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Study on the relationship between the composition of tea extracts

and its in vitro antioxident activity
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Abstract: In this study, Maojian, crushed black tea and zymic Puer
tea were chosen as representative of non-fermented, fully-fermented
and post-fermented tea, respectively. The composition profiles of
ethanol/water extracts were compared, and the antioxidant activities
in vitro were detected by oxygen radical absorbance capacity
(ORAC) and DPPH assay. In order to confirm the contribution of
each key functional contributors, recombination model of antioxidant
compounds in tea have been built and studied. The results showed

that ethanol extracts contained higher contents of tea polyphenol,
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caffeine and prolamin, and higher antioxidant activities detected by

ORAC and DPPH assay. while higher amounts of tea
polysaccharide, gallic acid and theanine were found in water extract.
Correlation analysis showed that antioxidant capacities of tea extracts
were mostly influenced by ester catechins, such as ECG and EGCG.
The results of recombination test showed that catechins and gallic
acid were the major compounds responsible for antioxidant activity of
Maojian extract, whereas other bioactive compounds might also exist
in fermented tea. i.e., crushed Black tea and zymic Puer tea.

Keywords: tea extracts; functional components; DPPH; ORAC; co-

rrelation analysis
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Table 1 The information of tea samples
AR A2 Fah i
EPNEN-A 23 fFRER LA
LI (R RBEXRD FAR LA SR
BAROUG REERD SRR PN =W

1.2 {UE
WEHZE KA RE-52A AL, R W R AL
B K EL 204/EL3002 B, |- i i 45 830 F1) 24X 4%
IR
B 7 D Ve A - KQ-800KDE B,y 75 45 B 1L 7 i 75
XA B2 T 5
PRV H S . Q/320683AAFA02-2005 #1,5 000 mL, |
W AR BT
PR R 250 B AL . DFY-500 Y, 3804 17 AR R AL A A R
PEF KX FE A SHZ-D D AL TL ST T4 BR
AR
35 4T - XBridge Cig (5 pm, 150 mm X 4.6 mm) %, 3 |5
Waters 2\ A 5
B A 2L 354X : Waters-600 B, 55 [E) Waters 2\ 7 5
Z I GE 5 1Y : Varioskan Flash &, 3% [ Thermo Fisher
Scientific 2 7 3
AT L 43 656 . UV-2100 1, F )6 J@ #f UNIC
B AR A .
1.3 ikF
WL & TR PR MER AR . OB KSR .
EAREY 5 K B RR 4. & VY 2 R — 4 (EDTA -
2Na) .+ Kk &M S —# (Na, HPO, « 12H,0) . — /K&
2 AU (NaH, PO, « 2H, O) 4 % Bl - 43 #7 4, [ 25 42 [ 4k
FIRA A RAH
P B A i 001 > 98 %0 S B A W AR A B A 7 5
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FOCREN AR =>9900 , R IR R A RS H 5

HHEE . - B35 2 T8 E Merck 24

1128 3= 0l 35 K BF (DPPHD LK i 4k 4 % E
(Trolox) A2 F2 .2, 2 R & — (2-F P H b —h R+
(AAPH) . EEE TILA R HE F]REE (EGCG), LE &
(O FEBEBETFILAE R (EGO  HILFZE R K& F M (ECG) .,
BETFILFER GO A F IR (GA)FRIE R 405 >98%, %
[ Sigma A7,
1.4 KW HZE
L4l KA KRR REad 40 B . BRI 50 g 258
A 80 % Z sl 24K DRHBE 10 12 (/) T B 3
FEWC 2 ho VA5 IR L BB VRCR RS 28 R AL e 4 & 100 mL
Zi Ay AR AR BEAR Y ROK SR Y T 4 CI AR
1.4.2 FEYREHRNME SR GB 500932010 H{EE
FE R DI EEER,

c="21%100% . D
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Ko

e RO BB B R 06

WHW T R e E ., MRG R X TYE
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Rt E.g.
143 ZF42W) 2 I Re M 4 & i E

(D) ZZ W & & W E . ok AR @k, & GB/T
8313—2008 $h4T .

(2) ZZHEmIE SR HAZEB-REmE" .

(3) i B R BE R & B W A < oR FH K A B0 = B €8 325,
GB/T 8314—2013 47,

() JLEZE HERK 313 TR (GAD & & I E R 5%
WA . Fi8 GB/T 31740.2—2015 $h47 .
1.4.4 DPPH [ HIEiEBRAE MG MR Zheng (7
BB T W 2 mL REYERAREMNTR G B BRER S
2 mL DPPH Z E#5 K (0.2 mmol/L) % BETR &) ¥ & i
SR 30 min J5 . F K 517 nm & 5E B OG B (A ) o
2 mL oK ZFES 2 mL AR A WA WOGEIE N A s B
A5 1 JE K AR 2SRRI AR OB AR IE A A conror » 5T LA
Trolox fE N FHMEXS B, DPPH B i 534 by E #0215

my

C=— AiA'ilA bk y %100 % 2)
A

C— DPPH {51 %. %

A e ——FE G (FE 5L 5 DPPH 2BV W0 19 W G 18 5
Ak 25 A RE S (L FES 2SR AR 8O 1Y WA

A comro—— X BB (ZBE 5 DPPH Z B 1) 1 W% Y6 (8 .

PR i W B 5 X N B O T BRR AT LA BT 4R
PEENE R . 35 BR 3R 50 Y0 X Ry B RE b B BH 1 e IR A v i
Bk ICs 1 .

1.4.5 48 [ HETEBRAE S (ORAC DM % MR Lin g0
fy )5 i AE RO < T pH 7.40 BERRERZE MR (75 mmol /L) i
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it F A% B AAPH . 2200 2B 2k . Trolox K A3 A fy 22 A1 b ¥k
BE . 7E 96 FLAR MY B AL AR YOI 25 pL 2 32 U 6 R T/
PRSI A pH 7.40 (W B R £h 2% v 58 Trolox b ¥V -
7 nmol/L MR 75 pl. 96 FLARAE 37 CF BEAT
10 min W H 5. N A AAPH % i (12.8 mmol/L) 100 pL, %
FBEAR AT A6 TH I B0z I 152 8 R 351G 485 nm 2 363 KK
538 nm) , iz W 8] 120 min, &1 min 352 1 %, 3% 121 k.,
il £ Jr B T AR 2 5 (D THEE

AUC=0.5X(fo+ fro) +(f1 4 foteee + f120)s (3

K

AUC——H £ T 77 i T B 5

fui%}]ﬁé%%ﬁ\@f,a.u.;

fi—% ¢ min I A ZEIEIREL . a.u..

NetAUC = AUC mpie — AUC ppani » H: 1 Trolox ¥R 5 4
MR Net AUC B IE FemT gt vy J5 2 6 A Net AUCHRAS
. BI4F ORAC fH., FEY M ORAC A WA E 7w T4
JiAH % F Trolox fy+# (pmol TE/g « DW),

1.5 #iESH

IR AE R LA M+ FR i 227 R (n=3) . R Mi-
crosoft Excel 2013 {E &, SPSS 20.0 k#4741 3¢ ¥ 43 1 Fil
FLIR R 7 229y B (P<0.05) .
P AEE
2.1 AEFERDYBREERIIGEER S DT

AR 2B IR Y KOK R YR 1215 3 X F 2 Re o)
TR LR 2. ARAFILIY) (tea extracts, TE) IR #2158 H
A5 (P<0.05) , ZLR A A T R K 2 90 1) 15 5 8
T RSP T AE PG AR T2 B SR 8 i T RE AR BB AR
HGH Hh A 2 W & I 2R 2 B AE 800 Z BEh L4l
K F B AR O B T LR B B A AL R ) KoK
PEY) P AT A AR #8245 B B 4R = T % > L0 %
Hhm ) EHEBRERY (36.89%), % EEI) etk
SIS W i B AR S RO MEROR 2 B TR VEH
BB HERR B

x2 AAFRIYBEREVERSSE'
Table 2 Extraction rates and concentrations of the functional components in different tea extracts
e P KW/ 2 i B/ WAL TR/ HHFT/ AR/
Tk AR e e (mgeg ' *DW) (mgeg ! «DW) (mgeg ! +DW) (mgeg ! +DW) (mge+g '+ DW) (mg+g !+« DW)
{EPHEL 36.8940.45"  474.91410.10°  108.86+0.67¢ 75.8141.56¢ 8.45+0.27° 57.584+0.98% 23.1740.13¢
EEELY) LTREZE 21.3840.217  261.1846.67° 115.20+£1.58¢  80.2640.65>  23.09740.16¢ 54.3741.410 59.01+1.60°
WL 28.68+0.560  262.27+4.34¢ 96.45+0.250  114.17+2.37° 66.75+0.41% 46.91+1.72¢ 24.31+1.52¢
fEPHER 34.96+0.14>  389.05+2.10" 211.10+£2.79¢ 56.3940.10¢ 29.7840.08¢ 30.6040.74"  135.05+3.08"
JKAEY) LITEZE 26.0320.10° 234,892,669  215.78+1.20>  63.69240.089 36.6540.39° 35.10£1.01°¢  109.7942,78"
WA 30.104£0.03¢  242.3141.75¢ 240.30£2.21% 81.294+1.69" 53.114+0.39" 41.76+0.704 26.7940.164

T RIB R AR TR R 28 B 18 47 75 2 35 7k 22 7 (P<C0.05) .

3 PR MBI YR 2 M A R B A UK IR RO
ZHE 80V I R RIS SR TE S . fE AR 2 MR I
PP A g I - ek R (P AR L N L =<
Hf5 A BARELAR Y (474.91 mg/g » DW) 31X 54 K/ fm T
TEH K. S5 T 25t Rl i A £ B R
LI R T K B AR AR T . 28 KA B 5
R R A E R S A S S AL BRI R 2 B & A
ANARTLL A 0828 T R, T 0 225 0 e L2 iR A ) R 5%
A e 2 T 80 2 Y TR & o T

fHBH B AR RS H AR KPR B D E
T B S AR AR Y R ) 1.94,1.87,3.05 5, KWK
LB A MR e AR U R . KR R 2k 2 i
B ERHER W AT > LR > B, S ER
TR TR 2S£ B (240.3 mg/g » DW) 8 25 75 4T e 4%
FE B (P<C0.05) X 5 B 5 LB B KAy
A FH A 0 25 e 28 40 M O o] VE R AT 5T,

PRIy oo e B B AE 2 R R T2 P s R —
B, N W TS > L WE S > 1 P B 4 I B T VS i A
NG B R R o B R T B AT AR O S SB35 AL St i e
FEERE TSR B TRERZ WS4

JCHA T AR FL AT AR B T O B 2 AL A L 2 AR I
P B ERABR TR R . KRR E A R
Bk oK BRI R E R A IR Rl T AR 8000 i K
PR 2 0 e LAV i B A B T AT O Y T SO B A AR
PN AR K R Y b s e B R TR R Y. HOK R
AR B B 2R L 21 R 2% 0 2R 2R 20 B O TR R 5. 18,
4.03 1 X EZIE BRI T ZH I BHUEM AL S BOR R AR
BEWEIR 27 ik R R AR

AIEZRARB Y 5 FOLE R E AR ILE 3. JLARR
S 2 By W BT AR R 2 2R 2 R T006 ~

HEE(P<C0.0D) ML R B N 0,928, Ui LK R BB ALK
FRTHENMBASEZH -8 ERYTILEZLED
F TR (P<<0.05), KA G BREE Y LA R B &
H i (451.88 mg/g « DW) ., Z1 WA 5 3% TH 2SS M 4 4 K&
KEVWILEZ S ET LR EZESR U EHER 2 Fhi
PR 1/7 & 1/3, ANRZEEIN T LAARREERILAE R
TREFDPENFEREHA. XTAXTZHRSI4RE
WL RO B R LR R S AT 75% . AR
T/ 17 Lo 4B (TR 0 L2822« 17 B0 LS 380 8 g JL A 7 1) D R
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Table 3 The constituents of catechins in tea extracts mg/g « DW
R A LA & BRAL LA %
MRS LRR A
vr RRL C EGC EC J8is ECG EGCG 58 fis /A

B {EBHELR 451.88+17.99° 24.87+1.12¢ 40.71+4.84* 24.98+0.39* 90.56+6.35° 97.25+4.32* 254.08+7.31* 351.33+11.63* 3.88

AR P S 66.731+0.98¢ 18.0840.13"  6.204-0.244

Y EEGE 65.3941.64¢
K AEHBER 148.1246.54°
BooamR
B MEHBE 42.2141.264

43.224£2.491  15.584+1.26°  3.82£0.01¢

11.50%0.06¢

6.9340.11¢ 31.21+0.48¢ 24.1940.29"
11.5440.264 10.8740.37¢ 19.28£0.02> 41.69+0.65¢
18.64+1.22" 24.2541.44> 18.0840.24¢ 60.97£2.90" 22.2440.08¢
4.3740.26'
6.58£0.09¢ 10.52£0.15¢ 28.6040.30¢

11.332£0.20¢  35.51£0.50¢  1.14

15.10£0.93¢ 8.61£0.06¢ 23.7040.99¢  0.57

64.91+£3.56" 87.15+3.64> 1.43

23.77+£1.53"  9.4640.64°¢ 9.9940.31¢ 19.45+0.95"  0.82

6.6240.36! 8.0040.61¢ 14.6240.96¢  0.51

TR/ AR R LAS B A R T AR LA R Y HUE 5 R 9 AR % B[R] R B8l A7 A8 i 35 P 2% 57 (P<C0.05)

PR A B B 2 110 2 0 R K R W B 41 T A e AR A g /T
PAE#R T 1,40 5k 3.88,1.43,1.14, R W] n] B H A &5 1)
T R AL R R M o RE AR, B PR AL B R AR
P 2 0 M i A AT L SRR A 0 AR AR T o
XLk EGCG #1 EGC i M i 122

22 AEFLERPYWRELFED T

2.2.1 A AMBEWRIAES A BRI 13k 2 Cao
S0 FE Glazar™") B BIF 95 S Al 70 Ok A — FhDF 4 B S
A ARG M 0 A2 7 i, B RO 3l 2 R .
ORAC LA [ H 3L IR 28 6 B 5 809 0 9 3 28 b i I
B, Lk Trolox 5 it b1 e . 92 Y6 2 414 98 6 ¥ i . AAPH 24
A AR . MPLELFIE ROO A i3/ &5 %
Y IETR AR, SR T S WA SO s AR A AR AR . dn
F A PR AT ZR KB Y ORAC B #6225 T H AN
K 0 U5 T AR A 1 AL 1T R T AR T R R . AR R
3PN ORACHAR BEFEES, HK/PIFF N {5 HE
> WK > LIRS . AR AR A R ORAC ¥ H
16 P2 AT AL BE I R G > B> a0 K SRS
SR —F, 3 P AR MK WA — & R A Sl RE
JIATE .3 25 5 (P>>0.05).,

2.2.2 %I DPPH [ Hi3& 19 75 bR Ak 20 it 4 50 ALK
Marden Blois™ 42 i1} i) DPPH [ 3L Bk B8 ik B2 &
J 1A PEAf RO B G ) B O SR B U A A1 Bt AL Ak R T
WHIT . ARZEEE Y DPPH [ 3% 19 19 2 807 B
RUC5) MF 5, - e i 5 FoxE N (1 DPPH B B
BRfE A R R (MK R ECH0.993~0.997)

x4 AEAMMZEMIERKE ORACHE'
Table 4 The ORAC values of different tea extracts

IOk L ORAC/(pmol TE + g~ « DW)
fEHBR 10 083.0+256.2°
fi 32 ) FANTS S 6 051.94334.6
RIS 7 353.64-198.5"
fFMER 6 209.24262.9¢
TR AR LR 5 477.24243.3¢

SRR/ 6 034.24334.8

T TS JE AR TR AS () R RO A7 A8 i 3 4 22 5 (P<C0.05)

ANEZE S BELR W 1C 50 (B 2 25 I8 T X B (¥ 7K 42 9 » 130 W) e
Y RA IR DPPH B 2 BRAE ) . 55X BRALAH H AL
AEMHERERY N DPPH A G R T B F & T
Trolox, 2 FRIY th % H 2510 IC (HBAA B 2% 5 (P<
0.05) s H R/ P —B0 A5 HBRL > W H ALK > k. A
LI E & 24 DPPH A B3R MG RAE D KA K
BERBLERE VA B T RBEA . SATRER -8 X %
BT AALRE 132 N T L2,
2.2.3  IRANGLE AL M 5 LT RE M A A R Y AR DG A
AN ZR R T AR R A S R S BT A AL RE
(ORAC K 1/ICs fED AR RPE LR 5. X2 W& i 5k
Y1y ORAC & DPPH {f & i 35 IEAH & (P<C0.05) . #H % R 4K
3 0.897 B 0.914, KW Z By & &l 2 $E W %t 480 B
H12E 5 DPPH [y 25 (0 7 bR B8 1 A o, L 25 S BRSS9
WRAFILERARZH P EERB G 0f FEILER

F 5 FAREGK DPPH BBEFRE S

Table 5 Activities of scavenging DPPH free radicals for tea extracts
REIE KA 15 75 12 IR ICs0/(pg + mL~! « DW)

FEEYR  y=0.227 9 —2.062 3 0.996 9.34+0.39f

257227/ AN PN y=0.437 20 —5.035 7 0.996 16.7540.14¢

LIS y=1.847 22+22.441 0.997 14.9240.114

BEHEAR  y=0.426 10 —4.766 2 0.994 16.540.06¢

KEREC LD y=0.628 20 —5.130 9 0.995 26.28+0.05°

WIHHAE  vy=0.650 4x—7.192 1 0.993 25.3340.04°

XPHRZH  Trolox y=0.197 12 +2.765 8 0.996 12.7140.15¢

T TS A AR TR AS () 2R KO 647 75 8 35 4 22 5w (P<<0.05)
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St 5 ORAC i K 1/1C {H 2k & 3 1F 4 3¢ (P<C0.01) , 3L
H ECG & it 5 ORAC J 1/1Cs, #f 5 B 3 M 64 (P<
0.01) ,EGC.EC 5 ORAC {} 5 # & 2 1 26 4 (P<C0.01) , i
5 1/1Cs 5 B 34 % (P<<0.05) , EGCG W5 2 441 & 48 br
B W M S (P<C0.05) . (B 1 B A A2 . JLAS ZE A g/ faf
5 ORAC il 1/1C;, 5 & 3 #H & 44 (P<C0.05) . 1 W g / 18] Ho
B8 g LA O 1% Bt Ak e O B L T R LS R CREI 2
ECG) Y & it 252w A5 424 v 40 B i 3k S DPPH [ i 5615 Bk
REHMEERE,

R6 FREMPERSSESEIIMIELES
MEXRY

Table 6  Relationship between the functional components
contents and the anti-oxidant activities
P34
%

ORAC 1/1Cs0
e —0.543 —0.712
KZ W 0.897~ 0.856"
HH R 0.523 0.667
BETR® —0.465 —0.550
g e 1) 0.107 0.151
KA —0.384 —0.393
ILERBH 0.944 % * 0.918* >
EGC 0.946 * * 0.882~
C 0.696 0.757
EGCG 0.815* 0.885*
EC 0.922* 0.841~
ECG 0.921*~ 0.936 "
g / 1] 0.886 " 0.894 "

t % TIRTE P<<0.05 KT FERFRBE, *
KV LERBE,

224 HAMUAMATEHSIILER BETRIBENER B
8 Lh b5 M b S 3 B0 57 308 BOME S M B g 5 RR LS R A
WAL F AR A I AR B AR 25 25 S8 4 vh i & & (3R 2.3) iR AT
W F bR SRS Y STE, 3l i i I L4 TE J¢ STE 1
ORAC.DPPH g, #E— 2B ¥R 58 5 Fi L2 5 7B 1 B2 X A
i PT A AL BE ) 19 STk 4 A . ORAC #1 DPPH 9 53 ik 3 43 51

x FIRIE P<0.01

e () (5.
~ ORACg ,
T ORAC X100% , 4
_ DPPHgy ,
"= DPPHue X100% , (5)
A

R,——ORAC [ 5#k R, % ;
R,——DPPH [ 5Tk 3, %

ORAC g PR IR G 11 ORAC 18 ;
ORACry—Z& M 2L i) ORAC H 5
DPPH sre b iR A ¥ DPPH 8 ;

DPPH ws— M2 BU 9 DPPH {i,

HIE 1A %0,3 #2549 STE-E & STE-W [ ORAC {H %
HARN MR 2R B3 . [FHER STEE ) ORAC fi1T
Mk A 38 90.08 %6, A HAME PHBAREEIR ) h 1 5 Al ULAS %
R FRR I B RSB A ) ) R STk . AR R
S WSS 1 21 1 2% M % B A5 1 STE-E 53 ik 2% 43 7 X R
45.94% J% 45.13% A3t 50% . W & BEEUS K RE L
Za,— HELR R W& S b R W0 AT T w2 B LA
P PILE R LR E TR UA A TR B, 5 —Jr
T 38 2o 2 R & T 3ok A 2 A A B A P AR TR PR
Fi. BHEE R AFXREZHAL=YREEALAR
L 0 e A T

120001 ﬁg%EEE

_ —~ 10000 @ TE-E

o = eoo0l g3 STE-E
O P 7
’ /
2:; 6000 %
S £ 4000 %
= 2000 .

0 2 B B2 ) oK AR W) v 0 R S e TG R S AR TE R S (B C
EC,ECG.EGC.EGCG K% & FM)

A1 FE &5t R IR ZA B AR & 44 85 ORAC 44
Figure 1 The ORAC value of different tea extracts and the

corresponding standard mix

M 2 7,3 B4 STE-E & STE-W (% DPPH {# %
HOM R )2 82 22 57 B3, o E B B 4R STE-E X 5424
BT AP DTk I 1 L 36 61.31 %, T 2L 4% STE-E A%,
N 23.30% . WK H 3 FiAc STE-W [y DPPH {4 51
ik 2% SR K (34.57% ~43.44 %), 6 F STE LA (5 HE
& STE-E SiEkF M d 50% , UL W25 29 bk 5 FlLAE & K
W TR HAh By REPE Y 4T DPPH i3 B o e T 8 2 4E
F o TE S 28 0 D2 R 6] 5 i 2% 26 STE-E 1 STHR % . R
RWER P ILA R R E TR TR B KT RBARRY .

70007

| E=ITE-E

. 6000 mm STE-E

T ' 5000 @ TE-E

£5 5 4000 &3 STE-E

=9 Jan) =
= Z = 3000F
= £ 2000t
~ 1000}
071 ZA %h‘ =
[ EEERN FAN LS S SR

TE-E.TE-W 43 5l 5 2% - B 42 4 Bk 424 5 STE-E.STE-W /3 Jj #5 A
I 2 B KoK 32 W 1 8 43 % e TC SR AR A R S (G C
EC.ECG.EGC.EGCG J ¥ £ Fi)
B2 RE AR R BUR B AR SR A4 Y
DPPH A WL # kst
Figure 2 The values of different tea extracts and the corre-
sponding standard mix for scavenging DPPH

free radicals
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