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Ultrasonic extraction optimization of raspberry ( Rubus idaeus L. )
pulp polysaccharides and its anti-fatigue activity
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Abstract ; In this study, the ultrasonic extraction process of raspberry pulp polysaccharides (RPP) was optimized using re-
sponse surface methodology and the anti-fatigue activity of RPP was evaluated by swimming mice experiments. The results
showed that the optimal ultrasonic extraction conditions of RPP were temperature 58 °C, extraction time 84 min, ultrasonic
power 58 W and material-liquid ratio 1: 20, in which the extract yield of RPP could reach 11.75% . RPP showed a typical pol-
ysaccharides infrared spectrum and was composed of galactose, rhamnose, glucose, xylose, mannose and arabinose, with the
molar ratio of 2.3:2.0:7.1:1.0: 1. 1: 19. 9. Furthermore , RPP exhibited significant anti-fatigue activity in the swimming mice
experiments, for it could effectively improve the exercise endurance and adaptability of swimming mice, maintain the level of
blood sugar and glycogen,reduce the production of lactic acid and accelerate its clearance.

Key words :raspberry pulp polysaccharides ( RPP) ;ultrasonic extraction ; extraction process optimization ; anti-fatigue activi-

ly ;swimming mice test
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Table 1  Box benhnken design factor level and coding
K Level
K% Factor
-1 0 +1
X, H A IR Extretion temperatur( °C) 50 60 70
X, #8 EHU} ] Extraction time (min) 60 80 100
X5 R HL IR Extraction power( W) 50 60 70
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Table 2 Box-Behnken design matrix and the response values
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sy X BRIOR X, BRI ] Xy i Ty 4
Run Extraction Extraction Ultrasound SERRAE T
temperature( C) time (min ) power(W) Actual yield Predicted yield
1 +1(70) -1(60) 0(60) 9.45 9.40
2 0(60) 0(80) 0(60) 11.63 11.68
3 0(60) -1(60) -1(50) 9.21 9.20
4 0(60) +1(100) -1(50) 9.91 9.89
5 +1(70) 0(80) +1(70) 9.86 9.80
6 0(60) 0(80) 0(60) 11.72 11.68
7 +1(70) +1(100) 0(60) 9.57 9.54
8 0(70) -1(80) +1(70) 7.98 8. 00
9 -1(50) -1(60) 0(60) 8.40 8.43
10 -1(50) +1(100) 0(60) 10. 81 10. 86
11 0(60) 0(80) 0(60) 11. 66 11.68
12 0(60) 0(80) 0(60) 11.65 11.68
13 0(60) +1(100) +1(70) 9.86 9.87
14 -1(50) 0(80) +1(70) 10. 56 10.51
15 -1(50) 0(80) -1(50) 10.70 10. 67
16 +1(70) 0(80) -1(50) 10. 89 10. 94
17 0(60) 0(80) 0(60) 11.75 11.68
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Table 3 Result of ANOVA analysis

T 22 AR I3 H 7

Source Sum of squares daf Mean square F P
KT Model 22.33 9 2.48 697. 38 <0.000 1
A-X, 0. 061 1 0. 061 17.22 0.004 3
B-X, 3.26 1 3.26 917. 41 <0.000 1
C-X, 0.75 1 0.75 210. 89 <0.000 1
AB 1.31 1 1.31 368. 49 <0.000 1
AC 0.20 1 0.20 55. 66 0.000 1
BC 0.35 1 0.35 97. 84 <0.000 1
A2 0.78 1 0.78 219. 84 <0.000 1
B 12.08 1 12.08 3 394. 05 <0.000 1
c? 2.36 1 2.36 663. 03 <0.000 1
32 Residual 0.025 7 0.003 6
HeAUTI Lack of fit 0.015 3 0.004 9 1.90 0.271 4
2l 2% Pure error 0.019 4 0.002 6
M Cor total 13.96 16
R? 0.998 9
P R Ry, 0.997 5
i R? RS, 0.988 8
K% Adequate precision 80. 485

FIWIHG . S SR A RN 58.38 W FRIBURE R 50 ~ 60 CHE, REAES I BRI R
I, BRI ] B i B 5 SR A R A A G . 2 4EFRAE 11.46% L.

ZRER IR
Polysaccharide
extraction rate (%

A B
ns ~
=
1095 g
- N
SRR
3% ettty
o 8 R 2
-0 ' i =1
e it oo
X S5 e
O = =
- 89 =
B 2% 84 =
>~g 70.00
R 2 = 100.00 4 5] 5
5 ' 1000 Lo RO
65.00
60.00 :
=~ : X x 60.00
70.00 % 12 P
X2: B[] Time (min) 60075000 Xi: i EE

Temperature (°C) Temperature (°C)

5 BEREIMNESREENKMERASERIGENINE
Fig. 5 Effect of ultrasonic extraction time (X, ) and temperature (X, ) on extraction rate of RPP

VE A 3D R T R B 22k El, TR, Note: A : Response surface plot; B: Contour plot,the same below.
Bl 6 o 1A SE U [ 2 84. 32 min IOR[E] REE R 50 ~65 CZEMIELLT , WA R N 24

S B R AL SRR N SRR SRS R YRR T KT
Wi by PRI RT R, AR P D) R 55 ~ 60 W Ji] K7 SR 1 SRR EZ O 58. 63 “CfA [l



Vol. 32 =

A R A M S SR T S A4 B H T o5 7

2087

PR AR (] 0 P53 2R P 22 Wi UG 3 o 7=
SN o ph AT AL s (6] 12 A 80 ~ 90 min Z [H],

NABEAE 50 ~65 W Z Ju], B A 2R P 2 W4 H A
ESu Tl e

€2 E EEES
Polysaccharide
extraction rate (%)

Ulttasonic power (W)

Xi: A
Temperature (°C)

6 BERRRINESEENNERASESENZN

Fig. 6 Effect of ultrasonic power (X;) and temperature (X, ) on extraction rate of RPP

A
s
P
=
3
# 37
=i
i Sg 103
<o.2
g =t
Ase
o
70,
55.00 X
X3: HAT%E 500075000 Xi: ¥
Utrasonic power (W) Temperature (°C)
A
Q)
5 3%
=
€ 53 .
x S5 | g
=]
oSS
/| 23
=
¥ ok
A e
o 65.00

7000

50.00°60.00

60.00 >
X3: 7 I s
Utrasonic power (W)

X2: B[] Time (min)

EZ 3RS
Polysaccharide
extraction rate (%
B S 20 & yrf
=
L
ﬁ o
Bg
B,
ol
=

80.00

X2: [ Time (min)

90.00

7 EBASIRENTA A0 AT 8 X A SR A S AR R BN R AR

Fig. 7 Effect of ultrasonic power (X, ) and time (X,) on extraction rate of RPP

3.2.3 MERAZHRLRR LG H T

i Design expert 8. 0 i {F 3 Xt =4~ 2 0] 5
PG B ARENSIRASUN R 7 FE . Y = 11. 68 — 0. 087X,
+0.64X, — 0.31X, - 0.57X,X, - 0.22X,X, +
0.29X,X, —0.43X; —1.69X; —0.75X;, H, Y K
WIBRER A AR I, X, X, X 2 AR A I
TR BRI B A A %, JEF Design expert 8.0
A REAS ST RE SR A, B 2L RENG .45 S e RS I
TG, B4R O B 2 57.92 °C, i [i] /2 84. 24
min, IR 58.69 W, 45 G BARSEFRIE M, [F]
SGRENE AR B A, AT LA i & Ak T i — 20
) 5E 38, RIVE R 1% 8 R 58 °C , i [A] 15 &4 84 min, 1]
FRWE N 58 W, I HARIEERE R 1:20, XF L) 1
TG AT RCR IR 15 B 25 R W3R 4, 2T
153 45 B S R 3k 11,75 £ 0.025% , Fil I K
11.78% W4 SZPR&5 R 5z 8 i B2 F 80 I

b, G 5E B R R 2 W 205 il 76.2% +
6.57% R Fr iR 1. 18% +0.02%
3.3 WERASHEILIRIE S

WAL HATLLAMCIE ST S S BDGIE R 8
FIR X E AT M IS & 30,3 300 ~3 500 em™ 3
FEI S T O-H Wi, T - 2 900 ~2 940 em™
TWHIAAEE T C-H g o 1 740 em™ P K% 1
600 ~1 650 cm™ 43 S A FR A5 H F C = O [k
i 1485 ~ 1350 em™ 22 [f] B — FR B WL i S -
CH(O-CH, ) Z5#4 (1 25 W e 6, 1 000 ~ 1 200 em™
F) 31 BT PR A5 1) 2 e e A 5 AT g i i g 850 ~
810 em™ Z [A]15 %] C-0-S WU, 350 ~ 600 cm’
F W AT e Sy I PR A
3.4 MERAZSERETHRESH

19 S i 14T 4 L B2 7E 10 000 4% .5 000 £ .2
000 fiF1 1 000 £ T WLE S A4 5 5L P 22 W (2
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Table 4 Results of model validation experiments

i 44k Optimum condition PEHUE R Extraction rate( % )
ol B 2 BRI D e B
No. Extraction Extraction Ultrasound Actual Predicted
temperature ( °C ) time ( min) power( W) yield( % ) yield( % )

1 58 84 58 11.71 11.78

2 58 84 58 11.75 11.78

3 58 84 58 11.76 11.78

4 58 84 58 11.78 11.78

5 58 84 58 11.75 11.78

SEY{H Average value 11.75 11.78
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Fig. 8 Infrared spectrum of RPP
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Fig. 9 SEM images of RPP

3.5 WERNSENEEAR 3.5.2 BEEAT RS LELLET A 4 d GC-MS B
351 AR K4 ZIRALATAE PR ST 4 R LT 10 5 4
FEEAT AR e BN B BRIy BRTELAEAT A0 0 LA 90, 43 B RO e, o) 32
VB R , TS B SRR MR ORI, 7l B Jh BT A 80 F 4 6 P B, s
WELRIEERIZ 25 ~400 pg/mL, RAMBINEER BRI A Dok E | ke tb L 2wk
mrEs, [ 7 FAR AR 8 e o BT A AR 2, QAR
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AR A (B L R AN T 2R, R 220 )
Lo B W R IR AT REME R , A5 IS S b
AR RAME S BT LAAS LI I T AR R e
LK R B ZEAAT AR i, LA RE RS 5 K AT fiE
WD BT AR 007 2 A T 1R IR R B, A
[Fi) S 7R F) R X 7 B — Y (0 38 06, {74 )5 2270 H RE

BRI AT
3.5.3 WHERA S A AR R AT

T AR IR R Z AT SR AT A 2 S RE
5155 GC-MS &k, BV 11 frR. T Sop b e
i D B IR B) AR B 1 R, BE A ik — 20 40 B A S
REAL IR M T 0 BB A R, B LS (3 1o 40. 57

RS THBAERESNREREZTRESEXRY

Table 5 The standard curve equation and correlation coefficient of seven monosaccharide standards

PR

Monosaccharide standards

R R

Correlation coefficient

w577 78

Standard curve equation

ElZ=BH Rha 0.999 8 y =86 472x-154 083
BTHrfFHE Ara 0.999 8 y =72 472x-51 750
SHE Fru 0.999 5 ¥ =10 197x + 147 979
AME Xyl 0.999 6 y =74 569x + 347 094
H &8 4% Man 0.999 9 y =195 909x-771 962
H%FE Glu 0.999 8 y =86 963x-337 613
L7 B4 Lac 0.999 6 y =195 909x-771 962
150000
Lac
400000
350000
8 300000
s Man
é’ 250000 i ‘
by 200000 Ara Xyl Glu
4 150000
100000 L
5 Fru
0000 . er N o 7} S
13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00
i} A Time (min)
B 10 7 FhEYEIRAERE ZBALITEY CC-MS Eik
Fig. 10 The acetyl derivatives of seven monosaccharide standards
FO6 T HEAMEIRAEMNRERERIFESF
Table 6 The retention time and characteristic ion of seven monosaccharide standards
Hopk PR EE B 1) ERET EPER T
Monosaccharide Retention time( min) Quantitative ion Qualitative ion
FR 258 Rha 16. 041 145 129 113 117 .159
B RiAFBE Ara 16. 423 145 103,115,200 242
B Fru 16. 595 145 103 129 117
ABE Xyl 16. 728 145 103 115
&P Man 21.182 145 115,187 212,103 314
R Glu 21. 385 145 115187 212
HFLHE Lac 21.894 145 212,115,103
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pwe/mL) | FRZEHE (32,06 we/mL) F & B (127 wg/
mL) ABE(15.13 pwg/mL)  H#EH(19. 63 pg/mL)
AR BT AR (298. 49 wg/mL) , #E— 205 FIFEE R L
SA2.3:2.0:7.1:1.0:1.1:19. 9, iZ K 3% p 3 R & 3
SobE . MaZZ R nl DUk B, & R 1A BT AR
WA S A0 o 3X 5 A 141 BT S0 ) 2 20 48 1) R
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Fig. 11

3.6 WEHERASEN/NR HEFKEERRE

3 AR OCE R AT 2 R 3R 7, X SR
AT I TG B, A4 45 R TR 22 0 5 00 DK [R) =2 TR1 A
S ARG I HL B Bk B R /N BR T v i
VKIS TR 0 2R PR 22 AR 2/ B P-4
U IE UK IR H] Ry 647. 3 £85. 4 s, 25 [0 REZH A IR Dk Fisf
[B]A7 477.5 £102. 1 s K LB SR B A X0 b 2380, —
H2EFRE(P<0.05) W N 20D 5 =4

I )] Time (min)

RERA S IEKFEITEFY GC-MS BiZE
The acetyl derivatives of RPP

/INER )T 383 Sy i Uk ) 18] 43 ) R 872.9 £95.7 s il
1072 +111.5 s, 555 AR EL 38, A7 FEM I 35 M 22
R(P<0.01),

TERF S R T 55 sh 2 I, TAERE 7 52 8R4 d vt
[ A FR ARG ok o2 PR BV 251 g s ek st
KATUAE—E B LRz 3hne )1, AW aRM,
525 FO0 REAH L, W 2 SR A 2 7 50 ~ 200 mg/kg
[V FE T AE S 2 e = T FE Uk /N BR A Az s g 07 .

R WERASEX/NR A EH K E R0

Table 7 Effect of RPP on loaded-swimming time of mice

4151 5 it st Iﬁdﬁﬁjﬂﬂg
Group Dose ( mg/kg) Number of animals time(s)
25 F %R Control 0 10 477.5 £102. 1
PRE SR Z T Bt RPP-L 50 10 647.3 £85.4"
BRSPS P B RPP-M 100 10 872.9£95.77"
WRE AR A 24 ) RPP-H 200 10 1072 £111.5"*

ESEEBAMEL, P < 0.05;""P < 0.01, M.

Note : Compared with control, * P < 0.05; " P < 0.01,the same below.

3.7 wERAZEX/NRIMTE.ATHEREFALEEEREP
A

W 8 Frow , i 45 1 R 2 Wb B (1) /) BRE 3
Ji ML Y3 5 2 A R Fb s 1 0 BB A vy, L 7 ik
Bt AR 2 SR PR 22 0 %) W S S i e o rh AR SR
TR Z2 WP i 2H /N BB 3l 5 11 2 37 o 2 e i
7 8.85 +0.71 mmol/L, 25 [ X} BE4H (1 45 5 Hy 9. 50

+0. 70 mmol/ L, X P £H B #4755 b o0 #r A B, 22
SRUINEREER A Z 8D SR E RN s R
S4TI9 4 24 B v B 43 5] 24 10,55 +0.70 mmol /L FH
12. 65 +0. 68 mmol/ L,z B = T2 (AZH (P <0.01) .

HEAh AR 2R ) 2 Bl W BB R s 4k 15/ Bz 3
J AR SR AU Jir 1) 7K -, L ol it vy ok B 5 7
M BER A ZHE A0 B BIE L . AR 8 B, W 4
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TR A 2 BRI A1/ BRIz B0 5 0T S5 8 T 1 oy
6.43 +0.31 mg/g, 25 HAXTRRAL L5 R 6. 12 £0. 39
meg/ g, X T 2H B0 A7 X6 H A A K B, 25 RN
PSR PR 22 v R e AL/ BRI A2 B0 5 2
JEURR I 35 b v T2 AR RRZH (P <0.01) o W2 A
ZHHIL P AR R RS A o AR L 12 3 F
YIHURE RS S , Ho28 S84 g 2% (P <0.01)

IWE & B T AT DR R IPAS LR A A K
SR T DA X R GE R 98 9 I L. 2B
T AU T 5 A BIPIR AR AR RS 2 o S

REHE A b Sy, PR IR K P TG AR, DR ki
i WAL A B S ELAR B i 5 B, BB — 2045 3
PUARRIIZ SIRE T1 o BT AR I Bl 7 A i 9% 57 1K 2
i BRI £ I LA Bt A R R S AR A A
FEH WRER A ZHEAE 100 ~200 me/ kg #e S5 fE !
Az Bl /0N B IR B2 R I i, 7 S0 ~
200 mgy/ kg ¥ BN HE W 2 39 iz Bl /N B AL Bk
o U BIRAESR P 220 AETE 1 4 i) B ) IR A
JEKF, /s s s i e A A RS, AT A 24 i
/NERIB B )

R8 PIE A BTN R I E | B4 R A0 AL R 80 %00
Table 8 Effect of RPP on blood glucose, liver glycogen and muscle glycogen of mice

4 e I/ e ik JHHE I JUUAH
A5 il ] . )
G Dose( mg/kg) Number of Blood glucose Liver glycogen Muscle glycogen

roup ose(mg/kg animals (mmol/L) (mg/g) (mg/g)
25 FXF R Control 0 10 9.50 +0.70 6.12 +0.39 0.91 +0.04
TR A Z B & RPP-L 50 10 8.85+0.71 6.43 +0. 31 1.26 £0.04 " "
WHE A 2R 7 & RPP-M 100 10 10.55+0.70 " * 10.19 £0.46  * 1.67+£0.02" "
W25 A £ B R RPP-H 200 10 12.65 +0.68 * * 12.07 £0.58 " * 2.00+0.03" "

3.8 MERASHEIN/NMNRMBEPABRMIABKS
AR R

FH% O AT N, A2 2R R Z2 WA L R s R s 2 /N
Uz B JE ILE A Y FLIR & a4 oA 10,83
0.18.10.30 =£0.05.9. 13 +0.23 mmol/L, 525 4%}
REZHY 11,74 0. 10 mmol/L #H [t 22 Febl B Z (P <
0.01) , HA %2 5 R 28 41/ Bz 3 s s o ad-F
YILmR & i b 2 Mk B 2 R OG . AR, AR SR A
ZWERE I 45 = 12 3l /N BRI Hh LR I SRl A
PE R RER R 28 s R 2N BRAE Bl s IS EL
T I3 S il 140 95 2 45 9l h 37 967. 21 + 15 729. 42 Fil
97 180.33 +2 191.45 U/L, 25 [ X} B8 41 19 45 5 h

4524.59 +2 712. 61 U/L, SA i AL 5008 R 0, 25
WK (P <0.01), H/NRIYIZ 35 13 o 2L R i A
G 0015 5 R R 2R TR 2 VR P S TE AR G

BUARLE SEAT 15 58 B 1938 sl 23 7= A Kt i 3l
2 B B T LR B X VT LR i 7= £ 11
FLRRFEAL I TNERR , T 7E— & PR L REIRFLAR &
o ARWTERY, B AR A 2 50 ~ 200 mg/kg
e E I e W]tk s 2 i Bl /s BRIV T FLRR 1 7 A [
i, 7E 100 ~200 mg/kg ¥ 5 I GE 12 2 14 iz /) B
M7 LR I S A TG o AR R SR A AR R
IR 14 1 B 2 it/ )N BB B9 55

*9 WERASEINNMNRMERIBRMIERER BN

Table 9  Effects of RPP on lactic acid and lactic dehydrogenase in serum of mice

il b L LR S At

S0 5 JTYEL = L

éE_UIJ Dose N fj%?li als Lactic acid Lactic dehydrogenase
roup (me/ke) umber of animals (mmol/L) (U/L)

23 1% Control 0 10 11.74 £0. 10 4 524.59 +2 712. 61

W HE S5 A Z M5 1 RPP-L 50 10 10.83 +0.18 " * 6 918.03 +2 697.21

8558 R 2 iR 3] i RPP-M 100 10 10.30 £0.05 " * 37 967.21 £15729.42* "

785 SR A 22 B = 4 RPP-H 200 10 9.13+£0.23* " 97 180.33 +2 191.45 " *

3.9 WERAZEX/NRIME PRI
Al
H13% 10 m] DL, RPE SR Y 2 Ml Ak B )/ Bz 3

i ML RSP 4 PR AR AR R AULIR I s s
X BELHERAT B S e, ELPI A SRR SR A 2 MY
W HE L TAAHSC o WRER A 2B R 21/ s 3
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P45 L3 PR 2R S R ULRR % 1 23 331 0. 773

+£0. 068 mmol/L F11.393 £0. 176 U/mL, 5 %} B& 4
HOC R E MRS . WRER A Z b i a2/
12 Bl 5P E L PR AR A4S X B 25 R A T
HUB R e B A7 AR 22 5 10 35 (P < 0. 05) Fil 22 54
F (P <0.01) , J T LR PR PE HEA T X He 23 #r, [7]
ML PR R ISR

ML & A PR AL BRI , A I e B
T ARG W A B a8 Bl N, R, )
DLPARIIZ Shak i MR >, FEASBF IS, 558 A%
NEAHLL , BA52R A Z2 B A 100 ~200 mg/kg e E I fiE
R F AR/ a3 LTS PR R AR
e UL AR A 22 W R i 4 9/ B2 Bl
JOL R IR BB 57 R o

®10 HERASHEX/NRME KRR HREEN 0

Table 10  Effects of RPP on urea nitrogen and creatine kinase in serum of mice

415 ic sk SR IRER [
G Dose Number of animals Urea nitrogen Creatine kinase
roup ( nlg/kg) umber ol animals ( mmul/L) ( U/n]L)
%5 4B Control 0 10 0.869 +0. 033 1.264 0. 194
W% A Z BHIK5R & RPP-L 50 10 0.773 £0. 068 1.393 +0. 176
AR A L h 7 i RPP-M 100 10 0.716 +0.032 " 0.886 +0.041 "
W RE S A 20 7 = RPP-H 200 10 0.643 £0.048 " * 0.501 £0.020 " *

VL b 5E 45 5 SR Z A5 ) 2 WE 0% o5 A oE 45
SRR, B S W T LA S A K W K T ], S
RLUF AT S5/ I 5 S Un EL R Z2 BB RE IR NIH
B N B PR R RN SLIR i, T PR B & & 3k
BB RO
4 #Eig

R SR PR 22 AR P R e A T2 2R S
MR 58 C FREETA] 84 min H 7 D)4 58 W OBHRE
Lt 1:20, HAP 4 05 55 11.75% , W)L 4546 53
M R B RE N 2208 & A 2 300 B0 A A0
AWE H EEWELL S BTHLARBE 6 Fh s aiy , BiThqra
R 2 0 O s 5 LA MR ) 2R LA G
Wl R HL R T 26 TADHLRE , 22 R /NAS — 1% B [B]JE J
o PUIETT SO0 S I WA S N 220 B A AR
R EK /N B2 Bl ) Rz slad v e 3 s A
BE IR i 2L IR = A s O B, B s ar
PIPTIE o7 e . T — 2 IRATEEUE— 2 N4 L A o3+
K48 R HApo % o5 (I Z ALEE, W &5 205 0 I &
IO FH 75 SE RIS B

S 30k

1 Chen Q,Zong W,Sun MY et al. Effect of four different yeast
strains on passion raspberry wine brewing[ J]. North Hortic
(A FZ) ,2019(22) :114-120.

2 Gao MM, Li SW,Zhu HY,et al. Structure of polysaccharide

and its resistance to GMC proliferation activity from Irpex

lacteus[ J]. Nat Prod Res Dev ( KARF=¥# R 5H k),

2019,31:1954-1959.

3 Yi P,Li N,Wan JB,et al. Structural characterization and an-
tioxidant activity of a heteropolysaccharide from Ganoderma
capense[ J |. Carbohyd Polym,2015,121:183-189.

4 Yu Z,Liu L,Xu Y,et al. Characterization and biological ac-
tivities of a novel polysaccharide isolated from raspberry ( Ru-
bus idaeus L. ) fruits[ J]. Carbohyd Polym,2015,132180-
186.

5 Yang Y,Xu H,Suo Y, et al. Raspberry pulp polysaccharides
inhibit tumor growth via immunopotentiation and enhance do-
cetaxel chemotherapy against malignant melanoma in wvivo
[J]. Food Funct,2015,6.:3022-3034.

6 Mierczynska J, Cybulska J,Zdunek A, et al. Rheological and
chemical properties of pectin enriched fractions from different
sources extracted with citric acid [ J]. Carbohyd Polym,
2017,156:443451.

7 He YF, Yang RM, Hu N, et al. Optimization of extraction
process of polysaccharides from fenugreek ( Trigonella foe-
num-graecum L. ) by response surface methodology[J]. Nat
Prod Res Dev (KRR =W #F5¢ 51 %) , 2012, 24 1463-
1467.

8 Yang YJ, Han LJ, Suo YR. Analysis the monosaccharide
composition in raspberry polysaccharides by gas chromatogra-
phy-mass spectrometry[ J]. Chin J Anal Lab( /3156 %) ,
2015,34:688-691.

9 Zhao K,Xie HX,Zhang N. Optimization of ultrasound extrac-
tion technology of total saponins from Clematis intricata
Bunge by response surface method[ J]. China J Tradit Chin
Med Pharm( e EE 2235 ) ,2015,30:1239-1241.



Vol. 32 5

A R A M S SR T SO B T o5 R

2093

10 Huang H,Wu M, Yang H,et al. Structural and physical prop-
erties of sanxan polysaccharide from Sphingomonas sanxani-
genens| J |. Carbohyd Polym,2016,144 .410-418.

11 Jeong HK,Lee D,Kim HP,et al. Structure analysis and an-
tioxidant activities of an amylopectin-type polysaccharide iso-
lated from dried fruits of Terminalia chebula[ J]. Carbohyd
Polym,2019,211 :100-108.

12 Gao X,Qu H,Shan S,et al. A novel polysaccharide isolated
from Ulva pertusa: structure and physicochemical property
[J]. Carbohyd Polym,2020,233(1) :115849.

13 Li B,Zhang N, Xue D, et al. Structural analysis and antioxi-
dant activities of neutral polysaccharide isolated from Epime-
dium koreanum Nakai[ J]. Carbohyd Polym,2018,196;246-
253.

14 Jing YS, Cui XL, Chen ZY , et al. Elucidation and biological
activities of a new polysaccharide from cultured Cordyceps
militaris| J]. Carbohyd Polym,2014,102 :288-296.

15 Chiantore O,Riedo C,Scalarone DM, et al. Gas chromatogra-
phy-mass spectrometric analysis of products from on-line py-
rolysis/silylation of plant gums used as binding media[ J].
Int J Mass Spectrom,2009,284 (1) ;:3541.

16 Hu JW,Luo B,Wu L,et al. Physicochemical characterization
and antioxidant and immunomodulatory activity of polysac-

charides from Gynura procumbens stem [ J ]. Nat Prod Res

17

18

19

20

21

22

Dev( RIRF=PIWF5E S5 % ) ,2019,31:1299-1306.

Teng X. Studies on extraction, purification, structure analysis
and biological activity of polysaccharides in raspberry fruit
[ D]. Harbin ; Northeast Agricultural University ( Zzdb4%r K
2) 2014,

Ye M,Wen Z,Huang JZ,et al. Effects of Dictyophora rubrov-
alvata polysaccharide on anti-fatigue and hypoxia endurance
in mice[ J]. Nat Prod Res Dev( KIXF=¥#hx 5H %),
2016,28:416-419.

Wu LW, Chen N. Progress in understanding the mechanism of
exercise-induced fatigue and its regulation by soybean pep-
tide[ J]. Food Sci( & fiFl) ,2019,40(17) :302-308.
Tung YT, Wu MF,Lee MC, et al. Anti fatigue activity and ex-
ercise performance of phenolic-rich extracts from Calendula
officinalis , Ribes nigrum ,and Vaccinium myrtillus[ J |. Nutri-
ents,2019,11(8) :1715.

Gong P,Wang S,Du C, et al. Anti-fatigue and anti-hypergly-
cemic activities of two konjac polysaccharides[ J]. Sci Tech-
nol Food Ind (£ Tl #HY) ,2019,40(7) :259-262.
Liang XJ, Wei BD,Chen Q,et al. Optimization of polysaccha-
ride extraction process from Morinda officinalis how and its
biological activity in vitro and in vivo[ J]. Food Mach ( & [

5HLK) ,2018,34(7) :158-163.

(B35 2072 )

15 Yang J,Fei JX,Su HJ,et al. Flavonoids from the flowers of
Sophora davidii and their anti-tobacco mosaic virus activities
[J]. Nat Prod Commun,2019,14.1-4.

16 Manel H, Afifa ZB, Fethia HS, et al. Isolation and structure
elucidation of secondary metabolites from the roots of the tu-
nisian Conwolvulus dorycnium[ J]. Chem Nat Compd,2016,
52.830-833.

17 Wei Q,Wang Q,Sun CZ,et al. Two new furofuran lignan gly-
coside derivatives from the fruit of Forsythia suspensa[]].]
Asian Nat Prod Res,2020,22.803-809.

18 Jiang H,Yang L, Xing XD, et al. Chemical constituents from

19

20

21

fruits of Xanthium sibiricum[ J]. Chin Tradit Herb Drugs( #*
H2),2017,48(1) :47-51.

Thuy NTK, Trang DT, Trang MTN, et al. Flavonol glycosides
and dammarane saponin from Gouania leptostachya[ J]. Viet-
nam J Chem,2019,57.277-280.

Zhao Y ,Zhao K, Jiang K, et al. A review of flavonoids from
cassia species and their biological activity [ J]. Curr Pharm
Biotechnol ,2016,17 ;1134-1146.

Yang J,Huang TJ, Luo JF, et al. Chemical constituents from
Leea asiatica| J]. Nat Prod Res Dev ( K4k P= ¥y il 98 5 FF
&) ,2018,30:1382-1386.





