavonoide ¢, H &3,
Add A BAEE F30, 53] flavonoid?] %A
% flavanol> 4t3} &%, 3 Edwol, &<, & A
2% 5o A=A AUt sidz 229 9ch3-6).

3, Al E 2 AHfood irradiation)= AlE = AE Qg
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Z2 A 8S rodsled o, AA AL
3t} 8714 catechin 5545, (-)-epicatechin(EC),
(-)-epicatechin gallate(ECG), (-)-epigallocatechin(EGC),
(-)-epigallocatechin gallate(EGCG), (+)—catechin(C), (-)-
catechin gallate(CG), (-)-gallocatechin(GC), (-)-gallo-
catechin gallate(GCG), caffeine, 1,1-diphenyl-2-picryl-
hydrazyl(DPPH)-2 Sigma Chemical Co. (St Louis, MO,
USA)el A F-9)8}¢d o} Methanol(analytical grade), 85%
orthophosphoric acid, vanillin®} gallic acid %3t Sigma
Chemical Co.9ll4] 43314t} Folin-Ciocalteu 2] 2F-& Wako
Pure Chemical Industries, Ltd.(Osaka, Japan)o|4 415}
of Abgatolrh 1 ¢ AfER BF B4 8 oS 7
Bhof o} $3psivh.

TR =ARY2| 9 mRtel M=

=2}A 55 low density polyethylene(LDPE) bagell Al &
T A mme|3tR ¥ =5 R TSt AAHE 2R
o}, Az A= EB-TechAHE A, 8552 electron—beam
accelerator(Model ELV-4)& ©]-83}o] 1 MeV#] beam en-
ergy= 7+ 5% 50 mA, beam dimension 75 mm(length) X
930 mm(w1dth), velocity 20 m/min®] A#ER F F¢Alz
o] 5~30 kGy = &AMl HTable 1. o)) F413FE cel-
lulose triacetate(CTA) dosimeter® #¢lslg ot Axpdl &
AR B3 A7 1 g2 100 mLe) 52 shaking incuba-
tor(75°C)ell Al 1087 FE3tdrh 2 %82 Whatman
No. 1 oJ3}A] & JFs}e] %3 & FEES A X319, o]
Fo] Ao o] &3tk
= g

= 9 g Gutfmger(lS)«] S wWyleled &3}
gt &, 532 & FE25E lmlE HK}"% 29%6(w/v) NaxCOzr%
ol 1 mLE 718k % 387 w8k 5, 50% Folin—Ciocalteu
A2k 02 mLE 713t wh§ATA 3087 Aol A uhx) 8k
o} o] EFE-L 1087 13400 < goll A QA& F A
o ] mLE #sle] 750 nmollA] EHF=E
=R gallic acidg o] 8-3le] AHASF RFETA R mg/g
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Table 1. Conditions applied during the electron-beam irra-
diation

Irradiation dose Speed of the conveyor  Beam current

(kGy) belt (m/min) intensity (mA)
5 20 6.7
10 20 135
20 20 135%2
30 20 135%3
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% Zehls 92 Price(14)9] W& WY }04 =8t
dch &, =4 ¥ 222 1 mlE 46}04 20 anillin(8.096
methanolic HCD-4-9Y 5.0 mLE 7}shed 2034 Piow ]y

]

247 & 500 nml| A FHEE A ]—°ﬂ‘;} (+) Catechin
< 2FTAR sto] Aukals A ste] F flavanol 3
< Ak

o}~z = BAF 3heke Sikic $(15)] W& Wt &
EFEE1 E 1057} 10,000 X goll A+
05 mLE # 3} trichloroacetic acid
&3 3 1087F 15000 % goltA] A1+
AA el 1 mLel 0.1 mL2] 85% orthophosphoric acid,
0.1 mL¥ 8% a,a-dipyridyl chloride, .21 37 0.1 mL¥ 3%
aqueous ferric chloride 0.1 mLe}F &-3ts}e] Ao} 14 4F
U2 A17] 3 525 nmell A F4EE SAsIgh o~z 2R
Ab Fake L-ascorbic acid® o]8-3e] 2FAIgE EFF4 2
2 L-ascorbic acid® #4ksted mg/g W1 2 e sith

HPLC &4

Catechin®¢] #4]e) = HPLC(Shimadzu, Kyoto, Japan)
2 2839 0™ (16,17), o1& CTO 10AVP column oven,
LC-6AD pump, SIL-10ADVP auto sample injector ~L&| 3L
SPD-10AVP UV/VIS detector®. 74 % <12, 210 nmell
A FF5E &Astgrh #A/E Shim-pack CLC guard
column(10x4 mm)e] A€ Shimadzu Shim-VP ODS
column 5 nm(250X 46 mm)E AHE3lgow, AL
40°CE A3} ol FAFe &9l A 0.1% ortho-
phosphoric acid(v/v, in Hx0)e|, Bi= 0.1% orthophosphoric
acid(v/v, in methanol)-& AH§-38gich o544 52 1.0
mL/min¢) g3, & el 0~53 BEw 40%, 5~12+%
B&-u} 40~50%, 12—27% BE+ S0%E §-4, 27~30% B
g} 50~20%, 18] 3 30~35% B-g 20~0%= stsivh
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Axpal zmapel viRARFS] AEHEE FA ] )5k
color difference meter(Spectrometer CM-3500d, Minolta
Co., Ltd., Osaka, Japan)& °]-8-3t%1 43k tH(18). 7|4
= ﬁZ%_\—z} cﬂ uﬂ:ﬂroi Ezﬂ./\]y] T;}_% _ﬂ_a cell(CM
A-98 10 mm in width)ell A& 10 mL-E& &7]3. Hunter
color L(lightness), a(redness), b(vellowness)3k< 33| Hb&
A st

2o A7s &%
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oAb 427%2 Kim 59 W (2008 Wi sl &4
st 25 1 mLoll 1 mM NaNO; €9 1 mLE 7|3}

A%k 04 mLE 74ste] F EFAA 1587 BA AR F 520
mmelH FREE SGs)e] BEshe ol Tosich

SAIXE

dlolele] FAA = 2 AEE 33] vhEo2 Ysgo
o, SAS(Statistical Analysis System)S ©]&3s}e] H#3}
X322}, Newman-Keul's multiple range tests2 ™37k
Eol A8l Fo4-e AAsA QL.
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&) il ik o]F EaldE HAEES =X
FollA AEIA R 71 GAo] gl AEoln, SentE
< Eapo] £ ZdE el

A 2AL] 27t Ba) &5 & d¥ = & Ze)
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A g A9, AAYE 2AbEA] @ dlz2Tol A
223.46 mg/gel .2} AAE A o] Fr1E 4R §-9)
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Table 2. Effect of electron-beam irradiation on total phe-
nolic contents, total flavanol contents, and ascorbic acid
contents of green tea” (mg/g)

Irradiation dose (kGy)
0 5 10 20 30 SEM

TPC 22346 21704° 212.84° 202.8%° 20683 075
TFC 3250 3196° 319° 31.16° 31.70° 013
AAC  6.03° 5.90° 5.74° 5.57° 582 0.03

UGreen tea leaves were irradiated by electron-beam with given
doses, and green tea was made by soaking the leaves in water
at 75°C for 10 min (1.0 g/100 mL).

“Different letters (a~e) within a row indicate significant dif-
ference (p<0.05), n=3.

TPC, total phenolic contents; TFC, total flavanol contents;

AAC, ascorbic acid contents; and SEM, standard error of the

means. All values are on a dry green tea leaf basis (mg/g).
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A =R} 92967) Ahdbed Z e 2kl 202.88 me/g
o poch =3 & Tl e Ao Azl =
AFSFA] 9k ti2FqA] A B zhel 3250 mg/elE
A=Y Axpgo]l FAE Y fejHom graste] 20
kGy2 FAMAEFOA] 4.1%7}F 7348k 7P U8 31.16 mg/g
S Jehlgleh ofam 2 HALY] AL T e AL Ho
Aol 71 e 7ke) 603 mg/g, 20 KGy ol AR
ANA 76%7} ZAasted A $-& 3kl 557 mg/glE EFA
= glch o)Ake] Azbs Eato) HAPHlL zAkslA AL
2AV8)A] & glzTol vle B stek ZepbE ek o}
azmzual o] BE folA e Fastgon], 244
% 20 kGyell A 7H4 ol zhastslon 747 41~9.2%7}
Zrastgdch.

Catechinf® X caffeine &4 )

=52+2) catechinf+ 73 g+ HA3HA| 24 =31e] §4k3)
a3} AW AaF gehasd, g a5 A9 vhek
g 715 & A3l 79 Aol HPLCE ol 43l =
28] catechin®% #4384 2.5 (Fig. 1), o] Ax2 3 A
A Aol M2 =3} $EFE9 catechinf-2] ek W3lE
Table 3¢l Wehlisieh. A& A28 2 HzT9
=LAl BE epicatechint(EC, ECG, EGC, EGCG)<}
epicatechin epimer$+(C, GC, GCG)& HAAS 2415} =3}
el A SAFAY &, dE2TY epicatechinf+=
12958 mg/gelsl-2rt 5 kGy A ZAR] 9ol = 121.8
mg/g, 10 kGyolA& 117.89 mg/g, 20 kGyol A= 113.18
mg/g, 30 kGyell A= 107.75 kGy 2 AxPH] =AM ko] Z7}
E 74434l o). Epicatechin epimers W&ol A4 4.05
mg/gel 2, 5, 10, 20, 30 kGy] AAE] ZAA ol A]
Zk7k 380, 364, 3.71, 3.61 mg/g o2 Ftadte AL By
o} Z3}o]| vlo]lm 2 o] H(230} AAYAAUNE A=E A
Qo & Hu T catechin o] Z7idcty nod
vl glow o] o] & el1x]7} Fe]#E3 catechino] 3}
4 matrixel A== A& Walshy] d&olztaw sl
v AR oy A= vlelm B o] Bt G e niE
spao]l gL ol A7} 73l A2 E Bz Eu
#= 3H§HEolv} catechine] 3} == AR A2 rH(24).

7+l (caffeine)-2 (35)2F, 79, I3t 52 IFAF
A A= G Ro] E(alkaloid) 24 F5A4174 24, 7
AA|, o)A, ¥ 23] 52| A JHA 2 glek AR 24}
7} 52ke] ghelQl kel wix]+= d &S Table 3| Vel
= JA AR ZARA ] SR SE haste] djR2T
ol A& 32.98 mg/g, 30 kGy ZA} o= 2028 mg/gl 2
FA et ol A AR o X7} 7| Q1S s} 8}
A7) dfFelwt A=)

RLE=s

AAY 24 Aol &I %3 2] Hunter 4= 3}
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Fig. 1. Typical HPLC chromatogram of non-irradiated green tea.
C, (+)-catechin; GC, (-)-gallocatechin; GCG, (-)-gallocatechin gallate; EC, (-)-epicatechin; ECG, (-)-epicatechin gallate; EGC,

(-)-epigallocatechin; and EGCG, (-)-epigallocatechin gallate.

Table 3. Effect of electron-beam irradiation on catechins

and caffeine of green tea’ (mg/g)
Irradiation dose (kGy)
0 5 10 20 30 SEM
EC 1438 1323° 1278 1318° 1213° 017

ECG 5.50° 5290 492° 444%™ 393* 027
EGC 50.81*  5513° 5299° 5323° 51964 053
EGCG  49.89"  4815° 47.20° 4235° 3973° 115

C 1.01° 0.89°  096® 1.02° 088> 002
CG - - - - - -
GC 1.93% 181° 172 17F 176" 002

GCG 1.11% 1100 096® 096 097 005
Caffeine 32.98°  3097° 30.79° 30.09° 2928¢ 022

YGreen tea leaves were irradiated by electron-beam with given
doses, and green tea was made by soaking the leaves in water
at 75°C for 10 min (1.0 g/100 mL).

“Ditferent letters (a~d) within a row indicate significant dif-
ference (p<0.05), n=3.

EC, (-)-epicatechin; ECG, (-)-epicatechin gallate; EGC, (-)-

epigallocatechin; EGCG, (-)-epigallocatechin gallate; C, (+)-

catechin; CG, (-)-catechin gallate; GC, (-)-gallocatechin; GCG,

(-)-gallocatechin gallate; and SEM, standard error of the

means. All values are on a dry green tea leaf basis (mg/g).

= Table 44 vebligiel. A2 Al 1] frel4dal
A= flelen, AAlzel |3HAE)E 20 kGy 24 A
1228 714 =3k, ©] <X+ National Bureau of Stan-
dards(NBS)®] A & w2 E-Fo 2lald 05~15 H Y]
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Table 4. Effect of electron-beam irradiation on color L, a,
and b values of green tea”

Color Irradiation dose (kGy)
value 0 5 10 20 30 SEM

L 97.02% 97055 96920 97.19" 9723 001
a -309° 301 -204° -259° -270° 0.2
b 1095 1086 1097° 9857  1022° 002
JE  0.00° 0.12° 018 122* 08" 001

UGreen tea leaves were irradiated by electron-beam with given
doses, and green tea was made by soaking the leaves in water
at 75°C for 10 min (1.0 g/100 mL).

PDifferent letters (a~e) within a row indicate significant dif-
ference (p<0.05), n=3.

L, degree of lightness; a, degree of redness; b, degree of

vellowness; ZE, overall color difference. ZE=[(JL)*+(Ja)*+

(4bY1¥% SEM, standard error of the means.

gie) o] A5 o2 5439l ch DPPHE M43 =iz
24 2 5]1:4 ALz} o] BrAE) o =M A LA S
2FeE FA = 2 o]8-= 3 drh19). Table 59
vehd HH} zrol A AL =3 552 DPPH =it
Z A%l oA WEkE 54 W@sith An Q0% =
Al o] ZeldEE ¥2lsted 40 kGyE AvH & 2As}d
DPPH =ht]# 4717, xanthine oxidase A 3l%, F%0°]-2
chelating’s, X184k} AAl5& A3 A3 & WSt Qi
I 3k B Axbe} §-418F 7 gFo] gl Table 29} Table 3¢
A 2} &80 ZeldlE Mg A EAke) A 7
&3lg A gt o) & kbl A AAQl S FA] skt

3, o)A Al o] 22 99 A A A MELAT EA
Hol & fubaiw], A1 F o) ofal4te] Ho}slA| EAfsH 3t
7} AAhS FHEhs 8<le] =% §rh29). FAke] EGCG

N-nitrosation® A3t EAR 2 o] Ioh(30).
e Ao gt Fxp FEE] opAArY &5 Ws)
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Table 5. Effect of electron beam irradiation on radical scav-
enging activity and nitrite scavenging activity of green tea”

(%)
Irradiation dose (kGy)

0 5 10 20 30 SEM

DPPH RSA 76.11% 7591° 76.11*° 76.05° 76.05" 0.24
NSA pH

30 9665 9546° 9539° 9520° 95.12° 0.05

42 318" 2971 3057 3040 2853 036

60~ 053 -053 -053° 024" -1.20° 062

UGreen tea leaves were irradiated by electron-beam with given
doses, and green tea was made by soaking the leaves in water
at 75°C for 10 min (1.0 g/100 mL).

IDifferent letters (a~c) within a row are significantly different
(p<0.05), n=3.

DPPH RSA, 1,1-diphenyl-2-picrylhydrazyl radical scavenging

activity; NSA, nitrite scavenging activity; SEM, standard error

of the means.

A& pH 30, pH 424 Zh2 96.65%, 31.88% 2 E-& oA
AL 2A S By o, A 2AM R SR =7
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