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Effects of commonly used infusion method on catechin content and
antioxidant capacities of pure green tea packaged in tea bags

Mi-Seon Kim', Chan-Su Rha', and Dae-Ok Kim"*
'Department of Food Science and Biotechnology, Kyung Hee University

Abstract To evaluate antioxidant capacities and total phenolic, flavonoid, and catechin contents of pure green tea
packaged in tea bags, green tea bags of 10 commercial brands were purchased and analyzed. Considering commonly used
infusion methods, green tea bags were extracted using 150 mL of spring water at 70°C for 2 min. Ten brands of green
tea showed a wide range of total phenolic content (46.3-93.9 mg gallic acid equivalents/g), total flavonoid content (10.3-
21.7 mg catechin equivalents/g), and antioxidant capacities (88.8-175.6 mg and 87.9-183.5 mg vitamin C equivalents/g for
DPPH and ABTS assays, respectively). Total catechin content of green tea ranged from 33.8-74.7 mg/g, which corresponded
to 43.0-108.3 mg/150 mL of cup. Collectively, these results suggest that daily consumption of 3.8-12.5 cups of green tea packaged
in tea bags meets the recommended daily intake of catechins in green tea extract as a health functional foods in Korea.
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oM Evo] E 2 (acetonitrile; HPLC gradey> Thermo Fisher Sci-
entific (Waltham, MA, USA)IA 4315132, o}d2t 2-F (sodium
nitrite; NaNO,), ©3} ¢-FU|35(aluminium chloride; AICL), 2,2
azobis(2-methylpropionamidine) ~ dihydrochloride ~(AAPH), 22'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), ZUAQZE &
Al (Folin & Ciocalteu’s phenol reagent), &H(formic acid), Z-¥,
7HZ1, BlolElY] C (vitamin C), 7}¥91S Sigma Aldrich Co.,
LLC (St. Louis, MO, USA)IIA] 43ttt 74kl Ao (sodium
hydroxide; NaOH)2 Daejung Chemicals & Metals Co., Ltd.
(Siheung, Korea)oll X, BF A (sodium carbonate; Na,CO,)<
Yakuri Pure Chemicals Co., Ltd. (Kyoto, Japan)ellX] F+s}itt.
=3b 7HE7] $498 918k 5% EC, ECG EGC, EGCGE= Wako
Pure Chemicals (Osaka, Japan)ollX %3}

28 = F=
-8 242 53 HY A 2Ade EF FE 20 F
7V Bol A" Wy E® shtE 70°Ce] & 150 mL

<t

A3kt 70°C 3-243(SB-1000;
Eyela Co., Tokyo, Japan)ell A% A=(ZF 254.0mgl, ZF
1.5-34mg/l, &8 40-72mglL, vt2uld 1.7-35mgl &)

Table 1. Origin and weight of 10 commercial brands of pure
green tea packaged in tea bags

Brand Company Origin Weight (g)"
K1 A Korea 1.32+0.03%?
K2 A Korea 1.55+0.18°
K3 A Korea 1.52+0.01°
K4 B Korea 1.03+0.10°
K5 B Korea 1.27+0.04¢
K6 C Korea 1.17+0.03%
P D Japan 1.92+0.19°
2 D Japan 1.89+0.08"
I3 E Japan 2.05+0.02"
T1 F Taiwan 2.52+0.12%

DWeight of green tea in a tea bag

JData are expressed as meanststandard deviations (n=3). Means with
different superscripts in the same column indicate significant difference
by Duncan’s multiple range test (p<0.05).

IBrands J1, J2, and J3 are matcha green tea bags.
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7F g & 734mmolld FEEE S5 make) AtshA|
T2 mg VCE/geZ YeRlSith

FHEIZI & FHEel §E 24

24 2702 FE3 =25= 045 um PVDF filter (Pall Corp.,
Port Washington, NY, USA)Z 33l ARSI =3 &
gl FiEZl 2 FH S YMC-Triart C18 (4.6x250 mm,
5um; YMC Co., Ltd., Kyoto, Japan) /3 A7} Frjo]e=
& 7 Z7|(photodiode array detector)’t “&2tEl HPLC (Alliance
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Table 2. Total phenolic and flavonoid contents of 10 brands of
pure green tea packaged in tea bags

Total phenolic content Total flavonoid content

Brand (mg gallic acid equivalents/g) (mg catechin equivalents/g)
K1 93.9+3.2°) 21.7+0.4°
K2 54.9+4.8% 12.0+0.5%
K3 46.3+4.4" 10.3+1.2¢
K4 61.743.5% 14.6+1.9™
K5 63.9+3.1« 15.3+0.3™
K6 83.7£1.1° 21.34+0.6
Il 71.649.1¢ 171423
2 84.7£7.0° 20.442.0°
I3 63.3+5.5¢ 16.8+2.5
Tl 53.443.5 13.542.4¢

Average 67.7£15.4 16.3£3.9

YData are expressed as meanststandard deviations (n=3). Means with
different superscripts in the same column indicate significant difterence
by Duncan’s multiple range test (p<0.05).

(A)

bed
cd

(mg vitamin C equiv./g)

Antioxidant capacity

K1 K2 K3 K4 K5 K6 | 12 13 TI

(B)

cd

Antioxidant capacity
(mg vitamin C equiv./g)

K1 K2 K3 K4 K5 Ko6 I J2 J3 T1
Green tea bag brands

Fig. 1. Antioxidant capacities of 10 commercial brands of pure
green tea packaged in tea bags. Antioxidant capacities were
measured using the DPPH (A) and ABTS (B) assays. Each bar
represents the meantstandard deviation of three replicates. Different
letters on the bars represent significant difference of the means by
Duncan’s multiple range test (p<0.05).
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DPPHH ABTSHS o|83le &8 X270 FE3 B9 =
21e] AR sS 243 Axe Fig 13 2k 7+ A DPPH
HE o] 83 AEPIA]5(mg VCE/gr K1 (175.6)>K6 (152.1)>
12 (145.7)>K5 (124.6)>]1 (1244)>K4 (1194)>K2 (1004)>I3 (99.5)
>T1 (89.7)>K3 (88.8) =02 7+A319th(Fig. 1A). €9, ABTS
S o] 83 23R (mg VCE/g)S K1 (183.5)>]2 (149.2)
>K6 (146.0)>J1 (125.7)>K5 (122.7)>K4 (115.7)>J3 (106.3)>K2
(1032)>K3 (89.1)>T1 (87.9) =22 Yol th(Fig. 1B). DPPHYH
I ABTSH EFolA 4 g9 531 Klo] 7Y =2 4kshiA|
T2 2, 7P w2 EY AEQ] K3, T1 ®op Zbzh oF 2,0
v, 2080 E=dTE B A7 FHE 3 SERfR ol ek
A H(Table 2), 7t B H2p A F2] ASPEA TR H|sgh
g Bk ol £ A7l AMSE BY Expe] AMshA] T
o ¥, SEHRC|E FEd] 7dske Sxbe] Fagt
grol =] FHEZ] el JEFS w2 Aoa o AZI

=218 PRl ee Al A9 7%, 23] 5, 7 W
off wet ezt bkl A K ehZhang 5, 2018). 3 A}
FZ A7) AEPHAR Fgshe 7HEIR o EEtRxol=
sbslol] GE vE £ Aok 539 HE SE F rlEAE,
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Table 3. Concentrations of caffeine, (—)-epigallocatechin (EGC), (—)-epicatechin (EC), (—)-epigallocatechin gallate (EGCG), and (-)-
epicatechin gallate (ECG) in pure green tea packaged in tea bags measured using the reversed-phase HPLC

Concentration (mg/g)
Brand
Caffeine EGC EC EGCG ECG Total catechins”

K1 24.0£0.7" 36.4+0.9 8.3+0.2" 25.84+0.8" 4.2+0.1* 74.7£2.1°
K2 17.0£2.1° 20.1+1.5¢ 4.7+0.5° 13.1x1.2¢ 2.0+0.3 39.9+3.3%"
K3 13.5£1.1° 17.4+2.8°F 4.0+£0.5" 10.9+0.9" 1.5+0.1¢ 33.8+4.3"
K4 17.6+2.1° 18.2+2.8¢ 5.240.6° 15.4+22% 2.9+0.5° 41.746.1%
K5 13.5+0.7° 20.4+1.22¢ 4.7+0.2°" 17.4+1.354% 3.3+0.2° 45.9+2.9¢
K6 16.5+0.5" 32.1%1.1° 9.1+0.2° 21.5+1.4° 4.4+0.4* 67.1£3.0°
I 11.5+1.4¢ 32.5+4.1° 6.1£0.8° 15.5+2.1% 2.3+0.3¢ 56.4+7.3°
2 16.3+1.0° 36.4+2.0° 7.1+0.4¢ 19.5+1.6™ 3.0+0.3° 66.0+4.3°
I3 9.3+0.6° 24.3+1.6° 5.0+0.3¢ 10.8+0.7" 1.7£0.1¢ 41.842.7%"
Tl 11.5+0.5¢ 15.6£0.9 3.0+0.2¢ 13.3£0.9¢ 2.8+0.3° 34.8+2.1°

Average 15.1+4.2 25.4+8.2 5.7+1.9 16.344.8 2.8+1.0 50.2+14.7

DTotal catechins are the sum of EGC, EC, EGCG, and ECG.

YData are expressed as meanststandard deviations (n=3). Means with different superscripts in the same column indicate significant difference by

Duncan’s multiple range test (p<0.05).
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o] =ty BRI EAthlee 5, 2007; Vuong &, 2011).
Price$} Spitzer(1994) wAt&o] 22 H|ZHo|E 71817121 EGC
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Table 4. Pearson’s correlation coefficient () among individual catechin content, total catechin content, antioxidant capacity, total
phenolic content and total flavonoid content in pure green tea packaged in tea bags

Individual catechin content

Variables Total catechin content
EGCV EC? EGCG® ECG"Y
DPPH? 0.710%*9 0.776** 0.800%** 0.677** 0.802%**
ABTS” 0.848** 0.868** 0.915%* 0.738** 0.932%*
Total phenolic content 0.927%* 0.917** 0.905%* 0.755%* 0.980**
Total flavonoid content 0.885%* 0.881** 0.825%* 0.735%* 0.924**

(-)-epigallocatechin
J(-)-epicatechin
3(-)-epigallocatechin gallate
H(—)-epicatechin gallate

YDPPH radical scavenging assay

9The direction and magnitude of correlation between variables were quantified by the correlation coefficient r, **p<0.01.

DABTS radical scavenging assay
o ok
i =

S B =3k 105 70°Ce] A5 150 mLol] 287 &8
707 FFa, FHE I, FERwolE FEF, AkshlA|
5, 7HI 2 AR A4S A BAEATh 1059 gy =4
o ZdE TS 463-939mg GAFE/g, £ZetH ot Fhge
103-21.7mg CE/g, DPPHHZ ABTSHE o|&43 2tslix52
Z}z} 88.8-175.6 mg VCE/g¥} 87.9-183.5 mg VCE/ge]$tt. HPLC
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