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Abstract: Lingyun pekoe as starting material, studies were carried out to optimize the extracting technology of
polysaccharides, and investigate its antioxidant activity. Extracting yield of polysaccharides as the index, the extraction
conditions were optimized by Box-Bohnken method based on the results of single-factor experiments. The antioxidant
activities were evaluated by the determination of hydroxyl radical (-OH), 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH") ,
and inhibition effect on auto-oxidation of grease. Experimental results showed that, the optimal extraction conditions were
obtained as follows: liquid-material ratio 69:1 mL/g, temperature 52 °C, ultrasonic time 21 min, ultrasonic power 180 W.
Under the optimal conditions, an average extraction yield (4.84%+0.04%) was obtained, which was similar with the

expected yield 5.06% (<5%) of regressive equation. The ICy, of polysaccharides for eliminating -OH, DPPH- were 0.262,
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0.438 mg/mL, and a better clearance result would be obtained with higher concentration. Moreover, polysaccharides could

prolong the storage time of grease in normal circumstance for inhibiting the auto-oxidation. The studies mentioned above

indicated that polysaccharides were plentiful in Lingyun poeke, and had a good antioxidant activity, providing data support

for promoting in home and abroad.

Key words: Lingyun pekoe; polysaccharides; ultrasonic-assisted extraction; Box-Bohnken method; antioxidant activity

Z B RS AR R, et £
By AP SS e hESE . Hidp, bR — M a s
HUBESE | IR AR R Y Bon KSR E S =
2F R A PR GRS, XA ) 2 i AR PTG T,
anpiEAfl. Pk, BribE . FEIAE . FEIUE . FPEHE
R VTR Gy J7 450, JU AR IR R PR 7 T L
B EPRITT R, S5 E AT A 2 W)
Z MY T — AR I R E I RER =) . B2 = 2R
SRR SN ;R S SR S S e Sy N i i L PS -2
g OB A 45, A 2 5T O Y SRR %
YEW . ZBRT 2R Rk M T 285%, = HZAE
Shr Y24 R L, AR TS B NS R
RIS MR RGO, S EOPN SR = =2
DReik = BAREEE SO, =20,

POKIZHER R B VIS R R 7k, BT
S R I A B Y R 45 48 M AR i A s A, (HL
WARLEFERTHS | $RBECRARAE RS . PR s R HRL
SR, M PRE . S5 B ERE . G FEARBUBREL , JIE
G ALK FEBFREL . A8 7 I il B R B A HR Uy P AH 4k
R RS AR v, BRI BR AR A
Z, BEm R PHEMELL 58 4 2 1R, S s B IO A= 14 5k
B} i TR P B A S R B R, A I A AR BRE
B, WG SRR AR B B RS B T T T A, A=
o R U B B B 32 A R R I A HLAR AL
B 25 AN S AN H2 & /NG TF 1 BT AE A B P
ZEBEHE ST, HR i HAT R RN T4 F A5 B IR T4
7N, I HERAVERMER, X/ NN i T HORIZHE .
PR BhHR I, Ak B R . B fA PRI . & IR HOKIE
BB PUKIR A 6 PPN R A £
PHELIBCR A 520, 45 5% 0N AR P I A B K Bk i
WP b & Eh . AN, B th B E
F AR FAEIE M A5 PO SRR LA & $E T ek i
PEECEREN T,

R, AR SR FHE 7 P B UK IR SR PR B
= HZ P A, AR E T2, HwI 1 28
YT IPTAEALRER, HANGE = =2 P A 2R ECT
RN TE B9 ZS L, HAKYR TS SR A A 22
W S M R AR A R, HEshi = =2 AE
PIEATR AR o
1 MR57E%E
1.1 #MRI5EE
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1.2 L7k

1.2.1 BaHZTRZHNOIZI THERHZ
50 g, 60 °C T2 1EE (W75 PT e 25<0.01 g), Bk,
177 (d=0.42 mm), 5558y, FREX 1.000 g 254
S}, #2 Lb TR -G 2K, HE T8 R BUREE | &5 Ay
A, AT RAGL R I TERE, RE 2 IR, 54
B . Sevage IEBREEH, AR WEAEE 50 mL, i1 7E.
VEWFE R 2 100 mL a0, ik ESs, By 26
FEIOR",

1.2.2 BANZEILG  FREL 1.000 g ZSHECRE, [# 2 ik
VEFEBUSRAT: WOk 60:1 mL/g. $2BURE 50 °C . 48
FEATE] 20 min, #RFFDIER 150 WP, 78 FIARILMERE
BSR4 I R B R 2R 5256, MK IR 5 85Uk Lh (50 1,
60:1, 70:1. 80:1. 90:1 mL/g) . $ZBUEJE (40, 50,
60. 70. 80 °C) . A HTE] (10, 15, 20, 25, 30 min)
I T3 (100, 150, 200, 250, 300 W) ZE R ZE X
B HEHE BRI FE]

1.2.3 Box-Bohnken AL SR T 2, KTE
FAR ZSLIG TS 45 51, s O P i e g o |3 A8
g, A5 2 BEAS ESA I R AE, ) i R T 7 5 A Box-
Bohnken 1EAALAS PRI ZE BU/KSELL-G1 19, RIZ KSR
nE 1 Fir.

e O A S E S S S

Table 1 Factors and levels of response surface experiment

K- A B C D
Wkt (mL/g)  $2EUEE(C)  HAEHE (min) R TIR(W)

-1 50:1 50 15 150

0 60:1 60 20 200

1 70:1 70 25 250

1.2.4 2 bR dE i B S R ST S A 2R
M BSEUREE A 0.1000 mg/mL 3 2 BEAR v S
VEWR 0. 0.20, 0.40, 0.60. 0.80, 1.00 mL ZFE HIEi{4
o, Ialik B2 2.00 mL, JEZFRd, 500 5.0%
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R KE W 1.00 mL ., HFRER 5.00 mL(433HEINA),
50 °C 1EIEYRZ 10 min, 7E 489 nm AL A& R WG
JE AU DA SGRE A XA AR UE SISO R ¢ 1F
ATERAE IR U, 754 A AR E & (15 5 i A=17.61c+
0.0899, R’=0.9980. #% I iA 77210 % Z2 WH L IR T
YCHEE A, AR APPSR S [B1US J5 RESR A e
c,, ¥ FUTRE S5,
BEHE =
K o, WATHAE TGS ZHEM B, meg/mL;

D IS RGBT EG V A Z R BUR AR, mL;
m AR BT B, mg .
1.2.5 BEZHin it XARS M A LRI e
1.2.5.1 Z2Pimgift  IBG ZHtRES PR EBOR,
Wi % 100 mL, 7%, IEWRIR S 4 i EIOK QBT
F 4 °C ¥ 24 h, 7] DLESERICHSA 1 O22RUTIE -
Fhvg, FEA R B -SliK S22 vh e VR OC (., [EA
FH/ K 5%, DEAE £F 4k 25 -52 #EEMralifth 28T
AE 1.5 cmx*25 cm; gE7K e, 5 mL/min) . Yei
WHRAR, PR IR, VRS K (AR, Rk
FEMEASLN FREC—a2 SRS AS 220, Fo ik e 4y
524 0.2, 0.3, 0.5, 0.8, 1.2 mg/mL ZXZZHERFIMNNA
1.2.5.2 ASZHXESt A 35 OH) IE ARG 1 &

B 5 323, o3-SI AAS [R) 4 B Z2 R DU T
2.00 mL, 8.000 mmol/L #f & V. £k ¥ # 2.00 mL,
1.0% i EALEIE W 2.00 mL. IR¥HHISIE, 4k42n
A 7.000 mmol/L /KAZHTR - BEHS UK 2.00 mL, iR
5 NV FR 25 °C dREeH%% 60 min, T 510 nm &b
MEAR R SCEE A, d O PR - OH
AT IR %

x 100

A, —A
T(%)=(1—%)x100

b A AR ZH I E A RO A
X BEZH (A Zli7K B 8 A S V80 I s A R O
Ay, NS I (LGl B AR D0 ) 0 i 1A 22
YGRS
1.2.5.3 A ZH5%) DPPH WS BRACEAMIE  HL S 32
TR, 43 I AAS [R] e B2 Z2 WE A D0 MR 2.00 mL .
0.2000 mmol/L. DPPH-Z, B % #% 2.00 mL, iR
5 VAR R E T RIS b 25 °C Y875 30 min,
F 517 nm AbME AR RSGREE ALY, # RO HE
2t DPPH A I 3LryiER=R.
Ap—Ap

T(%):(l— )xlOO

o A, ARHENA I EAR RWOCHE A,
XJHEZH (LLJC/K ZEFHU DPPH- B3O M E AR 52
WEOGHE; Ay, as FTZH (LS K B 2B F D0 8O I e
AR
1.2.5.4 ZRZHIXHAE (BRI 1)) B9 Pt A A 8OR

MM FRE— B R M 2 Eh A 0, TG 2 oKl
e, i 255 2208 A DU AR 5 b Y BT B S S  h O.
0.02%. 0.05%. LA Schall #EFA7EE LA 2HRT &
Kyl BT B AL ROR, FERE 2 d BUORE— Rk - 322 8 [ A
GB 5009.227-201671 H {175 52 25100 52 A S b i
TEAME(POV) o Vo MERXT IR, ARHE POV 1H (%
g A AT 2R P TR AR .
1.3 HIEAIE

ASCHIF origin 9.0 FRAFXIEPEE B AL BHE; FIFH
SPSS 17.0 #ATHLEIZR Jr 285717 (P<0.05 R 2857 Wk
2, P<0.01 TR 227 R ) M 1C,, FYITE; FIH
Design-Expert 8.5 % f}H %) Box-Bohnken 75401
BT I FRE
2 RS9
2.1 BEEXW
2.1.1 WOBHEXIZS RGO g & 1 JROR,
MWOELEE<60: 1 mL/g B}, 25 WS B RORE E 1 1
oG . MBORHE>60: 1 mL/g B, 25
SR T 5 S5 A TP APRAS . H2 7R B mT g R
IR RY BOEIAEVES R . SRR e
H Bl e B 3k BT B, A3 RN A A B AR
(P>0.05), Tz i A 5 750 FH S B AR 2= i) 2 o &
i M HEBUORE AR TSR £ B R 2R T 225 M A
P=0.032<0.05, 2250 M 35, RIS E90 Bl N Worl L
XA Z MBI B3 AR s R, Ik FHWORE e
50:1. 60:1. 70: 1 mL/giF7/a e bilsg .

a a
8t

3.0 4 /

a

50:1 60:1 70:1 80:1 90:1
WEHE (mL/g)

BT OB L 2R 2RISR A 20
Fig.1 The effect of liquid-material ratio on extraction of tea
polysaccharides

TE: ARVNE PR IR 22 5 W2 (P<0.05); 5] 2~ 4 [A].
2.1.2 FEHBURBEXI A PR IBGICR 2 5] 2 i
7, MR EGEEE<60 C B, AR R IE R0
THE I, SR RIREE 60 °C B AIE(E 3.72%.
Pher P AR R AL, 2R PR 3 T RE(P<0.05) .
ZRZWET TS S VEREIAR FR R B0 T T i, (5
A )7 e MR BB v Z2 M B 7T as A S KR T O 25
FEWIEAE, AR R TSR SR BN R T 25 50
1% P=0.007<0.01, 2& 5P e 2%, RWIZH LS L HIN R
IR RE XS A 2B PRIBURAT B s 25 OS2 8CR, JT 35
PRIBUREE 50, 60, 70 °C YIRS biks:
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Fig.2 The effect of temperature on extraction of tea

polysaccharides

2.1.3 EFATEIXT A 2 PR BOSCR s dniEl 3
B, 2SR I ] <25 min B, 35 22015 3B AR 75 i
V] P4y SE A T T i, (38 R T Ui b, 24 7 s TR A
25 min I AYIGAE 3.17%. ZAREEIECHR A I E], 5522
WIS R FIE KR 7 S 8] AT (AR 420 40 0 e i s
P FEST e, (5 ZH TS5 A R B a) AR A5 A LA
REGAEF N Sy iR, 19 R0, IS gdis 2 i
N ESHTR P=0.044<0.05, 25 FPE i 22, W45
BT P R P s TR X 55 22 MR B ELAT S S A S M 5 SR,
FEEFHEARTE] 15, 20, 25 min #EF7/EE06IRE .

3.2 1

a
a gy
3.0 1 \;’
C
2.8 1 I3

10 15 20 25 30
ABFHISHE] (min)
3 A I ID0 2 2 S USRI
Fig.3 The effect of ultrasonic time on extraction of tea
polysaccharides

2.1.4 FEFEUPRIFTIAZHEHRBSCR S nE 4
R, A TR<200 W B, 25 25 R EE = T
SR P BE I, 2SR TR 200 WY g (E

3.6 7
a

3.4 §~~\\E,
321 c \2

1(I)0 1;0 2(I)0 2;0 3(I)0
AR (W)
Kl 4 A R 2R RS USRI
Fig.4 The effect of ultrasonic power on extraction of tea
polysaccharides

W T AU AR PR A AR ) 2 R, , sk 2 A1 H
o R TR | R AR R B RIZI ZS A E R, 3
(U2 7w e ST 5 (S B N & SN T 5 &3 € 2t NP
ZEHESHTE P=0.027<0.05, 2= 5Pk 2, F_HHEEE
U, [ PR A S T 250 2 2 MR LA 2 I MR R,
IFEFHEATIZ 150, 200, 250 W AT/ 22t biss: .
2.2 Box-Bohnken JZH R ZHEIRINTIZE

2.2.1 Box-Bohnken IEEALIERBOAIE /75 K548
K2 A Bk (mL/g) . B #EBUEE (°C) . C AR
7] (min) J D #8745 D3R (W) i [ 285, ZX 28R
(%) Syma Wi {E, F1 FH Box-Bohnken 1AL £ U 56
TrEE, i 29 RIS . IR ZE AN 2 R,

%% 2 Box-Bohnken %% 7 2 BURE T &
Table 2 Extraction scheme designed by Box-Bohnken method

RIS A D 52 (%)
1 -1 0 0 -1 3.77
2 -1 -1 0 0 3.31
3 1 0 -1 0 4.02
4 0 -1 0 -1 455
5 0 0 0 0 485
6 -1 0 1 0 3.54
7 0 -1 0 1 3.98
8 1 -1 0 0 478
9 0 -1 -1 0 4.14
10 0 0 -1 -1 421
11 0 0 0 0 4.62
12 0 1 1 0 3.68
13 1 0 1 0 4.69
14 0 -1 1 0 421
15 0 1 -1 0 3.31
16 0 0 -1 1 3.53
17 0 1 0 1 3.82
18 0 0 1 1 423
19 0 0 0 0 472
20 -1 0 -1 0 3.10
21 0 0 1 -1 432
22 0 1 0 -1 3.86
23 -1 0 0 1 3.40
24 0 0 1 4.44
25 0 0 0 0 476
26 0 0 0 0 476
27 1 0 0 3.38
28 -1 1 0 0 3.86
29 1 0 0 -1 4.60

2.2.2 HIr e s K FEHAR L Box-
Bohnken 75 %) 3¢ 2 S8R4T 0HT, JRISTZHE
133R(%) 58 F N E: WOk (A) | $2BUREE(B) |
PSS A (C) BOE AT T1R(D) 14 B A 7 R

ZE WS H(%)=—47.64867+0.83778 A+0.73370
B-+0.47527C—4.90000x 10 *D—4.87500x10 > AB+1.15000%
10°AC+1.05000%10*AD+1.50000x 10 °BC+2.65000%
10 “BD+5.90000x 10 *CD—4.56833%x10 >A>—4.58083 x
107°B>-0.017823C>-9.17333%107°D?

SR 7 2253 At rAS Rl Uy R R4 7 i 2B R
g ZE IR LER 3. % 7R P<0.0001, B 355 2k
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HIIF P=0.0992>0.05, A3, BiAH AR 7 F vl K 4f
VERCIRIGHRE . e BREL R?=0.9622, JHik e R 5L
R 4°=0.9244, UL I N ZEVEHGE I, 1222 T2 h b LR
2Er= A g FLnT s, JrAs 1) 5 A2 o FH Tl pl s 2
BEASRBE N 3R L AP AR A R R

3 AT 2R

Table 3 Variance analysis of regression equation

U SEA BB ¥y F P
iR 7.65 14 0.55 25.46  <0.0001"
A 2.03 1 2.03 9444  <0.0001"
B 0.78 1 0.78 3639  <0.00017
C 0.46 1 0.46 21.64  0.0004™
D 0.30 1 0.30 14.18  0.00217
AB 0.95 1 0.95 4433 <0.0001"
AC 0.013 1 0.013 0.62 0.4454
AD 0.011 1 0.011 0.51 0.4852
BC 0.022 1 0.022 1.05 0.3231
BD 0.070 1 0.070 3.27 0.0919
CD 0.087 1 0.087 4.06 0.0636
A? 1.35 1 1.35 63.12  <0.0001"
B’ 1.36 1 1.36 63.47  <0.0001"
c 1.29 1 1.29 60.05  <0.0001"
D’ 0.34 1 0.34 1591 0.0013™
B2 0.30 14 0.021
PR 0.27 10 0.027 3.94 0.0992
aliiR 2% 0.028 4 6.920x107°
Rt 7.95 28

T P<0.01, 35 “*+7, P<0.05, W& “*",

15 5 i — R IRk (A L 3EBGEE (B) | 8
FARFTE] (C) M ABFH TR (D) X B SR AR i K4
35 (P<0.01), Ml FAEI/IS, v 605 i E RS S
WORE Fe > B > P B[R] > P T 3, 22 B i
AEHAEH AB W SEIRCER i i 25 7K 7 (P<0.0001),
HEs2 BAEHMFE AN 3 (P>0.05) o . IRITT A2,
B?. C*. D* (sl 2, H R Z T B*=A™>
(:2>>]:)2O
2.2.3 ZZHAEHMWWRESIAT ANl 5 PR, 38 EAE
JH ) g SR R g e 7 T g o e g L AR R O
R IE FLE . 2 HAEF AB ) W — S 25 A0 F i ih
T, FLruo R R e . e sg BAEHS r mthimm -
V2%, S g PO IR R EBI L 2R IBEDE . LA L4h
SRULIHAS HAEA AB BOFE MR 25w T e s o
YEH, &5 50 220 al S —34.

2.2.4 FAEREBCT 2RISR E MRS UE XS
IR TEACAL IR, FRAFH BRI T 2 i 5%
fF: WOkEE 68.51:1 mL/g. $RHGEEE 52.19 C. M/
BfTE] 20.70 min., U 178.46 W, WIS AT
ik 5.06%. MRPHRIGHERE T IRIKOF, K LR SR
S WECRBHEE 69:1 mL/g. $2BGEEE 52 °C. @A A
21 min, AR 180 W, EMEKMH T, FAT905
5 K, STLIM S 2B 415950 (4.84%+0.04%) , 545
FUFIEAH VT (<5%) , BLIIZ A B R4

50 55 60 65 70
A WRHEE (mL/g)

K5 SCHAFH AB X2 ZHERIGCR A2

Fig.5 The effect of interactive AB on extraction of tea

polysaccharides

P, AT AR E . ILAh, RIS PSR n]
FGE =~ RS O EE, W TENE R LR
ARRRPE IR (3.10% ) M5 FHEAS(1.84%) B!,

23 FEZEHRIMIEHIR

2.3.1 ZEZEWPEXT-OH MTERZCR  iE 6 s, &
= A ZHEXT-OH B R A1 BRSO, HOs R
HEJIBEES ZHEU BE N TH i TR o, I Hs e BE SR
AP HRpaT . M HIR)E N 1.2 mg/mL
A, % -OH MU 3 82%., % SPSS17.0 #4443
BT, Bez~ A=A SRR - OH 14 IC, & 0.262 mg/mL,
{I&TF V(1C5,=0.027 mg/mL) X} OH HYHEIEAE T

110 1

100 A

90 §/

e

80 A
70
60 -

TR (%)

—— R
50 T —— V(‘

40

O.’Z 014 016 018 1‘.0 1i2
e (mg/mL)
Kl 6 ZRZHER-OH M FREBCR
Fig.6 The clearance effect of tea polysaccharides on -OH

2.3.2 ZZ % DPPH-WIERACR WE 7 s,
AR ZBEXT DPPH- HAT R 5 B, HIEkRRE

Bt ZS 2 A B BB T2 W 5, (EL el 12 it
SPAF . YESZSPEYREE N 1.2 mg/mL B, Xf DPPH- 1)
WERERN 69%. £5 SPSS 17.0 AT, B = H 2=
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AL Z W KR DPPH- Y 1C5, & 0.438 mg/mLP%, BH &
{&F V(IC5,=0.072)%F DPPH - IHIERAEE ST -

100 -
90 A o
s0{ A
70 1 I
60 T
50
40 1 —— B2
30 —e V.

20 T T T .
02 04 06 08 10 12

e (mg/mL)
K7 AZH DPPH A 35 B
Fig.7 The clearance effect of tea polysaccharides
on DPPH radical

TFBRE (%)

2.3.3 AP FORIMIPTEALROR oKk E
AHFNRRIITR, KRB 5 k4 AER
R, FECIARERIAE BB, & 8 'R, Zx X ihig
HA RIFIPUEACRER, Ut 35 288 00 AR RE
) POV {HEAS IR A — SRS TR, 9F T
SR J2E 5 2% 2 s i e B B RO R . 2%
ZHES NG 0.05% B, Hpr AR T 0.02%
Vs Bhms AR R, HP TR AERACT Vo

140
—=— Blank

1200 o 0.02% 28k
100{ - 0.05% K ZEHE
S * 0.02% Vi
g 801
&
= 601
S 401

20

0

EI% lIO 1I2 1I4 1I6
i (d)
&l 8 AW Ag T E AR

Fig.8 The antioxidant activity of tea polysaccharides on grease
3 &g

AR S P B R R m A
Wi, 3-F1 ] Box-Bohnken ARSI 2, saRFAFIZ T
BN, Jr 225 aR ], BB, 5
RGP ERIE R S o X mlE R T i o A 2R
AT R T 20 B B 4514 VR LK 69:1 mL/g.
PEBGRRE 52 °C . A 21 min, BT 180 W,
BAEFRAT, FEW 25 Z 01 Y9153 4.84%, 5]
=7 R AIAE 5.06% #H 24 (<5%), B rfg 124
A EA—E S HNME, AT TR PR &
AR ZHERTE DL A 23E4n-OH . DPPH- Y HAT —
FE W BRBSCR, Hoh, X DPPH- A 375 B fiE 11 (1C 5=
0.438 mg/mL) 58 T 35 44 S 45 W JEL P4 i1 J T (1C5=
0.489 mg/mL) Flf5 BHE DI (IC5;=0.443 mg/mL) . Ut
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