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Comparative Study on the Structural Characterization and Cosmetic-
related Activities of Three Rose Polysaccharides

ZHAO Yonglei, YANG Furui, NIU Junhua, ZHENG Lan", MA Yaohong,
MENG Qingjun, WANG Binglian, YANG Yan

(Biology Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250103, China)

Abstract: Hetian rose polysaccharides, Kushui rose polysaccharides and Pingyin rose polysaccharides were extracted and
obtained respectively, and the crude polysaccharide yield and polysaccharide content were determined. The polysaccharide
structure was characterized using ion chromatograph, Fourier transform infrared spectroscopy and high performance liquid
chromatography coupled with multi-angle laser scattering method. Cosmetic-related activities were analyzed using in vitro
antioxidant, prebiotic and tyrosinase inhibition assays. The results showed that the crude polysaccharide yield of Hetian rose
was higher than that of Kushui rose and Pingyin rose (£<0.05), and the polysaccharide content in the crude polysaccharide
of Pingyin rose was lower (P<0.05). All three rose polysaccharides contained 11 types of monosaccharide residues (with
different molar ratios), including Glc, Ara, Gal and Fru. Their weight-averaged molecular weights ranged from 4.376x10° to
5.841x10° Da (dispersity index: 1.35~1.72). They were all pyranose containing « and 8 configurations. They all had non-
triple helical spiral structures and multi-branched. The activity evaluation experiments showed that all three rose

polysaccharides had good antioxidant activity, prebiotic effect and tyrosinase inhibition activity. Among the three rose
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polysaccharides, Pingyin rose polysaccharide had strong ABTS" and DPPH free radical scavenging activities (P<0.05),

while Hetian rose polysaccharide had strong tyrosinase inhibition activity (P<0.05). Therefore, the three rose

polysaccharides were similar in structure, and their structural differences led to slight differences in biological activities.

The three types of rose polysaccharides had good development and application prospects in the field of cosmetic functional

foods.

Key words: rose polysaccharides; structural characterization; antioxidant activity; prebiotic activity; tyrosinase inhibitory

capacity
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Fig.1 Pictures of Hetian rose (A), Kushui rose (B) and
Pingyin rose (C)
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B, IRBNEO UK . SRAFRERIRCRT . =2 H |
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AN [ A= )20 P RS, 22O R I B WX 22
BT R BA B . HAT, AR SRR 220 te
BWTFER WARIE . BOR WA SCHTIE F 2 b T2
B2 MEPR I T 2090t Ak, 4548 ) 25 R AE LA A R i

FEUU BUEt ! SIS PR ISY . (HE, G T
B WEAE R T IR R, = BO WSS T AIE
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ERIETRer SR LSRR, SHFRE F2E7 X ANFE]
AP BTV Ak & R SR R I R i
1 #MR5RE%E
L1 #RI5NER

FHBIETIEE  Framb 5o J5 i L dkig oS
BA; WK ECER THERS 22N oROBR P /K B B 7=k 5t
b SEBABRTIER PR E B S IR AR (3 Fh
R T A Y LT 5 s Lactobacillu casei (FH YR
5. 23184) . Lactobacillus plantarum( B ¥k 9 5 .
21825) W=k v EE TP Al A= 1 TR R R A B v
2L D-A 3 (Fucose, Fuc) . L-FiTH7{( 4 (Arabinose,
Ara) . L-§Z=0# (Rhamnose, Rha) . L-2- ¥ b (Gala-
ctose, Gal) . D-# % ##(Glucose, Glu) . D-AHKH (Xyl-
ose, Xyl) . D-H & ¥¥ ( Mannose, Man) . D-f b#
(Fructose, Fru) . D-### (Ribose, Rib) . D-2-F| HHEE
% (Galacturonic acid, Gal-UA) . D-7 B B2 (Gu-
luronic acid, Gul-UA) , D-7j 28 ¥ i % ( Glucuronic
acid, Glu-UA) . D-H £% ¥¥% & %2 ( Mannuronic acid,
Man-UA) . 7 BEREIEF (2R 99%) | 1,1- 2 hE-2-47
KA WE(1,1-Diphenyl-2-picrylhydrazyl, DPPH) &
Sigma 2\ 7l ; 2,2 -BRE RN ( 3- 2, FEIE T IEME K- 6-fifk
iR ) — 4% £ (2,2°-Azinobis-(3-ethylbenzthiazoline-6-
sulphonate), ABTS) Bl T fb2#il7 2 7\l Hefe
Sl yS A T T

SBA-40E AWML IWZRERABEAY)
WEFET; TY 92-11 M5 P MR ENL T O 2 A9
Bl B BRAN 7l s LE204E RS Ag45i-36
F] 2 (Mettler Toledo) fX#% ( 1) 45 BRZY 7l 5804R
B0 MWL fE[E Eppendorf 43 F]; HH-2 3R B IR/K %
o E M ER R AT R F]; 101A-2 H G XU T4
FH P KRS KN #S A BR S 7] Dynex Spectra
MR % 3%E Dynex Technologies 23F]; ICS5000
B T {0 3% fX (Ton chromatography, IC) . Dionex™
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CarboPac™PA20 i #H & 1% 4 ( 150 mmx=3.0 mm,
10 um) . ICS5000 HL TR A4 . Nicolet 6700 fHH
AR 40 2T 41 S 3% ( Fourier transform infrared spec-
troscopy, FT-IR){¥  ZE[E Thermo 2\ 7]; 1260 Infinity
I MDS & &0 AR (63543 . 1260 Infinity 11 45 & 35 |
1260 Infinity II 7R ZE5 M #5 . 1260 Infinity IT XU BE
OCH IR 2% . 1260 Infinity 1T ZEEER I 2% . PL
aquagel-OH Mixed-H A4+ (8 pm, 7.5x300 mm)
=< [E Agilent 2\ 7] ; Multimode 8 il T JJ & i B2
(Atomic force microscope, AFM) fEEAETLNTE
1.2 XWHE
1.2.1 WG SRAH ORIRPEUTR” S B R
AHZBET A R RIS 55K A 0 EE OB . 5 7K B
APV IHBOR TAERS, JASBER TR AR . Feieny
K EB TN 1:20(m/v) B9 FUBPRF L TAERE By AR
HEETFKIEA . A B avE G 2% 300 W,
10 min), &7 90 °C 7K1 7KH 2 h, B5.0:(10000 1/
min, 10 min, 4 °C)B &, LR ELE 3 IR, &
It IR . Al TS 28 R ASCKE Il W 4n 28 1/2 4K
R, A 3 5 RTRI 95% B, it % . 10000 1/
min 5.0 10 min WAEDTHE, VITET 55 C #t T80
FH B A 2008 . 957 7K BORKH 208 DA SOV i =
Wi, 4396444 HRP, KRP Fl PRP. Fiid, T H#g
ST

HZ i E(g)
IR TAEE R K& (g)
1.2.2 ZHEESEMNE  SRAZEH-GREN e
BE S, R B L 400 pl ¥ )E S 0. 0.0125. 0.025,
0.0375. 0.05. 0.0625. 0.075. 0.0875. 0.1 mg/mL 1
W AGHEARMEWE, A 200 pL A W (60 mg/mL)
1 mL ¥ERER, #2415 W, 20 min, f# FHEEARIL T
490 nm P T IE W GRE, 23l bnui il I 3R H
A5, HL 400 uL. HRP, KRP, PRP 3 FhE B =
FHRE A% (0.1 mg/mL), [RIME, ZebrifEth < T4

B Z B2 (%) = x 100

_ Z WA B (mg /mL) x I AR AR (mL)

P mee) AL )

1.2.3 ZHHINLEFIZRNE
1.2.3.1 PUPELH ARG E  ZHEAK: a. B RLZHK
fk . #H 5 mg ZHERES TLHP, 1 mL
2 mol/L =45 ZFRTE 121 °C /Kfi#t 2 h, b KIREFZ£
PR R . 458 5 mg ZHHEES T283h, JH 1 mL
2.5 mol/L =R ZFRTE 60 °C 7Kf# 1 ho PARPIKARTT
PAF RIS IAE N, N5, I AW B, SR )5 R+
Y, BT 3 IR, ARG RAE B 2Lk PR
XN B A Dionex™CarboPac™PA20 {7,154}
(150 mmx=3.0 mm, 10 um) . ICS5000 H 5546 25
) ICS5000 & F (A A AT AE o T B AH B R
A(0.1 mol/L NaOH %) A% B(0.1 mol/L NaOH

RN 0.2 mol/L NaAc ) A ili. ZePERS R BEN.:
0~30 min, 95%~80% A; 30.1~45 min, 60% A; 45.1~
60 min, 95% A. #HFEEN 5 pL; HiLEE 0.5 mL/min;
e 30 cUS,

1.2.3.2 Syl SR & O AH i B H =
A B 3% ' B 55 ( High performance size exclusion
chromatography-Multi angle laser light scattering,
HPSEC-MALLS)%:{ll%E HRP., KRP F1 PRP 1431
U9 B 45 454 1260 Infinity 11 MDS &40 FH (4,
5% . 1260 Infinity IT £BEFE | 1260 Infinity 1T 78 25
A& #5 . 1260 Infinity 11 XA JEE 1550 A0S AG ) 2%
1260 Infinity 1T Zh B8 & ] % LA 2 PL aquagel-OH
Mixed-H 3545 (8 um, 7.5x300 mm) ., ¥izhAH: #Bal
IK(EFH 0.02% ZHAEN) , pH6; FEk : 40 °C; FiLiH:
1.0 mL/min; #FEER 500 pL. LA HEBEETVE oy br vl
&, FH ATRA #4537 HRP, KRP. PRP (¥ 8 1443
T (Weight-average molecular weight, M ); $(3545
T (Number average molecular weight, M, ); I§&{H 55
-+t (Molecular weight of the highest peak, M) #ll
Z ¥J5rF 5t (Z-average molecular weight, M) .

1.2.3.3 FT-IR 57#F  FI A FT-IR Al OMNIC %X £
HeAS 3 Fh BB MY FT-IR SG1% . T 4H:09 HRP,
KRP. PRP 2045 (1 mg) 5 T4 KBr M= (100 mg)
FEOPIRG IR IR, 7 4000~500 em™' {E[EI Y
AT

1.2.3.4 W-RfbAHSEEG  AH 1 mL 0.5 mg/mL HRP,
KRP. PRP 3 FRE LW, A 1.2 mL Af-a{b B i
FI(E 0.2 g/L 1, F 2 g/L KD, {515, i FHREFBR LM
EIRE VR URAE 250~600 nm 757 a9 SGEEDS,
PERAE R AR, WO CEEAVE AR, 2l it 2.
1.2.3.5 KISRLI956 K HRP, KRP BY PRP FE 5L
# (1 mL, 0.5 mg/mL) 5 1 mL 80 pmol/L NI H-£1
WROIRE5) . 435I 1.0 mol/L B9 NaOH, iR
AW NaOH B9 EE i 0 mol/L iZ#iFI 2 3 mol/L.
A FH B AR A 52 AR i 485~520 nm 1 B P d) e R
WM, A NaOH ¥ BEAE A AL bR, e R
KA RDAALR, 225 Lk

1.2.3.6 AFM 43#F £ 5 uL HRP, KRP il PRP ¥
W (50 pL/mL) 435 N8 140 = B v b, IFZEER
e N . AFM FEARRE A= s,
AR ATE: scanasyst, IR 1 HZP,

1.2.4 B LSEE

1.2.4.1 ByrEfbse Sy  HoHl 3 FREWERE RS, 4y
TFR TR A A [ BE A B (0~4000 mg/L), TR Be il 45
HPE 4 2 C(Vitamin C, VO . B 0.2 mL ¥
mh AR R C WS T, DA 2 mL PSR
A 0.6 mol/L AR, 28 mmol/L AL =4NF1 4 mmol/L
MR 4% ), 95 °C /K ¥ 90 min, ¥ 1 )5 FH bR AL T
695 nm FIMEMSGEER,
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1.2.4.2 &JFEME RS L E HRP,
KRP. PRP FiRJE F1P2, Bl 3 Fh e s, 47
SR A ) BE AR B (0~1600 mg/L), [F] s Be il 45
WA Ve W KU 1 mL FEfh . 2.5 mL B2
Eh 2% whik (0.2 mol/L, pH6.6) Al 1 mL #F LA AR
(10 g/L), IBE 4], BT 50 °C /K 20 min, il A
2 mL =& 408 (100 g/L) F1 1.2 mL =& bBRIE W
(1 g/L) o IRAVEEHEGFFRAE 700 nm A8 2 '
B2, FH Vo YEBHPEXTIR,

1.2.4.3 DPPH H HILiElkEE 1 Eliil 3 Fh 2 Hike
A TR, 43 N A R SR AN ] e 3 A ) (0~200 mg/L)
Syl B 1 mL ZHE W N A E 1 mL ¥ E
200 umol/L 1) DPPH-ZLEEH W . IRG IS GHDE
SR 30 min, £E 517 nm A E R SCEER, RESh =
VEES I DPPH-Z B R SCEE S A, LIJC/K 2 1
10 DPPH UGl A, AZEIEAKACEERE S 2
RGN Ao

DPPH H H 215 R (%) = (1 - AAAO)X 100

1

1.2.44 ABTS'H HIEEREES] ABTS fiff g i il
2% % ABTS ¥ W (7 mmol/L) F i i R 8 15 W
(4.9 mmol/L) FHARIR G, BEGHIE 20 ho ABTS T
VER B £ - TR L 22 vh#% (0.1 mol/L, pH7.4) i
B ABTS g%, i HAE 734 nm 4B Y6 0.70+
0.02. FCH 3 Fh R RIS, FE RN AS R BEAL 5
(0~200 mg/L) . HU ABTS T AE# 3 mL, A ZBEE
W 1 mL, ZEiR#ESE 6 min, F 734 nm ISP,
FE SR ZPHAEWROIN ABTS TAER I ICRE R A, Bk
IR PR ABTS TAERCHZS 4 A, ZRIEKAT
HRE S I RTHHALL A

ABTS* H B R (%) = (1 - AAAU)x 100

1

1.2.5 A0 B L. plantarum R L. casei 53
HFEFF MRS AR, BT 37 °C [HER IR 5T
F 48 h J5, S5 Rh 5] MRS Rz G Fe 3, #R RS
3% (37 °C, 150 r/min, 12 h), 3545 2 Fh & Fh 59 Fh T

Wi o VEEBATEXT RELH . F2BRIEAY MRS £5 353, BH

PR X BB ZH 28 R N 25 BRIk IR A9 MRS 5538355 HRP.
KRP =¥ PRP 240 4H : Z8FE 5 (HRP, KRP ¥ PRP)
JInZLERERIE TS MRS 35325k, Hoh, Z2058E 5 A2 8y

WSINELE R 50 g/L, B ECN 1% (viv) o BRI &

Bk #2 Y pH. ODg (B FIFLAR & G kM &t HRP .,
KRP F1 PRP fyzs A o/EARY,

1.2.6 EZAFREGINHIDI5G  a  1is 2 IR Ak A S

R, fEAZIAR R D, L1 2 R0 1 2 R IR A b A R

{43, 76 475 nm A e R WIRI4E, A TS 2 FR fitg 411

HFR, AT R E A Y, it HRP. KRP., PRP 3

T B T 2 M 0o s 2P Tt 1 T T R, PP L SE 1)

2o ¥ HRP, KRP. PRP FHBRERSE (25 mmol/L,

pH6.8) Hii B A Rk BE POAE f S W . B 120 pL £
L, S35 360 L BE & R W (0.5 mg/L) |
120 pL WML EL 22 % (25 mmol/L, pH6.8) F1 120 plL
Ji% 2 FR B R (50 U/mL), LARESRTFA/E SR BH M%) AR,

AR 2 3 T AR B 5 (TR B,

0/ _C_
IR(/o)—(l A

D
1
B)X 00

s A NS R IRER 5% b A AR S T WY
W CRE; B S S B B IR ER 27 v A A A 5 YRR I
PR BEHA W WG EE s C SRR SO s D S 35
TR =R 27 R AR I S R A TR I O G
1.3 #HELE

ST K Y s oA F D 3 Sl sz S 1Y S 1
(HEprEZZ(SD) o 38 i B PR 38 J7 224387 (One Way
ANOVA) K e 2 [|] i 385 22 5, P<0.05 #EIA
NEAGEEE L . GEit T HE I Excel #4458
2 GBR5SH
2.1 HRP. KRP #1 PRP 5& K ZHESEMNELER

HRP. KRP il PRP 1553 K 00 55 F (1) 53 275 SR
UL 2,

gzo-b b a—600%\.g

HRP KRP PRP

P2 HRP, KRP fil PRP f)7535 B H Ak & i
Fig.2 Yield of HRP, KRP and PRP and their
polysaccharide content

T IR SR HAT 525 57 (P<0.05), AR AR
FRAEA WEHZEF(P>0.05),

rH &l 2 AT, HRP, KRP il PRP B335 51
26.18%. 23.95% F1 16.60%(HRP>KRP>PRP)., HRP
FRAS- i 25 5 T KRP A1 PRP (9452 (P<0.05), KRP
1 PRP FSRS55EA HRP F595R11 91.49% F1 63.40%
HRP. KRP Fll PRP 5 [ Z W & & 47 %~ 627.040.
657.033 F1 532.648 mg/g( KRP<HRP>PRP) . HRP
1 KRP M 285 A w322 5 (P>0.05), I H
ST PRP K5 2(P<0.05),
2.2 HRP. KRP # PRP RUSHELARK

HRP. KRP F1 PRP 14 IC [&l% A H:epofli2H i
&l 3. & 4 ik 1.

SR T B S BE K S A0 AR aE B 2 K
1572 P ZBRIK A v TR B o R 22 A T B2 A,
ST . RS Fru B ANFRETE, W K i
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Fig.3 IC spectra of HRP, KRP and PRP under conventional
hydrolysis condition
T W RUK AR : 2 mol/L =JRLHR, 121 °C, 2 h; (A) brifE i
¥, (B)HRP, (C)KRP Fi1(D)PRP; I&1H: 1. Fuc, 2. Rha, 3. Ara,
4. Gal, 5. Glc, 6. Xyl, 7. Man, 8. Fru, 9. Rib, 10. Gal-UA, 11.
Gul-UA, 12. Glc-UA, 13. Man-UA,
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Fig.4 IC spectra of HRP, KRP and PRP under low intensity
hydrolysis condition

T ARBR S /K A% 2.5 mol/L =H MR, 60 °C, 1 h; (A)ARifEN
k¥, (B)HRP, (C)KRP #1(D)PRP; I&fH: 1. Fuc, 2. Rha, 3. Ara,
4. Gal, 5. Glc, 6. Xyl, 7. Man, 8. Fru, 9. Rib, 10. Gal-UA, 11.
GuL-UA, 12. Glc-UA, 13. Man-UA,

PAOWERLH AT — i AR, L ulisR 3L 10 P
PGSR ILH B (Gl Ara. Gal, Xyl, Rha, Man. Rib.
Gal-UA. Glc-UA fll Fuc) . HiI& 4 F13& 1 A] %1, [%
IS 3 FhEERZHE KRR TS, 3 e 22 BE 0 7K i
W] IS H Fru, 75 H 3 FhECER P9 Fru 5%
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Table 1 Monosaccharide composition of HRP, KRP and PRP (mol%)
Fuc Rha Ara Gal Gle Xyl Man Fru Rib Gal-UA Gul-UA Gle-UA Man-UA
MK A
HRP 0.77 49 17.65 12.78 47.25 5.4 4.81 / 0.54 3.9 / 2.03 /
KRP 0.49 3.37 15.33 7.67 62.59 3.49 2.45 / 0.54 2.85 / 1.2 /
PRP 0.73 5.35 17.07 12.57 50.27 4.37 / 0.63 3.45 / 1.46 /
IR K frds
HRP 0.61 / 10.7 2.85 39.87 0.99 0.82 44.15 / / / / /
KRP 0.36 / 7.72 1.36 42.23 1.11 0.47 46.75 / / / / /
PRP 0.59 / 11.23 3.38 37.94 1.26 0.48 45.13 / / / / /
F AL E Gle. Ara, Gal Fll Fru 58 3£19, i 11 Fhsa A 9 :;ﬁiggﬁg%ﬁﬁ 125
BEERBLA R 2R 2 M . Horb Gle, Ara, Gal, Fru J& ~ L %
3 FIECHL M A i B FR I URSRAE. HRP il PRP 3 7 @
B SR I MU R L P15 SR B A . AT T = lis=
HRP 1 PRP, KRP % 4 Y Gle 5% %E LL ] % 5 , Gal = 4 oE
1 Ara FEIER LA . 23 &

KT ERE MRS AR A S s e/, sk E *ﬁ f 15 §
W) R FHRERTATAE HPLC Bl T V- BOoe 2% RN A edivae—t. S M
UL, 245 SR 1P I B 2 M 1 Mlan, Rha, T e
Gle-UA. Glc. Gal. Ara 6 F izl IiLar nl, HEE/R b o
>4 0.93:0.98:1.15:0.97:0.97:0.97., Tang 2P R iE B 12 :jﬁiggﬁgggﬁ 125
KB M Ara. Xyl. Gle. Gal. Gal-UA Fil Glu-UA S0 oo &
6 Fh el R ILLH B, LB SR LR 4.6:1.4:5.22:4.81: = g g
1:1.86, ZHIWFFEH T 772 i JRy BR P M AR g =% E ] 7.3 g?‘cg
JEF] Fru MANESE M, AR H B Zhi P & S 50 =
Y Fro 5R3E. AWRFC R BB W h S AT e & £
B Fru SR, I FLKS SURECH A ORISR AR S £ 2 25 B
FH 6 ﬁ%g?UT ! ﬁ“o 05 6 7 8 9 ll() 1‘1 120
2.3 HRP. KRP #1 PRP B9 FEMNE {5 ] (min)

HRP. KRP F1 PRP () HPSEC-MALLS & i X e R (E
FOTRILE 5 HER 2. < — e ' 2

S E

%2 HRP, KRP A PRP 9% it MR AL z ! e

Table2 Molecular weight and dispersion coefficient of HRP, E s 75 E

KRP and PRP = ) Eéﬁ

M, (Da)  M,(Da)  M/(Da)  M,(Da) MM, E 3 ' §

HRP  5.841x10° 3.391x10°  6.418x10°  8.784x10° 1.72 2 25 &

KRP 5.634x10° 4.169%x10° 6.530x10° 7.146x10° 1.35 R R
PRP  4376x10°  3.141x10°  4.800x10°  5.774x10° 139 0 P 7 g s 10 11 12

PR EA R E] (min)

il 5 sk 2 Wl HRP, KRP fil PRP S = 5 HRP(A).KRP(B)FI PRP(C) ¥ HPSEC-MALLS
WER 5y T i 22 T/, 3PP Z W M, 78 ERE G
4.376x10°~5.841x10° Da Z [l . 3 Fh LI 20814 4> Fig.5 Chromatograms of HPSEC-MALLS of HRP (A), KRP
BCEREL(M /M DTE 1.35~1.72 2 [a], i 3 FhEiag £ (B) and PRP (C)

WY B — 3 —E . FREERT AN, 3 FhECEL 0
By M, MK F] /MK R S5 HRP>KRP>PRP., HRP /1
M, #5, H HATEHEIS; PRP 1 M, BN, 3R H 4
BN
2.4 HRP. KRP #1 PRP K FT-IR 3%

HRP. KRP F1 PRP (Y FT-IR Bl ILE 6.

& 6 AT, HRP. KRP Fil PRP (1 FT-IR Y%

& B s AR B . 7E 3200~3600 cm™! Zb A4 T T
SRR ISR R R P 4E IR Bl . 2935 cm™! XA
W J& i C-H#: P p IR 3 51 A2 1P, 4 1600~
1650 cm ™' Ab%5E IR I, 556 C=0 7| & iy i
WERFAEP, £ 1740 om™' BT i M WAL 06 2 HE 2 il v
TEFEMETENS . 7F 1000~1200 cm™ bW IR C-
OH WHh4RIR s C-O-C Bt IR E =4 . 1
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Fig.6 FT-IR spectra of HRP, KRP and PRP
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Fig.7 Ultraviolet scanning curves of I,-KI with HRP, KRP and
PRP solution
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solution with HRP, KRP and PRP under different alkaline
conditions
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Table 3  Antioxidant capacities of HRP, KRP and PRP

b7 HRP KRP PRP Ve

Ry LEe 1.65£0.09° 1.76£0.08° 1.95+0.08° 2.94+0.05"

il 1.84+0.04° 1.84+0.05° 1.89:+0.06" 2.35+0.07°

DPPH [ H1 334 Bk g 77 (mg/L) 28.28+1.40° 25.09+1.12° 23.69+0.49 15.86+0.65"
ABTS"H H1 535 B fE /] (mg/L) 30.78+1.29¢ 18.45+0.44° 16.63+0.51° 15.11£0.36"

T BBLEALAE J1 g ZHME7E4000 mg/LAR B SGHEE s 38 J5 1 0 2 BHAE 1600 mg/LAL W %% (8 ; DPPHAIABTS® E L5 BRAE 11 9 24 B h v BR 20

ECsofti. FfTHARR TR 225 B (P<0.05), R FHRFRZER A B (P>0.05)
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