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ABSTRACT - The purpose of this study was to investigate the contents of antioxidant compounds and antioxi-
dant activities in teas. A total of 99 teas were tested for their antioxidant activities based on their ability to scavenge
DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical. Antioxidant activity was expressed as mg of ascorbic acid equiv-
alents per 100 g tea sample (L-ascorbic acid equivalent antioxidant capacity, AEAC) and was expressed as mg per 1
serving size (free radical scavenging activity, FSCy;). The total polyphenol contents of the extracts was quantified
using the Folin-Ciocalteu method and the total flavonoid contents of the extracts was determined using a modied
method of Davis. Vitamin C was analyzed by HPLC method. According to the AEAC value, mate tea, green tea, black
tea, oriental raisin tea, chamomile tea and burdock tea showed relatively high antioxidant activities. Polyphenolic
compounds were the major naturally occurring antioxidant compounds found in teas and the high concentrations of
total polyphenol compounds were observed in black tea, green tea and mate tea. The high concentrations of total fla-
vonoid compounds were observed in mate tea, black tea and yam tea and the amount of vitamin C contents were found
to be high in citron tea and green tea. As a result, steeping tea was much higher in antioxidant activity than either
powdered tea or liquefied tea. According to the study, a high correlation was demonstrated between the total polyphe-
nol contents and antioxidant activities in teas (r = 0.846) and correlations between the total flavonoid contents and
antioxidant activities was statistically significant in teas (r = 0.625). It was found that also the proportional relation-
ship established among the total polyphenol content and antioxidant activities. That is, antioxidant activity of teas has

been confirmed to have been caused by the total polyphenol.
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BoAgo] ARg®E AR DPPH (1,1-diphenyl-2-picryl-
hydrazy), folin-ciocalteu’s phenol reagent, potassium phos-
phate monobasic (Sigma Chemical Co., St. Louis, MO,
USA), ethanol, meta-phosphoric acid (Sigma-Aldrich Co.,
St Louis, USA), ascrobic acid, naringin (Sigma Chemical
Co., Mainland, China), methanol, ethanol (Budrick &
Jackson, Muskegon, MI, USA), tannic acid (Sigma-Aldrich
Co., Mainland, China), sodium carbonate (Sigma-Aldrich
Co., Tokyo, Japan), diethylen glycol (Sigma-Aldrich Co.,
Taufkirchen, Germany), 1 mol/L sodium hydroxide solution
(Wako Chemicals Inc., Osaka, Japan)S A3ttt 55
s+ Thermo Scientific Barnstead NANO pure Diamond
(Reverse Osmosis, Model D126611 /D11911, Banstead,
Dubuque, Iowa, USA)E ©]-&3}4] 182 MQT22 A
&to] ARESIITE 5 A& o3}oll= Whatman No. 2
4] (Toyo Ltd., Tokyo, Japan)&, = oJoll= Mem-
brane syringe filter (PTFE 25 mm, 0.45 um, Advantec, Toyo
Roshi Kaisha, Ltd., Tokyo, Japan)& AF&3tith AL&E
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7171 &24Z(Lab. companion CW-10GL, Kimpo-city,
Korea), 941%-2)7](Combi-514R, Hanil, Inchun, Korea), 3
2} $%7](Elma 460H, Pforzheim, Germany), "}o] 2%
#lo] E2]H(Versa Max Molecular Devices Corp. Sunnyvale,
California, USA), HPLC (Shimadzu Co., Tokyo, Japan)E
A8
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Flat-bottom 96 well plate®] A5 FEH9} FF8
(ascorbic acid 1 mg/mL)S sample solvent® 3]
Aol wel Y€1 02mM DPPH €942 713 & A2,
Aol A 1A F A - who] AR EY O] EFHE 517 nm
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(AConrrol_AConrrol blank)

*Apperimens: Sample (standard) 100 uL + DPPH 150 uL
Aumpte ian: SaMple (standard) 100 uL + DPPH solvent 150 ul.
A oo sample solvent 100 pL + DPPH 150 puLL

A oot s SaMple solvent 100 pL + DPPH solvent 150 uL

&7 84& DPPHE F=7F 50% #Aased ZQsdh
A &9 FE(free radical scavenging activity, FSC,,, mg/
mL)ZA] 37|33 AEAC (ascorbic acid equivalent
antioxidant capacity)@t- ascorbic acid®] FSC,,(0.0024 mg/
mL)Z H|ake] ofgfe] 2o ' ALksitt.

AEAC(mg AA /100 g) = (FSC,y(ascorbate acid)/FSCs,
(sample)) x 100,000
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HPLC-DAD EMXZ

HPLCE DAD7F %2l HPLC system (SPD-M20A
Detector, LC20 AD Pump, SIL-20A Autosampler, CTO-
20A Column Heater, Shimadzu Corp., Kyoto, Japan)S A}
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AR
RE AYe 33] wkEo g AAEon A ol
3k E2HxE Jepdnt. fold3 AaaA= SPSS

sk
17.0 (SPSS Inc., Chicago, IL, USA) 574 Z2a¥S o]
£31e] 99% A1F|5(p < 0.01)A A A

Results and Discussion

TjEo] opke Ty

DPPHH-S ©] &3 free radical 224 42 Sigma plot
10.02 ©]-&3t] DPPHO| F%7} 50% A==t Has
A J.9] FX(free radical scavenging activity, FSC,, mg/
mL)2A Yeli Y ZFEH o7 ARE-H ascorbic acid (1
mg/mL)%] ikt 59 (FSCy,, mg/mL) 0. 0024E Ve
th FSCy, #2 A5 52 st 585 vehH
ascorbic acid®] 3itst 52} Hlwate] A J% AEAC %t
& 255 kst 5ol EA vERdth

Table 194 B ue}l 7o) FSC,, FH(mg/13] Al2&)e
Zx}, =21, vl A 1.5+ 0.6, 2.8+2.4, 40+3.78 =
< ksl @S e antell 2skal, Z1ER LR A},
A=k, sUNAR %ﬁ}x} 52k, A7), 594, FARR] vt
2= 19.1+6.6, 204+ 17.1, 31.8+0.8, 422+33.1, 49.7+
25.0, 50.6+24.8, 52.3+21.7, 56.1+£21.9, 60.8+19.9, 742+
28.12 UEMSTE AEAC %H(mg AA/100 g)ye whE|z}, 5
2}, Z2poll A 904.2 £ 811.2, 875.2+595.5, 864.7 + 246.0%
o2 Zpof| vlE| v =2 FAts) %W—"— 7k e R
2 UEbgta sl AL, F8kAE, 93}, 71EL AL,
wkxtb, 2Askab, o F2b, fAAE, A7AE, &5 2= 2hzE
90.7 +36.4, 85.1 +35.5, 83.6+41.4, 37.0+2.5, 8.6+ 18.4,
82+3.6, 3.3+27, 32+5.1, 3.0+£1.8, 27+098 &5},
AZERE, FTARRE, 3L, Bskat, mpxpel A whe aHitkst g
3 YR AT FSCy, 32 AEAC 3] Ayt A &3]
W sHR] e olfre= dHAtst &8 FSC,, w2 AlE
o] 13] AlgHFoz 7t AlFvitt ol dolstaial, AEAC

Table 1. Antioxidant activity of various teas as affected by drinking method

Teas Total FSC,, vglue‘f AEAC value? Tape Total FSC,, \falue. AEAC value
(mg/1 serving size) (mg AA/100 g) (mg/1 serving size) (mg AA/100 g)
Chamomile tea 10 49.7+25.0 85.1+35.5 s¥ 10 49.7+25.0 85.1+35.5
Green tea 10 28+24 875.2 £ 595.5 pY 2 22+04 748.1 £391.4
S 8 29+27 907.0 + 654.5
Jujube tea 7 50.6 +£24.8 33+2.7 P 4 549+31.3 4.0+3.6
L 3 45.0+17.2 25+0.6
Yam tea 7 742 +£28.1 8.6+ 18.4 P 6 84.0 £ 12.1 1.7+0.3
S 1 15.5 50.3
Mate tea 10 4.0+3.7 904.2 +811.2 P 1 1.5 3145.1
L 1 3.5 673.2
S 8 44+4.0 652.9+221.2
Ginger tea 7 52.3+21.7 30£1.8 P 4 393+3.5 41+1.6
L 3 69.6 +10.9 1.5+0.1
Ssanghwa tea 6 19.1+6.6 82+3.6 P 6 19.1+6.6 82+3.6
Burdock tea 31.8+£19.8 83.6+41.4 L 2 50.6 £25.6 54.1+27.2
S 7 26.5+16.3 92.0+423
Citron tea 60.8+19.9 32+5.1 L 9 60.8+19.9 32+5.1
Yulmu tea 4 56.1+£21.9 2.7+0.9 P 4 56.1+£21.9 2.7+0.9
Oriental raisin tea 7 42.2+33.1 90.7 £36.4 L 6 443 +35.7 94.6 +38.3
S 1 29.8 67.2
Black tea 10 1.5+0.6 864.7 +246.0 S 10 1.5+0.6 864.7 = 246.0
Other solid tea 3 204+17.1 37.0+2.5 P 3 204 +17.1 423 +66.3

YFSC,, value was expressed as mg per 1 serving size of tea sample

YAEAC value was expressed as mg ascorbic acid equivalent antioxidant capacity (AEAC) per 100 g of tea sample

S : Steeping tea
YP : Powdered tea
JL : Liquefied tea
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(mg)S AHHEW, 3}, vlH R}, Z2kA 100.4+21.7,
73.8+302, 622+384% E& 7S YEh L I vl 7]
BRI A}, AskR), tiFAk, GAE, AR, E7A), v
SUNAE, =3k, A7EAEe] E8]9E e (mg TA/13] Al
S 7}zF 31.3+23.1, 204+6.4, 182+74, 147+164,
13.0+4.7, 129+6.7, 11.7+£11.9, 11.1+6.1, 63+2.7, 5.9+
242 AZAY, FEAPA A= T2 A Hlef @S TS
R T
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mhels ot FeslEs A=A, ANE, £ 2
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Table 2. Concent of total polyphenols and flavonoids of various teas as affected by drinking method

Total phenolics  Total flavonoids Total polyphenols Total flavonoids
Teas Total (mg TA"/ (mg NA?/ Tape Total (mg TA"/ (mg NA?/
1 serving size) 1 serving size) 1 serving size) 1 serving size)
Chamomile tea 10 63+2.7 62+2.8 S? 10 63+2.7 62+2.8
Green tea 10 62.2 £38.4 17.8+13.3 pY 2 412+1.4 54+0.0
S 8 67.4+41.7 20.9+13.1
Jujube tea 7 182+74 154+£59 P 4 143+49 179+ 6.4
LY 3 234+£7.7 11.9+3.5
Yam tea 7 12.9+£6.7 35.9+£20.5 P 6 11.3+1.9 40.6£17.8
S 1 222 7.4
Mate tea 10 73.8 +£30.2 75.6 £30.2 P 1 124.6 129.0
L 1 36.2 32.0
S 8 72.1+£24.5 743 +22.1
Ginger tea 7 59+24 129+ 7.7 P 4 7.6+1.3 17.6+7.0
L 3 3.7+0.9 6.6+ 1.0
Ssanghwa tea 204+64 22.4+155 P 6 204+6.4 224+ 155
Burdock tea 11.7+11.9 93+11.9 L 2 55+09 43+13
S 7 13.5+13.2 10.8+13.3
Citron tea 14.7+16.4 19.6 5.4 L 9 14.7+16.4 19.6+5.4
Yulmu tea 4 13.0+4.7 15.0+4.0 P 4 13.0+4.7 15.0+4.0
Oriental raisin tea 7 11.1+6.1 48+27 L 6 11.6 6.5 45+£29
S 1 7.6 6.1
Black tea 10 100.4 +21.7 41.0£8.2 S 10 100.4 £ 21.7 41.0+£8.2
Other solid tea 3 31.3+23.1 16.8+9.7 P 3 31.3+23.1 16.8+9.7

DExpressed as mg tannic acid equivalent (TA) per 1 serving size of tea sample
PExpressed as mg naringin equivalent (NA) per 1 serving size of tea sample

S : Steeping tea
YP : Powdered tea
JL : Liquefied tea
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Zgn ol &ee Jehith $¥¥aE A& 1
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Table 3. Concentration of vitamin C of various teas

Food type Total Vitamin C (mg/100 g)
Chamomile tea 10 1.28~5.71
Green tea 10 8.27~187.04
Jujube tea 7 ND"~2.16
Yam tea 7 0.36~18.14
Mate tea 10 ND~14.52
Ginger tea 7 ND~0.46
Ssanghwa tea 6 ND~0.39
Burdock tea 9 ND~6.69
Citrontea 9 2.87~962.83
Yulmu tea 4 0.34~0.47
Oriental raisin tea 7 ND
Black tea 10 3.19~4.38
Other solid tea 3 0.36~0.81
PND : not detected
~14.52, S92 BHE~6.69, 7€k 2= 0.36~0.81, TH

Fae BHE~2.16, 855 034~047, A= 24
Z~0.46, A3 BEHE~0.39, A= EHEIT o
F FdAE RN 7P =2 3S UERRSL 25t
52}, 8k}, FAb, wkab, wlERE, GAE Z1ERL @ AL, o
2t &2k, AL AskAE, SRR o2 UErskeT
a2 F 71 @A}, iEAk, &53k A2 AskRb, SR}
= OE Al vla] o e s YERTh

71 At oahH, Gakake] HlER C= 100 g2 150
mgo]’d FHrskal AaL o= HIE C7F Brhe #HE
vlolE QX9 3uj7} W= oz Gl om0 o
2RYH fAxts A7IA 5 &HE Aol gt o]
= HIEH C3H e wjiE o2 AztEt). 4} &9 Hg C
E AZSTHOR 2557 mg/g TrEo] o A= <t
sl FLF o R FFek ksl G AU o] HAb
o]

o] grtalso At rol= sl AZEc) od 2

Aol A5 Fakst o] ek g BlE CE EX)

shit Ha 59 A8 FHolu kel Aushe A

A Abske wEll cE Age ¢ e,
SETARN

& & a3 BA(AEAC), ZgldlE, ZTtH mol=
HIERR C 3+3F9] Pearson FHTAE 99% A2 FF(p <
0.01)ollA B3 Azb= Table 494 7ol S&HHo| u}
2} FE3 AR FE4 itk 29(AEAC)S EE]9
B3} =S o] AAAA(r=0.846)2 UERIL ZEtE =
ol=et= tha E2 o] AHBA(r=0.625F YERRS
] HElRl Ce oFe drtst S AdadATE A
S B oZ YT o= o] tRe ditsl 5
Holl 84.6% 7193l ZH =0l == 62.5% 7|93k 9l
S st EEElsy S8R ol =919] Pearson A
AS 4% AFE 0.6882 T =& ko] AAa
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Table 4. Correlations between AEAC, total polyphenol, total flavonoid and vitamin C

Correlations

AEACY Total polyphenol  Total flavonoid Vitamin C
Pearson Correlation 1
AEAC Sig.(2-tailed)
N 99
Pearson Correlation .846™ 1
Total Polyphenol Sig.(2-tailed) .000
N 99 99
Pearson Correlation 625 688" 1
Total flavonoid Sig.(2-tailed) .000 .000
N 99 99 99
Pearson Correlation -.039 .085 —-.050 1
Vitamin C Sig.(2-tailed) .699 401 .624
N 99 99 99 99
**Correlation is significant at the 0.01 level (2-tailed)
DYAEAC : ascorbic acid equivalent antioxidant capacity
£ Yeidllet ole R xol=rt s 68.8% 71 HAZE AT F, thRe Fakst 242 EejHEel] 9
oAl e elu DT, el dus BAoE Fasl @ Yoz FANA.
o] Avd 7195 ShaL 7 a4 Atelol] &) HlE #A
7FAAEES & ATk & 9 Aol e A F& References
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