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Abstract

Objective: To optimize the extraction process of polysaccharides from Polygonatum sibiricum and
evaluate their antioxidant and hypoglycemic activities. Methods: Taking the extraction rate of pol-
ysaccharides from Polygonatum sibiricum as the index, the effects of particle size, extraction time,
pH value and extraction times on the extraction efficiency by hot reflux method were investigated.
The optimal extraction process of polysaccharides was optimized by Box-Behnken response surface
methodology, and the antioxidant and hypoglycemic activities of polysaccharides under this condi-
tion were determined. Results: The optimal extraction process of polysaccharides from Polygona-
tum sibiricum by hot reflux method is as follows: particle size of 120 mesh, extraction time of 2 hours
per time, extraction times of 2, pH of 8, and water bath temperature of 80°C. Under these conditions,
the extraction rate of total polysaccharides reaches (13.08 £ 0.42)%. When the mass concentration
of polysaccharides from Polygonatum sibiricum is 1.0 mg/mL, the scavenging rate of ABTS* free rad-
icals reaches 86.6%, and the inhibitory rate of a-amylase reaches 56.8%. Conclusion: The process
conditions provide a reliable research basis for improving the extraction rate of polysaccharides
from Polygonatum sibiricum and developing products with antioxidant and hypoglycemic activities.
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1. 51§

WA RIR T 8 &Rl (Liliaceae) ¥ 1% J& (Polygonatum) % fEAE AR YY, RBEMES L EHHZH,
HAGHICHE BT LT ER CBEHNED) [1]. B 2020 Fix (PENRILMEZML) e, R EHERE
(Polygonatum kingianum Coll. et Hemsl.). 3&A&(P. sibiricum Red.)F1Z f£ ¥ & (P. cyrtonema Hua), ¥JLAT
PEARZENZ[2]. M EME & 20, AW, mE. =05, SRR E . RIBER E RS EEY N,
BAEFMAE. 5. . ik, P ira S 28miEtE(3]-(5], H TIE 77 Cofd M 2% «
BRYLEEG  WEIRP S = B BURIEER M . . BRSE(6]-[8]. Hh, ZHEEE&H,
FEifmpEE TR 9], BH SRS 6.49%, HAPUIEY . Pradh. FEiMpE. FiAR. SRy, k.
PURRESFEAIEYE[10]; RN EWFRIMEEE, BARMME. PrEth. Sug. sik. PumsEiEtE
[11].

H A 5Ok 22 i S BT v 3 B HE AR B R B B L KSR B0  FAOK B BIGE RN P $R RS 12]-[15]
HiEE L, ARG, HARRDUTE LA TR, 'SR ERm, M
FEAEEVE R R R Z S [16]-[18]. AHIEFU R FH #A BRI DOE SRS KIEY) 5 T4 KSR BEUTA3 31
BRI 2N, DU - BER LU (kI 1) 2 WP U R AR, MUK KL RS . SRR [A] . SRR AN
pH [H 55200 2 P2 IR I R 2%, SR A o 7 23k — 2D R AS SR IR AR MDA 5288 o AR IR 1, I
PRI T 2N RS I BORG 22 W A4 B0 S R 2 I AR Vs 2
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2. #
2.1. 5#. RARRAFE

SORE I B SN B S 26 i, 2008 (R RE LR g B e . R, E 255K
FIRR AR AR, BRI TEBARAR; il 2T E. =& k. SR, mole it
UG RA R TR B GRS, Ll e M AE AR A IR A R 5 B H Ak 22 50 8 9 70 Bl - ABTS®
HHi2E. DPPH H 2k, OH A A O, B ti2&iF Br e Al ulin &30 B b s 2O SR A R AR ;
o-VERY BTSRRI G I B AL & TAE TRBA IR AR o8 %0 B H B PEA I R & B A3
HAEMARA T

2.2. {L3&

TR F(PTX-FA210), HEBTFREAIRAF: F2HHHL(DFY-600C), i SR AIRAF; JiE
2R RAXNIKARV3), KR TR A R A 1HIE/KBHAHH-ZKS), T REAX AR AR JEK
NE A (SHZ-Dur), H M GIRE AR HIEA IR A A AVEE TR (101-24), KA RIRHE A R
AT GRICHEEOHUTDG), KD HERIEAHIRAT; omega £ IAEMEH#Y, %E BMG LABTECH A 7.

3. A&
3.1. il A&

FREL 3.03 g BRSRY AR, N 75.0 mL ZZ487K, BT 80 CHUKIBEA, FEHUNIE 2h, i€, WELE
W, DUEFRER LIRS 1R, B RAERIN LERE I, WIERSEE 10.0mL. [FIRGERH A
50.0 mL f] 95% L%, 74HRENG, 4CHEIR, E0, WEEHZHEIE, &SR IMEKEEnm,
NN Sevage IRF( GG 5 1IE T EERARIEL N 4:1), T RGEA, DIBREBRRFPHEAR, X LEZHE
WROHAT IR IR A0 FE, T8 ENS
3.2. SWRMEME
3.2.1. BB RHEREEXRER

FREUIE /KM &4 10.01 mg, ZAMKERZE 100 mL (IEEM, 5. 25FE0.0. 0.2, 04, 0.6.
0.8, 1.0 mL FI AT BB, BEE 10mL BERETd, 2HIMARIEKEEE 2.0mL, HH 2.0
mL Z&MHKAE NS EAXTIR, 7E 625 nm P KA E SR IR . DU 4 B VRO T R AR B
W BE(A) AR BRBEAT [E1H, 7507 FE 8 4 =20.071x + 0.1004 (R?=0.9994), £ 0~0.05 mg/mL i [ P £k 1t
KRR
3.2.2. MEFHZE

YRR RS ZRERES, AN B bRAE I 2R, THE RS P R 2R, TS SRS 2 hE
PRECR

ZHEER (%) = C x V x NIM *x 10> x 100%

A CNIRBUR ZHERIKEE; VN2 HERBUR T SRR N AR S MONFE R K& .
33. FREERE

3.3.1. BEERE
KOS HE i P BT B, 4% 3.2.27 TR 5 VEIE BB 6 UG, THEH ARSEEE, 4G RSD MM 1.56%,
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2 A AR 0 P i A TG K
3.3.2. EEMRIE

U VAR, RERE 4 h 3% “3.2.27 TUF 5B e oe B3t AT e, BP 0. 4. 8. 12, 164 20. 24h,
43 RSD fH M 1.10%, FKIERLE 24 h WA EE R LT

3.3.3. EEHRE
IE—HEZ8F 6 4y, 4% “3.17 TR LSS M M, 4% “3.2.27 TR vkl e oG &, 43 RSD
HH 1.66%, FHZITEEIMERE.

3.3.4. mneEEERIRIE
2 b R B R 6 1, IR AW, H% “3.2.27 TR VR E OB, THE R
K, FEFYIMAERLE N 99.86%, RSD 1H N 2.49%.

34. BEERRE
1E “3.17 TUN R RO VAR R b, SRR RERIE (S0 B 65 H. 80 H. 100 H. 120 H. 150

H). $EEU (1 h, 1.5h,2h,2.5h, 3 h). $2EURELQR K. 3 K. 41K). pH1H(6,7,8,9, 10)/F AKX,
& “32.27 UR 5 83006 ZHHRHCR IR, AT 3 K.
3.5. M EESEE S S PERIIZEL

#H Box-Behnken H1.Co BT JEHE, X A 20 ORI T 2 AT A 19]. 76 5L R R0 i S6 At 1,
O R 22 BEER B AR S B K W TR 2R AR . SRIUN 8] pH BN E AR, DATFORE 2 BEHE R Sy b
1. FIH Design-Expert.12 #4347 W0 37 TR S2 90 B T DA RGBT 08 M, BT o 82 TR S8 2 1EAT = T
HE, RPBIENTIIE £ FRUEZ[20] [21]. MR AP LE 1.

Table 1. Response surface experimental factor design and level

= 1. MR E SR ERRIT 5 KE

K=
K - 8
X1 CKy R B ) X2 (HEHX [T X3 (pH 14)
-1 100 15 7
0 120 2.0 8
1 150 2.5 9

3.6. RSMTEMWIBMENE

FZHEBCH] 0.2 0.4, 0.64 0.8 1.0 mg/mL MVEHAE AN E L, ¥ Trolox AL 0.2+ 0.4, 0.6+ 0.8,
1.0 mg/mL WA NBHIEXT IR, LR AT A4, 156, 7E 96 FLARZEIA 190 uL TAE#, HREZSH
NN 10 uL FEE, ZEPHPEX IRZ4LN 10 uL Trolox. EMIEHINIAAFIKE ZHE, BFRIERS, =ik
B E 30 mine BRI 30 min DAL, PATHEKE 515 nm, WG, 4R 4 A, A X
ML 4 WE, HEARWTN,
DPPH HHEERE =4 A —ANE — A X))+ 4 25 H x 100%

3.6.1. ABTS'EHAEBFREEHNE
fE “3.6.17 TR RAE B, B 96 FLBRSEIIA 170 pL TAETR. 20 pL SN, FHIRAEZ A4
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&

Par
&

10 L FREE . 7EFHTEXT IR 10 uL Trolox fEMIEAIMAARFEE L, HRIG7R;R, ZihEu
B 6 min. AR 30 min AL, MK 405 nm, WIHBOGEE, Ac 4 FE A XL 40
&, HEARIT

ABTS H HHEERE =[4 A — A WE - A X)) +4 23 < 100%

3.6.2. OH B HEABMRAEHME
7E “3.6.17 T FEAL L, T 1.5mLEP &, MIASREES RME, R . 25 HAMmA 100
uL FEE. 7ERHPEXTRRZE NN 50 uL Trolox 7EME AN FIKRIEZHE, i), BT 37 CKiwmHE
i) S 60 min. 10000 rpm, ¥ B0 10 min, BX 200 uL _EiEF 96 FLAR . BEbRAX T 30 min LA_L, i
TR KA 536 nm, WIHOLE, SHdR A A AR 40E, HEAKWT.
OH HHETEMRR = ME -4 X))+ U4 T —4 FHR) x 100%

3.6.3. O; BREBRENNE

fE “3.6.17 BURAZERS B, T 1.5mL EP &, HAEAETHHAIMA 100 uL FEE, FEFH M R mA
100 pL Trolox. TEMIEAIMAANFIREE ZHE, HRAIMASRBOR, 184, 37°C/Kif 20 min. FHIIA R
N, B2, 37°C/K¥E 20 mine S 100 uL & 4. ¥E25), 8000 rpm, i ES.Cr 5 min, HY 200 uL 7K
AT 96 FLHRH . BEFAMXTIHA 30 min PA L, WHKE 530 nm, WIHBOLEE, HHHEN 4 25H . 4 SR
AMzE, WEARWT, H, wRERIGEA S TS E R,

LR = 00625 x (AME — A+ @XM -AT) =W
3.7. PRSP IFEE NN E

3.7.1. .- EFE HERHIFIE M
fE “3.6.17 TR AL, BT BOMEEC R 0.2. 0.4. 0.6+ 0.8+ 1.0 mg/mL FWAE NIHIEXTIRH . T
1.5 mL EP &+, B MASRRIE S RN, 7R HMAARFERREE 20, TR, 37°C/K# 30 min,
SERIEN KB B S mine 7EFHPEXTRRZLIIN 100 pL F[-RERE, JB21, 8000 rpm, i Z0r 5 min,
HU 70 uL E3EFD 130 uL TAEW T 96 FLARH o BEARXTHY 30 min PA b, WK 2 400 nm, W H KL
B, ahich A H AR AdE, HEASWT.
- E M HEHIH R % =4 A — @ TE -4 X)) +4 5[ x 100%

3.7.2. o-SERBRIDEIFE M
£ “3.6.17 BURNKEAL B, T 1L.5mLEP &, &, EMEHMA 0.5 mL AR Z BT 900 uL
AWK RS, BT UK BRI LRTEFH XS AL NN 100 pl BR800, 7525 4 100 pL HEE.
B21, 70°C/K¥E 15 mine Sa A RMIRE TARMR, BhKBAAEE 10 mine WL 200 puL T 96 fLik +. A
FRAXTRFA 30 min PA b, 7K R 540 nm, WHBOGE, 73alich 4 FHE. A XL 400E, HEARK
wr.
a-JEREREANHE R % = [4 TH — (A WE — A4 X))+ 4 2 [ *x 100%

3.8. BRSO HT

K FH Excel 2021 #4373 [ 46 %045, IBM SPSS Statistics 27 #4347 75 2047, Origin 2024 #f44:
HIHTZ E, Design-Expert. 12 {3547 1w B TH 4347 o
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4. ERED
4.1. BERRE

4.1.1. MR E S BT

B 1 AR, BRSSP EUCR A R, TERIEE Y 120 H B 2 PEEICRA REE N 8.12%. Xk
WERIEE N 150 B, 5 SECR ARG YORIJ s R, [EAS TERINA GBES 2N minl, Su
PRECR R, Hok$® 100 H. 120 H. 150 He.

10

Z BER IR (%)
Extraction of polysaccharide(%)

0 T T T T 1
30 60 90 120 150 180

BRI (H)

Fineness of pulverization(mesh)

Figure 1. Effect of crushing size on extraction rate of P. sibiricum polysaccharide

1. RIS SRS 2 R ER B RO SN

4.1.2. 1ZENRTEISHIF %

BHPE 2 WP, BEEU AR 2 h i, B 2 B HCRRIA B i KMH 8.6%. BEAEFEHUN AIREK:, #z
TSR R0, AR T AN 2R R, 1~2 h R 2R R B . 2
h 52 HEIREER BT B R BT R R 5 s i 5 S B BE S K AEBEAR S /K AR B R P R e ) 82
REDUCRA K, Wuk# 1.5hy 2h, 2.5h.

=2 2 > o
1 1 1 |

ZHEVEIUR (%)
Extraction of polysaccharide(%)
9]
]

[N

T T
0 1 2 3 4

FE U ] (h)

Extraction time

Figure 2. Effect of extraction time on extraction rate of P. sibiricum polysaccharide

B 2. $RERETIE]X SHE S PR IR BN R A0S0
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4.1.3. EEURES BT
3 AT, ZREHRBCRESRE I N S 5 ke, R 3 IR PR, RUIREL 3
YR AR AT 2 B AT 15 B 7E 4 ISR, MU e SR BN 3 K.

i p—
[ S
| |

ZHER I (%)
Extraction of polysaccharide(%)
[y
(=)
1

[>2]

T T T T 1
1 2 3 4 5

SERLREL (O
Extraction times(time)

(=]

Figure 3. Effect of extraction times on extraction yield of P. sibiricum polysaccharide

B 3. {REUREX 1S SR IR IR R0

4.1.4. 1 pH HSHFiE

H ST 4 TR, R 32 BB P s o HC A P B A A A R T 2 MRV Y, S5 RO pH EN
8 I FUE(H 8.62%. pH {HN 9 I, FRECGABONERIIIEIAET, ZHERM D R A MR RON, 4R
IRENER R R E R, HOkFE pHE N T, 8. 9.

=2 | [>] o
1 1 1 |

ZHEPE I (%)
Extraction of polysaccharide(%)
9]
1

N

9}
o\ -
BN |
[~}
\&
—
[—}
[u—y
[

Figure 4. Effect of pH on extraction rate of P. sibiricum polysaccharide

4. pH 338 S HEIR BRI
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4.2. MR ERH SRR ENSCE

PO R IE o SRR ] $2E pH VE A SEIR 2R, e Me S SRS 5 2 R IR, SR Wt A g i
WAE 20 X2 2 rPEHREAT AL A A3 7 FE: Y = —39.75192 + 0.217849X1 + 6.08298X2 + 8.07975X3 +
0.048196.X1X2 + 0.004549X1X3 + 1.19000X2X3 — 0.001543X1% — 5.48800.X22 — 0.707000X3? (R> = 0.9638, R’a
=0.9172). BG4 S T7 Z o i 8 R 3.

Table 2. Experimental design and determination results of response surface for extraction of P. sibiricum polysaccharide (X £ s,

n=73)
=2 ARESERIEENE IR RNESR(Y £s,n=3)

FSES
G oacy
X1 X2 X3 TG 2 B (%)
1 1 0 1 5.63
2 -1 0 -1 8.51
3 0 0 0 9.16
4 0 1 1 6.89
5 0 0 0 9.07
6 0 0 0 8.28
7 1 1 0 5.91
8 1 0 -1 6.14
9 -1 1 0 6.08
10 0 -1 -1 7.63
11 1 -1 0 5.21
12 0 -1 1 6.04
13 0 0 0 8.77
14 -1 0 1 7.46
15 -1 -1 0 7.88
16 0 1 -1 6.10
17 0 0 0 8.44
Table 3. Analysis of variance of regression model
3. EVFARBENRINSG E S
T3 ZERUR 7 H B %75 F 14 P {4 BEM
S 27.00 9 3.00 20.69 0.0003 ”
X1 6.20 1 6.20 42.73 0.0003 **
X2 0.2066 1 0.2066 1.42 0.2715 -
X3 0.6312 1 0.6312 435 0.0754 -
X1X2 1.48 1 1.48 10.21 0.0152 '
X1X3 0.0528 1 0.0528 0.3639 0.5654 -
X2X3 1.42 1 1.42 9.77 0.0167 '
X1? 3.54 1 3.54 24.39 0.0017 **
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WL ss o

S
x22 7.93 1 7.93 54.66 0.0002 *
X32 2.10 1 2.10 14.52 0.0066 -
W7 1.01 7 0.1450 - - -
AL 0.4273 3 0.1424 0.9693 0.4897 >0.05
R 0.5877 4 0.1469 - - -
M 28.02 16 - - - }

E: CRRZEFEFEP<0.05), "RREFNEZEP<0.01), GiFaHTE: TEST.

T E AR RN, BAFER P<0.01, FRBZBAIE A UGRIGHT 7870 Bl B A Goit 58 . R
Tl P>0.05, RHRMFAEE, BHEETEUATEE R, fTRBLHEREZ 0 &R 50nE., i
U 1] S pH A2 I [)5C 5 ZTEHISC RS R 9 0.9638, Ro, oA 0.9172, 3K 7843 W B My B A ) S B
185 TRA 2 (B AR BRI AR O, AU AR M SRR R . W FAAEFT LU H, FERTIR R Z K
BRI, 25N DR 30 BORS 22 B AR IR S R FE AP 2 . R > S pH A > $REU[H].

RAERI T ZRH4HE R

TR A AT, 3 ERAERRIC T 2y MR 120 H. FEEURTIE] 2 h/k. $EEUKEL 2
IR, pH 8. /KIBIRSE 80°C. TEMLIKA: T BORS 2 M AT IONEIRAUE, FEAT T 3 IREE IR, 25
53 ZHER IR BUR 73 52 13.50%- 13.08%F1 13.40%, RSD 1N 2.97%, KT 3%, 4ERWMIBR T
AAEREW®ZER, ESMHRL, BATHE.

ST T T LW kb F 3 7 P R 3R T AE AT FH X e A AR A B e, 8 B BTAL R A [ A R
1) W) 2 T PR B T R R S v AR . 5 R LIS 57

LB (%)

Polysaccharide extraction rate(%)

x2: LU ) (h)

RN (%)
Polysaccharide extraction rate(%)
x2:Extraction time(h)

100 110 120 130 140 150

1 — .
x24I [l (h) 23 xLBIFERIRE(H) UBHRIECH)
x2:Extraction time(h) 25 150 x1:Fineness of pulverization(mesh) x1:Fineness of pulverization(mesh)

Figure 5. Response surface and contours of the effect of crushing particle size and extraction time on the extraction rate of P. sibiricum
polysaccharide

[ 5. R SRR AN B X SR S AR R BN R RN RO N E R F S 2k

Wi 7 T P48 B DA R 55 i 2 8 SRR P, 2 REAS T WL AR L 25 T 3K 1) 5 T A X i A S M e P 1 82
FRFR[22] 0 Wi J57 8T ()3 SE AR GE N, TR AR XIS, T 3R M) 18 AR P ko o ) e 2 8 R o 2%,
B A2 HLAE X Wi 2B PR R BRI T35 ki &, e B0y E S A 2RI, wEX—
PRI ACH LA RV A, 35 DR 3 TR R A2 ELAE A i SR B PTG s 2 R8R (23] H ] 5 R, R
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Wesr s o

LI (%)

Polysaccharide extraction rate(%)

Figure

L FE (X 1) 3 B[] (X2) 58 LA FH )55 e 2 LRI TR, L )37 T Pl 3 PR A B, D 3 1 AT 3% 1) 58 HLAE
X 2 HESEUCR IR s HRIA 6 WAL, Ry RERLEE (X)) SHEE pH {EL(X3)AC EL AT FH i Jo7 T P 3% 5 s 2%
SR, W T RE, R OR R pH H 2 (058 BAE I SE AN S35 B 7l SRECR (Al (x2)
542U pH EL(X3) 2 [BIAH AT FH (10 v %7 T LA s, 45 v 2 IR B T 4 A 5 4 i B i BB ] 5 42
pH (B P PIAZ BAE I B0 2 R R S 25 . 23870, PSS ELAR FH RS AR BE AR OO . Y12 (R 1
oz P 5 RS B]) > X2X3 (HEHN [A] S H2 X pH {H) > X1X3 (B kL 552 H pH 1H).

2 HEREIE (%)

Polysaccharide extraction rate(%)

L2727
\ /7777775

2025
s
. LL007 AR TRTR
] ] 7
g LT
AL
6 (F

e

LU
7711777
A G

T T

. 100 110 120 130 140 150
xR
x1:Fineness of pulverization(mesh) x1 %(#*ﬁ Ez( E)
9 150 x1:Fineness of pulverization(mesh)

6. Response surface and contours of the effect of crushing particle size and extraction pH on the extraction rate of P. sibiricum

polysaccharide

6. MR SHRER pH {EXT S S PEIR BUR S M A0 N B [ A = 2%

ZRERIDEE (%)

Polysaccharide extraction rate(%)
N

LRI (%)

Polysaccharide extraction rate(%)

8.5

7 T T

15 1.7 1.9 2.1 23 2.5

. SEIN 3 75 .
x2: BRI ) h) P o x3:pHIiL 2B )
x2:Extraction time(h) x3:pH x2:Extraction time(h)
Figure 7. Response surface and contours of the effect of extraction time and extraction pH on the extraction rate of P. sibiricum
polysaccharide

7. $RERESE] S AR pH {EXY 5 % PR IR B AR SN A N L T A =

4.3. SMTEHEMNESR
LA Trolox {ENFHTEX I, B0A5ZHHX DPPH H HiZE AU EREE ST WAl 8(A)FT7r - BEA 2 WV U5 Bk
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s s

FERIFH i, 3 DPPH H HHZEIE R W8 08, 750 Bk LIS 1.0 mg/mL i, J5 R Ag /1400 FH R R,
THAEARATIRT P T B o 75 ABTS™ [ BRI B S50, B8RS 22 W 1175 Ik R R SR I HR IR B ARl (14 8(B)),
LFEWRE N 1.0 mg/mL B, ESRRIER 86.6%. BLAb, FEHEL B R A E &7 B D
FHH—E HTERRAE S 8(0). E 8(D)), 7E 1.0 mg/mL i Sk & R i, 40908 47.3%H1 50.5%.

- 100
A g 100 = Trolox B g mmTrolox
Ll
oF == Polysaccharide 2 _ iy e=mPolysaccharide
28 )
8 55
- 4 &z
-3 e
L3 L
ME s T
b= b=
4 =9
£ g
=F..] 2]
) =
& 2
A 0 un 05 T T T -
e o4 0.6 o 1 0.2 0.4 0.6 0.8 1
) A ’ BB iR E (mg/mL)
R B % B (mg/mL) Mass concentration
Mass concentration ®
2
C £ 100+ g
; mm Trolox D £
= 100
'?'Eo =3 Polysaccharide -~ §° = Trolox
S s2 =3 Polysaccharid
‘RI_ : 'Bﬂ' § olysaccharide
- &<
3 yim S
.2 s0 W3E
#H g H 5 50
L} 3 Fiiig é
& NS
M= iE £
: £
<
= s
SR E o
0.2 0.4 0.6 0.8 1 £ TRt 7 A i
s 2
B3 [ (mg/mL) g R B (mg/mL)
Mass concentration Mass concentration

FE: (XT+s,n=3).

Figure 8. In vitro antioxidant activity of P. sibiricum polysaccharide
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Figure 9. In vitro hypoglycemic activity of P. sibiricum polysaccharide
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