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1.1 #HRSiKFH

MR ZE RGN BRAZ R I B T i b ) 28 b X b
o TIT 5 M T R 1) R BRI IR BE R | AR T
EH H DMl E, I REERHARA A
Y4B ZR K, ML MR R, 1 22 v bR TR
BABRA ] LM REIR | H G0 AR | R
) 25 M T R S A UE A, Sigma—Aldrich 23 A 5 EhR |
AEEAEN TOK S T T A R [ 2 4
P A7 120 A R W) S LD 2H DNA 2 05
&, b R AR A BR A,
12 NB5EF

pHSJ-4A B pH 31, I 3 #AS B A PR A
B250 % A8 %5 18 T v K i B, VT s AR A R
28] s Fresco 21 B MUV VR 250 1L Nicolet 6700
1 B A e 2T AR AN FEER G R B (P D)
A B2 F];IY92-2N 78 7 I 4 A Ry 5 A SCI-
ENTZ-20F/B B 525 3 VR TR HL, T B 2 LE Rl
By A BR2S 71 3 RE-5205 R jie % 7% &AL, 1 0
TRATFRA W EON 2 DI RE R RN , 35 B I A4
PR H; HSZ SUB010 7 & S A4 e+ i, H
A H LA FRAT,
1.3 Fik
13,1 KR IR il 28 T2 kMR
20 KR Ve UIH TS R gt At 80 H i 15 2
B IRY o FR B R JIORY 4% — o R H in A TR
B pH AE 1 3 R 2 O, T8 IR K B o s
IR P ACEA T HE B, i 45 4 BOR e 3 8 5, in A
0.5% 3% PE 7% , T 50 C/K % 44 30 min, 28 F- 1K
HUE 5 08 W% & vk 4 2 JEARF oy 22—
A 2 fERBICK CEE, T4 CHE 2 h 5,8 000
r/min 250> 20 min, 77 115 15 2AF R ISR R 42

Yy, RBRL Y 28348 i TCK SRR VR 2 U, 15 )
JUT- 32 A R P Jo, - ) P 28 2 R R 0 X G
PEAT TR 5 15 B0 P fs B TR AR i, SR 33t
AT

HMEAFAR (%) = AL T/ IR B i x 100 (1)
1.3.2 Wi J37 T 25 G 7 Al B 2 2 BB o 8 P
FCRICH T2 DI E L pH A, $2H
T AR IO ) S a6 PR 2RI A 1% 8 TR 2 v o 4%
R T, % %A RBHR L (1:20,1:25,1:30, 1
35,1:40) .pH {6 (1.0,1.25,1.5,1.75,2.0), & &
(70,75,80,85,90 °C) .2 Ht 1] (20,30,40,50,60
min ) XJ SRR A0, TEIR 95 10 BL Al E 45
B BRI, 9 — 20 A S ) R (195,260,
325,390,455 W), ## A B[ (5,10,15,20,25
min) & %25 H(30% ,40% ,50% ,60% ,70% ) %}
N S 2 % . R Box—Behnken
Design %1 A1 F B AR P& T 23647 = IR =K
i i N7 T A A6 321 (Response surface method-
ology) , 50 I 2 KV Be 2 5 WL (R 1) .

F1 BREHDREREMEEETHEERKRERES
Table 1 Levels and numbers of each factor in response

surface design of ultrasonic assisted extraction method

B £ K

-1 0 1
MR INA O F(A)IW 195 325 455
MR da KA ok B ) (B))/min 5 15 25
MR BN E W (C)I% 30 50 70
A= d NAR B LT R (A,)IW 195 325 455
A= iy KA 5 3 B 1A (B,)/min 5 15 25
A= s N & F W (C) 1% 30 50 70

133 HAREGEER T R 2 T iy
SPREIG W 90 s PEMELS , B LWL SR A bl A 3R
[/ 2o

1.3.4  FF I TORIEBACRRPEIN E  DAA IS &
FIAbRE S, >R Bradord 325 M 5 25 11 5T 3% F21;
DA LB T 19 R b v i, R D T 558 i RS 0
R TR 5 B LSRR b v i R A AR 1
0 E 22 W T ORI E SR R L
LML IR R B I E 2 I8 Yang S5O0 7 B 06 4T
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1.3.5 KRG IR 73 F B M H oAl e e
il 5T 2 Ve BE 10.0 mg/mL SR R, SR FH v 80
Bk @k (HPGPC) #E4T 43 i F46E 1 43
Mr. FH TSK-GEL G4000SWxl {234+ (300 mmx
7.8 mm), B F K RS, i 1.0 mL/min, #£
i 30 °C, #EFE 20 pl, RID Kzl

1.3.6  RECHEMEA LM E SR AMR T E
A €0 335 A 75 I S 0 R b ) SRR AL AR . A 3.0
mL 2 mol/L. =R LR (TFA)KF 3.0 mg ke S T
10 mL 255, 120 CRft 4 h J5, Wi 1.0 mL
KRR, pH A2 7.0, E A £ 2.0 mL K8,
FI ] = 9 £ TR W e 125 1) 28 SR IS K Al s i, T R
250 wL AKMEWR T 5 mL EP &, A 250 L
0.6 mol/LL. NaOH % ¥ ,500 L 0.4 mol/L. 1-73&~
3—H 5N merpk R (PMP)—HI 5,70 CCIZ N 1 by
BHF A 500 wL 0.3 mol/L. HCI & W+ #1, 5
A 1 mL S5 %% 1 min,3 000 r/min & > 10
min, B EIE SEAT WO G5 A 638 2500 T s A
9 0.05 mol/L iR — = # ¥ M (pH BN 6.70) 1
CEREBW (V gg—amanV 2n=83:17), i 30
C, ik 1.0 mL/min, K20 3% 4 250 nm , 4 5 20
L, 3% H Xtimate C18 4.6 mm x200 mm (5
pm) .

1.3.7 AHBEMARBLLANSEE S B 1 mg FF I
FE 515 A KBr IR 2T, WFES X 20 %l 5 B T
AL BT, 4 EGE FEL R 400~4 000 em™, 43 B
KN 4em™,

1.3.8  BRAT R IR X 1A Hh e e aok A% v i 18 A=
VIR 25 1 1) 52 Wikl

1.3.8.1 HEARE LARIMEIL L TE R 4 40T
3AMHWRREE A Cs s AW ™ i K2
PUA RIRYT IR BRI A FEAERE A R IR R
i F 0T 3 LG 1010 5 T B AR R KR A0 i il 3
BEEW A H] 2 I W SR Ty B g AT AR SIS AU A
I, UG 4 (NUP) LA e JTICER I Sk flk 1 (5 i R
&N 10 mg/mL) , LART LSS (AP) A BH A X B8
1.0 mL 25 BIFWIE A KA 9.0 mL 552 50
BRI TRA TSP ABE 48 h 5, LU 1%
W BRI AT R R, A BRAE AR IR &
Farhoe i, BT 3 AT, HL0,48,96 h ki
T 12 000 r/min &0 10 min, 7 b3 J5 45 4

ULUEH T DNA (942 ORI 3 73
1.3.8.2  KEEFE AU DNA $2HUZ 16S rRNA 3K
e S Y A3 BT AR 2 ZH DNA 2 UK
F AR HURE i A S DNA, DNA 28 3 KG I 45 4%
5, FlJH 51 4 338F (5 -ACTCCTACGGGAG
GCAGCAG-3")H1 806R(5-GGACTACHVGGGTWTC
TAAT-3") %t H 16S rRNA FE [N V3-V4 X 17
PCR ¥4, ] FH Illumina Miseq I J¥-F & Xt 4™
Bty gy R AT v T A I A AT B 28 R R Ao
UE S5 # ] vsearch T EHERR % & 751 , LL 97% I A
I X 8 A% 2 B E 4T OUT B30, FIF SILVA
ribosomal RNA database (Sliva) 4 & XJ 4% 2 1k
OUT AT Fp e RE , M F R 15 5 % i 1647 7] 4
e #r .
1.4 HIESH

FIH SPSS 26.0 X B4l #E 47t 25 Pk LB K 3R
J5 22 (ANOVA) K % 43 1 , 1] Origin 2021 XJ % 4%
HEAT AT LAk A B

2 HR5SMH
21 RERREBERZIBERSN
RAENFFERY] BRI  pH {H | BB A
TF1) 2 5 M 12 8 T 325 ) e 2R JBaod At v ) LA S B
PRZR T, M L a2 1 o e IR ) 266 P 5 B i
AGEa, IEFS 3 R = M ok s R i
/N B TR SR S e JEE AR 2 S B0 4 N ) B I
AT A A SR F 5, W H 38 1) 86 o]
DA 1 S SR B 7 At T 2 BB TP H A 9 R G
pH A BLHAR O, pH 80/ Hk BB pH S
M2 FBOKMAT B B9 SR Ak 2L 2% |, pH {E I &
) 2 fe J SR K g AN T8 o L T A B TR R
AT A, T e i R 2 0 9 A ) R M 4 2 [
fige 18, SR MR e e, P T TR JE 9 i A 8 5
3, AR IR [ e R 0 2 5 SR 0 5 A R 2RI
i BEK gt AT R B A AR R AR, AN SO Je Xt e
TORHACLE pH A 4R I 2 RIS )0 15 58 R 4 vk
MR R (B 1), PR pud feh, pH i
R IR JEE IR )65 2 ke R TR IR A 2R 9 52 1)
REH —ME, X pHE 1.5, RPGREZ N 80
C ARIBURE] 2 40 min BF, 2 Fhoke AT R ICE9 SR A5
A o BHBEEXT 2 Ffoks TR IR I A5 25 54 52 TR
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Fig.1 Effects of different acid extraction conditions on the yield of pectin
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Fig.2 Effects of different factors on the yield of pectin by ultrasound-assisted acid extraction
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23 BEHHRBREZIFNSFAELARRIZN
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FIH Design Expert software 10.0 % % 4 iF
(TEMENER: o =P NIV TR s s Eat e
2, 5 FkF FH R IR B A5 3 A T [ml AR . Y =
16.20—1.024,-0.04B,-0.17C,-1.52A4 *-0.81B*~
0.68C2-0.414 ,B,-0.174 ,C,-0.19B,C,[ H: h V(%)
St SR TR A5 2% A By (C 43 5 Ry i 7 )%
A 5 2 ] Y,=9.32-0.644,-0.40B, -
0.01C,-1.074 >-0.79B,>-0.81C~0.41A ,B,~0.17A ,C,—
0.19B,C,[Ho Y, (%) MR~ R IR A5 5% , A, B,
C, /35 B Ty % GBI IE] | 2 ), O 2200

GERBUIBIM A T REAR B EES (P<
0.0001) (& 3 A 4), kAR T H 6 R 5L
(R?) 43 %14 0.992,0.983, % J5 i i & & 5
(R%\) 53 31124 0.981,0.960 423 R?, 3 B R 0] A
FREERAT, AT T R ) o {8 5 5% e PR 3R A A Ak
TBLRY FE— 253 HT K R, — U I 2R B0 R I AR
B 2 R R R R (P<0.05) , 52 R & Y 5k
55 M55 R o 25 L R P ) 5 R B ] e
T A3 AT 2% 3 o 25 BO R RE 7R ) 30 02 8 5 R P
JRAR AR 2 A BB, WP R Z B W
FH A P TS i 75 23R 114 Jd 25 Pk 2 i ) 4 78 T
RGN (& 3 R0 4) Wi R T VR P A AR Bk R I
T e A FR ISR N 3R 5 TR, A S R AR R
A IR A5 252530 Ry 16.15%F1 9.18% . K
R S0 AR AR 1) AT S o i BRURE 7R T R 259 WL
FAEFE 19 min, f7 25 o 49% FIEE 7 DR 339 W,
AR A [E] 9.50 min, 725 e 45% ] £ B S e ISR
JiE FRRA— T ISR G, SR I 9 A5 553 51l 35 3] 16.10%
H19.14% , 2553 — 20 B E T T AR A 1 = B v
LR

R2 MEBARRELER

Table 2 Response surface scheme and results

LAY BEBY CEcy RmORMERL A BAB Gmey T REA
%5 AR NREKR %7 INRIR KRR
W min \% min
FEI% 13 %% BFEI% FEI%
1 195 15 70 15.22 8.27 10 325 15 50 16.15 9.29
2 325 15 50 16.17 9.12 11 455 25 50 13.12 5.87
3 325 25 70 14.58 7.23 12 325 5 70 14.98 8.13
4 325 25 30 14.75 7.70 13 455 15 70 13.30 6.65
5 455 5 50 12.42 7.77 14 325 15 50 16.21 9.60
6 195 15 30 14.65 7.90 15 325 15 50 16.38 9.36
7 195 5 50 15.09 8.24 16 325 5 30 14.49 7.84
8 325 15 50 16.07 9.22 17 455 15 30 12.81 6.96
9 195 25 50 14.83 7.98

®3 WMEENRSTOPRRBHTEST(ANOVA)RSHEZFEKRE

Table 3  Analysis of variance (ANOVA) and parameter significance test of chestnut pumpkin multiple regression model

¥ P75 Fa B Wi ¥ A F 15 P1a

el 24.740 9 2.750 91.470 < 0.0001
A, 8.280 1 8.280 275.500 < 0.0001
B, 0.010 1 0.011 0.370 0.5621
C, 0.240 1 0.243 8.100 0.0248

A B, 0.230 1 0.231 7.670 0.0277
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(8% 3)
£ ¥ F 5 A & 7 1k F Ak Pk
A,C, 0.001 1 0.001 0.045 0.8373
B/C, 0.107 1 0.107 3.570 0.1007
AP 9.700 1 9.700 322.870 < 0.0001
B2 2.780 1 2.780 92.480 < 0.0001
c? 1.970 1 1.970 65.530 < 0.0001
£ 0.210 7 0.030
%hig £ 0.156 3 0.052 0.114
% Fa 0.054 4 0.014
R 0.992
Ry 0.981
CV/% 1.170

®4 RCERZTEARENTESHT(ANOVA)RSHEZEHKRE
Table 4  Analysis of variance (ANOVA) and significance test of parameters of multiple regression model

of naked kernel pumpkin

X¥ F 75 Fa B WA ¥ o8 F A& P&
B 16.800 9 1.870 43.950 < 0.0001
A, 3.300 1 3.300 77.690 <0.0001
B, 1.280 1 1.280 30.170 0.0009
c, 0.001 1 0.001 0.033 0.8619
AB, 0.672 1 0.672 15.820 0.0053
A.C, 0.114 1 0.114 2.670 0.1460
B.C, 0.143 1 0.143 3.360 0.1096
A7 4790 1 4790 112.740 <0.0001
B/ 2.600 1 2.600 61.220 0.0001
C? 2.740 1 2.740 64.620 <0.0001
A 0.297 7 0.043
thig £ 0.165 3 0.055 1.670 0.3095
#A 17.100 16
R? 0.983
R, 0.960
CV/I% 2.550

R 5 A &R N SRR 7R N B B R BUR B SRS A BN S LB 5 SRR R L E A LB
Table 5 Comparison of optimal response surface predicted value and actual value of pectin yield of different pumpkin

varieties by ultrasonic assisted acid extraction method

PR G o W # f Bf ] /min B &% RIEARE%
MR AL R AL 258.46 18.95 48.50 16.15
BR BN R R A 259.00 19.00 49.00 16.10
ARA= g AL R AR 339.03 9.45 4551 9.18

ARA= N 5 TR AR 339.00 9.50 45.00 9.14
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Fig.3 Response surface and contour diagram of the influence of ultrasonic power, ultrasonic time

and duty cycle on the yield of chestnut pumpkin pectin
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Fig.4 Response surface and contour diagram of the influence of ultrasonic power, ultrasonic time and duty cycle

on pectin yield of hull-less pumpkin
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Fig.5 SEM images of pectin obtained from different sources and extraction methods
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Table 6 Physicochemical index and molecular weight of seed pumpkin pectin

CUP NUP CcCp NCP AP
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B8 1 1% 40.00 33.30 38.00 31.80 50.00
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Table 7 Monosaccharide composition of CUP and NUP
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Fig.6 FTIR analysis of pectin from different sources
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Fig.7 Relative abundance of bacterial communities at the phylum (a) and genus (b) levels
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Extraction of Seed Pumpkin Pectin and Its Effect on Intestinal Microbial during
in Vitro Fermentation

CHEN Simeng', WANG Nanbin'?, DU Mingxuan', LU Wenting', SUN Hailong", NI Yongqing'
(“School of Food Science and Technology, Shihezi University, Shihezi 832003, Xinjiang
’Institute of Agricultural Products Processing, Xinjiang Academy of Agricultural and Reclamation Sciences,
Shihezi 832000, Xinjiang)

Abstract In this study, the ultrasound-assisted acid extraction for seed pumpkin pectin preparation was optimized and
the structure of seed pumpkin pectin was characterized. And then the effect of hull-less pumpkin pectin on changes of
the intestinal microbial community structure during fermentation was investigated by simulated fermentation in wvitro. The
results showed that ultrasonic assisted acid extraction could significantly improve the preparation efficiency of seed pump-
kin pectin, and the pectin yield of chestnut pumpkin and hull-less pumpkin was 16.10% and 9.14%, respectively. The
methyl—esterification reaction showed that all of the two kinds of pectin were low—methoxyl, and the esterification degree
of them was between 31.8% and 40%. The molecular weight of hull-less pumpkin pectin was the lowest, and the con-
tents of total sugar (86.2%) and galacturonic acid (55.3%) were much higher than those of chestnut pumpkin pectin.
Compared with commercial pectin, hull -less pumpkin pectin promoted the proliferation of beneficial bacteria such as

genus of Limosilactobacillus, Bifidobacterium, Lactobacillus and Megamonas, and reduced the relative abundance of Es-
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cherichia—Shigella and other opportunistic pathogens during simulated fermentation in wvitro. The results of this study not
only provided technical support for the efficient preparation of seed pumpkin pectin, but also provided data support for
the application of seed pumpkin pectin, as a new prebiotics in functional foods, medicine and other fields.

Keywords seed pumpkin; pectin; ultrasound-assisted acid extraction; in vitro fermentation; gut microbiota



