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H EAMTHABNANLFERSBELZTEN L ERERAIF T ZAE S BAEI TR, ALNE T
AU FEA P 5-BF AHmEE (5-HMF) Rm i ki =4 (AGEs) 898F, #F R T ARG Rl %5k
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Effects of Nine Steaming-Nine Processing on AGEs Content,
Polysaccharide Structure and in Vitro Activity of Polygonatum
sibiricum
MA Yonggiang', ZHANG Yipeng', WANG Xin'**, ZHANG Siyao'

(1.Heilongjiang Provincial Key Laboratory of Cereal and Comprehensive Process of Cereal Resources, College of Food
Engineering, Harbin University of Commerce, Harbin 150028, China;
2.Heilongjiang Academy of Forestry, Harbin 150081, China)

Abstract: To preliminarily assess the primary reasons for the reduction in polysaccharide content in Polygonatum sibiricum
processed through the "Nine Steaming-Nine Processing" method and its impact on the in vitro activity of Polygonatum
sibiricum polysaccharides, this study measured the levels of 5-hydroxymethylfurfural (5-HMF) and advanced glycation
end-products (AGEs) in Polygonatum sibiricum processed through the "Nine Steaming-Nine Processing" method. The
study also examined the structural changes of purified polysaccharides from Polygonatum sibiricum before and after the
"Nine Steaming-Nine Processing" process and analyzed the influence of these changes on the in vitro activity of
Polygonatum sibiricum. The results indicated that the "Nine Steaming-Nine Processing" induced the Maillard reaction in
Polygonatum sibiricum, resulting in a 5-HMF content of (631.3£21.5) pg/g, and the levels of carboxymethyl lysine (CML)
and carboxyethyl lysine (CEL) were (342.4+11.3) pg/g and (63.7+£9.8) pg/g, respectively. This processing also had varying
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degrees of impact on the structure and composition of Polygonatum sibiricum polysaccharides. The glucose (Glc) content

increased, while mannose (Man) and galacturonic acid (GalUA) content significantly decreased, with Man decreasing from
34.53% to 17.06%, and GalUA decreasing from 9.59% to 1.77%. The research suggests that Polygonatum sibiricum
undergoes the Maillard reaction during the "Nine Steaming-Nine Processing", leading to the formation of a certain amount

of AGEs. Simultaneously, the "Nine Steaming-Nine Processing" method can enhance the in vitro hypoglycemic activity of

Polygonatum sibiricum polysaccharides to a certain extent.

Key words: Polygonatum sibiricum polysaccharide; nine steaming-nine processing; Maillard reaction; structure

characterization; in vitro bioactivity revision

K (Polygonatum sibivicum ) YE T E 25 &
P FHAEYY, LB e Al o RS 2T, B R
IHE . B AR « 37 1k Bl ik ok AR B A0 45 22 P 24 BRA
FARTI, BT SO N AR S B /K 43, TE IS S AN g A
W s 7 A 25 AR . M SIS, R BEORE Y7 S T .
[RIBF, fief BEops B et A i IR FH s e, &)
PR B N, N8 RIS HAE R e ) kR
(EPHINGD, Ek, 38 5 O R P T M S5
[ E N Ty =X, PASER BR8], 8 T Az
i, [R] AV BRHHALME

RSN T 7T N, TERZ A T 70,
JURL LB I ki 3 44, B2 B Th U L
ZE U BN 77 72 w1 DA woRs < BEPE AR T 11 IR A
A, FBT R F RS E R, R, BRI R
ULz LIS B B0 2205 5 B R R, BORS (e
AT IR R AR, JEEUR R, [FIRT, B 222 E e L
ZE U RS TP AN 2 T SRRSOV AR 5-5%
FR LM (5-HMF ) L) R BE0Rs 220 Bopi 2 ali ok 28 i 21
5%, Ut BH RS T2 Ll il Tad R R nT e R A T
SRR N, Ik 2ol A T — R 1520,

X ILZE U RS 20 B BRI LS, A E
NG LT 4 F L P 8 I 05 3000 W S AR AL OB 5
figt 1, AE AR X LR A R BABEZH S PR LTI A T 1
AAFRAE, FLEA Z2 S BORT T AGEs 5 Kok U
PLHIAHSCIIFSE . FEARZ AGEs " ¥ FF 3L i 2 iR
( Ne-carboxymethyllysine, CML) Fll #2 £, & #i1 42 iR
(Ne-carboxyethyllysine, CEL) #% 2y A& AGEs fix &
BLFEPRE ALY, S5 AR T FH 5 B0 IR PRI BRv
SEZPPpRAESEN I, ST S e S A
SNARTR W) 5-32 I BLpE (5-HMF ) & AGEs 1197
B, WIAARIT Lz U ok vh SR S N R ks 220
FYZELG . 280 N BRSPS MG PR 52 ), At
AELEA RNy 2R Pk 2s e n Pe s 4R i =0 4%,
[FIs A GBS S B0kE S5 245 B R AR 2 (o D T 33t
ZZ M .
1 HRESE
L1 ARSI

KRG 7 E B JeVEAE KAl 5-HMF( = 99%)

32 [# Sigma-aldrich 23 H]; CML., CEL( = 98%)

Bz TR FR AN 7] s #2588 (glucose, Gle) . HEEHH
(mannose, Man) . i #HHEAL (guluronic acid, G) . H

T2 HEE L (mannuronic acid, M) £E 14 Fh g br v 5
g IR E R RN E A il PEBR R
AR AT BRSNS B 5 a-TE K HF (4000 U/g) « o- R0 1T
it (60 U/mg) LI FIICEEA BRAS H]; PUBPEREAER TR
R bR A RAR EC ke, &5, 2iE. H

i, EUK . LRSS Bk EFE el

ACQUITY UPLC H-Class/Xevo TQ-XS #8134
AR - — H PUAR AT R B BT . Oasis MCX [FAHZE
B4 (3 mL/60 mg) . ACQUITY UPLC HSS T3 {4
(100 mmx>2.1 mm, 1.8 um) & [E Waters 2\ 7] ;
Infinity-I1-126 %Y /55 250 AH (2 13% 4 . Agilent C ¢ £E
(250 mmx4.6 mm, 5 pm) ZEACEMHE H EG R
#]; Scimitar 2000 BULT A EIE AT SEEZHER
45 T]; STA6000 #AEES3FHTIL  PerkinElmer X #5457 R
43w Alpha 2-4 LDplus ELZSWRARTHENL Lk
BlA G A H] .
1.2 XFEE
1.2.1 JUZE UM EORE hil & HUEF BEORS BR A% e, 1)
F, BR/KZE ] 3 h, BOB ARSI, T 100 °C HEAR
6 h, UM S S HAE R 9 R, RIS Lz JUfl #aE!> .
TS S S g, KA TEE ks, ik 40 HifesH o
1.2.2 5-HMF &l FREL S-HMF FRiE S nA
FA 2, Cf) sk 1.0, 5.0, 10.0. 15.0 £ 20.0 pg/mL i
FRUESH I, 4TI IR bR 26

FREUEE B0k M JUZE U BERERE S K 0.4 g, i
80% MM 25 mL, FRE 5 #E A $2HX 30 min, 2 5 H:
IRPREE, L 80% HHPistkh 2 /b 11 JBi 5, 4000 r/min 2§
O 5 min JEHE_EERBIH 0.22 um pERGE s S 3] 4t
RELWLTIRER 1 L

i JH Infinity-11-126 5 755 580 OFH €235 A <2 A3t
iR S W 5-HMF & & . HPLC 2% 14 : Agilent
C,g H:(250 mmx=4.6 mm, 5 um), #:¥&: 35 °C, FishtH
Ty K-FEE(9:1), IE: 0.8 mL/min, 2 4MN& Iz K .
275 nm, kLR 50 pL!,
1.2.3 AGEs &H#ilE
1.2.3.1 XM EEREIE  FRELCML F1 CEL frif
fh 5.0 me SRS T 5 mL B alisK b, 43 BT Ak
JBRE R A 1.0 mg/mL 9 CML 1 CEL HRUEE U,
TR 5 S A MRV TRORSKs R 6 R, T T 8 Jo Y 5 5 )
A 1.0, 10.0. 50.0. 100.0. 200.0. 500.0. 1000 ng/mL
#J CML. CEL 1REFRIEE
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1.2.3.2 fHARERESE  SEEEED 5T
RSP TRIALEE, JFRSINe sl . FREUERSEORS M U758 L
HIFRSRE S AR S 20 mg, FITAIE O %8 550 58 it
o INABNBRER SR btk (pHO.2) A S AL AN TA W,
T4 °C 50 FHCE 24 he SRIGIMA G- EE(2:1,
V/V)JG B, MUTTER N AERBRIT /KM 24 heo R
BUK R 5 B IRAE 80 °C R T4, A A T gk
1. o Waters Oasis MCX [EAFZEBU/IMEEFT TG L,
B 1 mL BEOhn 2 [EAHFEBCNE Y, 3 mL 7K &
3 mL H EEEA Tk, B )5 5 mL FH B UEA T e .
PP 60 C AMRET, HERT 1 mL @4k
A o HH T BB (LC-MS) I 5 kS AF 4 b
AGEs W& &,
1.2.3.3 fEA @igt oy ACQUITY UPLC HSS
T3 # (100 mmx2.1 mm, 1.8 um) . #sh4H A 2
&, WshAE B A 0.1% H R, B el : 0~1 min,
2% A, 98% B; 1~3 min, 2%~5% A, 98%~95% B; 3~
4.5 min, 5%~10% A, 95%~90% Bj; 4.5~6 min, 10%~
2% A, 90%~98% B. ¥itif 0.1 mL/min, #4£E: 1.0 pL,
FEVEL 30 ¢,

MS Z&Af: HLmBE 55 2 IR IE B2 A BN e
FE 3.5 kV; L% 7 IR 400 °C; I R T R
600 L/h; #EFLS i 150 L/h; BFURIEEE 110 °C; il
A 0.16 mL/min; 22/ W WAL=, LA TT i
SR 1,

#F 1 CML K CEL By£ i Wi 2 8

Table 1 Multiple reaction monitoring mode parameters of
CML and CEL
Hir9y il HEALIE(V)  RiEERE R (eV)
a7 - - 2 2 lrRe(e
" T mmr FaT e
130 38 10
CML 205 .
84 38 16
130 24 12
CEL 219 X
84 24 20

T * RN ERE T

1.2.4 RS ZHHERE, srEaifb & ale K
R AR L IE OIS H AR R i, 7Rt
1:20 g/mL. Z3IEEE 80 °C. BEHEMITE] 2 h BIKM T
SR /K PR R HR B LZE JURI RIS 9 B0RS 28, Rk
JH Sevage LR FLIZ PR H 2430 T, FEZ PR
WA 4 15 IRFRI 80% Z I, BEUL 24 h )5 &
U A5V VR, 15 2\ EE SRR 20 M L8 LI
KMl Z hE . M Z ¥4 DEAE-52 41 48 = AL )20 M
Sephadex G-100 1+ )ZM7 )5, 85 H IR SR URT
e, BIAS I i SOk Z2HE

BUH % R 1 mg/mL 438 2 MR E S W 25 mL,
B H o 25 2 250 mL 15 BUARHERE S W . 4 B EL
0.1.0.2. 0.3, 0.4, 0.5 mL 3 &BEFRETR, MR UHN
A 0.9, 0.8, 0.7, 0.6, 0.5 mL ZEIE/K, KA HRIL
5, LAZRIB/KAESS FIRESS, 76 490 nm A < W 56,

1B BE AR ERNZ . FREGEORS Z 0 R L 5
FKE A eI RS GRE, A T RS T a2 b
Tt
1.2.5 JUZETUHEX S 2 4 e 52
1.2.5.1 EMGEESHT FRIL PSPEEREZHE) . N-PSP
OUZE U BokS 22088 , B H) BBt 5 8 1 mg/mL
FRRE SR, 76 200~400 nm 136 BBl N 4T 52 41T
S SETT
1.2.5.2 AHEREM2LAMNGIESHT FREL PSP M N-PSP
#IR 5 mg, KBr [, SR B AR 3 21 41 554X
X PSP. N-PSP 7£ 4000~500 cm™' & [Fl P 47 F3 4,
F4HTn T 7 =0 Boks 220 B Be A 19 52
1.2.5.3 MIZRZLIAL:  535%F PSP F1 N-PSP 55 MR
KR A, Bl il s B S 00 0.1, 0.2, 0.3, 0.4,
0.5 mol/L 1) NaOH ¥ ¥ , £ 400~700 nm 7 [Fl Py #F
TTES M TG, IR I W B R R <,
FHZ B FoRA WA WA E S 2s AT R .
1.2.5.4 #HESHT  FIHRE 5P RZGXT PSP. N-
PSP TR ST, BGE B M,, B AR, 78
N, S0 FIERESLAE 0~700 °C X 8] B A8 fk, 45
TR 10 °C/min.
1.2.5.5 PUBEZHSAIHT  a BROBEARE S 94T AR Ak Y
BAPREL 14 FhepoblidR Al o o0 0 Be il 0.4 mg/mL MY
WAE FH o B BAOBE AR o T W AR BT T IR
B 400 pL YR & BAPEFR ETR I 400 pL ¥ N
0.6 mol/L ) NaOH #4714, F-hIA 400 pL PMP
FA P MR S IR TR S, 70 °C /KSR S 2 h, WAl
JNA HC1 A ZEdE:, A 1200 pL 7K B2 1200 pL
B =S e, TRIETR S, BB R I — S ke, TEE I
YE 2 WJE, /KA 0.45 pm P& IR g )5 BIAS 24T
HEASE BARR SRS IE HPLC #5387,

b. B A Z HE 19 AT A 46 BREU PSP A2 N-PSP 4%
15 mg J° 20 mL 18 A, AN 5 mL 19 2 mol/L
R LRI, FTTAREE, T 100 °C B oK AE
2 he ¥WENEHRRAR T, JINA 1 mL F 55 4R 452
T, N E R 2 IRLARBR = L. A 1 mL
0.3 mol/L ) NaOH AT FE 4315 i, 15 B Z K
AL, WHL 400 pL A TATAEARAREE X HPLC 30Tl

c. g SR (ki C g £ (250 mmx4.6 mm,
5 um); WRENAH: A S 0.1 mol/L 14 B ik £k 2% vh ik
(pH6.7), HitshAH B 2 £ ; Kl £ 250 nm; 4
#i 30 °C; W 1 mL/min; #EAE & 5 pl; Ve AR 7
0~9 min & 86%~83% A, 14%~17% B, 9~28 min &
83%~78% A, 17%~22% B, 28~31 min & 78%~50%
A, 22%~50% B, 31~36 min & 50%~86% A, 50%~
14% B.

1.2.6  JUZE UM BORS Z2 WA S NS M 8 A4 1) 52

WFFE
1.2.6.1 FHGZHEXT a-PEM BN GIERUIE B
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B2, 4.6.8. 10 mg/mL Gtk EA) PSP, N-PSP I%
Y& 100 pL, A 100 pL Y a-TEMBFAR (1.2 U/mL),
37 °C JK¥ 5 min, A PBS ECHl Y 3ERBH A # (R E
530 1%), 37 °C JK¥ 15 min, 001 A 2 mL DNS %
W, WKW 5 min S B ¥ 31, FH 28400 K B B =

REWICREE

HHIZE (%) = (1 - (A —A)/(A, —A))x 100 X (1)

b A R PIRA S 2RO CEEE; A, MR
PR IR B AN Z2 BRSO CRE B A RS £
PHIOSGEEAE; A, NS PR A B i G B B .
1.2.6.2  BKEZWEXT o~ 78 280 W Bl O F0 AV RS

FHL 2. 4. 6. 8. 10 mg/mL BT & ¥ )& i) PSP, N-

PSP ¥ 1 mL, LA 0.1 mL a-FiZJHH (1 U/mL)
12 mL BYBERRELLZ ik, 37 °C A4 10 min J5h1
A 1 mL AP H KRS WD 0.25 mL X As 3K -4-D-2f
FLEENL I BE ., T 37 °C F 8 10 min, FEDA
2 mL AR FRENT W, 15 FH ) = SBEAE Sy BHPEXT BE, 7E
400 nm AZb W e e S EET, A2 2 (1) TR ]

K 1C s, BUH

1.2.7 07 20 E0RE 2 A ST A AR 152 1)
5T

1.2.7.1 #X5Z P DPPH H H3EBRRME m)k

BN 2 mL (19 DPPH-ZEE%# (0.2 mmol/L), $&
JEINA 1.0 mL BERRERSZ vh#k (0.2 mol/L pH7.0), f%
JE A 2.0 mL PSP & N-PSP ££ 5 (2. 4. 6. 8.
10 mg/mL), Z#E#EE 30 min, AR 100 1500 Ve
TR WRAE BHPEXT R, 76 517 nm &b 52 8 5 W G E
AL, ITJG/K A0 E DPPH 18- 2 5GE A, 280K
XTHECR Ay, Fea=0(2) 3158 DPPH H H3E7E R

DPPH [ I R #(%) = (1 - (A, — A,)/Ay) X 100
X

o A SRR SIS OCE; A, S TC/K B
1% DPPH 142 tb X BRI OGAE; A, HZRIR/KACE
A A AS T R G
1.2.7.2 X5 ABTS'H HIEER RN E K
7 mol/L {4 ABTS & I% 1:1 f He 5 2.45 mol/L
PR BT A ROR &, GRS 16 h, SRIHESM6
FCEET, 76 734 nm KT PBS 2k (pH7.4) Hi
B ABTS ¥, VATWOCE R 0.7 &/ 43l
Fin A 2 mL ABTS™ %W, o A [A] JoT 5 e B2 1Y
PSP J N-PSP &, #E'G W 20 min, ARG RBE— E 5
B Ve VEMBAVEXT BE, 76 734 nm AR GE WG, 3505
K3 ABTS™ [ i HIEGR .

ABTS" H HHHEFR (%) = (Ag— A,)/Ay X 100
F&D)
o A SRR R BOGE s Ay 2RI AKAR
ke S A S S G(E .

1.3 #iEAIE

AR IEAT 3 e, A S W T2 S
>R JH SPSS 18.0 Geit #4753 #7, P<0.05 B3R
T B2 5, R Origin 2018 4],
2 FER5Hh
2.1 5-HMF 2ENELHER

TE 1.0~20 pg/mL 7o BN, LA 5-HMF J5i & ik 3
SRR AR (x) , TR AL AR (y ) 2l bl 26, 15
FLRMTFE y=84.207x—45.312, R>=0.9974, FAH 34
HA R R, UMFEWRIESY 3 51 10 #1287
¥ R H BR AN 5E B BR, LOD AT LOQ 43 %14 1.86.
6.13 ng/mL.

30 35 X B REORE A S R A T ARSI, 45 R s A ARG T
F| 5-HMF . JUZE JUihl 3R 5 A9 & 8O AH (0,35 151
W 1, JUZE JUil O/ T 5-HMF & & 24 (631.3+
21.5)pg/g.

200 ¢

150}

5

<

5100

o

=]

T 50f 5-HMF
0 \ ! ‘ . s ‘
0o 1 2 3 4 5 6 7

FF 1] (min)
Bl 1 JUZEJLHIEORS 5-HMF WAH K

Fig.1 5-HMF liquid chromatogram of nine steaming-nine
processing Polygonatum sibiricum

ZERERW, e UZR U EORE T Y S-HMF &%
HEEA W0, X — ARk SR BT Al R 3K
A DA, SNSRI T 7 G T 8kE h 5-HMF &2
SN2 TR, EORAELZE LTI R T 32 B s i
BETT IR T B T2, 1S 2 hE R A= T — e R
KRG, Leat oK SN s AT AT 5-HMF!, Ji
ZEILE AR T @0k b S-HMF SR B3 BTt
2.2 AGEs 2EMELHR
2.2.1 £MEVER. B RAERER L CML 1 CEL
B4 85 T8 [M - H] T HE VSRS i 0Tt B B (33
B, anE 2 Bras . £E 1.0~1000 ng/mL Ji ik BE 5 [
PN, AT R B A Ala R, B X A i o I T R
MR ARL bR ERT LR, LIS LA 3 F 10 B E T
A H BRI E m BR, £ AR 2 TR . 7E 1.0~
1000 ng/mL JEFEIN, —H ¥R RIFRLMEEER,

2.2.2 SEFRFESIE JLZEILEUE R B CML
Al CEL & UL 3. il R T A, JLZEILHS B0ks
#1 CML # CEL &2 (342.4+11.3)pg/g. (63.7+
9.8)ug/g. HHULFRH, JLZEJLiIXT T2 9 CML F
CEL & ARk AT 25 8 R FE i, FEZEHn Tad f b &
Az 1 SE R A Sz A AR Bl T B 5 i 1 CMIL i
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101 CML T RS, ORI S BB R SR AT A L S
g \ JUTREARR1
g 232 EEHMERESMHTAER 4 UV K, Z5RIE 3 R
i ‘ 7 PSP J% N-PSP 125 (1 it # HLAb 4% & A I,
;maf 4t VA HREE Y PR A Z2 M4 A 2 B 455 v I 22 b
- |
2t \ 407
i s
% 1 2 3 4 3.0t
A TE] (min) i 25}
8 3R20F
CEL T 1S5F
6l 1o}
= i PSP
3 0.5 N-PSP
*}:( 4 | 0000 250 300 350 400
ﬁ: )| P (nm)
i \‘ B3 SRS
‘ | Fig.3 Ultraviolet spectrum analysis of Polygonatum sibiricum
0 I — polysaccharide
0 1 2 3 4
fif 1] (min) 2.3.3 £IAMNGIESHTEE R SREBUE B 2T NG

2 IRAARHERT CML Al CEL (I T ik &
Fig.2 Extracted ion flow chromatogram of CML and CEL in
mixed standard solution

#2 CML Ml CEL RYZRPEIUR . et e D 250 R, K
RS e iR

Table 2 Linear range, linear equation, correlation coefficient
R?, limit of detection and limit of quantitation for CML and CEL

JUE R KBRS REER

ey LR

LI
(ng/mL) AR R? (ng/g) (ng/g)

CML 1~1000 y=115.25x-3834.6 0.9913 6 27

CEL 1~1000 y=170.42x-5972.1 0.9931 7 32

3 RTINS CML & CEL i
Table 3 Content of CML and CEL in different process methods
of Polygonatum sibiricum

R CML(ng/g) CEL(ug/g)
fif #O - _
JLFEILHI 342.4+11.3 63.7+9.8

CEL, X 5B i (IS a5 R —3 . 7 iR 2%
TFREE R, RS 2 P A —3R iR SR 2 AL S
JERLT AGEsP?, A, Bk i 9P mmR vl LA 4 fk
S L-Brziobl, L8 b3t nT LI AL CML M CELPY,
Rk, 2830 i 25 s i #ORS b CML 1 CEL &5 i
BLLRE L F.

2.3 EEZESENEREHMFRE

2.3.1 ZBESEAINE LIRS e R A
SRR S R A AR E 2R, H Dy R y=
0.0145x—0.0034, R*=0.999, AR PEFRuEp LR, R FH
T B PRV I A5 BEOKS 22 3 5l 15.32%+1.62%, JL
ZESURI RS 2 S 12.21%:+1.43%, H 22854l
1E 90% LA 1o SRR NZEIulilG kG 2 pE S i
IR BRI, R A E 2 R B vh 20 R A

AR T =5 $EH A HORG W B RE A 43P (151 4),
PSP A N-PSP fE 3325, 2925 cm ' &b i W Wi i 2 22
BEY O-H. C-H fh4afrzh7 [ my™ . 7E 1618, 1603,
1412 cm™" &b H B8 R A e 2 -COO-fth 4 3R 3 5 | i
FY, FEHA b R S BERERR, 1022, 1050 em ™' &b ER
PR IZ WA e 2 Fh L R R 11 C-O 885 |2 1Y, N-PSP 1E
817. 872 cm ' Ab MWL IS I oWl T 5 2. p-WIT
BEYRsh =44, 5 PSP AH Lk, N-PSP 7 1740 cm ™' &b
HH B AR NE R A 06 SR B2 R R AR 19 C=0 {4 ¥R 315
AL LA g R R W R BORE A L 28 T s b
JBETE bR a2, I HouzE Julilin T 543 20A0 8
Y 2 Ry e S Sy LS I AL L1 O [ A

106 - 1603 1022

—cToo— c-0
E/*’—-’*""_"\/\rw ——
G oY% PSP
) N-PSP
| 1740 l 81
-0 ! o-WET
~2925 1618 1412 2
C-H -CO0— BHETTEE
i V
3325 1050
gl ot ‘ L .o
3500 3000 2500 2000 1500 1000 500
EEL (em™)

K4 JuzgJutlxh PSP B RERIY SR
Fig.4 Effect of nine steaming-nine processing on PSP
functional groups

2.3.4  JUZEIUHIXS EORG 20 — eSS ngs2m - 58
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i
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PSP 037 - 3453 064 068 - 0.10 9.59 - 2017 2259 065 955 0.3
N-PSP 026 - 1706 113 042 - 0.18 1.77 - 4972 2100 002 753 021




2024 4 2 A

£ 232 - 5 Tl B
100
mm PSP
Em N-PSP
80 =ZA Acarbose

& (o)
S (=]

o FAPHE G (%) >

(=)

8
HeF (mg/mL)

BI0OT g pgp 2
== N-PSP

9 I 23 Acarbose

=

=

=

=

3

10

HeF (mg/mL)
B8  HOMEZHERE M TR

Fig.8 Study on hypoglycemic activity of Polygonatum
sibiricum polysaccharide

HeBE M 10 mg/mL B, XF o-3E RS B 0 4051 2R 55 1) N
38.43%. 50.13%. Z5HRFKH, AHXTTF PSP, N-PSP X
T a-VEBITE TN o~ ] 26 B Tl 5L AT 50508 P U0 o) 38 14
T RIS A . 2L Z B A X
5 A BRI BE 3B, HE_ESCXF PSP A N-PSP f 2
ML ST TP 22 W, N-PSP 0 (14 6 250 LL 9] A Jor b
&, AR RE St s . i Zead T8 L
HIN TS B9 RS 15 2 i 2 88 5 R0 AR A B
2.5 MIARITEEZSREEIMIELEERIR ST
FH &l 9 AT, Bl & B0 20 2 14 K, DPPH
H TR . ABTS H H2EA9TE BREE S ¥k > 312
T} PSP Fil N-PSP % DPPH [ i & 75 B 3R Y 1Cy,
BUEST SR 13.31, 12.43 mg/mL. X ABTS' |4 H &
WY 1Csy 439320 13,42 12.24 mg/mL. FHPEXT
M8 Ve MPTEARCER B s T EOR 2. FoR sl
F W], N-PSP Ui 8L BB J1 .55 T Ve, (HAHIE T

>
—_
N
S

[ 2 PSP
== N-PSP
100} ==V,

o5}
(=)
T

o~
=
T

DPPH [ 55 R 3 (%)
(] N

(=)

—
[yl
(=]

r PSP
3 N-PSP

ABTSH HIIEERA (%) @

8 10

W (r6ng/mL)
K9 BORS ZWEGUE TR ETSY
Fig.9 Study on antioxidant activity of Polygonatum sibiricum
polysaccharide

PSP A1 HA—EMHE T X AT BRI R S H0oks 2 HEim
T SERIAE SN AR S S IS, HA R A i
FL SRR, 545 F LT BRRCRIG R . I H.
AR ILZE Uil B S A5 Boks h i 2R . 22
Wy o A A w R A, HA A R 24 i N-
PSP Bt ALaE 1M . Rk, &t L2 JulilE15-31 0
VR 2 AR M TR P LE PSP A
3 Zhip
TS SG, FE LA U E B R A I B T 5-
HMF, & & ~(631.3+21.5) pg/g, VeI EREEILZETL
R A A T A B A SE AR SN, TR A
T M AR 3L AL & =), CML 1 CEL & &4 %14
(342.4+11.3)pg/g. (63.7+9.8) ng/g, i {8 L H-21
ACIE S BT & B N-PSP 81— B2 i e L I 52,
P BT B 2R N-PSP A9 BB 4H il e 2 ok 2s, H.
JUZE LI AR HORE 22010 — 1RSS5 1 A M g
M. PRI R R AT GE SR T LR Uil
AR EDRS N EB I IRENE S bl AR G, 0L SO
TN, 2 53 hERV, (RS i R R, SR
H KR AR, AT AGEs, ARSMEPHESCI0EY,
BN, SRR T 720 IE—E R F3E T
AN AR AP U TG P . 2 AT R
SE TN T A b N-PSPOPHREERR & Sk i . Spie
ST B TR R EE A R A e | - Y A2
G B, AR ME A E AR 2] T RRRE R
T, (B AERIRRSAILTI #AA 1f TE—2D 058 . AT
FEXT ILZE U BORS 2 HH 5 1 1 B S A R T
OS], A T DB AR, AT B T o RS A 2 TR IR
27 i A A BOIN T PRAT r SE
5% ik

[ 1] WANG D, ZHANG H, LIU J L, et al. Comparative analysis of
bioactive components of Polygonatum cyrtonema Hua from differ-
entreas [J]. Agricultural Science & Technology, 2020, 21(4): 50-57.
[2] KEE, FFBRA, B, . BRFELTHH 2 Bai i
B f it A @ i 4 (1], & S A, 2017, 38(6): 236-241.

[ ZHANG G Q, GUO X D, XUE W H, et al. Extraction and antiox-
idant activities of polyphenols from Tibetan wild Polygonatum cir-

rhifolium[J]. Food Science, 2017, 38(6): 236—241. ]
[3] ZHAO X, PATIL S, QIAN A, et al. Bioactive compounds of


https://doi.org/10.7506/spkx1002-6630-201706037
https://doi.org/10.7506/spkx1002-6630-201706037

%458 £ 3

oK, 55 JUZEIURIXT BN AGEs i, ARSI SAARS ML 200 - 233 -

Polygonatum sibiricum-therapeutic effect and biological activity [J].
Endocr Metab Immune Disord Drug Targets, 2022, 22(1): 26-37.
(4] Bk, 240, 21835, 5. 330 HA AR A8 R 7 A4
A T 4B E AT 5T (I, & 5 2B LAk, 2022, 48(8):
70-75. [ TENG H H, WANG R Z, WU D L, et al. The study on the
antioxidant and hypoglycemic activities of different polar extracts
from crude and steam-process Polygonatum cyrtonema HualJ].
Food and Fermentation Industries, 2022, 48(8): 70-75. ]
[5] 0 E, FHr0, #A 4, & A TiEERa P S AHEBMR
L] T T P B 25 K F F AR, 2022, 24(3): 106-109. [ LIU H,
XU Y'Y, XIE L J, et al. Research survey of contraindications in tra-
ditional chinese medicine based on syndrome theory[J]. Journal of
Liaoning University of Traditional Chinese Medicine, 2022, 24(3):
106-109. ]
[6] #h, &%, AR, F. ARG LT Ry TAEL
AR, F %544, 2021(6): 1353-1359. [LIN'Y, SHEL,
WEI X Y, et al. Study on chemical constituents, detoxification and
synergism of Polygonati rhizoma before and after process[J]. Jour-
nal of Chinese Medicinal Materials, 2021(6): 1353—1359. |
[7] #ewefh, RA2, &40, F. R TRE T LA A
Yo b K AZ B W ShAE R a9 AR X AR [T]. P 3 25,2022, 53(6):
1719-1729. [ ZHENG X Q, XU C, JIN C S, et al. Research on rela-
tionship between processing degree and internal and external quality
of Polygonatum cyrtonema processed by “Nine-steaming and Nine-
suncuring” based on color change[J]. Chinese Traditional and
Herbal Drugs, 2022, 53(6): 1719-1729. ]
[8] sk, RED, MIE, F. MO F TR FH = L2 mH 55
B4 E T A[T]. F 3 25,2013,44(12): 1584-1588. [ZENG LY,
SONG Z Q, WEI Z, et al. Isolation of chemical constituents pro-
duced in processing of Polygonati rhizomaand their content
changes[J]. Chinese Traditional and Herbal Drugs, 2013,44(12):
1584-1588. ]
[9] #%, EF, RAH, F. LANEFH 5-HMF &F 89 T
[J]. ¥ 25 5 & /& ,2018,9(3):4-5,13. [ HAN X, KUANG Y,
ZHAO Y Y, et al. Study on the influence of the processing of “Jiu
Zheng Jiu Shai” on the contents change of 5-HMF in Huangjing[J].
Pharmacy and Clinics of Chinese Materia Medica, 2018, 9(3):
4-5,13.]
[10] %8, L Fix, WA, F. A THRANLHEH T S-HMF F=
2 RS Z MR AT R R BN AR A E ()], S E E
25,2021, 32(8): 1897-1900. [LIM E, MA Y J, YAO C, et al.
Development of a quality evaluation model for the concoction prod-
ucts based on the analysis of 5-HMF and polysaccharide content in
nine-steamed and nine-processed yellow extracts[J]. Lishizhen
Medicine and Materia Medica, 2021, 32(8): 1897—-1900. ]
[11] Mzazs, 4364, BT X, 5. 3N AR | LA
A2 SR EALLT]. SR 42, 2019, 47(18): 181-182. [ CHEN
RR,ZUY H, SHI D F, et al. Changes of polysaccharides in the pro-
cess of Polygonatum cyrtonema from raw flour to nine steaming and
nine drying[J]. Anhui Agricultural Sciences,2019,47(18):181—
182. ]
[12] ANFM, ZHAO RY, XUAN X R. Calycosin ameliorates ad-
vanced glycation end product-induced neurodegenerative changes in
cellular and rat models of diabetes-related Alzheimer's disease[J].
Chemico-Biological Interactions, 2022, 368(1): 110206—110206.
[13] 3pk, ZRF, REE, F. LA mIEH £ P 2h e
F R oA T AU B FHR,2022,41(4): 220224, 229.
[ GUO T, WANG R J, SONG Y J, et al. Chemical components dy-
namic variation of root of Polygonati rhizoma during a nine-time re-

peat of the steaming and sun-drying process[J]. Journal of Pharma-
ceutical Research, 2022, 41(4): 220-224, 229. ]
[14] L@, FRAE, Fash, F. LA S Alas R
FCBF AL [T). i b B 25 K 53R, 2020, 44(5): 480-485. [ MA J
L, JIANG Y Y, JIANG F S, et al. Study on the changes of “Nine-
steam-nine-bask” of Polygonatum cyrtonemalJ]. Journal of Zhe-
jiang University of Chinese Medicine, 2020, 44(5): 480—485. ]
(15 ] e, AR b ot BisE R AL = 4 0 A AT B 42
A B3 [D]. A F B AR5 1%, 2020. [ GONG R Z. Study
on the formation regularity and regulation mechanism of advanced
glycosylation end products in boiled Velvet antler[D]. Beijing: Chi-
nese Academy of Agricultural Sciences, 2020. |
[16] #ZEm, L&, k&« ¥ LT UPLC-QqQ-MS/MS R #
e TR S o A e R R ALK 4 (D). R AR, 2021,
42(10):316-321. [ CHENG W W, WANG X, ZHANG Z F, et al.
Simultaneous determination of typical advanced glycation end prod-
ucts in thermally processed foods by ultra-high performance liquid
chromatography-quadrupole-tandem mass spectrometry[J]. Food
Science, 2021, 42(10): 316-321. ]
[17] &&, FFRK, #E, F AWATE-HPLC 547 KL Lk 3 48
T ey o4k R [T]. A sk A5, 2009, 30(24): 324-326. [ MENG
L, CHANG J M, SUN L, et al. Use of pre-column derivatization
HPLC for determination of monosaccharide compositions and con-
tents in Sorbus tianschanica Ruper. polysaccharide[J]. Food Sci-
ence, 2009, 30(24): 324-326. |
(18] Bokig, E4, &, F. 42K SR IBSER o 5144
F ] &k T WA, 2016,37(21): 114-118, 188. [MA Y Q,
WANG X, GAO S, et al. Extraction and anticoagulant activities of
polysaccharides from sweet corncob[J]. Science and Technology of
Food Industry, 2016, 37(21): 114-118, 188. |
[19] KW, LEIH TR FHHRE S RH AR TR ES
W R EARR (D], 1T 7 ® K%, 2022, [ ZHANG F. Study on
the formation law of sensory quality and the change of main active
substances of Polygonatum sibiricum in the process of nine steam-
ing and nine processing [D]. Nanning: Guangxi University, 2022. |
[20] 2%, 30504, fAM, 5. D EBER QAR IR ¥
HEF MR H B E O] & %A, 2018,39(15):
10-16. [LIP, LIU G M, LU Y X, et al. Analysis of factors influ-
encing on the formation of harmful products during glycosylation of
wheat gliadin [J]. Food Science, 2018, 39(15): 10-16. |
[21] R, 0, hirig, 5. 0 R ALK = T m A3 Bl AL
A RIE[T]. A, 2023,44(17): 204214, [ WU X, LI
N, XU H D, LI M. Research progress on the formation and inhibi-
tion mechanism of advanced glycation end products[J]. Food Sci-
ence, 2023, 44(17): 204-214. ]
[22] XM, RER, REGFE, F. oLy Xk S e i
FY e A R ], R Tk AL, 2022, 43(17): 482-493.
[ WU W J, CHEN J F, ZHAO H J, et al. Research progress on the
effect of processing methods on the structure and activity of Polygo-
natum polysaccharide[J]. Science and Technology of Food Indus-
try, 2022, 43(17): 482-493. |
[23] G¥H. BRILMK =B A WAER DR AAFR D).
F 8. # B X%, 2018 [FANG X Y. Investigation on the active
substance of Scilla scilloides with the capture of dicarbonyl com-
pounds [D]. Qingdao: Qingdao University, 2018. ]
[24 ] JIH,LIUC, DAIK, et al. The extraction, structure, and immu-
nomodulation activities in vivo of polysaccharides from Salvia mi-
ltiorrhiza[J]. Industrial Crops and Products, 2021, 173(1): 114085.
[25] CHAI Y, ZHAO M. Purification, characterization and anti-


https://doi.org/10.2174/1871530321666210208221158
https://doi.org/10.13995/j.cnki.11-1802/ts.030330
https://doi.org/10.13995/j.cnki.11-1802/ts.030330
https://doi.org/10.13194/j.issn.1673-842x.2022.03.023
https://doi.org/10.13194/j.issn.1673-842x.2022.03.023
https://doi.org/10.13194/j.issn.1673-842x.2022.03.023
https://doi.org/10.13863/j.issn1001-4454.2021.06.012
https://doi.org/10.13863/j.issn1001-4454.2021.06.012
https://doi.org/10.13863/j.issn1001-4454.2021.06.012
https://doi.org/10.3969/j.issn.1008-0805.2021.08.29
https://doi.org/10.3969/j.issn.1008-0805.2021.08.29
https://doi.org/10.3969/j.issn.1008-0805.2021.08.29
https://doi.org/10.3969/j.issn.1008-0805.2021.08.29
https://doi.org/10.3969/j.issn.0517-6611.2019.18.049
https://doi.org/10.3969/j.issn.0517-6611.2019.18.049
https://doi.org/10.16466/j.issn1005-5509.2020.05.018
https://doi.org/10.16466/j.issn1005-5509.2020.05.018
https://doi.org/10.16466/j.issn1005-5509.2020.05.018
https://doi.org/10.16466/j.issn1005-5509.2020.05.018
https://doi.org/10.7506/spkx1002-6630-20200527-332
https://doi.org/10.7506/spkx1002-6630-20200527-332
https://doi.org/10.7506/spkx1002-6630-20200527-332
https://doi.org/10.3321/j.issn:1002-6630.2009.24.071
https://doi.org/10.3321/j.issn:1002-6630.2009.24.071
https://doi.org/10.3321/j.issn:1002-6630.2009.24.071
https://doi.org/10.3321/j.issn:1002-6630.2009.24.071
https://doi.org/10.13386/j.issn1002-0306.2016.21.014
https://doi.org/10.13386/j.issn1002-0306.2016.21.014
https://doi.org/10.13386/j.issn1002-0306.2016.21.014
https://doi.org/10.7506/spkx1002-6630-201815002
https://doi.org/10.7506/spkx1002-6630-201815002
https://doi.org/10.7506/spkx1002-6630-20220903-029
https://doi.org/10.7506/spkx1002-6630-20220903-029
https://doi.org/10.7506/spkx1002-6630-20220903-029
https://doi.org/10.7506/spkx1002-6630-20220903-029
https://doi.org/10.13386/j.issn1002-0306.2021090112
https://doi.org/10.13386/j.issn1002-0306.2021090112
https://doi.org/10.13386/j.issn1002-0306.2021090112
https://doi.org/10.13386/j.issn1002-0306.2021090112

- 234 - £ Tl B4

2024 4 2 A

proliferation activities of polysaccharides extracted from Viscum col-
oratum (Kom.) Nakai[J]. Carbohydrate Polymers, 2016, 149(1):
121-130.

[26] %) Fak, #0M8. =28k 2 M a94E 255 h e st it & [T].
TRk T 5k, 2016,29(2): 134-152. [LIUQY, XU X J. Re-
cent progress in chain conformation and function of triple helical
polysaccharides[J]. Journal of Functional Polymers,2016,29(2):
134-152. ]

(27] ZRM, ZHE, NE. 5% S BAAX 72 m Ttk
£ 5 5 ,2019,40(19): 363-369. [ WANG J T, WANG H C,
LIU L. Progress in research on structure-function relationship of
lentinan[J]. Food Science, 2019, 40(19): 363-369. |

[28] HIROYUKI F, TOMOHIDE Y, KAZUNORI O. Long-term
ingestion of Touchi-extract, an a-glucosidase inhibitor, by border-
line and mild type-2 diabetic subjects is safe and significantly re-
duces blood glucose levels[J]. Nutrition Research, 2003, 23(6):
117-120.

[29] XFm, FHFE ZFR, F. A HH S ABEHELLR
BA BN Hra [T]. A fe T A1, 2021, 42(2): 42-46. [ WU

FP,LIQY,WUY C, et al. Effects of nine-steam-nine-bask on the
monosaccharide composition and antioxidant activities of Polygona-
tum sibiricum polysaccharide[J]. Science and Technology of Food
Industry, 2021, 42(2): 42-46. ]

[30] LIU Zhenli, CHAO Zhimao, LIU Yuanyan, et al. Maillard re-
action involved in the steaming process of the root of Polygonum
multiflorum[J]. Planta Medica, 2009, 75(1): 84—88.

[31] wmmm, hid, 2&, F R AR ET S BRI
WINE M E R Fem [T]. s T kAL, 2022, 43(8): 1-10. [ TIAN
Y P, CHEN J, WANG L, et al. Effect of extraction methods on
physicochemical properties and in vitro biological activity of rasp-
berry polysaccharide[J]. Science and Technology of Food Industry,
2022,43(8): 1-10. ]

[32] R, R, ARRE, 5. R RS R AT AR 5 kAL
® -5l RGO EMARAAFRGHwT]. RS, 2022,
43(24):1-6. [BUD, TU Z C, LIU G X, et al. Effects of glycation
with different saccharides on the conformation and antioxidant activ-
ities of ultrasonic pretreated a-lactalbumin[J]. Food Science, 2022,
43(24): 1-6. ]


https://doi.org/10.14133/j.cnki.1008-9357.2016.02.002
https://doi.org/10.14133/j.cnki.1008-9357.2016.02.002
https://doi.org/10.7506/spkx1002-6630-20181016-162
https://doi.org/10.7506/spkx1002-6630-20181016-162
https://doi.org/10.13386/j.issn1002-0306.2020030160
https://doi.org/10.13386/j.issn1002-0306.2020030160
https://doi.org/10.13386/j.issn1002-0306.2020030160
https://doi.org/10.1055/s-0028-1088349
https://doi.org/10.13386/j.issn1002-0306.2021090060
https://doi.org/10.13386/j.issn1002-0306.2021090060
https://doi.org/10.7506/spkx1002-6630-20211014-143
https://doi.org/10.7506/spkx1002-6630-20211014-143

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 九蒸九制黄精制备
	1.2.2 5-HMF含量测定
	1.2.3 AGEs含量测定
	1.2.3.1 对照品溶液制备
	1.2.3.2 供试品溶液制备
	1.2.3.3 检测条件

	1.2.4 黄精多糖提取、分离纯化及含量测定
	1.2.5 九蒸九制法对黄精多糖的结构影响
	1.2.5.1 紫外光谱分析
	1.2.5.2 傅里叶红外光谱分析
	1.2.5.3 刚果红试验
	1.2.5.4 热重分析
	1.2.5.5 单糖组成分析

	1.2.6 九蒸九制对黄精多糖体外降血糖活性的影响研究
	1.2.6.1 黄精多糖对α-淀粉酶的抑制作用研究
	1.2.6.2 黄精多糖对α-葡萄糖苷酶的抑制作用研究

	1.2.7 加工方式对黄精多糖体外抗氧化效果的影响研究
	1.2.7.1 黄精多糖DPPH自由基清除率测定
	1.2.7.2 黄精多糖ABTS+自由基清除率测定


	1.3 数据处理

	2 结果与分析
	2.1 5-HMF含量测定结果
	2.2 AGEs含量测定结果
	2.2.1 线性范围、检出限和定量限
	2.2.2 实际样品测定

	2.3 黄精多糖含量测定及结构表征
	2.3.1 多糖含量的测定
	2.3.2 紫外光谱分析结果
	2.3.3 红外光谱分析结果
	2.3.4 九蒸九制对黄精多糖三螺旋结构的影响
	2.3.5 热重分析结果
	2.3.6 九蒸九制对黄精多糖单糖组成的影响分析

	2.4 加工方式对黄精多糖体外降糖功能的影响分析
	2.5 加工方式对黄精多糖体外抗氧化活性的影响分析

	3 结论
	参考文献

