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Tab.1 Factors and levels of Box-Behnken design

A K
RS
-1 0 1
A BEIR 1.0 1.5 2.0
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C R/ (mL-g™") 10 20 30
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Je 2 B A BRI B RIEE BN T 2 A AR WOk ik
AMEREEE SR, Z 055> T #K B 7E DESs Y BEAR T

181 i
17
16+
® 157
= 14
B 30
12F
11r
70 80 90 100 110
REE/C
(b) 42BUR A
181
161
g
Mo141
B
g
121
101
10 20 30 40 50
WORHE/(mL - g7
(d) ¥Rk

K2 R[EFEZREXS PSPs 42 BRI 00

Fig.2 Effect of different factors on extraction rate of PSPs
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10% , Vi B 5256 A0 o] {5 B SR 0 3 i, BT AT LR I
PN PSPs $2 BT 25 b A7 40 A A
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2.3 MAEHERIEER Tab.2 Design and results of response surface experiment
2.3.1 mE@RBxitE4ER PSP $EHCR %

MR CRGRWIER | W T =g = KRS 4 B0
KRBT, 17 7 R B A% 2, T e 0 T su
2.3.2 BEAEZ 5 EZ5H 5 0 0 . 1830 1829

FIH Design Expert 8. 0. 6 B4 Xt 45 kATl ; » 0 . 3.7 13.90
SR (L 3) ARG L e M 15 =k s 0 o e s
M P A FE A Y = —5.20 +6.214 +0.25B + 5 | | 0 15.34 15. 49
1.43C + 0.194AB - 0.166AC + 7.55 x 107° BC - 6 ' 0 . . 12 64
4.574° -5.88 x 10 °B* -0.03C*, [ )47 fiE— K Il ; . o U 55 1556
R KN, P T 2 DR 380 L (L5 0 0 e b
EYRFE BT LA X PSPs S 10 50 i s 0w e
REVMEREN ALCB. Hie 3 T, Ao o e b o
Al A B AB . AC . A* B* C*3¥ MM & (P <

11 0 1 0 18.37 18.29
0.01) , HIEUHE 3 (P <0.01) AR .8 (P > S
0.05) , Pt WM AL a7, BRI AH OC R AL R = 3 o | o o5 1208
0.998 0, 1 B 12455 11 52 56 {5 T A v B2 U5 5 A% y . B B 5y 150
AR R RS, =0. 9954, WA 99. 549% I 1 {E s . o o 84 1829
AT LB RS, FL R R, T 1, B0 L
RRAL R RN PR R R R R B CV =1.01% <
17 1 -1 0 12.79 12.90
X3 EET R 50
Tab.3  Analysis of variance for regression equation

TRk SFIr A I H ¥ F 1l P 3k

LAY 97.71 9 10. 86 389. 64 <0.000 1 o

A 3.20 1 3.20 114.86 <0.000 1 o

B 2.96 1 2.96 106. 40 <0.000 1 ok

c 1.125 x10~* 1 1.125 x10~* 4.038 x10 73 0.9511

AB 14. 55 1 14. 55 522.34 <0.000 1 o

AC 2.74 1 2.74 98. 30 <0.000 1 o

BC 0. 096 1 0. 096 3.45 0.1507

A? 5.49 1 5.49 197. 08 <0.000 1 o

B 22.75 1 22.75 816. 50 <0.000 1 s

c? 39.28 1 39.28 1409. 87 <0.000 1 o

i 0. 20 7 0.028

KA 0.14 3 0. 046 3.30 0.1394 NTE S

afiiR s 0. 056 4 0.014

S 97.90 16

R?=0.9980 R3,.=0.9954 CV=1.10%

Aaj

o FR IS W E (P <0.01)
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FIH Design Expert 8. 0. 6 4 X152 2 W i) s
AT R ZTT A, B 20 A Z i dnl 4 75 & 1Y
Wi S5 TET AN PR 3 A5 e 2 (BT AT LA B WL B e [ 28 5
AR W RS RN P S AR A W3
W s B35

F L 3 R B[] 08 O L A2 ELAE 1) 46 e 2k
ML R PIE ST AT R PSPs $RICRA I
O N = AE R AT DU Y B EE JR LG R ] Y 3

10 12 14 16 18 20 10 12 14
FEIREL

FE/KH

T, PSPs 4R B el K5 /N a3, BEIR IS
WORFLUAR LA 45 o 2R S W B, 3R W DI A
VERIRR .35 s N = ZE R T LU M BEJRE 2R L RITRORH L
(3 i PSPs 1 R 12 e fin i i/ R 3 B0kt
L5 I TR A ELAE B9 25 i e L SRR R I 5
AR RE X 5T Zras R —80 N=4K
R H W S T g 2k i R BRE U , 2 ITVRCRE L A
I [E] XS PSPs 4 HUR 2RI HR , BEVRORH L 5 1 (1]
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o 1030 8
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Fig.3 Effect of interaction of different factors on extraction rate of PSPs

2.3.4  vf ) E AR A TN AR 58 E

LA Design Expert 8.0.6 43 #7154 2] PSPs
AT T 2500 R [ 1. 19 4R B A] 42. 30
min AR EE 20. 75 mL/g, ZEBL S T PSPs 2 BUR
AITTINAE A 18. 61% . R T B iikni 7 167 45 S 14 ]
PE XA S F 64T 3 2P AT SER I L, BT A3
PSPs $EBUCRSEYIME N 18. 55% , 5 FME 40T (AT
WRZEH 2.69% ) , Ui WA AT DL fERA Tt PSPs 42
WOR A T2 5 B e i oK B3 fin T
139.97%
2.4 DESs E£7 Axt PSPs IREVE R & 2RI

DESs B 0 ~ 5 Wi, PSPs $2HUR S5 4
18.81% . 23.22% . 23.47% . 34.60% . 26.23.
22.34% ,SEHINJE AR B EEEMA 3 W
i} PSPs SR HUA IR B Fe K (ULl 4) . PSPs & 43l
g 43.25% . 55.79% .56.97% .58.97% . 63.48% .

64. 12% , ZEINZ W I FHi ke i B PSPs 4l ok
AR, TR I T DESs £ U5 4 SR 00 IR AR 0 R
Mo ML EHL AT HE S DESs AR E TR 22 A K,
NGBS =R RGN S O U e
b FESEg I Rt e I A2 48 Y DESs ) LR 2
KA T AL FEARIR T SRS B e R i 3h
PETE R AHBAR PR A 75 i — 2085
2.5 PSPs W ELEES
2.5.1 0, adRFAREEDSH

TEDNZE /Y PSPs Jo v B Y0 R N B Jo 3k 1 1)
Hahn, 0, A R BR ARG n, E k EE A B
1.2 mg/mL B, 3 BR 2 JLF @& TRE, SR
DESs #2(i1) PSPs HA—E M 0, A HHIERAE
(WES), &b, PrIrmm £ 772k y =0.036 +
15.994x — 119. 93x* +28. 13, R* =0.995 2,1Cy, =
0.444 mg/mL; PSPs 4k J5 #2°K y =4.53 +161. 25x —
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124.48x% + 30.21x°, R* = 0.993 5, IC,, = 0.524
mg/mL, HLHE 1C,, , FUIR MR O, A L iE bR aE
KT PSPs, BT 72 45677 A% G 7K 2 B 1T 12 42 B
PSPs, 75/ 0, H HI 3L 1C,, A 23. 33 mg/mL, 2.3
/NF DESs #2HU) PSPs 1) 0, H HIEERREES .
HZEAES A MLV 390 A4 0 Tk R 20 R 2 TR R B
PSPs WA 0, HHKLIERRAET, 2/ Ui DESs iX
Tl B9 70 A 2338 F PSPs X 0, [ 5 BRAE 1 1Y
TR

701
60
50F
40+

30 —=— LRI ER
—e—PSPs

05 B2 th 3L /%

20

02 04 06 08 10 12 14
plmg-mL™)

El5 PSPs X} O, HHEMIERRE
Fig.5 Scavenging rate of PSPs on O, free radical

2.5.2 DPPH A &G TRAE A 5T

TEIN5E ) PSPs 51 f W B0 L A, DPPHL H 1 ik
THERAY PSPs UK IE HA MAOC R | BT B
(R 3G INTRTRE N, BEAA R DESs $2 U PSPs HAT —
€ DPPH [ fJETEBRAE ST, WL 6, 24045, PSPs
LI HN y =15.13 +23.86x + 8.72x" + 4. 861,
R*=0.998 1,1C,, =0.951 mg/mL, % IC,, A%,

DESs $2 (/4 PSPs i) DPPH H 1 K35 5 g SR Tt
I MLR , 8 5 25 & T GRS EE TR BRI PSPs 1Y
DPPH [ HiEFRBE 1 (1C,, =19. 57 mg/mL) , Zhang
SV 9T & PR 4 Bh AL BE PSPs , i H: DPPH [ H
FLTERRAE S0, 3 2 R R BR AR ) S I A 4 4y
BT BERR 0T DESs (91 2B T8 9, IRl e
A R TEYI B RE T . S8, 24 PSPs iRk B N
1 g/L B}, DESs $2HU/ PSPs ) DPPH H H R B %
N 52.57% , 1 B 450 P v R B U PSPs 1Y
DPPH A H1 3535 5% N 34. 14% , Ui DESs %} PSPs
PrE LR 1A — 2 n =

90 g—= == ==

3700 = purimm
—o— PSPs

02 04 06 08 1.0 1.2 14
pl(mg-mL™)

K6 PSPs % DPPH H H3AIIEBRR
Fig.6 Scavenging rate of PSPs on DPPH free radical

2.5.3 EBHEAAR A ST
FEDIZE /Y PSPs JT vk BV FRL N, bt fb e

Lk A mRoe R, WK 7, BE BT E
Bamm, BYUEALEE 18N, 0.2 ~ 1. 0 mg/mL B EHT
SEALRE I I A M BT B W 1. 4 mg/mL B,
MITEALRE S K 241. 2 weg/mL, PSPs Y M A AL AE
JIWEAR T [ i vk B i Be SR e, (A B — 2 1
SR (AT WA

3 & it

fdi 1 DESs 421U PSPs, i P & IR 3R — S AL AH 7
TR VA TR SR B PSPs SR IR0, 76 5 PR 28 5040 14 3
filiL, SR R 7 T A5 B4k T2 S0 R 70
C JRE - FALIR G ZE ZK LG 1. 19 | 48 BUF [A] 42. 30
min &R 20.75 mL/g, 458 F PSPs 42 BUR
18.55% , B 4% 58 1 K2 31 PSPs 4R ERCR B T
139.97% , DESs 54 F| AT PSPs 2 BUCR A
SR, HAe E RS 3 R IR CR A B B i , B8
RV RAR T 83. 9% , W] fig & 1 &2 R Il DESs 4



B A RHEAROR R

02 04 06 08 10 12 14

pl(mg-mL)
K7 PSPs 1A BUAEALRE
Fig.7 Total antioxidant capacity of PSPs

REXGIN, W3R T PSPs WM AR, (i K47 R fift, PSPs
R S B DESs 2 U PSPs B & N
43.25% e EE R 4.5 G PSPs fm AT
R 43 63. 48% (64. 12% , W 40 BE AN W iy
AN, PSPs HAA —ERY 0, A i3EA DPPH H i 3t
THBRBE ) RSP E AL RE ), B B R R Ak
%;0, HHIEA DPPH A HALIERRER 1 & T K37
FAE PR, DESs AE MARBAS T8 H] | A] e 45
2B BT RS B ), S B IR o v 3 P o A L
TR R {H DESs 78 £ Bt 78 Hhoxh i M o3 i 4
¥ CERAR A TR )5 A T B — SRR

SE 0k

(1] Emedk Bl 2R JUR B 25 B PR 5E [ 1],
B2 5 R ,2019,39(4) 119 -23,26.

WANG X H, ZHAO Q, JIANG C X. Study on the au-
thenticity of Jiuhua Huangjing medicinal materials [ J].
Horticulture & Seedlings,2019,39(4) .19 -23,26.

[2] ZHANG H, CAI X T, TIAN Q H. Microwave-assisted
degradation of polysaccharide from Polygonatum sibiricum
and antioxidant activity [ J]. Journal of Food Science,
2019,84(4) .754 -1761.

(3] =S XIPHrE, R, 5. B 2 vt 2 E &

Ha S e ()], PR TR K224 ( 3 RF
220R) ,2017,34(6) 111 - 117.
HENG Y X, LIU D D, BIAN F X, et al. Anti-aging
effects of Polygonatum polysaccharide and its application
in food application[ J ]. Journal of Chongqing Technology
and Business University ( Natural Science Edition) ,2017,
34(6):111 = 117.

(4] EMoF, JrUCR, N . S8 2 B0 97 1 FH i 5¢
[J]. BARAEFR,2017(9) :190.

MA H F, FANG H L, LIU Z Y. Study on anti-fatigue

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

effect of Polygonatum polysaccharide[ J ]. Modern Com-
munication,2017(9) :190.
Ao SRR G, BORS 22 WA R B 32 B0 K B
JeL L LR i PR 2R R A oy AR AR B R [ ) ] B
TP B2 ,2019,46(5) 875 - 878.
HUA Y, ZHOU S P, LIANG J M. Effects of Polygona-
tum polysaccharide on peripheral blood creatine kinase,
urea nitrogen and partial immune indexes in rats with high
intensity exercise[ J ]. Modern Preventive Medicine,2019,
46(5) .875 - 878.
P o B BRI, E A2 AR BORS R AR OB B A B
5 WA B AL e gt e [ ], v SE 8807
H2E 2 2019,25(15) 115 - 24.
TAO A E, ZHAO F Y, WANG Y, et al. Research pro-
gress in anti-diabetic herbal medicine, material basis and
mechanism of action of Polygonatum[ J]. Chinese Journal
of Experimental Traditional Medical Formulae, 2019, 25
(15):15 -24.
CUI X W, WANG S Y, CAO H, et al. A review: the
bioactivities and pharmacological applications of Polygo-
natum sibiricum polysaccharides [ J]. Molecules, 2018,
23(5) .1170.
LONG T T, LIU Z J, SHANG J C, et al. Polygonatum
sibiricum polysaccharides play anti-cancer effect through
TLR4-MAPK/NF-KB signaling pathways [ J ]. Interna-
tional Journal of Biological Macromolecules, 2018,111:
813 -821.
RIRIR, TN, R, 55, SO ST SR SRR [T ],
=] B LE A A IR, 2015 ,34(4) 138 —41,46.
XUBB, YUY ]J, WUF, etal. Study on the Polygona-
tum polysaccharide [ J ]. Chinese Wild Plant Resources,
2015,34(4) .38 -41 ,46.
BT, R, AR R AF. BORS 2B BT 2 e T g
YERAMFRSERELT]. TP E K & ,2018,43(11) 157 -
161.
JIAY H, WU P,XI L Q, et al. Research progress in
extraction process and functional effects of Polygonatum
Chinense polysaccharides [ J]. China Condiment, 2018,
43(11):157 - 161.
FAAM. ARICIE TR T B AR BT e R M LT 4 R U
AL D], Jbat JEatfe TR, 2018.
WANG D M. Using eutectic solvent to separate lignocel-
lulose and cellulose components [ D ]. Beijing: Beijing
University of Chemical Technology, 2018.
SRR, WAL WD AE B 1 WA RIAR 378 570 b A 7
fRPEREDFTE[ D], dbat b atfe TR 2016.
GUO Z. Study on the solubility of carbohydrates in ionic
liquids and eutectic solvents[ D ]. Beijing: Beijing Uni-
versity of Chemical Technology,2016.
SF- . AR T R L B R AR S W T A S



T 5 RIS BOGROR 20 T 20 Mt A T IE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Frep R D] BUM WL TR R ,2019.

ZHANG P J. Application of eutectic solvent in the pre-
paration and analysis of flavonoid aglycones [ D]. Hang-
zhou: Zhejiang Gongshang University, 2019.

T, /I, R A B (R e i R i B A2 T X
WIEARORI[T]. PTG (A SRR
2019(3) :628 - 638.

WANG H, XI X L. Extraction of compound Shuang-
huanglian active ingredient by ultra-high pressure assis-

ted eutectic solvent [ J]. Journal of Shanxi University

(Natural Science Edition) ,2019(3) :628 —638.

TANG B, PARK H E, ROW K H. Simultaneous extrac-
tion of flavonoids from Chamaecyparis obtusa using deep
eutectic solvents as additives of conventional extractions
solvents[ J]. Journal of Chromatographic Science,2015,
53(5).5.

CHANIOTI S, TZIA C. Extraction of phenolic com-
pounds from olive pomace by using natural deep eutectic
solvents and innovative extraction techniques| J]. Inno-
vative Food Science & Emerging Technologies, 2018,
48, 228 -239.

SARAVAN P S, CHO Y N, WOO H C, et al. Green
and efficient extraction of polysaccharides from brown
seaweed by adding deep eutectic solvent in subcritical
water hydrolysis [ J ]. Journal of Cleaner Production,
2018,198:1474 — 1484.

LIANG J, ZENG Y, WANG H, et al. Extraction, puri-
fication and antioxidant activity of novel polysaccharides
from Dendrobium officinale by deep eutectic solvents
[J]. Natural Product Letters, 2019, 33(22) :3248 -
3253.

PIVEE ], X5 117, 5K 3%, FROK IR HE R 4 IR 20 W i
HETZMHTE (1], %2 1l BE 2 B 244z, 2010, 31 (2)
128 - 130.

SUN T G, ZHAO R M, ZHANG L. Study on the best
technology of extracting Polygonatum polysaccharide by
hot water extraction|[ J |. Journal of Taishan Medical Col-
lege,2010,31(2) ;128 - 130.

SRR , SR R~ R 1 5 AU — R 12 ) 2%
ZHEM LR ()], B Pk ,2016,37(4) . 158 -
163.

ZHANG Y Y, ZHANG B. Comparative study on deter-
mination of green tea polysaccharides by phenol-sulfuric
acid method and anthrone-sulfuric acid method|[ J ]. Food
Science ,2016,37(4) :158 —163.
BHOC, AR 5 X, 45, 3 PR H- 2 0E it e i
WS MR RE D LB M (1], ' AR, 2018, 39
(19) :64 -69.

LUO J W, SIFL, GUZX, et al. Comparative analysis

of antioxidant activity and antibacterial activity of three

(22]

(23]

(24]

(25]

[26]

(27]

[28]

[29]

(30]

kinds of Auricularia polysaccharides| J]. Food Science,
2018,39(19) :64 - 69.

HUINBL BRI XIDEZR 5. AT 98 e T 22 e
P[], i Tolk R, 2018,39 (13) 1223 -
226.

GAN X S, XIONG C Y, LIU G R, et al. Extraction
process of polysaccharides from bamboo stalk and its an-
tioxidant activity [ J]. Science and Technology of Food
Industry,2018,39(13) ;223 - 226.
FEERE R R, A AR, B T LR ) i S
ST AR YT 2010(12) 124 - 29.

ZHUANG W J, ZHENG Y F, ZHENG B D. Test and
analysis of antioxidant capacity of yellow wine[ J]. Fu-
jian Textile,2010(12) .24 —29.

XU P, ZHENG G W, ZONG M H, et al. Recent pro-
gress on deep eutectic solvents in hiocatalysis [ J ].
Bioresources and Bioprocessing, 2017,4(1) :34.
e, ARV TAL B B AR 4E R I AF5E [ D).
K KR ,2016.

ZHANG C W. Study on pretreatment of lignocellulose
with eutectic solvent [ D]. Tianjin: Tianjin University,
2016.

RNV, SR DL  EOOT 2L, A5, iR N A DA A A R
WP 20 T8 R A AT (1], B At
2% .,2014,35(18) :63 - 68.

LI'Y H, MA Y H, HUANG K H, et al. Optimization of
aloe polysaccharide treatment by complex enzyme method
and its antioxidant activity by response surface methodology
[J]. Food Science,2014,35(18) :63 —68.

VLT, N, REE, S RO 2R SR R A Kbt
SEACTEPEBE ST [T ], SN M 2 27 4l (A AR B
B) ,2019,37(3) ;18 - 23.

GONG J N, YUN CY, WU J, et al. Study on extrac-
tion optimization and antioxidant activity of Polygonatum
sibiricum polysaccharides [ J]. Journal of Guizhou Nor-
mal University ( Natural Science Edition), 2019, 37
(3): 18 -23.

S EE XU/INBH. A HILIE ) S ICEORS A RO oy S 4R
AT PRGN [ ], SLi% 55 50 %, 2013,30(3) : 1464 -
1468.

HU Y Q, LIU X Y. Extraction of effective components
of Polygonatum chinense with organic solvents and detec-
tion of its oxidative activity [ J]. Chinese Journal of
Spectroscopy Laboratory, 2013, 30 (3) . 1464 — 1468.
ZHANG H, CAI X T, TIAN Q H, et al. Microwave-as-
sisted degradation of polysaccharide from Polygonatum
sibiricum and antioxidant activity[ J]. Journal of Food
Science ,2019,84(4) .754.

A AT, X RUER, A5, o 7 T D0 A A v TR B2 B
ERZ R T2 [)] W4T, 2019,36 (5) : 875 -



B A RHEAROR AR

881. polysaccharides by response surface methodology [ J].
WEI W, LI Y W, LIU F X, et al. Optimization of Fine Chemicals, 2019,36(5) : 875 —881.

ultrahigh pressure extraction of Polygonatum sibiricum

Study on Optimal Process and Antioxidant Activity of
Polygonatum sibiricum Polysaccharides Extracted by
Deep Eutectic Solvents

WANG Tao'*?*, ZHOU Xinqun', SUN Junshe'?, ZHANG Zhimin'*, WANG Minjing'*,
HU Xuefang'*, PEI Haisheng'***
(1. Institute of Agricultural Products Processing Engineering, Planning and Design Institute
Ministry of Agriculture, Beijing 100121, China;
2. Key Laboratory of Post-Production of Agricultural Products, Ministry of Agriculture, Beijing 100121, China;
3. School of Brewing and Food Engineering, Guizhou University , Guiyang 550025, China)

Abstract; In this study, Polygonatum sibiricum polysaccharides (PSPs) were extracted by deep eutectic
solvents (DESs) with different ion combinations. The optimal effect of urea-choline chloride deep eutectic
solvents was obtained. Based on single factor investigation, response surface analysis was used to
investigate the optimum conditions for the extraction of PSPs by urea-choline chloride eutectic solvent.
And the effect of DESs reuse on the extraction rate and content of PSPs was studied. The antioxidant
activity of the PSPs in vitro was determined by measuring the total antioxidant capacity, O, free radicals
and DPPH free radical scavenging rate. The results showed that the optimum process parameters for PSPs
extraction by DESs were as follows; temperature 70 °C , urea-choline chloride molar ratio 1. 19, extraction
time 42. 30 min, liquid to material ratio 20. 75 mL/g. Under this condition, the extraction rate of PSPs
was 18.55% , and the relative error was 2. 69% compared with the predicted value, which was 139. 97%
higher than that extracted by the traditional hot water. The DESs reuse not only had no effect on the
extraction rate of PSPs, and the maximum was 83. 9% higher than that of fresh solvents when reusing for
the third time; and the content of PSPs increased continuously and tended to be stable with increasing the
repeated times. After 4 or 5 times of reuse, the PSPs content was basically stabilized at 63.48% and
64. 12% , respectively, which indicated that the purity was increasing. The total antioxidant capacity,
scavenging rate of O, free radical and DPPH free radical was in dose dependent manner with mass
concentration of PSPs, which was increased with the increase of mass concentration. The total internal
antioxidant capacity was 241.2 pg/mlL, and the IC;, of O, free radicals and DPPH free radical
scavenging capacity were 0. 524 mg/mL and 0. 951 mg/mL, respectively. Therefore, the DESs method

was a new high-efficiency, clean and environment friendly method for extracting the polysaccharides.

Keywords: deep eutectic solvents; Polygonatum sibiricum polysaccharides; response surface; reuse;

antioxidant activity
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