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1 #R5EREZE

1.1 JERE AR

Bt 5 =28 =HIERE OSSR BR, Wb eh 2 R0l R
HRBAERATD ZRETERAEE, Mg 0.425 mm
it . =R=M T ZK: 85°C &l 12h, 60 C HZE
RITHE, ESEFZEME 3 R, WEE=HEREHR AR,
#1125 (gmL) BHE LK S, 4% KRB $ 5% 2
e & ABRE SABL BB (WM B (Bifidobacterium
lactis) « WEMRFLF B (Lactobacillus acidophilus) « R
R WA AT & (Lactobacillus bulgaricus) ~ W& #4455 BK 1#
(Streptococcus thermophilus) , 14 # SABL B #f ), 5K
B s AR, R B =1x10° CFU/mL) , F 37 C. K
48h (pH P& 3.1 A OFIRFFARIE D o A2 K
BSOS EIEWR, RIS EOR R, 20 °C R AES
1.2 #HR5RF

RALIRB IR AB-8. il A E T 48 (3500 Da) ,
EgEN YRR R AR BREFRAES (AR, 2F
FLME. HEERES), J2HE Sigma-Aldrich A#]; —F 4R
rtra), bigEZw AR A RA R HALRKT
MK CEE Ky IRBRER S5 o v al, Ty E 24
B A R A A
1.3 UE5EE

94 K Bt RLE Zeta W3 f7 X ( Nano Brook 90Plus
PALS) , 3¢ [H A & 5iifg CAX A & Al s 4 U K g Ax X
(Multiskan SkyHigh) , 3¢ Thermo Fisher Scientific 24
Al RAMPEEETE (UV-1800), LStk as AR
AT FRAHEE RS (LC-20AR), HAREAH: 4
F A2 A4 (Spectrum Two), 3E[E PerkinElmer
A7l ESHTAL (STA 449F5), f#[H NETZSCH 2
"l HHR BT 25 (GeminiSEM 3000, f#[E ZEISS
ATl JRF BB (Dimension Icon) , f# [E Bruker
AT X BHERATEHX (SmartLab SE), HZ Rigaku /A 7.
14 HEZTERN

B B 5 =28 = SR AR S ORRR EE 1:10 (gimD)
MMANZEEFIK, 85°C. 200 W AR 1.5h, HE
PRI 2 R, & JF 2 AR, EAIRAE R I 4
FBEAERTK CBE, T4 C %4 NFE 12h LUTIE 2 8.
=R = BEORS R R S R A (R R Fi B DT
T 2T Z R UTUE. Wk B &g R UiiE,
GELAEFERIGETHRED (ZR 2B M, it
b 3 CAB-8 KAL) P SR A 3500 Da i&
BT 48N 48 he B 204K J5 1) 2 BV W3k AT V2 UR T 1%
43 915 2 BT B 35K 2 B8 (fresh Polygonatum sibiricum
polysaccharides, FPP) . = 7% = #l| 3 /& £ ¥ (triple-
processed Polygonatum sibiricum polysaccharides, PPP)
MR G Wk 2 W (fermented Polygonatum sibiricum
polysaccharides, FMP) .

1.5 EFEZENEEERNE
1.5.1  #A% 5 4B 9405 LN &

2 WH 5 B DL &) B bR v i, R FH R I - RV DU
eV RS O B DL F FURE SRR bR v R TR
15 P AR P 3 - 25 1 B R b D AR P == 4 S ey
DA M9 B bR, SR O s vk e,

RS B 3,5- KRR b kil et JEm
B B R R 5
1.52 F¥kitR. Zeta wfi. % 5#K484L (polydispersity
index, PDI ) M| &

B ¥R B A 0.5 mg/mL (2 WA, EEIREH T,
1 FH AN KO R Zeta FALACIN 2 BE T ITRIAR . Zeta H
fi7 }% PDIM,
1.53 oF=nE

K O 15 38 il e 2y T &S, i gk
TSK-GEL GMPWXL & i £ (7.8 mm x 300 mm) , #¥
135 °C, WshH A, FE 0.6 mL/min. LU R HE
bR i 2 bR A i 2k
1.6 BEEZIENSERRIE
1.6.1 4% % be 64 oE 40 s Nl 2

K 1-2RJE-3-FF -5k memk - ( 1-Phenyl-3-methyl-
5-pyrazolone, PMP) T4k~ =1 50 AH € 3 vE 0 e 22 W8 1Y)
BT U ATRE . 2P FLRESE 10 FORRERRAES,
ST R BV A 2 mg/mL HBAARIEW, (RN ) A %
Hor RSN 2 mg/mL IR EARAER R HH Smg £
FEFE S, £ 2mol/L =5 4R T 120 C/KM 2h )5, 18
E R 75 A R AL L Bk R . B, HU 40l b
AR ELZ FERE S, AR 600 pL 0.3 mol/L NaOH
5 600 uL 0.5 mol/L PMP HEEE T, T 70 'C /Kt
TN 30 mine RMZEH 5, HERRHA, HEHE
PFREEL 3 K, KA 0.22 nm JERE U8 J5 ke

3% 2> B 76 17 LC-20AR & 48 (BC % SPD-20A
AN ES) 4T, £ Uranus 5u C18 i

(4.6 mm x 250 mm, 5pm), #E 30 C. PLASE (A

F10.02 mol/L RV (B) NS BEAT 86 B e i -
16% A, 0~5min; 16%~19% A, 5~17 min; 19%~22%
A, 17~30min; 22%~16% A, 30~35min; 16% A,
35~50 min, i 1.0 mL/min, HEFEE 20 pL, A& 03
K 254 nm.
1.6.2 RIRLTKE%

¥ 1 mg/mL 2 B S 80 pmol/L NI S 21 77 90 2% s
BURE, RIS R B 1) NaOH ¥ ¥, 4k &R
NaOH 2K ELE 0~0.5 mol/L. LAEE T/KEBA L HEA
WAE N AXTIRAL, 7E 400~ 600 nm % K8 [ 4 HE47 4
Ah IS, W E SR R B KRS, DA £ b
) = s e g p e,
1.6.3 4T IAKEITRS

B 0.2 mg/mL [ 2 BERE VTR, 8 K A0-7T W23
e ETHAE 200~ 500 nm P B N HE, SRS KA
WIS . 43 @R 43 4T 260 A1 280 nm Ak FI g, TEAL
B PR S R A R 44 T 3 B s
1.6.4 152 et FEirsbkigiatsh

T2 BERE N SIRAET (KBr) %Rk 1 100
TREFEAERTIR o A8 ST AR LT SN EREAUAE 4 000~
400 cm™ I H 70 Bl 4 HEAT F A D SRR AR R i
1.6.5 XA &AT4+ (X-ray diffraction, XRD ) &

KR X G 2R A7 SO 2 WEAE & o A 5 R AT I 2
MRS 9 B, TAEHE 40kV, HF 40 mA, iR
25 °C, HTEH 5°~80°, FAHEHEE 5°/min'Y,
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1.6.6 #EZ 4547 (thermogravimetric analysis, TG )

K FH B 73 H OO 22 BERE AT AR E I e . E
FAUA (AEDY 20.0 mL/min) &, CREFESIM 30 °C LA
20 “C/min FIFHREZINAZE 700 °C, LRI 5 &
It L A A il 261
1.7 EREZTEMMEINE
1.7.1 4244 F R #4% ( scanning electron microscopy,
SEM) #LAX

W1 22 B A 3 SR B T 3 LR b T R TR
&, HEATWELHEE, BETHMB TR TR, B
TERTE 3 kV BB E N TAE, TASEBOCAEECT 1B
REMEE R LR .

1.7.2 BT /4 R #% (atomic force microscopy, AFM )
LR

KR 7 BB R 22 B R i 2R TR Sk AT D SE
+ FPP. PPP Jz FMP FC il Bl 10 pg/mL 7K, HX 50 pL
Wt =B RE, FREASITRE, SR
M SRFAIE o
1.8 EEZEAIMIELEEINE
181 22-B X Xk -1-% & B A
picrylhydrazyl, DPPHs) &3]

¥ o03mL A [/ K 01, 02, 03. 04,
0.5 mg/mL) 2 FEE 555481 0.2 mmol/L DPPH-Z 1%
WHR A, ZIREOE I 30 min J5, 517 nm W 5E R
e LLVC AR IR, JERR I E T

S =[1-(A4,-A,)/As] x 100% D
A dov A, R A, 7350 DPPHVE WL il S 7 A
A ARG S, 9 DPPHeIHRR .
182 22-BR AR (3-T AR FIEvboih-6-50 8 ) — 4%
#: ( Diammonium 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonate), ABTS+e) MR N7

¥ ABTS+iE (TmM) Sl fRBRAEK (2.45 mM)
SEARPUR S, JFTERE AL N 16 h £ B ABTS+e TAE W .

(' 2,2-Diphenyl-1-

SRS T B R 22 ph VS T (PBS) M BE TAE WL, M A
734 nm AT EEE A (0.70 £ 0.05) o L 200 pL B 5

) ABTS+ TAEW 5 100 pL AS[E K EE (0.1, 0.2, 0.3,
0.4. 0.5mg/mL) £ ¥k RS & KSR

BRI AR
= [1=(A,=A5)/A;] % 100% (2

ﬁ*ApAﬁR%AWﬁAHB%m@ i S5 BRI
ARG . S, N ABTS+is %
1.9 FHIEZPEARINEMEEE MR IE
1.9.1  o-%) Z4E B dr 5] 2 o9 m 2

¥ ks Z B (0.2, 0.4, 061 0.8, 1 mg/mL)
5 o-#i & FEL RS (0.5U/mL, pH 6.8 PBS) iE#&, 37 C
WEE 15 mine I A 55 2R 55 - - D- ] 22 % L e 4 7 i 420
(PNPG) (2.5 mmol/L) & 10 min J5, HIA Na,CO;

WL L. B HIFRELE 405 nm ARG, DART 3
]RGN e = 1T B S N o = s v 1 [l

M, =[1 - (A;—Ag)/Ag] X 100% (3)
A A 72 o~ B A5 5 PBS IR & 5 MG .

A, RS a-F AR BRI TIE & B OGR4, 2 FF
iS5 PBS VR A G HIMROEIE s M, N a-% & FlEF B HI 2R
1.9.2 o~ ApBadn4) & 64 2

B RE Z B (024 0.4, 0.6, 0.8, 1.0 mg/mL)
5 a-iEHE (0.5 U/mL, pH 6.8 PBS) ZARIEE, 37 °C
B E 10 min. I 1% AJ¥EYEEN N 5 min J5, H 3,5-
T HK M (3,5-Dinitrosalicylic acid, DNS) a5
KIS 10 mine W EIFVRE G E 540 nm AR OGRS, LA
AT < I B g o B A A Y R

M, = [1=(A10=A11)/As] X 100% (4)

o 4, 2 a- e EEIRF S PBS IR A G HITROGE . 4, A2
MM ol B BE TR A B RGE, 4, &2fFRE
PBS IR A G HIERE s M, N a-TE M BEH] = .
1.10 #iEabiE

X Microsoft Excel 2019. SPSS 26.0 1 Origin 2024
SR FAT G A SRR B8R B R Oy 2 5y
Wik, P<0.05 KRR EEZER .

2 GER55H

2.1 ARMIARTE=RESERLM RSN
2.1.1 ALFHEROH
AN IR 5 =2 SRS BT 4 B HE 7 22 B LAk S iR oy A7

6min 5, 7E 734 nm ALTWOERE. L VC ORRIIREY. 3 ERFERR, WK 1R,
xR1 BERLZENLEHERR
Table 1 Chemical compositions of Polygonatum sibiricum polysaccharide %
T &b Samples % ¥ Polysaccharide PEBATR Uronic acid JHE Fructose & J5HE Reducing sugar H 5 Protein JEH Starch
FPP 55.83+0.99b Oc 13.42+0.25a 8.79+0.04¢ Oc 0.02+0.02¢
PPP 49.46+0.04¢ 17.97+0.30a 7.06+0.11b 13.83+0.06a 3.64+0.13a 1.42+0.03a
FMP 61.66+1.08a 17.02+0.23b 5.26+0.24c¢ 11.46+0.05b 2.69+0.22b 0.86+0.02b

VE: F AR R REEEZER (P<0.05). K FPP NFFHIE LN, PPP N =75 —HI3M 2, FMP =7

=l KRS, N

Note: Different letters in the same column indicate significant differences (P < 0.05). In the table, FPP refers to fresh Polygonatum sibiricum polysaccharides, PPP refers to
triple-processed Polygonatum sibiricum polysaccharides, and FMP refers to the polysaccharides obtained from fermenting the triple-processed Polygonatum sibiricum. The

same applies below.

FMP [ Z 8 & & B & m T HAL & (P<0.05), H
JEUIA 7E T e Bt R b A AR e Ll R 1 4 SR
TN RS R, R P R MWF%T%
B RP, FPP I ZHE S B E KT PPP I L HE S
GMWD,L—ﬁ%%BMNémmﬂn—ﬁ,AE
IRl AT R A2 i 5 UG 22 WK A SR B IR SR WS, 0

iR It =K =5 2 ME & & T M. 11 FPP A bE &
BRERTHMPIE (P<0.05), ZEHE RS B R
RETHPY R R, TR R 7 i i R v S
VERE IR B 5 R IR (1) S b B8 I N T #E . PPP H R 15
RE B KT HAth 2 B 2 8 (P<0.05), TATZASIG
PEREIR S B, A YAO &P st 4 B —%. FPP
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KA ISR, 5 LIS 0 X Sk RS W e 4 it —
. FMP HHOHERS R & S BRA%, 7T RS2 R R B B R AR
WHFE, WFARY, FLER W SRR R o L I
P R B A N SRR AN B =0, i 3 R 2 R R A
JRE AR 0~3.64% Yol N, RUIFEMAEE R, HAMR
ERRE T
212 B3R, Zeta vin. % H#kF54k (PDI) H547
KRN Zeta AL BT 7E— B FEBE ] DLRAE 2 BE 11
Sy HUHEANAS E M, PDI & VRN B0k 2 A 35 5 VE (1) K Bt F
b, AR PDIE AT S M0 TG R 2 055 o —1, & 2
21, FMP “F¥kifz & 3 KF FPP Al PPP (P<0.05),
B3 PDIEHAR, Btz 045

*2 EREZBETNEZ. Zeta AL ZOHIER
Table 2 Particle size, Zeta potential, and polydispersity
index(PDI) of Polygonatum sibiricum polysaccharide

T b FHRAT Zeta HILAL PDI
Samples  Average particle sizenm  Zeta potential/mV

FPP 198.89+3.84b —1.74+0.04a 0.235+0.007a

PPP 202.46+1.30b —18.07+4.23b 0.162+0.005b

FMP 218.81+1.58a —24.70+0.26¢ 0.104+0.024¢

Zeta AL M HT o, 3 Fh 2 WEI T S, Zeta HILT
Yt SIS, Horp FMP (1) Az 4 x5 3 KT
HAth 2 F 2 BE (P<0.05), FH FMP /LR R A H &
11431~ 18] 73 R o g (R R PR, AT R A DR R IR
ZHERIfRES, RFE N E 2T, B MURL R TH
LT 2
213 T ESH M

F3RRT 3 PTG ZHERE S B TR ARG B
S =A RS, BB TR, X2
W T 5K 2R E e B iR R b R AR R, & KB
WERNE, PR Z RS TR GE— DT A, TR EAR
A [ R S T TR 30 o R B T T R K 11 R 2
gEKy, BUE BRI Z NN T B B A A B
B B AT R K PR R AR

®3 RBEHENITESH

Table 3  Polygonatum sibiricum polysaccharide molecular weight

distribution
B 5 B B i) Sy FE TR (5 LE
Samples  Retention time/min ~ Molecular weight/Da  Peak area ratio/%
14.041 438x10* 57.17
PP 18.205 462X102 25.61
9.825 4.41x10 11.13
11.080 1.12x10° 6.09
10.673 1.74x10° 62.94
PPP 15.998 5.16x10° 28.95
11.744 5.40x10° 8.11
9.859 4.25%x10° 64.51
FMP 15.924 5.59x10° 28.62
11.356 8.26x10° 6.87

22 MIBFRNEBSELEHNEN
22.1 HAk MG BN R AT

BB A R0 AT AT VA 2 45 MR A SC BER T, R
i P 5 L) BB R R AR R L i Uy RN S I
PG, HE ke LA E R,

AN[R] A 5 3R 3 OO T RS 22 R 0 B A . A

FK AN, FPP EE M HEENE. M& M. A, Wi
fAFE 4 PhEa it R, HAHEHREEEHS, X458
5 ZHAO 25" Wt 4 5 — 3. SR, 48 FH R IR /K g AN
o R 7R ZE 3T AR I I s s, FERE R AS I o
A PUT, IXRh 2 T R OB A SR R K AN AT A Ak i
T2 5 R A AL B

22 MRS, PPP FI FMP (1) B R F 2K 48 55 6 1,
bR LR oy Ah, B T RAEPER L AUBERS R, H AN S
LA e B Y . BB R Bh A AR AL T g
BB A R S R, =2 =R R T 2 RS R
Al BEMEBEIR

S D RIS, TR 2 0 1 SN BE K Lh Ok AR
B, %4HR S YANG & WAN 25859 [t 5t 45
R—8, WCEYREAL SRR . SHE b A 2
BEIREL, AR LA S . R R, FLERE @
AU Eh MR IR GG 2 08, THFEE A s DL B A K,
I S BB B S P R A R 2 BR8Pk,
AR E R T R 2 M A R S AR, R
T AT 30— 2 1) e L B 2 R EL 491

x4 BREEERERAESL
Table 4 Monosaccharide composition molar ratio %

BER CRTLEE R mam ORI o e poem

Galacturonic .
Samples Galactose Rhamnose Glucose acid '® Arabinose Mannose

FPP 7.49 - 11.54 - 4.04 76.93
PPP 7291 8.26 6.00 6.86 3.03 2.94
FMP 71.81 7.88 7.67 5.86 3.52 3.27
e T RN AR .
Note: “—" indicates not detected.

222 RIRLRIE. BT IS, G 2ot T s sh
Kk, X LTRSS AT

3R Z R RO RBRERWE lafin.
NaOH & % 0~0.5 mol/L Yu[Hl N, FPP 5N|IRRIA B AH
()t R S K B 2 208, HLo S T KR 41 Ak
W, FW FPP A A MM =% . Mz F,
PPP 1 FMP 7585 B B A e KOO AR, i B
P W] BEANTEAE SR B W = B2 e g by . R SE SRR,
FR ) 5 kT b B T RE 1 A TR A MR E 5 R PR I EK R e
T RRR He = B2 AL

3 PR 2 BB B Ah-nT LR e g & 16 Fros, 3
FHEE L TE 260 A1 280 nm Ab¥A A H B EH B g, KIFZ
PERE T4l B, MR A RS2 S B MK, &8
Ja SR AR R ETE A BT B SR

3Fh K Z AN IS R 1 s, FE
TE B R A R i i BRI — B0k, 3333.4 em™ [
L g 53 (COHD FEF MM 4R A kP, 4
2925.3 cm™ Kb IR IS UG X . C-H B (R AN BRI 48 R )
IX 2 AN W AT U S 22 o 4 A Y SRR AR FE 1730 em
B3 B RS T A IR T 3E (C=0) BIH 4R 3,
2 W T 6 A7 LE 16 4 R R L [P, kA, 1657 emt I
1246 e 4b (R W AT U 3 Sl 3o o7 T+ C=C XU 1) 4ol 4 HR
A C-H#S fhiRsl, RIS PR REN . 1E
1015~1020 cm™ 3t Bl Py H B0 A IR Wi U8 >l C-O-C 4 (1
iRz, RFEFEIRFEE S, R RS A7 e hE
R, 7E 831 em™! PRI H B 99 MR U 0, 3 IR S
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FAAED R o-MEMRE B . 28 b, ART7 SAbH R 3R
2B A AR AR ' RE T o

20=20°F AT AL B T 1 ANECTE SR HAT S8 0, MBS 2
Bl AORFAEAT SR 08, R WY BN AR A A B 2 i S

X SFRATHZ T R AV AR O, ) b, WEEROR AT = 28 = AR A BE AR ) R I
K52 BEH) XRD BE W& 1d fros. 3 Mk 2L BRI SRS 20 R0 45 FoRaS ™ AL & 5
201 20.84°
500 F e I 2o
B} \_/,._——-—-—< o FMP
% 480 - ;é 15 21.70°
% 460 - g ol PPP
;}% dor —=—CK ;f - 20.64°
o} T TS FPP
FMP
400 ol
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Comparative on the effects of processing methods on the structure and
functional activity of Polygonatum sibiricum polysaccharides

CHENG Mengran'? , YANG De**, LU Qi**, GUO Peng"* , KANG Jue*? , WANG zhi**,
WANG Qiong™* , PENG Bangzhu®* , XUE Shujing"**

(1. Institute of Agricultural Products Processing and Nuclear Agriculture Technology Research, Hubei Academy of Agricultural Sciences,
Wuhan 430064, China; 2. College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China; 3. Hubei
Key Laboratory of Characteristic Resources and Utilization, Wuhan 430064, China)

Abstract: Conventional processing cannot fully modulate multiple biological activities of bioactive Polygonatum sibiricum
polysaccharides using structural modifications and complex conformational transformations. The present study aims to clarify
the different effects of steaming and fermentation—two representative processing techniques, including dynamic structural
evolution of the medicinally valuable polysaccharides and the subsequent precise regulation of their bioactivities.
Polysaccharides were extracted and then purified from fresh Polygonatum sibiricum, conventionally three-times-steamed
Polygonatum sibiricum, and steamed-then-fermented Polygonatum sibiricum. The polysaccharide samples were designated as
FPP, PPP, and FMP, respectively. An analytical platform was also employed: high-performance gel permeation
chromatography (HPGPC) was used to determine molecular weight distributions; high-performance liquid chromatography
(HPLC) with pre-column derivatization was used to quantify monosaccharide composition; Fourier transform infrared
spectroscopy (FT-IR) was used to identify characteristic functional groups and conformational transitions. Zeta potential and
dynamic light scattering analysis were used to assess colloidal stability and particle size uniformity, while scanning electron
microscopy (SEM) and atomic force microscopy (AFM) were used to visualize morphological and nanostructure
transformations, respectively. Antioxidant and hypoglycemic activities were evaluated through in vitro assays. Specifically, the
2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
capacities were determined with a-amylase and a-glucosidase inhibitory kinetics. Steaming was used to alter the structural
integrity of the polysaccharides, disrupt their native triple-helix conformation, modify the monosaccharide profile, shift
molecular weight distribution toward higher ranges, and dramatically increase uronic acid content. Subsequently, fermentation
acted as the precise biological modification, further fine-tuning monosaccharide compositional ratios using microbial enzymatic
hydrolysis. Biotransformation raised the absolute Zeta potential, electrostatic repulsion and colloidal stability, and particle size
distribution, indicating the remarkable homogeneity. These conformations were visually captured by microstructural
observations. In SEM imagery, morphological transitions were observed: FPP displayed a smooth, continuous sheet-like film;
Steaming induced regularly arranged, protrusive structures; Fermentation generated a porous network morphology, thereby
increasing structural porosity and specific surface area. According to these morphological shifts in AFM images, nanoscale
transformations occurred from flexible, worm-like chains of FPP to compact, spherical chains in both PPP and FMP. The
average chain height increased markedly after steaming and then decreased after fermentation. Functionally, these structural
modifications were closely correlated with enhanced bioactivities. In antioxidant evaluations, PPP exhibited the most potent
DPPH radical scavenging capacity. Meanwhile, FMP presented robust ABTS radical scavenging activity compared with the
PPP. In hypoglycemic potential, both PPP and FMP were more effectively inhibited a-amylase than native FPP. Crucially,
FMP shared the optimal inhibitory effect against a-glucosidase among all tested samples. Steaming and fermentation served as
effective strategies to modulate the chemical structure, spatial conformation, and microscopic morphology of Polygonatum
sibiricum polysaccharides, thereby enhancing their antioxidant and hypoglycemic activities. The processing-induced structural
modifications showed a strong correlation between specific structural features and physiological functions in plant
polysaccharides. Consequently, this finding can also provide a solid theoretical foundation and practical guidance for the
precise, high-value industrial application of Polygonatum sibiricum resources in the functional food using traditional Chinese
medicine processing.

Keywords: Polygonatum sibiricum polysaccharide; triple steaming and processing; fermentation; structural characterization;

antioxidant activity



	0 引　言
	1 材料与方法
	1.1 原料及预处理
	1.2 材料与试剂
	1.3 仪器与设备
	1.4 黄精多糖的提取
	1.5 黄精多糖的理化性质测定
	1.5.1 黄精多糖的化学组成测定
	1.5.2 平均粒径、Zeta电位、多分散指数（polydispersity index, PDI）测定
	1.5.3 分子量测定

	1.6 黄精多糖的结构表征
	1.6.1 黄精多糖的单糖组成测定
	1.6.2 刚果红试验
	1.6.3 紫外-可见光光谱扫描
	1.6.4 傅里叶变换红外光谱扫描
	1.6.5 X射线衍射（X-ray diffraction, XRD）测定
	1.6.6 热重分析（thermogravimetric analysis, TG）

	1.7 黄精多糖微观结构测定
	1.7.1 扫描电子显微镜（scanning electron microscopy, SEM）观察
	1.7.2 原子力显微镜（atomic force microscopy, AFM）观察

	1.8 黄精多糖体外抗氧化能力测定
	1.8.1 2,2-联苯基-1-苦基肼基（2,2-Diphenyl-1-picrylhydrazyl，DPPH•）清除率测定
	1.8.2 2,2′-联氮双（3-乙基苯并噻唑啉-6-磺酸）二铵盐（Diammonium 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonate)，ABTS+•）清除率测定

	1.9 黄精多糖体外降血糖活性试验
	1.9.1 α-葡萄糖苷酶抑制率的测定
	1.9.2 α-淀粉酶抑制率的测定

	1.10 数据处理

	2 结果与分析
	2.1 不同加工方式对黄精多糖理化性质的影响
	2.1.1 化学组成分析
	2.1.2 平均粒径、Zeta电位、多分散指数（PDI）分析
	2.1.3 分子量分布分析

	2.2 加工方式对黄精多糖结构的影响
	2.2.1 黄精多糖的单糖组成分析
	2.2.2 刚果红试验、紫外-可见光光谱、傅里叶变换红外光谱、X射线衍射光谱分析
	2.2.3 热重分析结果

	2.3 加工方式对黄精多糖微观结构的影响
	2.3.1 扫描电子显微镜分析
	2.3.2 原子力显微镜分析

	2.4 黄精多糖的体外抗氧化活性分析
	2.5 黄精多糖的体外降血糖活性分析

	3 结　论
	参考文献

