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Abstract

The present study was conducted to compare antioxidant activity of green teas, fermented teas and other
related common teas by examining radical scavenging activity using DPPH (2,2 diphenyl 1-picryl hydrazyl).
Scavenging activity (SCso) of epigallocatechin gallate (EGCG) for 0.1 mM DPPH radical was 5.5 EM or 4.2
mg/L by weight, then catechin, 14 UM or 2.5 mg/L and vitamin C, 22 UM or 3.9 mg/L, respectively. Kyokuro tea
(okro) powder of 24.2 mg/L or green tea powder of 25.2 mg/L was used to reach SCs for 0.1 mM DPPH. One
serving of 2 g green tea provides antioxidant activity equivalent to 109~147 mg EGCGQG, 145~ 185 mg catechin
or 131 ~168 mg vitamin C. Teas from the first harvest had the highest radical scavenging activity when compared
with later harvest green teas grown in the same region, but there is virtually no difference by the harvest
time. A Chinese green tea, Dragon well had the highest antioxidant activity among other green teas tested
providing antioxidant capacity equivalent to 168 mg EGCG or 188 mg vitamin C per 2 g serving, but partially
fermented Chinese teas had much lower antioxidant activity than any green tea tested. Black tea which is fully
fermented showed as strong antioxidant activity as green teas (76.3 mg vs 86.7~67.6 mg per tea bag). One tea
bag of green teas from market provided antioxidant capacity equivalent to 52~86 mg EGCG, 70 ~ 105 mg catechin
or 63~96 mg vitamin C. Teas made of persimmon leaf, pine needle, mulberry leaf had comparatively low anti—
oxidant activity equivalent to 2.5~4.8 mg EGCG or 15~21 mg vitamin C per teabag. The third brewed green
tea still had enough antioxidant activity, while tea from tea bag brewed for 3 min or 5 min did not have any
difference in their antioxidant activity. More systemic studies are needed to clarify the relationship between
tea catechins and antioxidant capacity focusing on how growing, harvest time, fermentation and other processes
can influence on this.
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Table 1. SCsy concentrations of catechin, EGCG, vitamin C, 120 o— Catechin
kyokuro and green tea powders for 0.1lmM DPPH 110 | —m—ECCG
EGCG Catechin  Vit.C Kyokure® Green ) —a-VitC
SCs (mg/L)Y  25Y 42 39 242 959 1.00 —¢— Kyokuro(powder)
(uM)? (5.5) (14) (22) o —%— Green tea(powder)
. . . 0.90
YCatechin and tea concentrations at which the decrease in 8
absorbance at 517 nm by 50% for 0.1 mM DPPH in methanol & 080 I
at 10 min after addition of flavonoids, vit. C or tea powder in 'g
methanol. § 070
PCatechins and vit. C concentrations in mg/L converted to molar
concentration. 0.60
3)Kyokuro (okro) grown under complete shade.
Values are average of three measurements. 0.50 -
0.40 o , . . . . s
39 mg/LRA #3214} 1 #o]r7} 2A FolR) &2 A (ky- 0 0.1 2 4 6 8 10
min

okuro) &%, A E- 2] SCqy -2 o] 5 &5 FH4kE B}
vl astE 29 47 24.2 mg/L, 252 mg/L2A SR EHo)
k7t ¥ 3aksl g4l QE}‘#E} EAYAA Erhl R
AufEl 27} duF Zxpp o) =2 3ALE A S wael e
Hul-g 83 2 Y9 EGCG ko] =oH12,17)+ ©]
EA A = A A 3R] et o] F SCx 2B H-E] =31
b 123 9] 343 848 EGCG, 7Hel 7], vleld) C ek
(equivalent) 2.2 e d A-¢ 742} 100 mg, 167 mg =+ 155
mgol| st Fxlo FF-E F sle Al F= AxFA Y
oF 18~32%¢] 3 ©] & 50%7} EGCGY & FHehaei=i(12) &
Aol 245 43 FHL AA 5o Qe £ szl
FgFr) g}l 3 HPLCE o] 83 23" 53 49 &
FHe 7] a2 260~330 mg/gH =2 ©|F 100~ 150 mg/g
o] EGCGet= st 97827} l=di(15), ol £319 =
v B aui$-(14,17) 80} 20| A = Eo}. Radical 42759 )
2-$ v 23S 9 (Fig. 1) catechin, EGCGE 3413} %50] 10
¥ o] Fell = A &H ol vld] vetd] C= FA] &4do] Erix
2 B33 gakslsS s 1R A" v sE)
A A&H-E& 4 5 9l

TR EEof mE Has gdol H[W
7 Akl A A 53 SHA7EE 24 A0t

Fig. 1. Patterns of absorbance decrease after adding antiox-
idants of SCs concentration for 0.1 mM DPPH.

Table 29 vtelr} glch, 93 o TQ‘Q A& 2} (green tea I)
2] 752299 A d e B2RE £33 45 24E EGCG
FeFo 2 vl & o B Alvhe} S XHEM A4 =27 27F
142.9 mg, 147.3 mg . 7} =2 343 842 Jehyc)
49 T =84 $83 f‘ﬂ’i!'(green tea <] 7% B Alc}et
S Alt}e] EGCG wrekghd 142.2 mg# 114.3 mg o2 Ab3-&h
Apo) & Mo)aL glrt. S A vhell A 69 F&oll & EFEAI]L
o 2 (green tea V)= 2 A9 2] 3 FA49] 75% F 22
arst BA-E B, Lee (159 F4 A2 AQ A7)
£ 449,64, 74 2 Ze]8 539 vl 7] FFS A SE%
E3d 5 dghel Ao alsl g roEle BAE

H 27 ol = vl CE AT 5 st 53 49
Hlelel Ce AFFFO R 25~57 mg/g FFH o 9o of
Az FAsE FAP o 7 Faks S A Yz glS
2.8 ol &9 datslgol At 7] & slelEl A=
th o] & 2} 8] A5 SAabs Al o) e ¥ vERl C2
EA3} 5 59 g AA o AYe] sl A
ol A 4ks}d wiElwl CE ASE = 9h2,12). B T4

Table 2. The effect of harvest time on antioxidant activity equivalent to catechin, EGCG or vitamin C

Groen tea I I It v v Vi
reen tea mg equivalent/2 g tea
EGCG 142,97 124.7 142.2 136.7 1176
B Product Catechin 180.8 161.5 180.0 145.1 1539
Vit. C 164.3 146.7 163.6 131.8 1399
EGCG 1473 114.3 116.8 109.2 98.0
S Product Catechin 185.4 150.5 153.1 145.1 133.3
vit. C 168.5 136.7 139.1 131.8 121.0

Tea samples prepared by mixing the first, second and third brewed teas of 2 g tea sample with 140 mL underground water, 65°C

for 3 minutes each.

UGreen tea samples of B product or green tea samples of S product were grown in the same region. All green tea samples were
manufactured by steaming process. Green tea I, small leaves from the first spring flush; Green tea II, leaves harvested around
20th April; Green tea I, late April; Green tea IV, early May; Green tea V, middle May; Green tea VI, June 10~15th.
Green tea VI of B product or Green tea II of S product not harvested.

2)
Values are average of three measurements.
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Table 3. The effect of tea processing on antioxidant activities equivalent to catechin, EGCG or vitamin C

Green tea Partially fermented tea
Okro"® Parched® Steamed” JapaneseB) Chinese” Pekoe” Pouchongm Oolong 1" Qolong 11° Puerh”
mg equivalent/2 g tea mg equivalent/2 g tea
EGCG 1129 93.7 995 94.4 1679 21.3 685 525 25.6 169
Catechin  149.1 128.7 134.9 129.5 207.1 52.2 102.1 85.2 56.7 28.0
Vit. C 1355 116.8 1225 1176 188.3 47.1 92.6 71.2 51.3 25.1

Tea smples prepared by mixing the first, second and third brewed teas of 2 g tea sample with 140 mL underground water, 65°C

for 3 min each.
UKyokuro (okro) grown under complete shade.

PKorean tea samples grown in the same region, harvested around the 20th of April.

m_]apanese green tea, Shizuoka, steamed. PChinese green tea, Dragon well, parched.

9A white tea, slightly fermented. 6)Pouchong, 12~15% fermented. "Dark oolong tea, Ti Kuan Yin, 25~30% fermented.
®Green oolong tea, 50~55% fermented. PPuerh tea, late fermented in bamboo case.

10
Values are average of three measurements.

Table 4. Antioxidant activity of one instant teabag equivalent to catechin, epigalocatechin gallate or vitamin C

tGegeeig t(_e“:;e}alr}) t((;rerennz Icetgge)en R]Ctz%reen Persimmon” ni};c)lléll%) Dunguleg) MulberryZ) Bt'i;;%!{

mg equivalent / teabag
EGCG 86.7Y 67.6 52.8 35.0 145 36 2.5 0.7 48 76.3
Catechin 105.8 256 70.0 51.2 294 179 16.7 6.1 241 97.8
Vvit. C 96.2 718 63.6 46.4 26.6 16.1 15.1 54 215 86.2

Tea samples of 1.2 g or 1.25 g teabag prepared in 100 mL water, 70°C for 3 min brewing. Ice green tea prepared in 100 mL water,

17°C.

DGreen tea 1, green tea 1I, ice green tea and rice green tea are products of the same company.
BGreen tea 1II, mulberry and black tea are products of different companies.
?Persimmon, pine needle and dungule (Polygonatum odoratum) are products of the same company.

)
YValues are average of three measurements.



DPPH #t4-& E3F =X

5 229 gepoll 1A 4 Sl A RE T a4 WA
R4 9 A% $AAQ 9771 Bastes) A€,

=it 2|79 & FHEIZI 8F
191 ¥k 209 A& 3874 Zeh Al Adsto® ¢
R AHES] ks 8498 vl w8l oh(Fig. 2, Fig. 3). 58
FE2] st GAL dtAH o kol 7P F9 o
A2} FFol whet Afeto] w2 43 A4S ¥l
2] RE X Ayt 43 EA4o] AR Ao vehyy
th. B Althe} S A|che) =3} 213S 338 ¢ A= B¢
olZHE] HAAHEY + U= 43 EAL g sl
S Althe] green tea VIS A #1313 EGCG71 £ 22 109~ 147
mgA Eo] 1 o] & v]elul CZ SAket = A% 142~ 168 mgo]
o} ol& A 2 129 EGCG 100 mg &=+ ¥ledl C
155 mgdll &8t 3413 Zdo] gg=e] 9= AL e

°
=
L
=

100 -

O 1stbrew
2nd brew
M 3rd brew

90

80 ¢
70 H
60 H
50 H
40

30 |

% Decrease Absorbance

20 H
10 j
0

Green Green Green Green Green
tea| teall teall tealv teav

Green Green Green Green Green
tea| tea|) tea|v teav teay|

B manufacture S manufacrure

Fig. 2. Comparison of antioxidant activity in teas brewed 1st,
2nd and 3rd time expressed as % decrease in absorbance at
4 min after adding 20 uL of 140 mL each brewed tea to 0.1
mM DPPH.

100
[ 1stbrew
90 7 2nd brew

80 | M 3rd brew

70
60
50
40
30

% Decrease Absorbance

20
10
0

Fig. 3. Comparison of antioxidant activity in teas brewed 1st,
2nd and 3rd time expressed as % decrease in absorbance at
4 min after adding 20 pL of 140 mL each brewed tea to 0.1
mM DPPH.
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Fig. 4. Comparison of antioxidant activity in a teabag brewed
for 3 or 5 min expressed as % decrease in absorbance at
4 min after adding 10 pL of 100 mL tea to 0.1 mM DPPH.
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