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Abstract: This study aimed to treat grape pomace-derived soluble dietary fiber (SDF) using two modification methods,
optimize the modification parameters, compare the physicochemical properties of SDF before and after modification, and
investigate its hypolipidemic effects in hyperlipidemic mice, thereby providing a theoretical basis for in-depth research on
grape pomace SDF and food development. Using grape pomace SDF as the raw material, it was subjected to modification
by microwave-acid (M-A) and cellulase-ultrasound wave (C-UW) methods. Based on single-factor experiments, response
surface methodology was employed to optimize the experimental conditions and determine the optimal parameter
combinations for modification. The physicochemical properties (including functional characteristics, cholesterol adsorption
capacity, and cation exchange capacity) of unmodified SDF and the two modified SDF were compared. Scanning electron
microscopy and Fourier transform infrared spectroscopy analyses were also conducted. Additionally, a hyperlipidemic
mouse model was established to explore the hypolipidemic effects of SDF before and after modification. Measurements and
analyses were conducted on mouse body weight, four lipid profile indicators, serum ALT and AST activities, liver indices,
and histological staining of liver sections. Results showed that the optimal parameter combination for M-A method
modified SDF was a solid-to-liquid ratio of 1:24.97, microwave power of 220.56 W, microwave time of 60.24 s, and the
yield of SDF was 22.17%. For validation, the process parameters were slightly adjusted to citric acid mass fraction 6%,
solid-to-liquid ratio 1:25, and microwave power 240 W, resulting in an average SDF yield of 21.74%, with only a minor
deviation of 0.41% from the theoretical yield. For the C-UW-modified SDF, the optimal parameters were: cellulase addition
0.38%, enzymatic hydrolysis temperature 54.04°C, and enzymatic hydrolysis time 28.61 min, resulting in an SDF yield of
28.8%. For validation, the process parameters were slightly adjusted to cellulase addition 0.4%, enzymatic hydrolysis
temperature 55 °C, and enzymatic hydrolysis time 30 min, resulting in an average SDF yield of 28.29%, with only a minor
deviation of 0.51% from the theoretical yield. In terms of physicochemical properties, C-UW-modified SDF exhibited
significant superiority over unmodified SDF and M-A-modified SDF. SEM results showed that C-UW-modified SDF
formed a denser, rod-like structure, while FTIR analysis indicated that the main components and overall chemical structure
of the three SDFs remained relatively stable without significant changes. These findings confirmed that C-UW-modified
SDF demonstrated better modification effects compared to unmodified SDF and M-A-modified SDF. In the mouse
experiments, compared to the model group, C-UW SDF significantly reduced TC, TG, and LDL-C, while significantly
increasing HDL-C. Compared to other treatment groups (unmodified SDF, M-A SDF), C-UW SDF showed more
pronounced effects in improving the four lipid profile indicators, particularly in reducing LDL-C and increasing HDL-C.
Additionally, C-UW SDF exhibited a reducing effect on serum ALT and AST activities, an inhibitory effect on weight gain,
and alleviated liver damage, protecting the integrity of hepatocytes. These results confirmed that C-UW SDF was more
effective in reducing blood lipid levels in hyperlipidemic mice, laying a foundation for subsequent research on grape
pomace SDF and food development.

Key words: grape pomace; soluble dietary fiber; modification; physicochemical properties; hypolipidemic activity
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T AR, S E Y ERE T ey L H 2SR, i
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BEIRIER . ZESET AR T IR ORI TE RS B 27 4T
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Pl K STRAE G . B SEMER IS G, AN
XGRS T A st a), IR0 T R L A%
Gep O b RN R R R AR 2R
TN T A JRUESTS 43551 A P A= BHAup . S20KA . WS B
KA A SRk, 38 3k A W] 7 32 (o m iz T ik e Ak ik
VAR Bh R . AR B2 S8 AN 1E A1 I8 Aff i 75 U -1
P PP IR B . 75 I I [ £ 4 25 Wit o) 4 KR 7 A
B3R BOEAL T SDF BO3RECT 25, F3R45 T AN
PR T 2555 B A . VR4 A = ) o,
) it B S 2 PSR I, (B )FJEZS R SDF /Y
FIFHRAE NG TEA FR, PIASAF S0 o S 4 B iR
= (microwave- acid, M-A ) N 7S I 5 Bh 2145 ZK ifF
(cellulase-ultrasound wave, C-UW ) X} H. 47 240 4b
B, SAEE T4 B2 SDF iI45-3%, oo Hopp ik
S, IR 28 e it SDF X s BB AR £ 175 S 1 AU R
/NI RERE SR, , A e S 25 i 78 SDF IIFSE K i
AEE T R A SR S i S .
1 MREREE
1.1 MRS
C57BL/6J /NER. WA THER SRR 2%, A=Al
IE: SCXK (FH7)2024-0001; /)N FRIEAL AR MD12062 .
/NEUE BB REE MD12033 VLIRSS AR A Y E A
BRON s Hra s & 2 R EE R A vl el /R
S AR AT BRA T L8 . SR RN . FrisiR . oK
ZEE Syhrall, R san bAoA RS 75 274
FF(EEEG J7 50 wmg) IR AR TR
"l XS T mAREE  dbstdb R4EEA R
B2 71 5 I35 S A [ 1 (TC) 3570 & . I3 H il =15
(TG)F & . & 2% 52 R 85 A IE [ B2 (HDL-C) 305
f AR ENRE A EFE R (LDL-C)X5Fl & Matat
AW TR FEIT; R R 2 (AST) Gl & .
AR (ALT) G & RYIE A drRlE B0 A BR
INFE o
BJ-800A MEHL(/NEL)  FEVEFEASHLATA FRAY
Fl; SHZ-B /KitEiR IR o IR AE YL
PR A BRAS T M1-L236A T | AR5
HL BRI AT BR AN H; TDSA-WS ARVl K
VORUES DR A BRAF]; LXI-TIB 5 20l &0
Pl LGSR UER) T DG-9070A & X1 FE
(FE#VERR)  _IESTIE# A5G BRZA F]; R-100 jiE
T2 kAL Hi 2R BN F; QL-866 el iRz 1Y
VT T R DRI AR il i A FR 2 Bl FA1204B
TRV BIEAUCRERAAER A B F ;s SHB- TG

KK EZHEZIE AR TG R A 7 KQ-
250DE #E75 P g AL B LT R A A A B A
T6 HFrittze AN WYOERET  db s FEs A
BRTTATLNH]; ISM-5900LV FI# T midss HAH
TRk 4415 Spectrun-100 B2 AR G35 56
[E PerkinElmer 2\ %l ; BioTeK Epoch [ K8z il 1%
1A R TR AT BR2S 7] Chemray 420 4= H sh4:
AL TS A A SRR A R A o
1.2 XFEE
1.2.1 #j4 RE TALEE & SDF $2H
1.2.1.1 76 Be s iAbER K5 ERTPS I 1% 2 B 7 F
AT7KBEBRAR . IR L EORF o3 B, B A 60 °C MEFR
AT i A, PR NS R L TS A
2 Rt AT R, s LA 0.18 mm AT I, 3RASH
7 R LT YRR, LS S o
1.2.1.2 #7523 SDF 320 FREX 2.00 g &85 Fikb
FHL ) 4 25 B s, B I A BB HE 1:30(g/mL) | #7
TR 0T i 43 0 6% MWD, B IR G E |
60 °C MK TE IR IR a5 Th AT PR % AL 3, 5000 1/
min Z5.0> 15 min, B EIEWR I THEZEUAR, h SR IR
FHOA 4 5B JG/K L0, FE =R R I TRk
L, FrE S h, B g Oy B UTiEY, B
VBT B e, KR BT TR P TR R E, S
SDF,
1.2.2 DM ot RIS RS 4T 4l 7%
1.2.2.1 ol BhmREs (M-A)erE  HEFIFRE 2.00 g
% B AT MEJFURPE K IR R R, I K B
1:30(g/mL) . ¥R A48 6% WIS, FooriRe
J&, 60 C /K EIRYRYS 20 min, LA OR 45 52 it £F
Y JFRL SRR R T AT RN . BlE , TR AR
e B, BEE LTI 240 W, SIEHSTE] 60 s i
1T 2EBERAE, ZEHSE S T 5000 r/min B5.0> 15 min,
SRy s SR B Ak, X g R MR A T kR
B, T AR, K PR S O TR I IS T, iF
ATIesL 7% o A 4 AR TC/K S BEDTHE 5 h,
JAEZ ZIfrhing, FEEEEE R, 153 M-A
SDF!e 171
1.2.2.2 @7 B H B A 4 L (C-UW) Bl R
HY 2.00 g FALFH )4 26 B2 i, FEHE LY 1:20(g/mL)
INAZEWRK IR G5, T QB A SE AL BN R
IRAW pH 4.0, IIAE ELFHERNG, 877 2 AR
LS T 250 W b v A — 53 I IA], A AS TR
J&, 100 °C KB 10 min 2% (F 2 37, LA 5000 r/
min B ESC> 15 min, IR B, 19 FIEW A
4 FHRFUTIOK OB, EIRE SN S h, IyE s 2 Ui
Yy, e & TR, P C-UW SDF!' 1,
1.2.3 FAPIZERSE
1.2.3.1 M-A BPESRRRSES R ERFRIK 2.0 g
Fil, SR FAT IR BT = 4340 (3%. 4% 5%. 6%,
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7%) . KRB EE(1:20, 1:25,1:30, 1:35, 1:40) ., ik
Tj#% (80, 240. 400, 640, 800 W) . fl i Bt [H] (30,
60. 90, 120, 150 s) %} SDF 15K, FELep—
R ZR A, LA BRI 2R [ R AP oT i 5388 6%« B
bt 1:30. 1k ah=R 240 W, {#diista) 60 s,

1.2.3.2 C-UW BRI LT HEMFREL 2.0 g
FE &, S BN ER FE A 4 E S i (0L 0.1%. 0.2%.
0.3%. 0.4%. 0.5%) . Fif fift ¥ BE (40, 45, 50, 55.
60 °C) . T} (10, 20, 30, 40, 50 min)X] SDF 745
SRINFLNN , g AN, HAx R R [FHE M. 414k
GG 0.4% . BHRIEEE 50 °C . B##AE] 30 min,
1.2.4 e EEESTT SR M R AT B
1 SDF 2t T 224514, LA SDF 153 i7Mr¥8
R, S HIIE ST M-A EFT C-UW #:XF SDF s8R
FIVE T, IR E IR EACE SDF BBt 12525, 1856
EFEAFBEIH 03 1 Fn5k 2.

F 1 RS TR SDF M I 3 1R 3K

Table 1 Factor and level design of response surface method-
ology for microwave-assisted acid modified soluble
dietary fiber (SDF)

E
K- — P PP
ABRR L (g/mL) Bl 4 (W) CHi ] (s)
-1 1:20 80 30
0 1:25 240 60
1 1:30 400 90

2RI A YR AU SDF M 1 T
IR R K
Table 2 Factor and level design of response surface method-
ology experiment for ultrasonic wave combined with
cellulase-modified SDF

ALFHEZEFAINE (%) BEFFHREE(C)  CHGAHHT ] (min)
-1 03 50 20
0 0.4 55 30
1 0.5 60 40

SDF#5# (%) = [(m, —m,)/m] x 100

o m ACF A AT H i 2T 4 JFURIS AR i 1 5
i, gy m, AARIEATELL UERTAY TR B E A 5T, g;
m, fAFRIELGERIZR BB Y T TR B EE W, g-
1.2.5 #8i% 285 SDF BACP:wiT e Bt o <2
1.2.5.1 DhRedRetEmlE  #IK J1(SC): 4 B HER AR
X 1.00 g #5728 2t SDF . M-A SDF. C-UW SDF, [if]
HEREPESIN 20 mL ZRIBK, (R MR S), S aR
TR 24 h, SREGE T PN AORE S PO ARFR RO, A2
St SDF ik 3% AR A=A

V,-V

SC(mL/g) = — = (D

Ao, m AQSR ) 45 B2 i SDF A 19 5t i, gs
V AR T RZIKET AR, mL; v AT KIS

FYMARFR, mL .

ok 71 (WHC) : 43 B ERRFREL 1.00 g i %5 Bz
7 SDF. M-A SDF. C-UW SDF it A B, A
20 mL ZEIEIK, iH SR A, BRI FEE 24 h,
JHE S U8 4R TR 5K 58, B AEAE 5000 r/min 45
PE B 5 min JGF527K 58, FREGRESH RO ERY . 4
%zt SDF FIFREZK 1380 0L =X

WHC(g/g) = == E D

oA, m, fRFRAA e SDF BB+ R i, g;
m, UG it SDF FEAL VIR T, 2.
1.2.5.2 Fpi1(OHC)  JFik[EIFrK Sy mgie . %
JHT B AR I 2 i 4e) J2 s SDF MYFFIEE T o
1.2.5.3 JIHEEERRGE ST BOGEE L, RLEREEW,
A 9 FEARFRIY 228 FOKFERE, Foor 4T, #E 200 mL
HEFE I P 4> B A 50 mg SDF. M-A SDF., C-UW
SDF, %30 15 mL IR BWE, ¥ pH 43 B8 = 2 Fl
7, BN B B A IE IR EEP> 2, 37 °C HiEFkE 2 h, F
4000 r/min & .C> 20 min, B & # 400 pL, ¥ 1 mL
W I 1.5 mL Bl 4y i) OPA 50, 1RSI S
B T2 10 min, DL 550 nm 3% KA IMRE A 09 0 5
B DIHEREPRARAR BB AR AR x, LARDGEE gl Ak
Py & il dm HE il £k, AR 35 2 2 (y=0.0094x—-0.0076,
R*=0.9965 )11 I [EEEAH

mﬂ@mm%ﬁmyg=%§

o, a Sy W BT AR B VR 09 B TS B &, mg;
b W5 _E 3w A I [E B A B, mg; m S SDF
AR, g6
1.2.5.4 PFHE FIZHREE HETIFRE 0.3 g SDF. M-
A SDF. C-UW SDF, #f# T 30 mL 0.01 mol/L HC1
B, 4 °C TAE 12 h, 0.10 mol/L S EALEN R
TR L, 0 SR IHFE A A AL AN IR BRI pH AR
1k, sl SR ALENE AT pH SR K. LIASINEE
f A 30 mL 0.01 mol/L HCI &7 Ras X HERY
1.2.6 JESNLERLES
1.2.6.1 FMHBEENE S HITHEER 1 07 kit
17 H # B F 2 7 B% (scanning electron microscope,
SEM) 43 #7 , B3 52 4#j 44 fZ /s SDF. M-A SDF. C-
UW SDF BR85S T i I, & Jmas
M A, FRIL 300 % . 1000 FE4H L IR
1.2.6.2 [HEMLOIMGENE % SDF. M-A SDF.
C-UW SDF 54 T B E R, SR BIFRILZ) 2 mg
FES T4 H, InA 100 mg T4 KBr #yK, 58
SRR ST, JE A, HFTLLAM G (FTIR) 434, $14
VA 470~4000 cm™', FRGIRECH 32 IR, 43 HER N

~1[21]
o

= (3

4 cm
1.2.7 sh¥ilss:

1.2.7.1 e B /N RO S 25 25 BRI T
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80 H kT C57BL/6T /N B, 1] 37 ¥4 BE VR 7 ¥ i) 7
22+1 C, /MNEWIMAIARELE 16~18 g Z 8], &5, Irf
/INERIA A7 A — T 43 R, B ) g — R R St
ARAEDEE A ARK . 38N PR FREE SRS, BEALAMHL
72 HU/NELEE 60% 5 I 05 e A LA g ST AR RS, el %
8 HAERas IXTREZH (NC), 4k se i FH Rkl . 2t
R 5 S, BIRA I /N, e A
A/ N BRBEAL R 4 BRI (MC) . BHPEXT
ABZH(PC). SDF 4-¥f2H (1.5 g/kg) . M-A SDF Ab#ZH
(1.5 g/kg) F1 C-UW SDF 4320 (1.5 g/kg), FE4H 12
HUNEL, 43H 585, NC 2H 4k 2 Mg Bl i),
ALk SE = AR IABIE SR . AR/ B E A T
252, BEMEXT BE 251 A LIS B (180 mg/kg), NC £H
1 MC A4 H#EE 0.9% A=FE /K (0.2 mL/20 g),
252 R/ INERRT B B POK IR, 452580 4 S8
4 JHe, /NFEEE(EAREEK 12 h, BEFREAARE, @it
HIR BRI A IV AE A, A M3 FA V25 b AE - 10k i
F, B A, T A R /K TE PR LA Z2BRIK, =
WS, LA e 800 8in e . Ao &
A Bl S50 )7 28 B il i R b R4 S 56 sh it
FUCTEZE By W AZHEE

1.2.7.2 FEEAIN CBREERN/INBUHRERIME T 2 mL
EP 4, #+& 2 h, MIEHT/S, 1500 r/min Z5.0> 10 min,
B 98 W, e R & s e /s BRIV H Y TC,
TG. HDL-C. LDL-C. shfiksiFEmfbFa 20 (AD K47
BB N (AST) A TN AE 2B (ALT) Ve 42 R0
G E FFIEF Y TC. TG, HDL-C ., LDL-C, 3
XHFREY) - A T ST

1.3 B

K Excel ARG A E], R Origin
2021 A AE L Design Expert 13 $EAT M 3 17 725 43
7, SR SPSS 26.0 A4 Hr BRI 2R Ty 2575430 b 2k
25, 25 WK P<0.05.

2 HERESHh

2.1 BEZRIWER

2.1.1 M-A BPEXT SDF 18 %152 LAFrFEERR Tt
BT 6% B L 1:30., fHIE TSR 240 W, f AT
(6] 60 s Ay [ g A, PrAFH A =PRI R JAAZE 1
DU, 43R5 E 8 DU P 3 X 45 12 i SDF 153119
s, g5 ANE 1 PR,

FH AL 1 AT, BEE AT IR ot o8 BHRR LY | Tk
PR | S itE] BEE N, SDF f8R 2 ¥5e BT e
RS TEATEIR T 43BN 6% B, SDF 1%
Hl . B LA 1:25 I, SDF 15-5% by i, EH7E
HERHE L, I RBEAS T TR B AS G R B, A4 R
BHAsaE

W TN 240 W B, SDF 159 R & &, YA 7E
%, SDF 43T REAS WA 0% 14 Tk B Ll v
A5 46775 S s v 2 A, Rl e = da X SDF 431

1:20 1:25 1:30 1:35 1:40
FHEH (g/mL)

80 240 400 640 800
TR HIA (W)

20 4'0 6'0 810 160 1&0 14‘10 160
T ETTH] (s)
BT eI & BRI X %5 B iy SDF 15338 15200
Fig.1 Effects of microwave combined with acid modification
on the yield of SDF from grape pomace

SERRITEIR . SRR A 60 s B, SDF 1534, 32
HAFE X B (8] 4, L, SDF 43—F BN 75 43 W A B i)
BB DA TE AR -5 1728 e i 44 T, TRt SGREGe 1 sk
(Al =& X) SDF 4 F45 MR . 5525 & SDF 145
AR, P B L (1:20, 1:25, 1:30 g/mL) .
(80, 240, 400 W) | A1) (30, 60, 90 s)
B S T P b\ 21 (I VATEI L W Ay BN a8

2.1.2 C-UW X} SDF 1835 DLLT4E 1
W 0.4%., BEfRTREE 50 °C ., BEMAATTE] 30 min 4
[ AE, PRSP A P B SRR IS LT, 5350
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BRI — DI % K2ifE SDF A9 195200, 45
nE 2 Fias .

30
28 |
26 A l}/ \\
24 / . \
22 . \
20] /

18 1 .

SDFS3R (%)
AN

16 A

0 01 02 03 04 05
LIYER TN (%)
30+

28 i e \

26 s N
24 1 /

24 !

SDFfS% (%)

20 T T T T T
40 45 50 55 60
RERIRE (C)

30

28 1 /!\ )

26 1 ¥

SDFER (%)
N

4] ¥

IIO 2I0 3IO 4I0 5IO
RN TR] (min)
P2 IR I A 2T 4 R WM XS A4 B s SDF 13238 1 5200
Fig.2 Effects of ultrasonic treatment combined with cellulase
modification on the yield of SDF from grape pomace

R & 2 TT, RS 2T 4E S MRS | R A
Bt TR] A3t 18, SDF 455 52 B Seasb 13, 4k vt vak, pi
Ja SN B fa s, ML RSN EA F)]
0.4% B, SDF 193 ey, 352 S K M Bl r= Y b &
P PR AR BT TG, AL v AR e B8 2 S B8 A i
LT Yl it — 2L oK SR, T2 SR TC L8 2
BEULTE, N SDF 193, MEgf#IEE R 55 C
At b2 B R B VS I PN, ) SDF 45540 T4 i
K- B IREE RS 55 °C )&, SDF £33 T %, 5
N o N = M e N IV [ T 5 i RO 25 by e
W R/ BE, BH SIS W 5 I 1) e 43 4, e 24 R 3L
SDF 153K, FEAFFETR] 2 30 min B, SDF 153
ey, R AR N ] RE R A ] B R R S e U
PAS Ak . S LR B RSO FE [RIE T, SO 4T 4 &
A RS L BETCIRUTTE ISR . DRI, 25525 ik
FHEF 4 Z BN (0.3%. 0.4%. 0.5%) . BRI

(50. 55, 60 °C) . FEfETE] (20, 30, 40 min) #HFT=
PRIZR =K o T LA iR
2.2 MR EIRIGEER T
2 3. 3R 48 M-A P % Bz i SDF i) v T

RIS G A5 R AN A BS503R . R 5.
R 6 2 C-UW 2 ME# %5 B2 it SDF Wi bz 17 a6 e 11
e A EE RS A Iy 225773k, AFE 3. K 4
AT LIE Y, AR FAE Sl 70.91, P<0.0001, FEHiZ5%
SRS 2 AR W 2 Y 25 5, RIS RRAR 4y
b A A g B s v i 22 535 S BlI0T P=0.3478>0.05,
[E] YA YA 5E R KL R?=0.9892, R?, =0.9752, R%p 4=
0.9007, R* H£T 1, R\ g 5 Ripyeq ZEME/NT 0.2, 1285
e B LD A v LS BE, BCHE v RT A S X
23 RIS BRI B s SDF i i 1 X051 5 45

Table 3 Response surface methodology design and results

for the combination of microwave and acid modification
of SDF from grape pomace

SRS A B C SDFf3%(%)
1 1 -1 0 16.05
2 0 -1 1 16.52
3 0 0 0 21.75
4 0 0 0 22.59
5 -1 0 1 16.80
6 0 1 1 14.25
7 0 0 0 22.62
8 -1 0 -1 16.65
9 0 1 -1 13.90
10 1 0 -1 16.30
11 1 0 15.75
12 -1 -1 0 15.40
13 -1 1 0 13.65
14 0 -1 -1 16.15
15 0 0 0 21.95
16 1 1 0 14.05
17 0 0 0 21.62

K4 WIS TRPNE %) B2 i SDF (a1 7 s Ay
Ti 2T AR
Table 4 Variance analysis results of the regression equation
model of SDF from grape pomace modified
by microwave and acid

FEKRIE PR AHRE B FlH PlEH  BEMHE
el 170.22 9 1891 7091  <0.0001 ok
A 0.0153 1 0.0153  0.0574  0.8175
B 8.55 1 855 32,05  0.0008 ok
C 0.0128 1 0.0128  0.0480  0.8328
AB 0.0156 1 0.0156 0.0586  0.8157
AC 0.1225 1 0.1225 0.4593  0.5197
BC 0.0001 1 0.0001  0.0004  0.9851
A? 39.79 1 39.79 14920  <0.0001 ok
B? 75.85 1 75.85 28438 <0.0001 o
c 29.72 1 2972 11143 <0.0001 ok
573 1.87 7 0.2667
PRI 0.9812 3 03271 148  0.3478
PRZET 0.8857 4 0.2214

J=¥ill 172.09 16
e T FORZE T B (P<0.01); “*" F£IR22F B 3E (P<0.05), £6[H,
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Table 5 Response surface methodology design and results
for the combination of ultrasonic treatment and cellulase
modification of SDF from grape pomace

SLES A B C SDF3%.(%)
1 1 -1 0 23.35
2 -1 1 0 25.65
3 0 1 -1 26.90
4 0 0 28.75
5 -1 -1 0 26.50
6 0 -1 1 27.10
7 0 0 0 28.40
8 1 0 1 23.70
9 0 0 0 28.30
10 0 1 1 25.85
11 0 0 0 28.90
12 1 0 -1 24.20
13 -1 0 1 25.25
14 1 0 23.75
15 0 -1 -1 27.55
16 0 0 0 28.95
17 -1 0 -1 25.75

# 6 EAPIRG LI YER A% B SDF [B1)5 75 72
BTy 22 A4l
Table 6 Variance analysis results of the regression equation
model of SDF from grape pomace modified by ultrasonic
treatment and cellulase

FEKIE FHRM HmE B Fll PfE i
AT 57.95 9 6.44 3821  <0.0001 o
A 8.10 1 8.10  48.05  0.0002 o
B 0.6903 1 0.6903  4.09  0.0827
C 0.7200 1 0.7200 427  0.0776
AB 0.3906 1 03906 232  0.1718
AC 0.0025 1 0.0025 0.0148  0.9065
BC 0.0900 1 0.0900 0.5338  0.4887
A’ 37.86 1 37.86 22459 <0.0001 ok
B? 3.03 1 3.03  17.99  0.0038 o
C 3.89 1 3.89  23.08  0.0020 o
5 1.18 7 0.1686
KW 0.8331 3 02777 320 0.1452
WET 0.3470 4 0.0867

pEyil 59.16 16
T FOR BB, P<0.05,

FABBISHT, 0 LI RR = A~ R 2 %0 8 245 Bz i -F SDF
1R A ITEE N B>A>C, i 2 fefE T A% K
W LK (1:24.97) | §0E D1 #3(220.56 W) | T4 B 1]
(60.24 s), SDF 8% 03k 22.17%, Jy T {H T 5L PRk
TE, ¥ TS EOR FEIR BT 5 5041 6% BHE L
1:25, #3240 W, ZE TS IS5, A5
FISEEHAT 5 IRE MR I YITE, SDF 13- R58%, 1
ISR 21.74%, SESAR A AR 0.41% MUK
s 25, 3X AT FIUESE T T A ST I B E AR R 1 A
I ET G

M 5. 3K 6 nTLLE H, BIAY F{H N 38.21, P<
0.0001, 3= HHiZAR Y 50 0a 204 = (Al A A dn 251

225, R AU BEAR 4y b i B a0 5 e vh 1 22 55 481
I P=0.1452>0.05, [ U545 8 P 52 & 30 R*=0.9801,
R, =0.9544, R?,  =0.7655, R* $EiT 1, R’y 5 R¥prey
Z(E/INT 0.2, iZA R B v iP5, BoE v
if A &, sl X FAE ST, B S5 XT SDF 4553
SN R INIBUF S A>C>B, Wifi i T. 2550 21 4k K1
W EE (0.38%) . Wil IR BE (54.04 °C) . Tl fi B [A]
(28.61 min), SDF 193 n] ik 28.8%, i T 1 T3R5
VE, %5 T 2S00 M 2T 4k B AR 0.4% ., Bl
R 55 °C. BEf#RATIE] 30 min, FHUEFT T IGIEIRE .
SERLE R, VIS BT SDF 53R Faxe, SFHiesR
A1 28.29%, S5 HELIS S FAH AN A 0.51% 1958/ i
25, VESE T Frgesr ECFAS B R P EA n Sk . i
M RTRIE H, C-UW et SDF #5355 T M-A et
2.3 KMHATE SDF MR

R 7 0, st AT R S PR AR T SDF 1D RES
P, HARFEI R, L8 M-A R C-UW M E
1) SDF, HA K J1 . £k g FEh AR PR
SDF 47 T i FHETH(P<0.05) . 3X—&5 9 2R
T M-A 5 C-UW iEAE$ = SDF %K 1. k)
SEpm S a3 LR R T v,
AT LA B C-UW L AE 42 TH D R REE J7 1 i s R o
A E Y, IRARIR T S P A AL BRI B AR o
HMOPEAE 28 B2 i SDF BT B L ff 5k s 0 S5 D e A,
SHHAE RS Tl PR, . BR 255 Ak i N FH R
BE T RS

%7 SDF BYZhREs:E:

Table 7 Functional characteristics of SDF

FE Wk (mLg")  FpkJi(gg")  Frmdi(gg")

SDF 1.03+0.06° 1.52+0.02¢ 2.35+0.06°
M-A SDF 1.43+0.08" 1.85+0.04° 2.62+0.05"
C-UW SDF 1.73+0.06° 2.05+0.02° 2.88+0.03"

TE: FISIARNG TR 28 5 3% (P<0.05)

JIEL [ st A A AA N B 207 T AR B O RE, (5
FLOKSE S8 T iy, Y RES A& i I ILAE , 2E 107 18
BIPKFSIEREAL | K I AS IR 3 R A i 45 B
19 A A2 AR 200, SDF HE A% W7 B IE [ P, ] LA 54

10 , 8 SDF
I M-A SDF

e p Il C-UW SDF
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g
R 61
2
=
= 41
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Fig.3 Cholesterol adsorption capacity of soluble dietary fiber
from grape pomace before and after modification
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Fig.4 Cationic exchange capacity of soluble dietary fiber from
grape pomace before and after modification
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Fig.5 Scanning electron microscopy of SDF from grape
pomace before and after modification
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Fig.6 Infrared spectra of SDF from grape pomace before
and after modification
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Fig.7 Results of high-fat diet-induced obesity model in mice
VE: *+ R PIZHL ML TR PR A 22 54 3% (P<0.01) .

# (P<0.05),NC 4H#E'H 14 d JFIREIE N E 2 (P<
0.05); MEIETRIA4H b, MC AFEE 14 d iF/NEUA
R EWIN(P<0.05), PC A NFEE 7~28 d, /Bl
I 3 R4 (P<0.05), SDF 24H. M-A SDF #H. C-UW
SDF fHAEH#EE 28 d Ja/NRIAREE 244 PTBEAI%, (B8 1k
AN, 7 21 d B, RIESEESHT, C-UW SDF 21/
FUAE 5 PC 41 . SDF 4141 M-A SDF ZHAH Lk, Jf-JC
I FEME2ZE R (P>0.05), {H5 MC 2H4H Lk AR A 2 i
EME 25 RO (BB 3 A PRI, (B GE T BN
). = 28 d i, SDF 4/ Rl A d 4 Hofth JL4H (B
NC A R — 285 . IR, PC 41, SDF
#H . M-A SDF #H . C-UW SDF £H7E#E & ] 4 B oR
H XN AR EE G gl H, L PCZH il fE
FHES W . B, 7T LA SeMERTfS 9 SDF Xt /)s
RS HAA —En 5.

2.7.2 A% K2 # SDF Xt i Ig /b Bl L E TC. TG.
HDL-C. LDL-C B35 3R 9 Sy/INER M5 Bg BT 48

Fro MAHMEEE(TC): MC 4 TC & &, & & T
HAh 2 (P<0.05) , 5= B /&5 B I AR Y 2 ~7 il 1
PC #H. SDF #H. M-A SDF Z1 1 C-UW SDF 4 TC
KT MC 4, H 23U R R 10 B A, BEBH /K7
PERE B L AEXT BRI TC A — 85 . C-UW SDF #H
TC 1HEAR, 5 NC g, FRIHEE TC R,

HIM=HEE(TG): MC 4H TG 1HfH &, WaEs TH
fihzH (P<0.05), fF& milR MLAESFAE . PC 2H . SDF 4H .
M-A SDF 2H 1 C-UW SDF 4H TG & ¥ & FH K T
MC £H.(P<0.05) . it BH /KNG B 21 4 581 BUFAIG
TG. C-UW SDF 2 TG {EEAIL, f TG 3R i BH & .

1o 25 B8 2B 1 IH 5 B (HDL-C) : MC 4H HDL-
C 1HAR, BT HAth2H (P<0.05), FBAE B MLAE
/Bl HDL-C 7K R % . SDF #4H #ll C-UW SDF £H
HDL-C %5, B3E =T MC 4(P<0.05), BEHHIX P
Fp 7K s PR G B AT 4 BE 32 7% HDL-C 7K. NC 28
HDL-C {EAL T Hh45K -, PC 4HH1 M-A SDF 41 HDL-
C 1HARXTEAK

IG5 B2 i8 & 1 H [ 9 (LDL-C) : MC 4 LDL-
C {HE, W& T HABL (P<0.05), KIS AR
/NEL LDL-C /KT . SDF 4H.. M-A SDF £H 1 C-
UW SDF 2H LDL-C {H34 2 3 (KT MC 20 (P<0.05),
i, B 3 2B i 1 £F 4E G B I8 LDL-C /K °F . C-UW
SDF #H LDL-C {E&AIK, % LDL-C &R k.

Sk ARG (AD : XF M, shIKAE A8 B0rE
IEHJERINNART 4. — HLZIEEOEIT 4, BIERE
SRR AT BEE £ A A, I ELAR U I I 35S A XU
S BN, AREG SR o, MC 2H/NER iy shflik
AR LTS BOE T 4 B RRR, B H Sh KA 1k
%2, LR PERT IS R ECPE RS B SDF, % g 1L

#8 B/ RAE
Table 8 Body weight of mice in each group during the gavage period

14d 21d 28d

205 0d 7d
NC#A 24.09+1.35% 25.04+1.10%
MC41 26.25+1.86% 27.32+1.994Bb

PC4H 26.71£1.80%" 27.46+2.39"

SDF# 29.58+2.60* 29.26+2.70*
M-A SDF# 27.1943.18% 27.0243.124%
C-UW SDF#] 27.6743.034 27.38+3.09*

25.66+1.44% 26.15+1.61 26.51£1.51%
28.58+3.134° 29.1942.96* 30.04+2.55"
26.99+1.8745® 26.98+1.644P 25.59+1.82%
28.94+2.70™ 28.6342.54"5 28.58+2.10™
26.3543.374% 26.79+3.114%¢ 26.27+2.50%
26.9043.154 26.40+3.12°% 26.38+2.92%

e FATAR NG FBERIRAN R I ] B 24 57t 8 3 (P<0.05) 5 [RIFUAN R K G bk e AR R 20 5311 28 57 Wl % (P<0.05)

9  lkATE SDF 4R MUAE/N I H TC. TG, HDL-C. LDL-C J& AL F5E1
Table 9 Effects of different soluble dietary fibers on TC, TG, HDL-C, LDL-C and Al in the serum of hyperlipidemia mice

24 55 TC(mmol/L) TG(mmol/L) HDL-C(mmol/L) LDL-C(mmol/L) AI(mmol/L)
NC# 2.21+0.11° 1.64+0.06° 1.60+0.06° 0.81+0.05° 0.38+0.05¢
MCZ 7.07+0.21° 5.66+0.36° 0.53+0.08" 2.78+0.04* 12.56+2.19°
PCAH 4.83+0.14° 0.84+0.08° 1.46+0.02¢ 0.73+0.02° 2.3340.11°
SDF#H 4.13+0.04° 0.66+0.03¢ 2.12+0.02° 0.54+0.05°¢ 0.94+0.03%¢
M-A SDFZH 3.67+0.14¢ 0.78+0.04° 1.37+0.05° 0.61+0.04¢ 1.69+0.16*
C-UW SDF#H 3.09+0.14° 0.43+0.03¢ 2.45+0.10° 0.48+0.02° 0.2640.08¢

T [l — AN )RR A [RI 40 22 57 8 2% (P<0.05)
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Fig.8 Effects of modified and unmodified SDF on ALT
and AST activities in the serum of hyperlipidemia mice
E: R RS - RE R ALT (9 2254, /NG 5 REFINT AST Y
T ZEVE, AR FREFRR AR 51 8] 25 57 1 3 (P<0.05) .

2.7.4 %R SDF XdEis/NRUFE TC. TG . HDL-
C.LDL-C fy5Zm 3£ 10 /NRIFAEAS BRFEa AR, A
TC. TG. HDL-C Fl LDL-C 7K30] %1, MC ZH/)N Bl
=, 1 W3 T HUMZE (P<0.05), B MC 2H/NEUIT
BE AR B9 B R R B A DT RR FE IR P,
IR NG B £F 4k 35 n] ABEIRATIE TG, TC A1 LDL-
C 7KF, FH HDL-C /K5, AT LG H, 2CPERT /S SDF
/N E Y TG, TC 1 LDL-C /K 5 7 W) F
BEMIREAIR, HDL-C /K PARIRREE T, Hoh c-Uw
SDF I H R R i

F 10 PERTIS SDF X g MUAE /N BUFFE TG TC.
HDL-C & LDL-C 540
Table 10  Effects of SDF before and after modification on TG,
TC, HDL-C and LDL-C levels in the liver
of hyperlipidemia mice

g1 TC TG HDL-C LDL-C
(umol/g) (pmol/g) (umol/g) (umol/g)
NC4H 3.24£0.14°  2.63+0.18°  1.59£0.31"  3.57+0.25¢
MCH 7.05£0.28"  10.82+0.87*  0.35+£0.09°  5.47+0.42°
PC#H 426+0.24° 3424031 0.84+0.02°  3.11+0.40°
SDF#H 5.63£0.29°  4.52+40.40°  0.69+£0.06"  4.37+0.33"
M-A SDF4l  5.55+0.26°  4.29+0.22°  0.80+0.02°  3.48+0.31°
C-UW SDF4  5.1240.06°  5.15+0.08"  0.82+0.02°  4.13+0.05
s [Al— A [F] B3R RS [ 4 2 57 .35 (P<0.05) o
2.7.5 /NEUIFIE HE U1 G (4 X BB 7S 2H /)

EUIFIE HE e aniEl 9 i, & 9(A) has FI4A T4
M) A, 2R P9 AT DL /b B BT 40 i 23 e A s Ol (15
o), M AT WAARR M N 2S s SR I A5 ] 6120 L
WKL AL MR (R Sk ) . B/ 9(B) A Eilgd
JFA Y] R, 414309 AT L Z2 0 I 4 7K i (2 (e 55
S, TR TR G 5 558 22 JF 4 it 25 700 A8 P Gl iy
3e), M AT WARR S N 2S s S /0 DLIbR EL 4R/ )
SRR IE (i) o B 9(C) My BRTELH A4 e bl
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Fig.9 Effects of three types of dietary fiber on the histology
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