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Active components, antioxidant capacity and quality

evaluation of Sichuan dark tea

AMW  E

ZHU Bo-yu'

R

XIA Chen'

7R

LUO Ke-bin*

K AKIE!

ZHU Yong-qing"

JE B

TANG Xiao-bo®

oo

CHEN Jian'

CLo o)A AR A 2 BE AR ™ oI AR5 . P9I BT 61006652, PO R =248 3k T A 22 B

PO R

61004453, PUJI 4 MY B} 25 e 25 W BIFSE T . P9I AR 610066)

(1. Institute of Agro-Products Processing Science and Technology ., Sichuan Academy of Agricultural
Sciences s Chengdu s Sichuan 610066, China; 2. West China School of Public Health ., Sichuan University »

Chengdu, Sichuan 610044, China; 3. Tea Research Institute, Sichuan Academy of Agricultural Sciences ,
Chengdu , Sichuan 610066, China)

FE.BR: 4 26 # & w )il 2 XK (S1~S26) % 44+, 4
MR % B AR e B (CAF) L % % 8 (TPC) #= % 3% A
(TFO 4 2. A F R ARSI R A FR, FE: AAHE
BT S B R ok AR A E L 5 A R A AR AR B B Ao
WE SN E S A Sk @WEF, 52 DPPH A W
KA ABTS oAkt hirth AL F R, £R: 2
FPERFRGA EREFILFEEGO AERLTILE
FEGO WEE O ALEE(EO AERLTFILEE
AT R E(EGCG) AR FIILFF &L T8 E(GCG),
AERTILEFECG LK F R AT 8RB (CG) vk 4k
(CAP) &8 8 (TPC) ., % % 8 (TFC) & & % 5 4 0.26~
19.64,0.72~4.73,0.00 ~20.28,0.00~0.95,0.00 ~6.06 ,
0.32~9.44,0.62~63.12,0.29~17.08,0.21 ~1.81,9.53 ~
44.43,20.96~279.05,7.92~17.49 mg/g. ABTS § W 4
EHRANKER L AE L E % F i HE A 3349 ~
232.87 mg/g,DPPH AW A F I ARGER LA ZE S
Fit L A 45.26~237.59 mg/g. A8 XM 4 AW DPPH
BRAFARESNS 10 MNERLEDARE S B Fo B3k
A ZHAERF(P<0.05)RMEF(P<T0.01) 8y EAE
%;ABTS A A F et # 5 GC.GA.CAF &S A £ #
B ¥ EME(P<0.01).5 TPC # TFC 43 A 2 ¥ E
% (P<C0.05), E &4 4 # A% EGCG.C.TPC 3 A&
o Rt ek R A 87.566% ., 5 :S16.523.519 3 A 2%

E&TB: W AR HEF MR ELSILIE (Hh Y
2019YFNO0178)

TEE R AT 5, N AR B2 Be F 58 52 20 B, T

BASIEE MR (1969—), F, 1 Il & £ b BE 2% Be F 5% 61, 1+
E-mail: 1046652698@qq.com

I 5 H #9:2020-12-01

Ty T

KB ZX X 5wk ai; B XA IAAR D
Abstract: Objective: The contents of tea polyphenol monomer,
caffeine ( CAF), total polyphenols acid ( TPC) and total
flavonoids ( TFC) in 26 kinds of commercial Sichuan dark tea
(S1~8S26) were analyzed, and the in vitro antioxidant activities
were investigated, to provide a theoretical basis for the quality e-
valuation of Sichuan dark tea. Methods: Gradient elution was
used to analyze the content of tea polyphenol monomer and caffe-
ine. The contents of TPC and TFC were determined by the folin
phenol method and chemical analysis method, respectively. The
antioxidant activity was evaluated by DPPH and ABTS radical
scavenging capacity. Results: The content of gallic acid (GA) .,
gallocatechin (GC), epigallocatechin (EGC), catechin (C), epi-
catechin (EC), epigallocatechin gallate (EGCG), gallocatechin
gallate (GCG) , epicatechin gallate, catechin gallate (CG), caffe-
ine (CAF), total polyphenols acid ( TPC), total flavonoids
(TFC) were 0.26~19.64, 0.72~4.73, 0.00~20.28, 0.00~
0.95, 0.00 ~6.06, 0.32~9.44, 0.62~63.12, 0.29~17.08,
0.21~1.81, 9.53~44.43, 20.96~279.05 and 7.92~17.49 mg/g,
respectively. The free radical scavenging activity of ABTS was
33.49~232.87 mg/g based on a water-soluble Vg equivalent. Mo-
reover, that of DPPH was 45.26 ~ 237.59 mg/g correlation
analysis results showed that DPPH scavenging abilities positively
correlated with the ten monomers, CAF, TPC, and TFC (P <C
0.05 or P<C0.01). However, ABTS radical scavenging abilities
positively correlated with the contents of GC, GA, and CAF
(P<C0.01), also positively correlated with TPC and TFC (P <C
0.05). Conclusion: PCA results showed that the cumulative con-
tribution rate of EGCG, C and TPC was 87.566%. According to

the comprehensive analysis, S16, S23 and S19 had higher scores,
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implying relatively better quality. The variations of the results
should be attributed to the raw materials, production technology .
and storage conditions of dark tea.

Keywords: Sichuan dark tea; tea polyphenols; caffeine; total fla-

vonoids; antioxidant ability
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Figure 2 HPLC chromatogram of the sample (280 nm)
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Table 1 Control regression equation and linear range
KPR/

i Aok 1a] 3 5 R*

(ug* mL™D
GA y=05.575 2x —12.024 0.999 6 1.72~440.00
GC y=0.378 4x—0.616 4 0.998 7 15.68~784.00
EGC vy=0.322 92 +0.237 6 0.999 9 15.68~784.00
C vy=1.075 92 +0.004 3 0.999 9 7.84~784.00
CAF y=5.010 72 —28.005 0.999 9 4.90~784.00
EC y=1.581 92 —6.418 2 0.999 3 6.80~435.55
EGCG y=2.887 7x—15.209 0.999 2 6.80~435.50
GCG y=2.952 5x—15.285 0.999 2 6.80~435.55
ECG y=23.483x—15.813 0.999 3 6.80~435.55
CG y=23.2662—9.228 9 0.999 4 6.81~217.77
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Table 2 GA content of Sichuan dark tea mg/g
FE i & FE i s FE i FE i &
S1 2.66+0.01¢ S8 4.6740.00! S15 3.93+0.01¢# S22 12.0940.22%
S2 8.43+0.02" S9 1.0340.00" S16 5.0040.071 S23 9.4940.009
S3 9.84+0.03" S10 1.9640.00¢ S17 2.42+0.024 S24 9.064+0.01°
S4 7.154+0.05k S11 0.26+0.00° S18 2.76+0.06" S25 8.03+0.03™
S5 9.4040.03 S12 7.360.01" S19 16.59+0.01" S26 3.96+0.10%
S6 2.424+0.014 S13 4.30+0.01h S20 17.63+0.020 || - i ’J{ﬁ -------------- 714 ---------
S7 1.9140.01¢ S14 13.58+0.02¢ S21 19.64+0.12v

T F R AR A R R i 2 10 22 53 2.3 (P <C0.05) .

%3 MIEL GC.GCG.C.EGCG.ECGC & &7
Table 3 Contents of GC, GCG, C, EGCG and ECG in Sichuan dark tea mg/g

e GC GCG C EGCG ECG
S1 1.274+0.01¢ 4.6040.01¢ — 1.2040.00% 1.37£0.00#
S2 2.85+0.02™ 8.6140.01 0.314£0.02¢ 2.18+0.007 2.16+0.05"
S3 1.8140.00" 3.05+0.01¢ 0.16+0.00° 0.9340.00" 1.234+0.00!
S4 2.2840.02! 0.62+0.00° — 0.32-40.00° 0.370.00°
S5 2.48+0.015k 6.49+0.02" 0.24+0.00¢ 1.76 £0.01° 2.114£0.01"
S6 1.5840.00¢ 1.1240.00%¢ — 0.5140.00¢ 0.50+0.01"
S7 0.76£0.01¢ 1.4140.01"¢ — 0.5740.00¢ 0.54+0.01"
S8 1.82+0.05! 3.18+0.01¢ — 0.9840.00 1.0140.014
S9 0.7240.00° 1.1340.00%b¢ — 0.58+0.00¢ 0.48+0.00"
S10 0.96+0.01" 1.6740.00¢ — 0.394+0.00° 0.61+0.00"
S11 0.7240.03¢ 4.0940.00° — 1.0740.01 1.3340.00¢
S12 1.96+0.00¢ 8.78+0.01 — 1.50+0.00™ 2.5640.00
S13 1.33+0.014 2.83+0.01¢ 0.17-+0.00" 0.844+0.008 1.1040.00¢
S14 3.8640.009 1.5640.00% 0.2740.03¢ 0.5740.00¢ 0.75240.00¢
S15 3.79+0.12¢ 13.20+0.01 - 7.4940.14 3.8840.01%
S16 3.78£0.05? 15.1340.22k 0.9140.02™ 9.44-+0.00% 4.74+0.07"
S17 3.27+0.01° 4.5940.01¢ — 0.43+0.00b 1.4340.00¢
S18 2.5140.02k 54.0140.13" 0.68+0.00' 1.65+0.07" 16.1940.04°
S19 3.76£0.00? 15.8840.01" 0.63+0.00% 1.3940.00! 4,8640.08™
S20 2.58+0.01! 2.0540.004 0.2840.00¢ 0.80+0.00f 0.95+0.014
S21 4.7340.02% 0.9940.01% 0.3040.00f 0.4740.00¢ 0.49+0.00"
S22 2.9640.05" 8.84+0.16 0.4740.01 1.0740.02 3.27+0.06!
S23 4.67+0.00" 30.8740.01™ 0.95+0.00" 2.87+0.009 17.08+0.00°
S24 2.134+0.01h 1.0940.00%¢ 0.3740.00" 0.3940.00° 0.61+0.00"
S25 2.45+0.00! 0.62+0.00° — 0.3240.00° 0.29+0.00°
S26 2.2540.06 63.12+1.75° 0.5040.01 1.514+0.08™ 13.56+0.37"
Sl 240 9.908 0.24 159 321

T =P FORRA 5 TR AR AR R i 2 () 22 S (B 3 (P <C0.05)
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CG &z R I ik & ool % & & &5 10 F4k
B R 2450 %0 F H 5 M E R R K RP
eGP R AR E L E BN Tk P R 5 2B R R
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T AR AR s, AT R VR B O B A R OB (E
AR AR 1 R R Z WA ME 4L y = 0.001 82 +0.042 6,
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FAEE N R R AR TH TR & ®ITA.

BEPEAERENZHEAEGY, FEL &L
A 17 AR AR R AR 1A By 1k 1 #4 A0 2h ik 1k
HITB AR . B3R5 Al, 26 MRFEMES PR 2B & a2z
SRR, S23 B WA Ry S11 B 2 W& &) 10 £5
b, 2R —RER—NRF LR 2 AW SRR
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Table 4 Contents of EGC, CAF, EC and CG in Sichuan dark tea mg/g
i EGC CAF EC CG FE EGC CAF EC CG
S1 1.3440.00 15.6040.029 0.6340.00° 0.300.01¢ || S15 2.52+0.01¢ 31.20+0.03° 1.70£0.00" 1.3740.01"
S2 5.1440.16% 26.37+0.09% 1.31+0.00" 0.39+0.01% || S16 4.130.06] 37.48+0.565 1.88+0.141 1.81+0.22°
S3 1.684+0.009 30.34+0.10" 0.8140.00¢" 0.3540.01 S17  1.41+0.00¢ 19.6340.05¢ 0.7040.00¢ 0.2940.01¢
S4 0.85+0.01* 36.2340.289 0.28+0.00* 0.324+0.00% || S18 13.4740.03" 38.4840.11" 6.06+0.07° 0.8740.13"
S5 3.4740.01"  26.87+0.10" 1.26+0.01" 0.50+£0.02™ || S19 15.102£0.03° 38.34+0.02" 4.71+0.00™ 0.514+0.01m
S6 - 15.08+0.05¢ - 0.2640.00¢ || S20  2.2340.00" 36.47+0.049 0.952+0.00¢ 0.33£0.00%
S7 — 18.5840.00" 0.2940.00* 0.2240.01" || S21  2.8440.02" 31.794+0.19* 0.81%+0.00¢ 0.30£0.01"
S8 1.40+0.00¢  20.6140.02" 0.5940.00¢ 0.2840.01¢ || S22 8.49+0.15™ 37.82+0.72' 3.1540.02% 0.4740.16!
S9 - 16.51+0.06¢ - 0.2240.01" || S23  6.7340.01' 44.434+0.01% 3.58=+0.00' 1.22-+0.019
S10 1.204£0.01"  14.5040.02> 0.4640.00> 0.2240.00" || S24 2.66+0.00¢ 38.80+0.05Y 1.3340.00" 0.5240.00°
S11  1.53%+0.00¢  9.5340.00* 0.43+0.01" 0.2140.00* || S25 0.91+0.00° 22.58=+0.08" 0.44+0.00" 0.2240.00"
S12 0.84740.00* 25.80%0.037 1.74%+0.00" 0.362%0.01 S26 20.28+0.557 36.21£0.989 5.9040.08" 0.51+£0.02"
S13 2.000.00° 27.8340.07% 0.78£0.00° 0.38£0.00 | ¥  4.06 28.24 156 049
S14 2.3640.28" 37.1240.02" 0.8640.00" 0.3440.00"
T = RIOR AR s F A R R A R A i 2 ) 25 5 R 3 (P <C0.05),
x5 MIEFESHMEE'
Table 5 Total polyphenol content of Sichuan dark tea mg/g
FE R FE s Kb R FE o
S1 68.75+1.77¢ S8 81.0442.60! S15 55.86+2.08¢ S22 141.9344.10
S2 147.8142.54ik S9 31.2241.36° S16 156.11+4.98k S23 279.05+8.58"
S3 104.8040.83¢ S10 42.1540.92¢ S17 76.58+2.50¢ S24 147.0643.58ik
S4 85.234+2.55! S11 20.9640.58% S18 102.38+3.36¢ S25 107.7042.94¢h
S5 144.2343.311 S12 126.54+3.52 S19 214.0447.76™ S26 165.7344.01!
S6 43.37+0.91¢ S13 76.18+2.53¢ S20 115.104.200 || l "J{ﬁ]()f)(ﬁ 7777777
S7 45.3941.80¢ S14 124.2543.31" S21 132.48+6.03

T TR AR [ RE i 22 8] 22 57 . 3% (P <C0.05) .
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G 2 R A R O EOR 25 R TR
2.4 MEAMLFEE
2.4.1 ABTS g i HiERRAES)  DIKEME4EER E R
R EE (g /mL) SR A AR L IO AE A 9\ A A LA A o
M2 W 95y =—0.0062 +0.473 5,28 M3 1.48 ~
47.50 pg/mL,J R* =0.997 5, 3% M 76 % 30 Fil P9 » R 1k 5%
F R 0TI B ABTS Bl 2EE BRI .

f 22 7 AT, 26 A RE SRS ABTS B f B R G =
SRR . MRS 45 R 3R], ABTS B i HiEBRBE T 5
GA.GC,CAF LI} TPC.TFC & & 77 £ — & B9 #H 5 ¥

RETE W BFEEER S NN R RFIEN

(F 9, i FRAAC M UE HE L A& 1 5 T 5k P i 38 B4
i % SR A A TS o 3 3 M ) R I R B TE AR R Y
S, GRS R B S ) ABTS A i LIS R iE 2% B
A g N T A R ARk .

2.4.2 DPPH [ Hi 5E¥ B fig IR M4 % E R
SR (g /mL) Sy A AR WO A A 4 A 1B A5 B
DPPH [ B2 BRI A5 B N vy =0.942 82 —0.420 2,4k
PEJE ] :13.00~104.00 Hg/mL,,ﬂ;Rzzo.997 0, FTHLEZ
YN R R RAF. AT F U B2 DPPH A 2L i
BRI,

H13E 8 W[ 41,26 4~ 1 DPPH [ iy JE 3 bR g ) 2
SRR WE AT A R R A B DPPH A iy 563 Bk
fie )1 5 5k .CAF , TPC #1 TFC & w3 £ 1L B % (P <<
0.05) B M 3% (P <C0.01) Ay IE AT 3& (36 9) . 1 BB 2 B4 1hil 71
T2 IR £ % 5 6 ) S 1) & k7 A SR B S e, AT
FORE i 1R) DPPH [ iy 3% (09 75 BR A8 ) AN RAH W .

2.5 XML

W 9 i, fif 8 LA E (C.EC.EGC) Mg LK £
(EGC.GCG.EGCG) Z [a] ¥ 7 7E 1B 3 (P <C0.05) 5 iR 12 &
(P<<0.0D PG, W IR ASHE T ) DPPH [ B &3
FrBEJ1 5 GA Rl EGCG &t 2 B3 IEAH X (P<C0.05), 5
Hopb A RAE A Y L B 22 W M 5 I o B A R IR AR O
(P<0.01), ABTS M f13MiE KA 515 GA.GC fil CAF

®6 MIBFEREME

Table 6 Contents of total flavonoids in Sichuan dark tea mg/g
FE S e FE b & FE il T FE b e
S1 11.63+0.10¢ S8 12.59+1.86¢ S15 8.9840.93%b S22 13.69+0.511h
S2 16.35+0.937 S9 8.65+0.402 S16 12.93+0.73¢ S23 14.7541.620
S3 13.63+1.171h S10 12.63+0.91¢ S17 10.98+1.00¢ S24 13.06 £1.051h
S4 10.06+£0.20¢d S11 7.92+0.65% S18 17.49+1.83) S25 11.34+0.83¢
S5 16,10+ 1,21 S12 9.67+0.514b¢ S19 16.44+1.801 S26 13.9340.751%h
S6 9.49+0.52%¢ S13 10.3040.85¢ S20 15.3440.76Mi li]{ﬁlzﬁﬂ 7777777777
S7 9.63+0.674b¢ S14 14.18+1.77" S21 10.95+0.33¢
T FREAR AR AR R AR i 22 ] 22 5 1 35 (P <C0.05)
x7 MIEEX ABTSBEREBRESN
Table 7 Scavenging ability of Sichuan dark tea to ABTS free radical mg/g
FE il W FE il BRI FE i HER FE i W
S1 137.0245.20%f S8 145.20£7.54¢ S15 232.8746.69% S22 223.60+7.88ik
S2 220.8246.027 S9 63.9943.36° S16 127.41£6.134¢ S23 169.43+2.13#
S3 172.5746.38¢ S10 77.9445.21° S17 148.33£4.62¢ S24 174.65+5.11#
S4 151.1345.39¢ S11 119.05£5.42¢ S18 184.40£6.36¢" S25 134.5744.31%f
S5 216.8146.367 S12 217.35+6.72i% S19 150.0843.08! S26 184.7544.51¢"
S6 105.43+10.49¢ S13 133.18£6.75d! S20 226.5949.31k ﬂ]ﬁ 7777777777777 1 5979 777777777
S7 33.49+2.29° S14 195.01£11.32M S21 208.98+5.461

T FEAFRAFAE G Z M) 22 5 2 3% (P<0.05),
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%8 MIIE%Ex DPPH BB EF R

Table 8 DPPH free radical scavenging ability of Sichuan dark tea mg/g
FE i BRI FE it HBR FE i HER T FE il BRI
S1 110.5244.344 S8 113.8944.33¢ S15 207.5146.78M S22 199.584+7.36"
S2 186.56+5.00% S9 50.34+1.76% S16 215.15+7.47¢ S23 237.59+7.63
S3 137.4044.20" S10 47.8340.99* S17 111.71£4.454 S24 132.4945.041
S4 96.86+2.474¢ S11 82.30+1.76¢ S18 237.59+6.73 S25 101.97£3.55d¢
S5 183.0046.54# S12 178.11£6.45# S19 219.17+6.261 S26 235.40+7.73
S6 70.46+1.82° S13 108.00+6.044¢ S20 184.5243.71% | f Q{E14342 7777777
S7 45.2640.87* S14 96.8043.434 S21 181.99+4.22#

T FEART R A AR G Z [ 22 5 2 3% (P<C0.05),

x99 MINEEhEBaER MUR.ASH. SEMMASAEEENEXHE
Table 9 Correlation analysis of monomer phenols, CAF, TPC, TFC and antioxidant activity in Sichuan dark tea
fatr GA GC EGC C CAF EC EGCG GCG ECG CG TPC TFC DPPH ABTS
GA 1.000 0.641** 0.179 0.360 0.611** 0.145 —0.116 —0.131 —0.061 —0.022 0.600** 0.475*  0.438* 0.595* *
GC 1.000 0.324 0.612** 0.705** 0.379 0.412* 0.229 0.360 0.552* * 0.708* * 0.413*  0.685" * 0.600 * *
EGC 1.000 0.662* * 0.548* * 0.948* * 0.118 0.861" * 0.745 * 0.282 0.567** 0.602** 0.709* * 0.306
C 1.000 0.771** 0.725" * 0.430*  0.603**  0.723" " 0.675* % 0.814* * 0.665* * 0.761" * 0.288
CAF 1.000 0.621* * 0.287 0.449* 0.529* * 0.539* * 0.780* * 0.597** 0.746* * 0.585* *
EC 1.000 0.208 0.906 * * 0.861" * 0.425* 0.607** 0.605** 0.789" * 0.359
EGCG 1.000 0.242 0.274 0.916* * 0.202 0.030 0.494* 0.187
GCG 1.000 0.921* 0.428* 0.428* 0.449*  0.668* * 0.231
ECG 1.000 0.540* * 0.571** 0.478*  0.691* * 0.220
CG 1.000 0.433* 0.216 0.637 " * 0.238
TPC 1.000 0.666* * 0.753* * 0.484*
TFC 1.000 0.616 " * 0.462 "
DPPH 1.000  0.723* *
ABTS 1.000

T RREFMEK. P<0.05; » » fLERM B FH MK, P<0.01,

Fri B IR A G (P<C0.01) , 5 H Al B iR AL & 9 T i 3
AR SR ARG 5 Z W & i L R A 6.
2.6 ERDHWREETEMN

XF 26 A~ 00 )1 B S BE f 9 AN By L CAF, TPC #01
TFC & i L3 12 A W4 F A SPSS i 47 32 B 43 43 B

(PCA) &5 R L3 10, &3 Hrid it EGCG.C.TPC 3 4~ %
BUATHEAT IO BRI R R A GBI M (R 1D, HR B
/R S16.,523.S19 3 A VU I B A5 1 25 B A3 4 43 R 7,44,
6.66,3.85, FH LY Ll EGCG,C.TPC 3 4~ 4> 1E & & 3T
. S16.,523,S19 3 4~ DU JI| A Ry LI .

F10 EIBEFMREED MR ZSBANAEMPELSIAER
Table 10 Principal component analysis of phenols, CAF, TPC and TFC in Sichuan dark tea
%
% D E YA S % TR 2 Tk
EGCG 55.610 55.610 EC 1.680 97.865
C 17.133 72.743 CAF 0.928 98.793
TPC 14.823 87.566 EGC 0.692 99.485
GCG 3.763 91.329 GC 0.362 99.848
CG 2.745 94.074 GA 0.106 99.953
ECG 2.112 96.185 TFC 0.047 100.000
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x11 OINEBEFZETINEIRHESR
Table 11 Comprehensive evaluation score and ranking of Sichuan dark tea
FE i 53 HE4 FE i (Cix Hi44 FE i GG HE#
S1 —3.15 21 S10 —4.01 24 S19 3.85 3
S2 1.08 10 S11 —5.06 26 S20 1.88 8
S3 —0.28 13 S12 —1.10 16 S21 3.11 4
S4 —0.71 14 S13 —1.87 19 S22 1.89 7
S5 0.95 11 S14 2.29 6 S23 6.66 2
S6 —3.50 22 S15 3.02 5 S24 1.17 9
S7 —3.97 23 S16 7.44 1 S25 —1.20 17
S8 —2.11 20 S17 —1.74 18 S26 —0.73 15
S9 —4.40 25 S18 0.41 12
BLERWF T 3 i [J]. 28R 2%, 2019, 39(3): 231-246.
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