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DPPH F 517 BRAE I PE I T B AT 2 W Bt AL BE . S5 EM, 0.2 g M FEE A D% 160 W T,
T e AR BT 25 N LR 60.01%, WORF L 49.28: 1 mL/g, 7 BF(A] 25 min, #75 IE 30 °C, MZ RN
19.905% (B UF(E R 19.83%) o« = R R FIINT B2 2B A RIEAPLAGE ), MBEANEF . BREA M.
DPPH A Hi3E3E 1 1C,, [E551°0 7.96 pg/mL . 7.22 pg/mL . 0.433 pg/mL.
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Optimization of extraction technology and antioxidant activity study of tea
polyphenols in sun-dried green tea from Fengqing large-leaved
species in Yunnan Province
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(1. Yunnan Institute of Measuring and Testing Technology, Kunming 650228, China;
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Abstract: Using sun-dried green tea from Fengqing large-leaved species in Yunnan Province as raw material, a
Box-Behnken design and response surface analysis was applied to study the effects of ethanol concentration,
liquid material ratio, extractive temperature and extractive time on the extraction rate of tea polyphenols based
on the single factor experiments. And the antioxidant activity of tea polyphenols were evaluated using the
scavenging activity superoxide anion (O, ), ‘OH and DPPH- free radical ability. The results showed that when
the ultrasonic power was set at 160 W with 0.2 g tea powder, the predictable optimum ultrasonic extraction
conditions for tea polyphenols were as follows: ethanol concentration 60.01%, liquid/solid ratio of 49.28 :

1 mL/g, ultrasonic time 25 min, and ultrasonic temperature 30 °C. Under this optimum condition, the total
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extraction yield was 19.905% (the tested value is 19.83%). The tea polyphenols of sun-dried green tea from
Fengqing large-leaved species had an obvious antioxidant activity, the IC,, value of superoxide anion, -OH and
DPPH free radical scavenging ability was 7.96 pg/mL, 7.22 pg/mL and 0.433 pg/mL, respectively.

Keywords: large leaf species; sun-dried green tea; tea polyphenols; response surface analysis; antioxidant

activity
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AR RME R H RS, s A FE
PSRBT FT IR . KRS LI ASBHLAS, J& 1L
Z5Fh (Camellia sinensis ) , J&1E 2 A Bk A S BT &
T AR ER R EA B SRR R A, 5
RTEAR L ANFRAREGFEITIN 2 R R AT R AL
B PE R XD K I b RVl 98 I 2 << JRUBR
KtFp, L B e ve i R B s, E2 010
FEFPY SR . s RFAr A 55
Z W WIHEIRAE D RERL 5T . 25218 (tea polyphenols,
TP ) &AM Z I 2P T i BRR, LA R I (B
P ) | BT B R RS AT R PR B 4 1 TR
K RBREMBRFMEYNE SIS, X2 Wb Eh
B LA ) B & W20 B2 i 6675 R 1) 32 22 AR
2z —, W REZE A PR T RE R EZE Ry 21,
AR GE A, 2% 2 W S 05 M A HAT fif s At
RATE R, BeAT ZCHBH Lk O P 1R A B,
it BRE B 1% 2 255 Ry a5 v B R R AR B | AR ),
FEED T ARES | Aol SEATEAT TIZ P R
L SN 7 45 22 B O 8o B S FLAS R0 58 19
e,

8 75 S e B B IS 22 iy EL AT B T S0 R Y
e 55, 4 A W 7 TR A3 A T AR AR S AR R IR T 2
TR 2R Z MR U SO Az —r, HEL, o/
N P O P AT AT A ol I P TP
Z AR T B O R A b, H BRI
LWL R K LEEERAERT 0, BT I £
K SR EUS Z i R s e, R, AR DL &
R VR 7 A R R I I 7 B 2% o Rk, SR S
WA BN PR 0L, DL CBVREE L WRORH LG L A ] |
PR RN R, W55 T AR 2S804 4%
22 B B WSR3 ), 3 e v 107 T P f AR B T2 2%
1, FXF AR T2 A3 2 A A5 2 B 4R B it A TR A1
PUEACTEHETEAN, LI 25 m KUK R Rl B A%
()T 2 R SR A 7R D R B 2 (AL B AR

1 #MR5RF*®
1.1 iRy

T 2 B e V8 7 KU R R il 7 B 2% (FKAS ),
T 40 °C BEEE PN T 2~3 h, FIRREOLE . o 40 H
0, BEREOCARAE . 1, 1- R B 2- = RS SE R (1,
1-Diphenyl-2- picrylhydrazyl radical, DPPH) Il§ F [
R YR AR AR . WE TR, fE AR
) BRTREN . £ BT R = 4y 4l
1.2 FERENUEE

Gy IEIERETE: WEI200, JoJeA (13 ) {4 R
SNl TR AR224CNCREH 3) 0.1 mg), W58
A8 CH M) AT BR S |5 B8 P I eI 5 2N
KQ5200DE GHEF % 40 kHz, S /GBI 200 W),
WivL R L S T AR A BRA AL B oL
TDL-50B, &SRl o
1.3 RWF5E
1.3.1 ZRZMmbriEih4k

RS > 98 0.5, 1.0, 1.5, 2.0, 2.5 mL Jfi
HIREN 1 mgmL WE FRRARMERE T 50 mL %
s, FVKERBZIEE, BT R R AR
B E 5 MBI RN & TR TR 4 1.0 mL
T2 N, AR N BUIA 5.0 mL
10% AR E R, #5257 KW 5 min, A 4.0 mL
7.5%NaCO, I, IKERZBZE F5. | T
R 60 min, Il 5E 765 nm P KT AW . MRS
WE IR TARRMOCE S B, RIVEbrEITZE
132 RZWHEEBCRAIE

HERR AR IO 075 A28 iR R AR i 0.2 g TS
H, A —E 1 BRI, TR s vEds T, [
TE R TIRN 160 W, #£— & A R 4T,
Qb B — 5 FO R P B I, 0, MR 3T 100 mL
M7, FHKE 25 A S B . AR S HURE )
B 1.0 mL F 10 mL 2w, ke s 2205,
FEAIS 2R AR IR . B 1.0 mL 30 ¥ 442 BB B ik
131 I 5E TR A 10% 48 AR 57 A1 7.5%NaCoO,
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VWG, DISE 765 nm P T BN GRE . AR HE 2%,
HE 2 I RO, T AR
KL BIREE = ‘% < 100%

K p——F T R LW TR E, mg/mL;
X—HREAHEL
V——UBWR AT, mL;
m—E B, g,
RN R
HERIFRI 0.2 g 50, 43 B 58 T ORI L
L | R P LR R P B TR X 25 22 I P O 9 2 )
1.3.4  ma by PR Z BRI T2
FER R B R IERE T, DO BEREE R
AR [R]85 1R S Box-Behnken 50 511 H 2%
i, IS 2 M $ By S g it i e {8, AR fk =
B KRR B4 h A 2 R U T 20554 i
oy T TS g R 2R SOKE LR 1,
1 WEEERRAOENIERMKFE

133

=
SRS 3 WOk AR, AR
% (mL-g") min °C
-1 60 30:1 25 30
0 70 40:1 30 40
1 80 50:1 35 50

1.3.5  RZ MW BORT AT M 55 e
1) 8 S B B T R T )

SRR 5 mL MW P A 4 mL Tris-
HCI(pH 8.2) 25 thift K A R AR A RE I RE i, R 25
4 5mL, T 25 °C fER/KHLE 20 min, fIIA 0.2 mL
Tidhat AR = (10 mmol/L, ¥ T 10 mmol/L 5%
W) 51 & BN, HERREUN 5 min J&, LA 60 uL 0.1 mol/L
(BT IR IR /K V8 T 28 1k SO, AR I BT It 7R 7K
WM A, T 1 h INIRE 420 nm 3K T 96
JE Ao AR AN

oo 1= (A3 —A4)]
1 = ﬁ
s A —— SRR RO
Ar— NS FNABIR = W e A 5
AR G ;
AR, (R B4R = I WO B
2) ¥ H i ETE PR TE TE 2

x 100%

Sl 5 SR A 1 mL 8.8 mmol/L FeSO, .

1 mL 9.1 mmol/L /K#R-Z B . 1 mL AN [R] e
25 22 W R HRURE SN 5 mL ZE MK, P 1 mL
0.06 % H,0, J3 8l K, ST EIGEA 37 °C /K80 b
I 30 min J5, DAZERZKNZ 1, E 510 nm KT
A SEREME, I8 4,0 FH 1 mL B92548 K0 1 mL
() H,O,, $% I iR [FIFE A 77 7L D0 WG BE(EL, 05
A,o 1 mL ZEMEKACE 1 mL BN, % F IR RIRER
D7 E O CEEAE, 105N 4.

FAIE 1 g ey = 3741 AD)
3

3)DPPH H H 5E1 bR 16 D
it 13k B 4 2.0x10 mol/L ) DPPH Jt/K Z, i
W, B 2.0 mL DPPH %, AR RIAFL 2% £
R4 IORE ST, 7K 2258 5 mL, i 30 min /5,
T GRS
| 2% =

x 100%

Ao—A;
%xm%

0

A 4——2.0 mL DPPH ¥ E AN 5 mL I

HeBE;

A——2.0 mL DPPH {F WM ARESIE WG, &

25N 5 mL B AIROBRE
2 HERS55H
21 BRERAEER
2,11 LB EE RS

HERRIR 0.2g A5t P & AR B0 20% .
30%. 40%. 50%. 60%. 70%. 80%, 7&K} kb 50:
1 mL/g, M7 R 40°C, #7 20min 1 55 0F F 4T
FE BRI, 548 2 TR B X 2% Z AR BUR A R
BN SMAT 3 IR, AR L BEU T X 25 2 B R OR
A& 1 B, BE# SRRV B0 3N, 4%
LGRS EFE TR, £ 70%
Ab ik B KA . L SE B 2 60% . 70% . 80% £,
PR FR 73 %R Box-Behnken SEE Y =N 7KF
2.1.2 RSN
HERRI 0.2g 250, LEERFRA R 70%, 875

HEEE 40°C | 75 20min A FHEATRE BRI, 5
SR BOR G (20:1,30:1,40:1, 50:1, 60:1, 70:
1 mL/g) X 2% Z W R BUCR BRI . AS ] ARk L X
I L R BUCR BRI E 2 B R, Y WORHE N
20:1(mL/g) %] 40: 1(mL/g) i, HEBCRBEE BORLEL
PN, AR L a3, ZEWORHEE 40:1(mL/g)
i, ek B e, XS PO RORE b 3 R — i A
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PEBUCR /%

20 30 40 50 60 70 80
LFERIE /Y
E1 ZERENERZEHEIRAE M

10 . . . . 1
20:1 30:1 40:1 50:1 60:1 70:1

WOk /(mL-g ™)
B2 BRI S SRR AR

B bt m TS ). (HREROR L KT 5011
(mL/g) J5, 25 Z B RN, RTINS P ot
AR o TR AT RS 8 TR 9%, B0 DA
40:1(mL/g) I EAEW AL, 2 30:1,40:1,50:1
(mL/g) R A Box-Behnken 25611 3 N/KF-,
2.1.3 A RE RS

HERRI 0.2g 250, ZEEIARF R 70%, WK}
. 50:1(mL/g) . #75 20min, %2 [a] At 75 T
(30, 40, 50, 60, 70°C ) X AS Z B HE BOR B M . A
[Fi] B 8 75 R XS 22 B SR ORI sE i an 81 3 T s,
MIREEN 30~40 C B, BEE IR B TF, SRR
B, MR RN 40 C B, EEBCR AR, N 16.55%,
MR T 40 °C 5, PEICRRE A I B AN s
BT R, B2 ST A 60 °C I}, 282 M & & Rk
Thim, 53 16.43%, TEHEIUR Ly 30~70 C I,
TP B AR IBGR S, 4390 40 °C F 60 °C, il
FEI R, Sl AR LR, IR L 40 °C
AR IOE B, %E 30 °CL 40 °C. 50 °C AR BUR
4 Box-Behnken L5 Y 3 7K,

§
5
=
=
30 40 50 60 70
AR/ C

3 BEREXNFRSEERERNE

2.1.4  JBFSEFRE]

HERRIL 0.2g 2, ZEEIARFECR 70%, WOk
Lt 50:1(mL/g), #7510 40°C, % EEA[R] A4 i
6] (5, 10, 15, 20, 25, 30, 35 min) X} 25 2 Wy 52 B 1
SO o AN [ 4 e 7 IR ) X6 2% 22 M 44 U3 14 5% T
&l 4 7, Bt 8 75 B B [ A 189 0, 2% 22 1y 2 B
R IR Nk B e S R R R H, A (R]
£35 30 min B, PR, S 16.68%, i [H]#H
i 30 min, #EHCREEA TR, B ELE DA 30 min
Shy S5 A PR B ST 1], 35 R P R [R] R 25, 30,
35 min {5 K EKF,

20

IG/W

JEHUR/%

5 10 15 20 25 30 35
R A] /min
4 BERMEIXERSEHEEERAZM

22 EELIZMK
2.2.1 Box-Behnken SZ55 1 Fma N A L2 R

FR 4 2R K 456, K A Box-Behnken 528601531
JRERHEAT DU PR 2 =K SE 8 1, 37 F FH Design-
Expert.V8.0.6 A4 T8 H LA, LA 2 W42
T2, AR R i JE At 1, DLk B k)
Ll AP ) R R 4 S R B RS2 Ky
WILL=1, 0, 1 FEFT 4l LAAS 2 B4R IR A i 1o (),
PEIT T DU R 2 =K 8 — U LA e 2 1F A2y, St
A 29 Ak, Ho 24 M8 T 7, 5 UG
R g, AN SR R A RN 2 R
222 BIRIEN S W E MR

FR A e b B A T Z2 o ARG, 3K
AR ZEHRECE (V) X A AR 5 CRER I (4) L WORHEE
(B) EBFEHE(C) BAEE (D) k£ 7tIA
57 2 . ¥=18.1240.0304+0.398—0.071C—0.29D—
0.274B+0.294C+0.0444D+0.35BC+0.23BD+0.19CD—
0 .08747+0.128°+0.16C>+0.68D?

] U= R 1 7 22 0 BT s L 3, [l A A A 2
SRR (P<0.000 1), BRI {EA 2.2 (P=0.380 3>
0.05), UL BT AT LUSLA SEI0 45 21, 16 B R AT
DSE B (1) 0.944 6 FNHHE 5 e 2 E0(r,,;)0.889
3, & B 0000 A R S I 2 1] LA R B 1 R O



70 r L 201945 A

x2 MNEERERT A RMRESER

FREMHRIUR /%
R LR BE % Wk (mL-g™) 7 B ] /min AT IRLEE/ C
SR TE
1 -1 -1 0 0 17.45 17.46
2 1 -1 0 0 17.99 18.07
3 -1 1 0 0 18.97 18.78
4 1 1 0 0 18.42 18.30
5 0 0 -1 -1 19.56 19.52
6 0 0 1 -1 19.01 18.99
7 0 0 -1 1 18.63 18.55
8 0 0 1 1 18.85 18.79
9 -1 0 0 -1 19.01 19.03
10 1 0 0 -1 19.05 19.00
11 -1 0 0 1 18.32 18.35
12 1 0 0 1 18.54 18.50
13 0 -1 -1 0 18.58 18.43
14 0 1 -1 0 18.24 18.50
15 0 -1 1 0 17.87 17.59
16 0 1 1 0 18.93 19.06
17 -1 0 -1 0 18.51 18.52
18 1 0 -1 0 17.99 18.00
19 -1 0 1 0 17.69 17.80
20 1 0 1 0 18.32 18.44
21 0 -1 0 -1 18.91 19.06
22 0 1 0 -1 19.43 19.37
23 0 -1 0 1 17.81 18.01
24 0 1 0 1 19.27 19.25
25 0 0 0 0 18.06 18.12
26 0 0 0 0 18.37 18.12
27 0 0 0 0 17.95 18.12
28 0 0 0 0 18.10 18.12
29 0 0 0 0 18.13 18.12
#3 EFERMHESH
3 S5 R =l 5y ) FAH P M
T 7.77 14 0.55 17.06 <0.000 1 ok
A 0.010 1 0.010 0.32 0.578 9
B 1.80 1 1.80 55.35 <0.000 1 ook
c 0.060 1 0.060 1.85 0.1949
D 1.04 1 1.04 31.99 <0.000 1 ook
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iEk 3 EIRBEMFEN"

KR Rl F H ¥ior F1H P{E M
AB 0.30 1 0.30 9.08 0.009 3 *
AC 0.33 1 0.33 1023 0.006 4 o
AD 7.753E-003 1 7.753E-003 0.24 0.6329
BC 0.49 1 0.49 15.03 0.0017 o
BD 0.22 1 0.22 6.72 0.0213 *
CcD 0.15 1 0.15 4.55 0.0512
A 0.049 1 0.049 1.50 0.240 4
B 0.088 1 0.088 2.72 0.1213
c 0.16 1 0.16 4.82 0.045 5 *
D’ 3.03 1 3.03 93.08 <0.000 1 ok

2% 0.46 14 0.033

ERi 0.36 10 0.036 1.46 0.380 8 not significant

gl 0.098 4 0.024
S S 8.22 28
r 0.9446 P 0.889 3
CV/% 0.98
T D) 22 5% i 3 (P<0.001) 5 **22 5748 i 35 (P<0.01) 5 * 22 53 2 3 (P<0.05)

CV {E R 0.98%, it BHAS A Jy B2 BE A% AR 4 Hh s e &
S SERE, BT A .

[l =1 7 i 2R B0 S S A 0 45 SR B < AR v
—KI (B Fl D) A1 kI (D?) (P<0.0001 ) 2= 554K
;2 HI(AB, AC, BC) (P<0.01) 255 B 3% ; %8
HI(BD) M IR (C) (P<0.05) 2257 B %,

2.2.3 MR A A A

M 17 T Pl 2 R UA 0 AR T e ik, ) S5 B
BT Z SR B | RORELL | R ST | R P IR A i
i AT R 25 2 B PR R A2 . 14l 5(a bl c)
K (b d.e)srRlh SRR EE | M s ] 5 HoAth 3 A4
K2 22 HAE XA Z B 3L ORI 52 . VR B
FRE P I (B X 2% 22 M SR ORI T AN B2 . 18] 5(a,
d. ) AR H 5 HA 3 NPT S IR BUCR 52
M, M HRT DU, A EG A R 2R BRI LX) 2%
22 T 110§ IO 1 5 e B Oy S 25, T A BRI L iy 3
i, X2 BARBCRIE . B 5(c.e. £) WA RES
HoAth 3 AP ZEXR Z B IBOR I, PR I R 1
T, A SRS BEREAIS, bl T A A, M 53
R PEBCRRENR B TS I B, SRR
22 W R B 5 R 8 K/ NI Ay - JR0RE LE (B ) >
T (D)>EF IR (C)>ZBEWRE (4) . 5546, N
B S Hia b d EDERTLIE i, CRERIE SRR

Fb, 0Bk B 5 08 P s [, R HG 5 8 7 B ] 1 38
HAERBRE, X5 A3
224 PS5 mIERL

FH Design-Expert.V8.0.6 2K [EIAEAL /4T, 13
Y AS 2 B 1 AR PR U R L BEYR)E 60.01%,
TR 49.28: 1(mL/g), &7 B[] 25 min, H A5 i BE
30 °C, TEBLA PRI IREBCE AN 19.905%
% BB S T RN, BRI T S0
By LFEHRBE 60%, WOREEE 50:1(mL/g), A
8] 25 min, #AIRE 30 °C, 7EHAF T UK EIE
IREG, 252 W HLIER N 19.83%, 5 FINE A X%
75 0.38%<5%, 15t FH 120 754 F8 25 40y b 701 00 S o 1 B
i, HA B0 A RS A
2.3 RBEMEAIMAELIEMERINE

FH IR F R R T 2506 25 g AU K o it
BRI TR WK B E T 2R 2B
YR AAE T (0,) BRI H HFE(-OH) Al
DPPH H r13£(DPPH: ) B4R 1C,, fH
23.1 ZRZEERIE R A BT B (0,) B9l e

BRI I B 2% rh 45 22 I S HOROR E 4 ]
B (0)) BERIERIMRIEL 6 Frn. MWEFRTLIE H,
FE 0~11 pg/mL ¥R BEVE RN, W7 B PR 2t
BRI T (O,) MR R A8 BE 2 vk B 15 I T2 v 4 5,
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s
¥
=
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=
R
#
N — 75
Qm$ 35 e 70
T s060 % e
(c) v i 5 s iR
S
$
=
=
=
N
#*
35 _ﬁ-%
33 = ~
3, . 4@l ©
: 29 = 45 s
égfﬁﬁ7ﬁ34n. D
In
(c) 75 Ik B2 5 R P )

SZMPRECR/%

P
z

G 31 P
%y-w'\' e 45
7 = 40
Ty 2T 9530 g
PN &k\i

(d) FHA EL AN = ]

R/ %

%/\ 35 S ; - 0 ‘
o ‘W&t‘cl(mh%

() R LE A I

El5 BERNFZEHEMEZWAMMEWEZEE (D)

{B4%55k 8 pg/mL I, HABTE T (0,) MIE Rk
AR RIS N T2 . R Z g R A B
B (0y) BRI B (1C, ) 292k 7.96 pg/mL.
232 RZMPEBGRIE R A (- OH ) B9l E

SRR I 25 Hh a8 2 I BBOROM 2
H 3 C-OH) IS BRVEFI KL 7 B . NI AT DA
i, 7E 0~5 pg/mL Wk BEJE FEIN, BE&E WEH BA8 DA
2T U BE RGN, 28 Z R EE A B 2 (-OH) 193
R 48 B B2 R I . 2R 2B BRI AL A
F(-OH) 1Y IC,, 115~ 7.22 pg/mL,

233 KZWHEBEGREFR DPPH H H %L (DPPH:)
BRI

DPPH ) £ BEE TR IR 6, e RO A
517 nm, MHr AT FELERT, DPPH 9 75 0K 2 4

. KKK IR B AP 2% Z W4 DPPH H i
L (DPPH ) ¥ERRAEH K 8 Fim . MEH AT LIE
BRI ZS 2l BE X DPPH A 3L (DPPH- ) 5l
AR B TE BR A, H Y Wk EE B 3K 1.2 pg/mL B,

DPPH [ t & (DPPH-) A998 Bk 3% il 26 2B fb s T°F
Z%. RRZWiERE DPPH H Hi3k (DPPH- ) i 1C,, 115
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60 -
=
40 +
S
#=
=
20 - //./
0 3 6 9 12
REEHRIE/(ng-mL™)
Ee6 HZEANEBEMAST (0,) HHIHEIER
50 ¢
40
= 30
=
= 20
10
0 5
B HIE/ (ngmL™)
E7 ZZExiEEagsE (OH) WHIHIZE
o\\a
E
=

0 2 4 6 8
AW /(ng-mL™)
8 ZZ%EAX DPPH Bfi%E (DPPH-) HOHIEHIZ

4 0.433 pg/mL.
3 HRiE

1) I FH 8 7 0 i B B T = Il VR ™ IRUBR K
R BT AR Z B, 9 T CREMREE | WORH
Eb o B B[] | R P B X R R A s o ) g
TS AT A DUAL T W7 B8 h s 2 B U e fE T

A T B 7 3 TR 160W) Ry« 4 P vk i
60.01%, B} LE 49.28: 1, Hi 75 B [8] 25 min, 75 &
£ 30 Co FEMAMF T A2 W4 R R 19.83%,
ST 22 (8] AH X R 22K 0.38%, 28 BRI LG 1
T2 5,

2) %3t 3 FRSMIL A IR PRI, R 2 Rl
BRI KA E X TPTHRZHEA R
S BTSRRI BT B (0,), FREE A
%5 (-OH) #1 DPPH H i & ( DPPH- ) IC,, 843 51| Jy
7.96 pg/mL, 7.22 ng/mL, 0.433 pg/mL,
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