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1 E:H: TRAEESHETFHEKE (High-fat diet, HFD) =/ Hl E Mk H & (Streptozotocin, STZ) B4
%09 2 B R (Type 2 diabetes, T2D) R MGE A BN RATE M. Fik: RARKZRCERZG T &, K
A EZPRIRE S48, AdEREREREKEBERLRRES, MELAFEREOMHEH T EFE L LS4 (Ginger
polysaccharide, GP) , JF i@ i@ GP &t 2,2-B% # -3 -3-T 2 K JF K o ok -6-5%5 B — % 3 (2,2'-Azinobis- (3-
ethylbenzthiazoline-6-sulphonate) , ABTS) A wkfeiz ik A K eYiFrrat ), 0 T HRSb AR . H B,
Wi FH AR R A STZ 2 2 AME SR m ) RARA, M2 %48 K49 % M 4% (Fasting blood glucose, FBG) K & A=
¥t dr % & & (Glycated serum protein, GSP) K-F, K B 16S rRNA il & M) A 44 K 54748 R ) 869 1 18 2%
M. #F: GP ﬂiﬁu}mﬁll L RFRI 1:20 g/mL. RICEJEL 90 C. #RIEFE 1 h; R A Sevag K 42 5 k%
ITRLE a7 2] GP, 135 A 291%%025%, M+ GP F EA4ESE 4 43.44%+0.99%; % GP ik A& 2| 4 mg/mL i,
GP *f ABTS" & m%ﬁafé% AW A FREDFH 66.09% F7 65.73%; £ GP &9 F M T, & MEAKT # Rz DK
FBG ik & A= GSP K-F (P<0.05) , 16S tRNA M 525 R &, GP &R T 48 /&K% R 69 il B #F 4 si Ae Al 3t F B
¥ T M iE% 2 KB & (Adlercreutzia) « FI % % H /& (Akkermansia) #=3LBRATH & (Lactobacillus) %’-‘ﬁﬁ@éﬁ
Mt FEE, BIKTEFTRAKAE (Prevotella) $HERGANTFH . 4k BT AKZRERRF Sevag H&F G
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K £ £ B 45, IR, AN TE W, WA, Wi A i
HhE S5 £S:TS201.4 SCERFRIRED: B MEHS:1002-0306(2023)04-0278-09

DOI: 10.13386/j.issn11002-0306.2022060155 R M T

Extraction of Polysaccharide from Zingiber officinale Roscoe and Its
Regulatory Effect on Intestinal Flora in Diabetic Mice

WANG Ni, CHEN Mengxia, MENG Fangiang, ZHOU Libang, LU Zhaoxin®

(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Objectives: To investigate the regulatory effect of ginger polysaccharides on the intestinal flora of mice with type
2 diabetes (T2D) induced by the combination of a high-fat diet (HFD) and low-dose streptozotocin (STZ). Methods:
Polysaccharides were extracted from ginger by hot water extraction and ethanol precipitation. Single-factor experiments and
an orthogonal experiment were used to optimize the extraction conditions, and then the best deproteinization method was
selected to obtain ginger polysaccharide (GP). The scavenging ability of GP to 2,2'-diazo-bis-3-ethylbenzothiazoline-6-
sulfonic diammonium salt (ABTS") free radicals and hydroxyl radicals evaluated its antioxidant capacity in vitro.
Subsequently, a type 2 diabetes mouse model was established by a high-fat diet and STZ. The fasting blood glucose (FBG)
concentration and glycated serum protein (GSP) level of mice in each group were measured. The composition of the
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intestinal flora of diabetic mice was analyzed by 16S rRNA high-throughput sequencing technique. Results: The optimum

extraction process of GP was as follows: The ratio of material to water was 1:20 g/mL, the extraction temperature was

90 C, the extraction time was 1 h, and Sevag reagent was used 5 times to deproteinize to obtain GP, the yield was
2.91%+0.25%, of which the total sugar content was 43.44%+0.99%. At the concentration of 4 mg/mL in GP, the
scavenging rates of ABTS" free radical and hydroxyl free radical by GP were 66.09% and 65.73% respectively. After the

intervention of GP, FBG concentration and GSP level in the diabetic mice were significantly reduced (P<0.05). The 16S

rRNA sequencing results showed that GP altered the gut microbiota composition and relative abundance in diabetic mice,

and the relative abundance of beneficial bacteria such as Adlercreutzia, Akkermansia and Lactobacillus increased, while the

relative abundance of harmful bacteria such as Prevotella decreased. Conclusions: Ginger polysaccharides obtained by hot

water extraction and Sevag deproteinization could alter the composition of the intestinal flora in diabetic mice. The results

of this study would provide a theoretical basis for ginger polysaccharide in the prevention and treatment of T2D.

Key words: ginger polysaccharide; extraction; antioxidant activity; diabetes; iintestinal flora
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SHERNE R IR, FR RS 2R A PSR | SRR A e
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1P v IUPH T B RSN I R IE, RERTRZE L 1
B LIREE . CDIERTE RS 2 A8 B i E R, 24T,
B PRI O 28 A 16535 NSRS TR IE « o0 1A
PRIR I AL H WLAEAERE . I B X s FE £ R
HAAEEZ X, B IFEERAR . fEE AR
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PRI 11 AR 2549 — R XU, B8 280 nT LLE 8y
FaiE T E R IAGEE: 2 AUBEFR B 0 MBS

2020 4F & AT I E 2 BUE PRI BT A 46 e )32
KRBz ST A AR RUNXT 2 ZRORE bR g i
MU EAA B il E R, SR Fhs sh Ik A R
HbFa ] MAE A S K2 ik 25T 11 IRFE MBS 245, B0 &%
FHBRMUE 250 =B FE B e — RS | A8 525205 | il
JIRZEFIXUINSE, RSB MUBE 24 R A AN B L, 4
AR MUK |, A4S sl B HIEANESY, T RERAE Y
FRIBUIEE RS FH IR PR PR, B VE DR
FrA . FERIWE IR, JTR] A RESE I A RE 1Y & A
KR

ZZWHAVE R IRER ) P R MR A 3 P o 2 — 11,
L IIERRE B 2 A VER, —JrmifE b A A
K ARRIR, 75— 7 THLE A A WV E R T2 =AY
AR WXt B B AR TR . 2222 (Zingiber
officinale Rosc. )RR AR, e L)
FEE U GIAT 25 T 2 N, i N LA S22 R R
BHEVEZE S, FTIRIERNGY Y RIESENS, A= A2 AR
F TR 22 O . O AR i, HAE 2 BUBEPRR |
1= BB AT | 2RI RERE 25 e R A h BR B
AU AEE RN, A2 2 hh A 22 v R 220 AR
53, TR 5.97%M, B HTAEARNY . e T re
P o PUEE M PO AR MR &5 2 Fh 2 M iE e .
H BT E PN AT A 22 280 PR IS 5 38 A8 sl e

HEAETERMARUIGT . AW A: 204
BT 2 R H R PRve /N BRI 8 AR )R o VR A, ot
BRI TR AIVEY TER AL T #SARYE .

1 #MR55E%

1.1 MR5E

H: 2= (Zingiber officinale Roscoe) W F LA
i BT 7 2Ry i SRR B A FR A

A]; D101, AB-8. S-8, NKA-9 JALAE g dbaT
FRFERHE A BRA ] B S G250 ek .
HEMRIA B 2R (STZ) W [ _ i R A= Rk A BRA
Hl; MEPERRWI/NGL  DUJEWS, 20~22 g, oA e A
( Specific pathogen free, SPF) 2%, 30 H (F ] iE5 .
SYXK(7})2011-0036), 5 [ LT 4 R He 5L 56304
FARA R W5 60% g Wi tkne & g mel  mg st b
[F] B= 25 2B ) TR A PR 93 4F 2 | Bl Ak 1 7 35
(Glycated serum protein, GSP){ll iEi57] & T Lt
AW T RRFFEIIT

Eppendorf 5804R 2R &L 5E Eppendorf
4\ ] Christ ALPHA 1-4 LD plus ¥ TRl 74
[E Christ 23 7l; Heidolph JEfEZE &AL FEENGIEIR
RN H]; InfiniteF200 ZUIRERFAR{Y  Hi+ Tecan 2%
H]; AUUC-CHEK MIHHY FEEZ [RISWr A H .
1.2 SKWHE
1.2.1 2P ERAL L
1.2.1.1 PAPZRIES A2 2PHR IS0k 22—
241 TRV S S . iR 2204, VI
JE W, RUHFTB LR A= 22 1 BE Rluwsy, & 80 H i,
RN A 220, BOE B AR 228y, # R 1010 BRI EEin A
80% W, 7F 50 C g JihiFas i 5w 43k 2 h, il
Ve, WAENETE, YR 80% ZEEE A ALPR-—YK, 60 °C
HEFS T Mg o, B B IR, 15934 22 AL B,
e [ EARPIFIAET 4 °C. FREG—E 22
AL BBy, MRPE R L (1:10, 1:20, 1:30, 1:40,
1:50 g/mL) N AZEMR/K (fdi S 4Ras fE A #2210, Blf
LTRSS, 75— BIIRE (60, 70, 80. 90,
100 °C) FHEHC-—ERRfE (1, 1.5, 2, 2.5, 3 h), #E.0
(8000 r/min, 10 min) 58 FIEWK, DIIEE L AHE—
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W, B IFPRIRBEEOR, BLAs il )a WA e, 1 FH e
FERAXAE 55 °C 5:MF FHedn B E TR 1/4, 21K
R INAKH 2 TR 45 AR 4 £5 19 TC/K L1, 4 °C
A F#EL 12 h, B0 (8000 r/min, 10 min) Y BT
E, ULTEE T 60 °C MUAH T4, 15504 2k 20, FRE
JaRECE
A RO = 100

X Cp— BT (g); C,— L2 b
T (g) o
1.2.1.2 /B2 EAY IEASIREG MR A & s
BGLE IR e bl . HEHGIR R AN FREUE] 3 A4~
Y 3 DK, LA R 8 bR, SR IERS
VOISO, IESSIISRZEARE LR 1,

#1 IR R KT

Table 1 Factor level of orthogonal experimental design
IKF
1 2 3
A: B I (g/mL) 1:10 1:20 1:30
B: JEIGREE(C) 80 90 100
C: 42 I ) (h) 1 2 3

1.2.2 AZZHNEN

1.2.2.1 KL AR LR 1 KL g T4k
R SRS FRE—E B 4 B IR (D101, AB-8., S-
8 1 NKA-9), i 95% Z B2 IR A 24 h, i3 38)5
FETRIE b e NE 200 B, HabPemioc
VEME; BHEF 5% NaOH B RIE D 24 h, 58T /K

S oPEZE pH S FIH 5% HC ISRIRVANEE 24 h,

FETRIEWPRZE pH 2Pk, S5 FHZERKIEHE
TR 4 °C VKA IIRARAE 25 -

BeAE Ke FAERP: SRt E USRS,
ZENRK I A, BN IR TE 43R 5 M e A= 22
ZBETE W T 2008 M S i, WA 2 2 I TR DA
1 mL/min FAESEESSS, T 2 AR AR B 2818 7K LA
1 mL/min PE, WCHE PRI ; DR PR H 2208 K
TS
1.2.2.2 Sevag IXBAE I Sevag ¥W:PY: fli i@ of I
RIS ) 1 A 22 Z PR IR IR, IR B A2 2
PR, FHR SR U8R, 55 °C BEZEMe4m ), A
1/4 IRFIHY Sevag 1857 (G007 1 IE T =4 1(v/v)) i E
F1, 80% s 4 °C B, #5.0>(8000 r/min, 10 min)
HLTE, DLvE /K EZE IS, 50 °C igZE Rk XA MLk,
BERIATRABIAEH T, —20 °C TG, BT HaSB R
THEPLA T, A5 2422 200 GP. In—E WA
LR BOR N 1/4 RFAY Sevag iR, 37 °C
PEFE 20 min, 8000 r/min &.[> 10 min B 7B W ; %
JH Sevag iAFIACFEZZ R, B FICAH BT B Bk
BLOSE, B i FVEW, e 20 s A & 5, 5

MAE 3 e TR ISR SR R
LR (%) =
S LRSI L Sl AR VRN G2
L5 1 RV T 2 i
AR (%) =
Jo e R RCR O AR - BEAEERPEAY
B85 VA R A A

1.2.2.3 SUPEEEIE SRR -FERTART I B
WEE R, AR 1 mL FAPRIPRMEIR R (0. 40,
80. 120, 160, 100 pg/mL), 6% AW W 0.5 mL,
2.5 mL HemiliR . =R T E 40 min, WHL 100 pL A£
W, 7F 490 nm P T lE OD fH, LA OD {H g4k
FR, 2B B AR AL AR, 2 IS 2 bR v R R 0 1] )3
JrREA: y=0.0043x—0.0053, R’=0.9992, Hrr x (ug/mL)
h R A E AR HE VS W MR BE L y A 490 nm R AE 1Y
W SCEEAH

BrREE L EE % 100 pg/mL BUETR, BURE &L R
1 mL, $2 BEAR T H 28 I 5 T 32000 a2 22 AR il 1) TG
SGREME . HHIAR RO GREEA AR HERT L b, RA] T
BRSSPSR B (%), DAZEIRKAE oS X RE,
AT 3 o
1.2.2.4 HOAESEME  SRAHZ S8k m
ER RS . VAR ZRS 20 pL 4= ML IR
FRIEAEWE (0. 20, 40, 60, 80, 100 pg/mL), 200 pL %
g G250 i 57, EiRFE 5 min /5, 7€ 600 nm
A5 OD B, DASR P B ARk Ak B, OD {E A 9h
AL BR 22 A5 B An v B ZR 1 0 U9 F SA . y=0.0024x—
0.0004, R?=0.9985, H:rp x(ug/mL) k4= 1L 37 F1 8
FRUES I BIUE, y 7 600 nm I 5E B G EAR

FCH] 1 mg/mL (14 Z20EE S U, Fie FEARUE £k
PRI S 32500 5 ZE AR Ot P W Y (T R A5 1 1A
SEEEMEACARHERTZE b, BRI RS P B U
H(%), LAZEIR/KAERas I I, SPAT 3 K.
1.2.3 AP EAIE I
1.2.3.1 32280 ABTS™ A i BT fE =
0k [29] HGEI S 2B, B 7 mmol/L ABTS
VRN 2.45 mmol/L S BRIR AT, I3 S5 AR
WRAA) )G, =l ECHCE 12 h, 22 s %
ABTS" [ i 2 filf AT B 2 35 22 vh Wk (pH7.4) %
ABTS TAEMEFRBREIRSGIE S 0.70+£0.02(734 nm 3%
), Bila ABTS TAEWE; B 200 pL ABTS TAER S
20 pL AN[FEHEE(0.25.0.5,.0.75. 1.0, 1.5, 2.0 mg/mL)
FESME IR G Y55 IR EDGHCE 6 min J5 I 52
734 nm Kb GIE; DAZEE KA RE S A 2

100

e

x 100

ABTS" H H13EiE %R (%) = (1 - AQ;A‘ ) % 100

Ko A— KA S I OB(E; A,—PBS R
B ABTS TAEMRMIRGIE; ARG
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1.2.3.2 AZZyxRad A hENiEkEe ) =%
SR [30] H2 38 I 8GE 212, K 100 pL FeSO, %
(6 mmol/L) . 100 pL s[RI B AR T (0.25 .
0.5, 1.0, 2.0, 4.0 mg/mL) Fl 100 uL H,O, ¥ W
(6 mmol/L), J&~J; 8 10 min Jim, F-IIA 100 uL 7K
PR (6 mmol/L), ¥R%J; 37 °C /KL 30 min
J&, MZE 510 nm ARG LA Ve R BHMHXT BRZH,

ZENBIK M 2S IR IR, SEATIIE 3 YR,
i e op A, — A,
X EH HEREERE %) =1~ x 100
0

s A—Z8 18 AR AR B I s i O AE
A —FRIBRAUE H,O, e W GAE; A,—FESH IR
PRI G
1.2.4 shscsbidit st R REE S50 sy e
B 55-(20201229091), sh4 596 )7 L4 R AR
MY KA B H RN, SEB0 T AR A S ST SL 5 Bl
YIFE A SR ERELR

30 DY JE 4 e R BH /N FRL(20~22 g, SPF 21),
TRFE TR AR SIS s, ) s R ARrR
(25+2) °C, & 12 h 6 5 AEE . I8/ NEGE NV
HbE—JE e, BEPL % 3 41, 40 10 H/NRL. 0
P 25 251015 I 2Ry - 1EH 2H (Normal control group, NC
), 5 5¥mme, A BRRoK, 8REE 0.2 mL 19
HEFRER K, ZELEREE 9 JE; AR A 2H (Model group,
MOD #H), 25 5@ gkl A ROk, HRHEHE 0.2 mL
By FLER K, LR HE Y 9 JH; A 22 2 b4 (Ginger
polysaccharide group, GP 2H), 455 = g1Rkl, H ik
K, BRHES 0.2 mL By A 22 2P R (50 mg/kg K
o), ELEE 9 JE.

SEEGBEAT RS LR, BT 1 d MOD 4HF1 GP 46
/NS EANERIK 12 h &, BE S iE ST 80 me/kg AR
STZ % # (0.1 mol/L. pH4.4 F7A52 1% 5% vh s W Bic i,
BHFUK D, — 8, AR E RS RSO N A
JiE MUK, 25 2 MUBHZKSE = 11.1 mmol/L, WHA Sy 2 Kk
PRI/ INRAERT RN, 25 JUEIRT, St /N A i AES
7K 12 h J&, ff IR ERER L, BS54 58 /N B, fi 50 /)N B
i K 5N, S5 N A F-80 °C A7, ML
WARIRFE 0.5 h J5, 4 °C 2.0 10 min(3000xg), HL
LJRIMEE T 4 °C LT, BTSSR FH MR &
Gy S /) BRSO RO 1 v 2R KO
P/ NG W N A IR 25 T s URFRVE S |, #E1T 16S
rRNA 1 V3~V4 X 1) PCR 318, 14 595 5 Ky
F: ACTCCTACGGGAGGCAGCA; R: TCGGACT
ACHVGGGTWTCTAAT, >k Illumina =5 3470
J¥o
1.3 HIELIE

S H i LA Y R fE 25 1 TE R, SR
SPSS 26 A X EYEIAT L4307, 45 4H 18] 25 55 5%
PAK 2L )7 2245 M1 (One way ANOVA) #4743, 1
JH Duncan 35K PR G124 22 7, P<0.05 WA K 7E

itk DAAEZER

2 BR5SH

21 HEZFERINIZHEERSWN

2.1.1 RRg xRS 2SR A sEm RIE 1 A,
SO FEA 1:10 B 1:20 g/mL Byt Fih, P53
B, HAE 1:20 g/mL X8R AE, R LI 1:20
F| 1:50 g/mL it R b, 2B )N, H i
FhER S 4 Ji R 5233 A B B 5 s ] B i, A=
2P ERLH LN AN S MR TR = R (e 8 2= 18, i
PP BRI, 2080 B E I, 4R —
FE LB, 2200 s, ATREE: th T ad Z2 1951
S 1 AR R 4 A B RH T 460, DA T REAIG MR 005
Ho PRIsEPEERI M EE 1:20 g/mL A TR2es0 .

134 (%)

1:10 1:20 1:30 1:40 1:50
BRE L (g/mL)
1 ORH O A2 22 2 S AR A
Fig.1 Effect of ratio of material to water on the yield of GP
T X T A — 38 bR AN R B TR RR e Ge 12 LA R k22
5 (P<0.05); 5] 2~I%1 6 [7].,

2.1.2 $REURE XA 22 2R R s K 2 AT
N, B PRIBORLEE (T, 2R B 3, SR
BEET 90 °C B, W9 MAESE, H 5 100 C B
ZhEARRIC e M2 S, HRE R b TR Tt
1, S s s AR, SECE PRI 3
fie B e, o 2 2 ) N AR N FE R B 7R v,
K] b Z2 A 3R it 2R B 90 °C B, K BsHE]
3o AR RE — Dy T e i i 2 vh A4 B BN
R, SEEEE R 20 R IR B, 5 — 7 T
T RES R /> 2 WE R AR, T 2075884
ARZRS30L Sk T Y A HE SRR G i TR X 2 BE S A

15 5

10

R (%)

60 70 80 90 100
FICRE (C)
B2 PREE X A 22 2 HES R AR

Fig.2 Effect of extraction temperature on the yield of GP
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WIARAE:, RIHCEPEE ORI 90 °C I T /52585
2.1.3  PREUFED AR ZE 2R a0 A 3 A)
N, BEAE P HU A I EE R, Z2 W RSN S s, I
TESRIUNTAI SN 1.5 h kB & RAMH, (B4 Z A28 5748
B AT BRIE PR TRl Ry 2 (2 B AE 220l
R P ORI s 2P0, I HAR I TRl PR S ik
AR e A BT A R BT, AT S BB RT
R ARSI BT (6] S 2 s AS FIE 1 S
], A REPRRIBUNT TR 1 h T E 225050

10 15 20 25 3.0
FEELAE] (h)

3 SEIURT AL A 22 S A 5
Fig.3 Effect of extract time on the yield of GP

2.2 HEZPEEEAIERIA

ARPE PR RSO S5 L, i T A 2R AR EUY
BHA B R A A 3 AN 3 UK, IR
Lo(3*) IEAS R T4, It 28 2 M 2200l 15,
AP R A 2 A R S M U Sy R R R
SRR > HRE (8], [R] A AT A5 4 22 2B PR B et
HAN ABLC, BB EE 1:20 g/mL. #&EF 100 °C.
BTR] 1 h, kA A= 22 228515558 15.37%+0.66%; 8 i
22 3 T 2553 HT AT AR, R L RN ER IRORLRE X T AR 22
AT RIS B P25 57 (P<0.05), TR EA )X
e NSRRI W2 R . IR RO T
AT BORAS FHERE AN LA K ZZ W e, #1538
IREGEE RS N R ZH R, 45— a1 4 PR,
BAUHE N A,B,C, BRERELE 1:20 g/mL, $EHUR

2 IERIARATR

Table 2 Results of orthogonal experimental design

S LR (%)

A BHREL B RHUEEE  C: SEHUR R
1 1 1 1 7.58+0.74
2 1 2 2 8.07+0.48
3 1 3 3 10.32+1.71
4 2 1 2 9.77+0.62
5 2 2 3 15.29+0.50
6 2 3 1 15.37+0.66
7 3 1 3 9.03+0.74
8 3 2 1 11.83+0.94
9 3 3 2 15.45+0.83
k1 8.657 8.793 11.593
k2 13.477 11.730 11.097
k3 12.103 13.713 11.547
R 4.820 4.920 0.496

* 3 IECERE RO =T
Table 3 ANOVA of orthogonal experimental design results

HE W2V HM Al FLt FiFE B
A 36.998 2 82.035 19.000 *
B 36.764 2 81.517 19.000 *
c 0.451 2 1.000 19.000

R 0.45 2

S 74.663 8

#4 IELIKRETREZH I (Tukey %)

Table 4 Multiple comparisons of orthogonal experimental

design results (Tukey)
K3
(SES
1 2 3
A a b ab
B a ab b
C a a a

T AR TRFORESE T2 ERA B PE2ER (P<0.05),

B 90 °C, B8] 1 ho PEIZSEMF N #7500, A=
BEIEAN 16.25%+3.89%

23 HEZZERER

2.3.1 KRALWEB AL A 4 a0, (4 S-8 Mk
AP, A2 2R 2SR, N 15.33%, ZhE
IR 18.44%, TEH & =N 5.08%, & H BikE %
A 32.21%; fdiFH NKA-9 #figab B, A2 h ik
F & e, S 2.06%, BB AR SRR 72.51%, 2%
TrHELN 7.78%, ZBERIRHE N 58.63%., LI E4ERFE
B, NKA-9 & fi5 HAT 500 1 R 25 22 2 bR v b 245
FIRE ST, (ER R I s e i R e . 255F

20
N (%)
= HH S (%)
15
S
i 107 b
&1 be c a a
54 b )

D101 AK-8 S-8
it

NKA-9

100 - wm Z2HHH1 2 25 (%)
= FHBFRER (%)
80 -

a
a
ab b
60 a
40 b
b c
20
0_ |

D10l  AK-8 S-8  NKA-9
e

K4 ARSI ICFUR RS A 22 2B BT R Y LE A
Fig.4 Comparison of adsorption properties of different types of
macroporous absorbent resins on GP
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B2 pedsr T ERER L . A ZRYE . Sevag EANIFLR
R uFh A= 22 Z AR 1 12, LA S-8 BUKFLA IR
RO AR AT, R ABLER 2l 82.45%, MR Rl
10.53%. X S5ARCHLER LS A E R, fliES4
ZENE L SRR RIS TR AR R AN R AT G
2.3.2 Sevag ¥ HIKEl 5 A%, BEFE Sevag A7 b
YA RGN, A= 22 20 B8R B Y B s e, 4k
HRRBGRE] 5 KRB, BE SRS 2.59%, R ANRER
2R 60.15%, [RIR)A: 22 20 b 20 B g b, 220
THLA 15.96%, ZHERIR N 7.93%, GEIRFEI,
Sevag IXFIFEDTIE S R AY IR AT, th2sme b — 2 5ofd
ZH, WIS . X S RT AT IT S R — 2,
ERRIEPY SR Sevag 7SR LR B2 A b Z i
W A B, B AR R B, S IR
SH Z W S R B 2 THEr L 24 Sevag I AL FE 8
WS, B I8 5 R0 2 0 Ok 43501 2 82.67% Fil
32.72%. PLBERTY [RIAER A Sevag 1 iR 4T 2 fH
Z WP B8R P15, Sevag BFIALFRR B 2, B AR A
SR, (R Z BB Bl B, SR Sevag i)
AL 6 R, BEFIEREN 74.53%, ZZHE00R 2
S 70.87%. LRGHE AP S 2R
KB E R R, 4R Sevag A fEH .. &
Sevag EME )G, 2 HENIISRA 2.91%+0.25%,
FRIFS R SR A A 43.44%40.99%

mm CFESE (%) =REASE (%)

20 a
ab ab ab ab b
154
g
0 10 A
4 a b
5 b C bc .
A BRYCRL
1007 e (%)
= X 2% (0
%0 4 == R HFRR (%) a
< 60 4
-
kS | ab ab
@ 40 ab

4 5
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ARBRYR AL
El'5  Sevag WAk B A 45 R

Fig.5 Results of fractional deproteinization by Sevag method

24 HEZFENIENIEMN

FHIE 6 AT, 254 22 2B S AE 0.25~4 mg/mL
YL B PY, X ABTS' @ i 3E 3t 3 3 n97E
[SRTE T B R B B TG . A 222 Ve IR

ABTS" I HiEERY ICs, {E535512 1.92 F1 0.053 mg/mL.
A2 PEE R AL A LAY 1C,, (H2N 2.08 mg/mL,
Ve i 0.54 mg/mL. FEZATMAISE P, M EH HE
B PV-P1 A 4 mg/mL I, Xt ABTS' H i HLAY 7 5%
A1 30.3%, AR R BE T, A2 22 2%t ABTS H
FAERRIHE ST PV-P1 2 66.09%., FNHZSEER]
58 K IR ZE 20 PCP-2 ¥ Z >l 4 mg/mL A, X%
B LRSS 45.15%, (IR THHR e B T 21 2
ZBEXT AL EEITEBREN 65.73% . ARNN NS5

oo}
(=]
|

ABTS' H HEEIH R (%)
) IS o
=) S S S
| 1 1 1

025 05 1 2 4
132 ZHHH % (mg/mL)

100

ABTS'H HETH B (%)
[\ N [N o}
o S S S =
| ] ] | 1
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Fig.6 Scavenging activity of GP on ABTS" radical and
hydroxyl radical
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WF5E R B/ INEE 22 220X ABTS F H YRk 1 dh it
HABSRAWEERIETE. VL 45 R F W] A4 22 2 WX
ABTS" [ HEFIESE [ fh S B Bm s RIS TR
2.5 HEZPERHERRE /R MAEEETER
WHRIIR YT 0 S BEAE T~ BEAT S i 42 il 1t bk, i
WA IS EE /K RE R M HLA I 25 1~3 R B v
SERRSEEY L iR 5 AT, SR T RIS 9 SR,
ML WELH /N BB FBG ML GSP /K14 S A58
ZH/ RN AT B P25 57 (P<0.05), TS5 TE 3 2H /)N
FRICTEFTEZE S . SEI0Sh R W A L WERERE A 23K
HbFEEARRE B /) LB IR, o HGR BT E H /K-

5 AL IV s I AR 3 2R KO
Table 5 Fasting blood glucose and glycated serum protein
levels of mice in different groups

2151 FBG (mmol/L) GSP (mmol/L)
NC 6.54+0.38" 4.59+0.13

MOD 14.08+2.54° 5.46+0.18"
GP 6.29+0.31° 4.53+0.19

HE: NC IEH 41, MOD f5##I4], GP A= 2 2 0i4; FBG =5 IE 1L, GSP #ifk
L5  RREFRRRIES T2 B B 257 (P<0.05) .

2.6 BERRRNRBIKFE LRAERE LA R

& 7 AT, ZEJR /KL, 25 A 3R 2H 14 i B TR
Y E B ALTE . B B )& (Oscillospira) . RN JE
(Desulfovibrio) . B 154 5e [C W J& (Adlercreutzia) |
BAT 5 22 B @R (Akkermansia) . WA | 1 HEFT B & (Helico-
bacter) . YFF 1 JE (Bacteroides) . MU AT )& (Bifi-
dobacterium) . FLEEFTF & )& (Lactobacillus) . 3% B 1Kk
R & (Prevotella) BV & (Allobaculum) . 5
AU ZH AH L, #E A 22 228540 b =2 B 04 A T8 ERE
A : BE R & (Oscillospira) . IR J& ( Desulfo-
vibrio) . FTEM 58 [ & (Adlercreutzia) . BT 5 2 bR
J& (Akkermansia) . WAT TYRFTIRE (Helicobacter) FAFL
BRAT B & (Lactobacillus ), =5 AR A IE EREE - $21
FFE8 & (Bacteroides) . XUSAT & (Bifidobacterium) |

_.. Oscillospira
= —.-. Desulfovibrio I 113
. . Adlercreutzia

. - Akkermansia

. . Helicobacter 0.00

_E. . Bacteroides
- |
-1.13

. Bifidobacterium

o re— .. Lactobacillus
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|
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© z O
>

E 7 @K I i 4k

Fig.7 Gut microbial composition at the genus level

Allobaculum

W E IR R & (Prevotella) FliFEAS B & (Allobacu-
lum) o FRWI A 22 Z2WH e NE PRI /S BR A 1 1 TR R
FAZH B o
3 WieEL%ie

ZHH I SR IBUR FCF I AR, A (9 FE A, e i £
B AR 24l 2 G EE, TS Jo S245 A4 F
IEPEIIISY . HUKIZERL R HRIL S ik, &
WEAFAEN 3B /K PR DT IR SR AR 22 20, g
BUARAE T 2SR 7.58%; ARNMF5E HR, [EIAER FHiZ
TR T 22 2 MR AR, L FR R FE S G AITIE R
IR BN F AR B R EE 1:20 mg/mL, $2HUE
B£ 90 °C, B8] 1 he FRIZSAF T #EATEES, PSR
M 16.25%, 5 Z AT AR L, B T ARk
MASE. AN, ZEARTFR R Sevag iR RA £
P A BER SR 6.49% B 2.59%,
2GRN 7.93% . BEJF, el 422 20
X ABTS"H R FIFRAEL [ B ZEAITEEREE T, IEE A
ZZHEEABORMPLUA LTE T . X5 Hou 4518 fff
FRah Rk, R 2R N T B SN2 45
SR 77 o

Fo T8 TR AR PN e B2 2 FVRARE S i B 22 1
AW BRAE N, TR IEH AR I8 PIAFAE ) 22518 v
JEA : UATEE)E . AT RS . EATe)E . B eE)E . T
AEBRTAE . THALBERR B R A BRI R . I
BERA SVF 28R R VIFHSC, e —Fh
KArF i, CA MRV AT BEim o s R A
PN HE ARG 18, 35 & #3525 AR /FE FH™, Dong 451
BT R 2 BUME R AL AYZH /)N BRAE L, R R
F W B BN £ Muribaculaceae Unclassified Fll
AP TR . ARWFTEh, 4R 22 20 ROh FEAIG
T /Ny OB K, IR0 T A 55 TR B ER N R
(Oscillospira) . 15 58 FQ 1 )& (Adlercreutzia) | ]
T2 i E (Akkermansia) FIFLEEHF&E (Lactobacillus )
M, BEIL T A F P FH IR G & (Prevotella) 1)
FEE, HA SRR (Oscillospira) SIEREA >, HS
SO AE R ) B AR/ N o B BT R [Q I ( Chiristensenella
minuta) = BETEARDE, BESL, =ahPIiB Ik B 251k B
YR B & (Oscillospira) B =F 5 I Jintol; Bl £ 8 7
R (Adlercreutzia) J&—Fh 87 A 53 4% N8 U7 12 I
HAAPCRAE AN E™; B 5 &= 04 /& (4kkermansia)
JE— AR IR, M T IE I RIE)Z, ety im
WiE B DIRE, 5 2P S AESE, R AE A
(IBD) . AR RIS B IR ICIRE (Prevorella)
WEUESE 235 P WP, bAh, ZEAEREA = i
PRI PRPs LA B AR AT =5 I s IR (b BRI v, 35
IR G & (Prevotella) W -FEEHG B 25 |, £
TRIZPEELFEICR Sevag VAMER TS M9 22 2 W EE
HAEHE PRI )N BRI 08 PN I 38 DA I 2, B IIAE G
ot T 2B, AR MR E
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