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WITRZ W H VC X RIBHT B RS MR,
DUPAlZZE SR BB IT & LA KGR B 2 i e AL By
JEFII BRI BRI S %

1 #EITTE

1.1 SRR ENEE

DOP A [ BB P i ki, &8
FHR(4EE =98% ) . VC (4LJF =99% ) . ABTS ., DP-
PH 2% D25 % G—-250 Folin — Ciocalteu i 7], 14 [
%[ Sigma AW, KA E ATCC25922 >k H [
TV B A= W o b R A B L, TEOK 2B (43 A
o) SR HORHET B R AL TARA AL, B
¥ LB 7 (R 3R ) S5 A db o B R A YRR
ABRAH],

Multiskan Go %Y 4= I + il #5 1%, 55 [ Thermo
Electron 23 ; GSP —9080MBE 7 g 7k =X 1 I 1% ¢
i, BT A BR A BB TT R AT 5722 B A
HCEETE, MR AT ES AT BR 23 B ; LDZX -30KBS
RIST R 28K, DRI 2R s RE -
52 R 78 AN, g 2w SIS A AT PR F] 5 LG
-18C RUE 2 B R 1AL, b 5 DU SR BL 22 AL ER
JPCQO0328 A4 %5 AlE A T B, s G H -
ABRA T DL-4C BULH KA 7 B0 ML, il % s
BRHEAER] s FW400A A5 37 gk AL, Jb BT
TR FRA BRAN T ; BS224S HUHL T K- | 7 [ Sarto-
rius 2N H) .

1.2 FEEWMEESNE
1.2.1 % %84 &

WA R AL 07 (80 H) JE7E 55 CHET & E
HOAHNERR, BRI TR EARLAE, 5%
IR (T IEARBUCR Z 8, HERIARBUCR MR oK
FE I 1:30 (g/mL) WORFHG (S i S O BRI
FEBD) AR H o ( L B8) = 50% 1K) 2 B K %
W, TE P I D)5 480 W B 30 kHz IR BE 45 C 4%
47T R 75 I A B AR B 15 ming B0 B EIE R,
0.45 pm A HLRJEME L UE , 2 B 0 TR A 15 5]
REZMERRA
1.2.2 X 4mEHibEEsHn

S 3CHR[10] , R = A4k B €8 J2 07 46 7 4%
Ly, RHAEZARME R WER 2SR,

1.3 kM ENEES

KA Sz 86 2= 4k ) DPPH - ABTS* - W%

SR B LW Ve LHRAY [ m (X%
W) :m(VC) =1:1,1:2,2: 1] BRSNS ALIE N,
AL EL 3 W, BOEME,

1.4 WMEFEDH

1.4.1 ZHHEAHENS HERHE

P AR B R I R (N BE A
PRRHE SR AL A NE 3 g, AR 10 g, BAE 20 ¢,
AL 5 g, 7K 1000 mL) |-, 7 37 C K 3: 4 %1k
K535 24 b, FHEERR R MRS 5 3 b BRI Rz Fh
T 10 mL VEARIE IR (A4 R B H PRI AAR S 77 2 . 4
W3, EAM10 g, LS g, 7K 1000 mL) H, 7E
FEIR iR 7 55 9% 24 h (JEFRIRE 37 C R &
110 remin ~") , il 7596 Fb PRV, FH 2K B A R 3 7K
BE1x10°~1x10" CFU-mL™" (%) .

1.4.2 oI E RN 2

KA mBL ek 2l ve MR A
PIm(FXLW):m(VC) =1:1,1:2,2: 1] /D
P ¥ 2 (minimum inhibitory concentration, MIC) ,
Bre XKW E I, 761 SiE P MA 1 mL
WAL FR3E A 1 mL ¥ H 200 mg - mL ™" 1)
FESE IR G257 N1 S0 P 1 mL RS
WWOMA 2 SR8, PRI SRR A 8% 37 3
RAH S LA 2R, 76 3,4,5 SiIEH¥ImA
I mL B AT — X R A W 1 mL WA G 55 2
TE 6 SR AN 1 mL IR AR FRER K A A R Y
WREEFRIE AR X IR, AE 1 ~6 5305 P 435
A 200 pL 3% 1k o B, ZE b AR 2E, AE 37 C K5 5%
16 ~ 18 h, MR E h 2 /A Wk K, WA W
TRV AR R A T IR IR 200 WL WA, U A0 AE T
s gtk FHESR 24 h, MR A W K, 1 E
FE SR MIC AR, 7E3% 30 P P R
WREBE R, [A) AR E— 20 2 MIC, B 4505
W2 AEE BCOFHE,

1.4.3 #H B A&

3 L e/ MR BE A 25 2 1 L5 VC IR
W m(ZEL8):m(VC) =1:1,2: 1 | (AW, R
AEARE N M A B AR, B 3 IR
HE L BCFIE,

1.5 HESH

K H Excel B2 1E 12 SPSS 12. 0 5444811
MR . 2 H R AT One-Way ANOVA 43
M /N 3 22 5 (1SD) A9 « K56 77k ,p <0. 05 %
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2.1 FEHHETESEENE

DUl A% 2 B 1 U 1) — S AR Ak Bl 2 s 1y
PHE, BABH I & 2R sy . e &80, $E Iy
Ly &N 39.04% +5.75% .,
2.2 mEMNFEHE

WS 2 W Ve M HAR &% %t DPPH - 1 Bx
RE T sE M, UL 1, ] 0 S 36 vk B Y TRl N, A%
2 VC M HIREGYW [ m(EKZW):m(VC) =1:1,
1:2,2: 1114 DPPH - ¥ % R Bl 45 A i Wk 19 7 &
MM, A 2 Ve KRG A —©
() DPPH - J§FREE TSI, B K Z B Ve KRS
P HT SE A IE PE S H e BOE R R B A LR
1, AJHIZRZES VCIRB YN EC,, (LEA S0k
JE .,50% effective concentration) {H{K T2 £y VC,
RAEYIT VC B ey, L EC, (ER AR, 2R

fEH ., DPPH - AJ L3 i s i 75 %% (rapid elec-
tron transfer) F118 3 & T~ 54 % ( slow hydrogen atom
transfer ) 5 H 8 A % 2B RN, By 25 A& P Y AR
TR N8 N, VO LR RS R A
P LA Y Fe R & A7 B T2 2 5 DPPH - 2

(i8] P AR A3 S B
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80 |
& 70t
iti 60
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Fig.1 DPPH - radical-scavenging ability of tea

polyphenols, VC, and their mixture
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Tab.1 Antioxidant capacity of tea polyphenols, VC, and their mixture and mathematical model of dose-effect relationship
ABTS 5.8 DPPH 955
RS ECso/ ECsy/
WETTH R WETTE R
(pg-mL~") (pg-mL~")
e y=0.0118x +0.053 2 0.9880 37.86 y=0.138 6x - 0.225 8 0.959 4 5.24
vC y=0.008 7x +0. 0727 0.987 8 49. 12 y=0.1017x-0.025 5 0.970 6 5.17
m(FKZW):m(VC) =1:1 y=0.012 1x - 0. 000 2 0.9957 41. 34 y=0.142 6x -0.052 6 0.9517 3.88
m(FKZLW):m(VC) =1:2 y=0.008 8x +0.029 8 0.9751 53.43 y=0.0812x+0.213 1 0.996 9 3.53
m(ZZW):m(VC) =2:1 y =0.008 4x +0. 003 7 0.9957 59. 08 y=0.1136x-0.0253 0.9494 4.62

x FFEAMRIE  ng mL !y R H RSB, % ; R? SRR R AL ECs, R R0R 1

PR Z W Ve R HIR A WX ABTS Y - H bR
RE S BWESE , WL 2, W IFE 10 ~ 50 pg - mL ™" ¥R
RN, X2l Ve KHREAY [ m(KZH):
m(VC) =1:1,1:2,2: 1% ABTS* - 75 R KRB &
f VR B ) T TGN, SR R AR, UARA AR
M VC IR G Y HAT —E 1) ABTS® - W B g
J1, BFE 1 THL ZRZEA EC, [EILT VC, &L
1: 15 R G I EC,, AR T Ve, HZEP# L
1:2,2: 1 Fih R & i EC, [ T VC, #78 VC
R ZW AR ER G G X ABTS® - i FREE 1
A—E R IR &, ABTS® - BEAT LA

A LT RS I B, A T LA e U T R RS
BR, AN, ABTS* - i ] GRLEEILAL ) I7 R AL &
Yok Az B (B4 57 4 e Ak 5 W e 4 SR AL fiE 1 T
K IXATRERIE AL VC 522 W LIA IR LR & 5
XEABTS* « i B 68 7 19 5% Wi AS S T3] 174 i DRl 10
MR 1B nl B FEA IR E S ABTS - JEBRTGTEZ
[HEAIOC AR ARG R 1 (0. 975 1 ~0. 995 7) , Ui ]
e BB LE BEBGR R TR E S I AR T
A FE AR Ao B R O

ZE LRI R 2 VO B EABGRM A LS

BRIGPE, P LUREE LR & Jm R B — 7 A 1 2%
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Fig.2 ABTS*® - radical-scavenging ability of tea
polyphenols, VC, and their mixture

YER ., Majchrzak 217§ 55 % B, 16 21 25 L HU) o
W Ve JE PR LT S T e, e SR &
I, 95 T R e R TR IUE £ B QI S i BB PR RS
[N FEAS 2B 5 VC, 0] DL S5 R i 3 P9 oK
- BEE LR B S AL N HOIR A IX SRR R R VC
X2 22 Wy Bt B AR T 1 AT e B A AE . Dai
LR, R 2P REE TR R RS TR
( (-)-epigallocatechin-3-gallate) 7] 5 7 4 44 7> A&
A AR S RN, 77 2R ARk A R VC AT DL Jit
REH A A R REEF LR E TN
A, XATRESRRRZ WS VC IR A WPt B AL TG M 3o
I
2.3 HIEER
2.3.1 JAAPHIRAE

HATZRZ W VO R AR G WX K IG T R BRL
BAWFFE, WA 2, AT VC 78256 B T B P %ok
kT A B B IER , m(8 2 M) 5 m(VC)
(1) 1: 2985 W6 KIGAT B R A0 i VR 825, T m (2%
2 KIS m(VC) I 1: 1R 2: LIRS W40 5 1%
PR, H MIC HYR K 56,38 ,46 mg-mL ™', A[LIE
LR ZES VO DIFRE B (1:1,2: D IR G R
AE 7 A 358
2.3.2 AR

TR Z WS VCIRA YR RIG AT B e /M
WS WK 3, R 3 A MIC SEE AT, m (5%
L2 M S m(VC) A 1:1,2: IR S Wy A3 s s v
B, N T 2N AR RE ), ORI AR I
e TR B B, WLAE I, YA s R 100 ~
250 WL, Fifi 25 4 b 1 AR 380, 910 5 P AR A

K2 RMFFIE B/ MR IR BE SR 45 R
Tab.2 Minimum inhibitory concentration

against Escherichia coli

p(FEfl)/(mg-mL~")

EETUIEN
0 383 46 56 60 70
KL + o+ o+ - = =
vC + + + + + +
m(ZRZH):m(VC) =1:1 + - - - - -
m(ZXL):m(VC) =1:2 + + + + + -
m(ZRZH): m(VC) =2:1 + o+ - - - -

+ FRARER, - FRTREK,

B, MXTE ,m(RZ2W) 5 m(VC) 1 2: 1IRA
YLLK 2R 22 W3 (40 B RE B, P 2 R 3 w]
HL,m(ZZ2) 5 m(VC) 1Y 2 LIRS A 3 15 1
e W ET VC(p <0.05) B8 & TA5 2, i B
Pm(ZEZE) 5 m(VC) PL—E il (2: 1) IR & fE
gy an HoW K AF B B R BE . HOTED 5
UEBA KT VO ZEARAN AT LAl TSR BERT R, 1
WU RIS R R, R 2 S Ve DL—
S AP B AT DA g JH X A 1T MR BT 1 0 o
UL R BG AR S5 AR —B, AW E ]
AIFLER 20 4=, VC W] Rl S i 5 0 K i A
TR P SRR JRUIR 2 1y 20 & 45 2% 22 41 v i

IR

20
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= 13t —am(AE)m(VC)=1:1
12} — R B m(VC)=2:1
1t
10 1 1
100 150 200 250

Vipl

3 R R S g2

Fig.3 Diameter of inhibition zone against Escherichia coli
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WHZA L5 Ve IREY [ m(RZH):
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HRRETRZH VC, m(ZFKZWH) 5 m(VC) K
1: HEEWH ABTS - WHBRIEMES T VC, E£T A
P FE T B 105 1 5 R i R P 22 ] i o R A A
PR B INAE, m(KZH) 5 m(VC) 1)
2: RA W KA o I s s e i e TR 2
Wy, X285 Ve DIRr LR A S, H H3E1E BR
AE 7 SR TG B AR, A5 I
Ml1ZE A5 TR BE T 2 LA KR 78 6 it v Jin 5] B4 e o 41 1
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Synergism of Antioxidant and Antibacterial Activities Between
Hanzhongxianhao Tea Polyphenols and Vitamin C

TANG Yukuo, ZUO Congcong, LI Jiaxiao, LI Lu®, ZHANG Huafeng”
(College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi’ an 710119, China)

Abstract : Synergistic effect of vitamin C ( VC) and Hanzhongxianhao tea polyphenols on in vitro antioxi-
dant capacity of was investigated by DPPH + and ABTS" - assays. Antibacterial activity of the mixtures
of tea polyphenols and VC against Escherichia coli was analyzed by broth dilution method and Oxford cup
m(VC) =1:1,1:2,2:1]

exhibited strong ability to scavenge DPPH - |, and their EC,, values were lower than those of tea polyphe-

method. The mixtures of tea polyphenols and VC [ m (tea polyphenols) :

nols and VC. Moreover, the more VC the mixture contained, the lower ECy, value was. ECg,value of the
mixture of tea polyphenols and VC [ m (tea polyphenols): m(VC) =1:1] for ABTS " -

er than that of VC. Mathematical model based on dose-effect relationship between antioxidant capacity

was slightly low-

and sample concentration possessed high goodness of fit. Minimum inhibitory concentrations against Esch-
erichia coli of the mixtures of tea polyphenols and VC [ m (tea polyphenols):m(VC) =1:1,2:1] were
38 and 46 mg-mL ",
nols): m(VC) =2:1] was higher than those of VC and tea polyphenols due to its relatively large diame-

Antibacterial activity of the mixture of tea polyphenols and VC [ m (tea polyphe-

ter of inhibition zone. After tea polyphenols were mixed with special quantity of VC, their free radical-

scavenging abilities were slightly improved and antibacterial activities were notably increased.

Keywords: tea polyphenols; free radical; Escherichia coli; vitamin C; synergistic effect
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