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Abstract: Microcrystalline cellulose was prepared from grape pomace (GP), aiming to develop and utilize GP
resources, create economic value, and improve ecological benefits. The prepared grape pomace microcrystalline cellulose
(GPMCC) was purified by acid, alkaline, and bleach treatments. The GPMCC preparation process was established based on
single-factor experimental design and Box-Behnken response surface design, and the prepared GPMCC was characterized.
The results indicate that the optimal preparation process for GPMCC involves acid hydrolysis at 64 ‘C for 74 min using a 3 mol/L
hydrochloric acid solution and a solid-liquid ratio of 1:20 g/mL. The yield and crystallinity of GPMCC for this process were
81.52% and 75.07%, respectively. Particle size analysis revealed that the particle size of GPMCC was 50.19% smaller than
that of GP, with a uniform distribution. Fourier-transform infrared spectroscopy confirmed the effective removal of impurities
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through purification and acid hydrolysis. X-ray diffraction revealed that GPMCC retained the cellulose type I crystal

structure, with a crystallinity of 75.07%. Thermogravimetric analysis showed that GPMCC is more thermally stable than GP,

as evidenced by its considerably higher thermal degradation temperature (235 °C ). Additionally, GPMCC exhibits similar

structural properties to commercial microcrystalline cellulose. The successful preparation of GPMCC from GP provides an

important theoretical basis for the value-added utilization of GP.
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M, I AR R & TZWAR. B, 446
FOR GP B IR Bl T AL B A0 AT 2 H A v A
4k 2 (Grape Pomace Cellulose, GPC), Ff % MCC
P& T2 R RAEM T R 5T, M SRAF ==
EAAER SR EE MM LT 4% (Grape Pomace
Microcrystalline Cellulose, GPMCC). #x )& PATH &1l
fm £F 4 3 (Commercially Available Microcrystalline
Cellulose, CMCC) EUbRAERE &, I RIAR MK

X S ERATIAX S AL AR AN . I T A A
A I 75 3 VG AN R AL T A3 2 ) GPMCC, 4 GP
PR v ORI ISR BB (R A2
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L1 AR50
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HA220-40-20-C #If 5 A bR B, i
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T2 K BHML A PR 2 5] 3 Mastersizer 2000 040 &
10, PEE B R SR AR AF] .

1.2 R F=*

12,1 HEHEOHE

i FH BRI F5 1) 71 S R 4 R JRURE, 2 R Ak
T e 0T 40 H S RE TS PG AT
122 HEBF4HEGHE

AN ISCER! P IR s o, R A v R I D
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(1) B2 kg FF il 2% T2 4, oA 300 mL
LRET IR, WE K JI 39 MPa, iR 41 C,
CO, it i 3 L/min, AHL 2.5 h, BiBRAg. df. myk.
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R (2) A= $ 2% H,S0, i [ Rt
1:20 (g/mL) ] 7£90 ‘CAL¥E 5 h, /KEZHE: (3) H
JiT B 5340 5% NaOH ¥ [ERBEL 1:20 (g/mL) ] #£
90 Chb# 5 h, WMBIRIILALER. AREK. £
My Je HoAth 2 0% s (4) FH T & 5 $ 7.5% H,0, IS
H LB 1:50 (g/mL) ], Jii & 43 %1 5% NaOH i
#pH E N 11.5, 7E 80 °C FIELALH P NH B 16 h
TEFTE BR8], JEWE FH 28K 2 pH (E R 6~7,
HHHET 55 CHRMET T, &EHRFEIFE 100
Hii, 33| GPC.
123 FEARmaHN

(D) Ko &2 #K#E GB 5009.3-2016 (£
oA EEbRAE B TFOK S ) BT
HEAT A

(2) KAy & EWtall: #K#E GB 5009.4-2016 (£
b 2 A E bR AE B TR A IIE ) B R R K
paniappre

(3) e &2Emtal: K GB 5009.6-2016 (£
o 2 A E bR E 'R IRITRIE ) R IRk
HEAT A

(4 FEAREFERRN: #K#E GB 5009.5-2016
(EmzeEZhRE gt EaRyNE) ke
BIEREAT R 5

(5) PAgez. dHER. KRS =EMRN .
2% Holilah S5 il i I 5 A PR PR £ 4. TR M B
BRAYE . TRIEVERAR IR EAR AR S .
124 HABMBLLEEGHE
1.2.4.1 BRFERRAR T

FE MR 22 S0 BT IR R GPC, 7300 5 SRR
B 6], BRARIUGE . ERFRIRE . BRI L X GPMCC %,
dimEmm . BASHWE 1 .

*1 BEZKBIGIT

Table 1 Single factor experimental design

1.2.4.2 W B HAR G B 1T
FR 4 B DR 29 06 45 SR FIT Box-Behnken F ROy 2H
SRSV R, DIRRAEI ] (A). BRI (B).
HKE (O ~HHEAZE, L GPMCC fH% (YD),
SEEREE (Y2) SHWARNAE, HEATWE R, &
PRI 2 A0 L3R 2
®2 MEEmXBEZKTER

Table 2 Response surface test factor level table

BH&

~r A BRARATIE] /min - B BB/ C C AR E/(mol/L)
-1 50 55 2.5

0 70 70 3.0

1 90 85 35

S
KE O mmeti mMBRE  BEURE/ bRk
min C (mol/L) (g/mL)
1 30 40 2.0 1:10
2 50 55 2.5 1:15
3 70 70 3.0 1:20
4 90 85 3.5 1:25
5 110 100 4.0 1:30
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1.2.5 GPMCCHF%
GPMCC 3 AR :

M,
Y=
KF:
Y——GPMCC #4945 %, % (Rza#);
M,——GPMCC ¥4 i &, g;
M,——GPC ¥ %, g.

1.2.6 XA &ATH AT

KH X & fi74 (X-ray Diffraction, XRD) %
FE A 1 SR 2 S5 F RN 45 45 2 (Crystallinity Index, Crl)
BEAT 3 A, AN 248 EM N EREE, #f BEYE ] 5°~50°,
FHGESE 8 C /min, 1EFATH L. FE T Crl iR
5 Segal it H ",

Loy Lo
C= x100% 2)
1002

Xt
C——# & (Crl), %:;
Lopy—— (002) k@ 84 ] KATH IR ;

L,—— R R e NTA IR A
1.2.7 #2047

K:H Master Sizer 2000 73BT 5 IR BE 0 Ao 77
BTN 2 1K, A 10 min, W& IREA 25 C.
it 3 D[4,3]- D[3.2]. d(10). d(50). d(90), 3L
D[4,3] A BN B %, D[3,2] A K M H 17,
d(10). d(50) A1 d(90) 73 AR/ FIZRAR I RURE
10%-~ 50% F190%.

x100% (D
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12.8 et RakLTI Lk

K HAE S AR L 4861 (Fourier Transform
Infrared Spectroscopy, FT-IR) XJ ¥ i [r 16 2% B #E
BEAT M. FEMIRE S5 KBr#3 K LA 1:100 EL3EAT
AT TR . W28 2 ISR ik R &
o PEKAEE 4 000~400 em™, FEKEL 32,
K dem', ILFLAEIERE.
12,9 #ESAT

K H #HE 5 Hr A (Thermogravimetric Analysis,
TGA) HF Fo A i P& g Ve g Wl A & 2 R X
R I AR S B0 I Y 25~600 C, THIR &
#10 C /min, %< & 40 mL/min, 15 F 19 #4
ol 4 AT for B 3 B E S0 AT (Differential
Thermogravimetry, DTG ).

13 HEHI
DA b SRER R S & 3 ik, BLPEME £ bRt dw
%R 7N, K IBM SPSS Statistics 23 Design Expert.V

8.0.6.1 HEAT &8 /b ¥ K 73 #T, Origin 2021Pro #f4i3k
1T

2 HEREDMH
2.1 FEAR R AT

=3 XHENERES (%)

Table 3 General composition of tested smaples

7 B GP GPC

Koy 8.04+0.21 11.47 £0.47
Ko 4.80 +0.41 5.06+0.51
B o 10.28 £ 0.25 0.63 +0.09
TR 17.50  0.98 1.10£0.32
FehE 8.05*0.81 1.50 +0.24
o 2137021  65.02+0.45
ArE 16.80 = 0.67 2.00+0.25

E: % RTIRENH.

GP &l R Bl E S T GPC, R
HON 13.25%, IX 45 s i TR R E 1 5% i
YRR IR (10%~12%). Wl 5E GP K 4tk )5
GPC MIBEA 7, S5 WK 3 Fion, GP H44E%R
TRAN23T% KA, HERRSE S S,
Ui GP A& — i % GPMCC ) B ik J5 . 45t 4l
AL S GPC HARLFAE R sy, WRLFgEER . KRR

. EOBMENSENEIAKER, FEREE
T T 67.13%, BT KRR E AL T4
FREEIER, FBOHBOKER R, B, gtk
J& 1) GP A F| T GPMCC (1l %

22 BHEERR

2.2.1 BRRRRT R 3 GPMCC 4 & & A2 1F % 09 %ok

Wil E R, R I R KA 30 min B, 15
Fi N 84.89%, [l 4 B A (A AE K %2 110 min
if, GPMCC 1923 Wi FE KA 76.43%. X & KA LF
YR AT [HIR A HCL 5 35047 4 20 FE /K A i
%iBE, BRI T GPMCC =&Y, T GPMCC 45
in B AR AR e S S BRI, 7E 70 min B, 45
g R EI SR 74.74%, XK AL ERAHERE
BLHR 5 52 B /K R s G 7 S5 M 2 R, T DATR 7K i
SEAYE R AR BRI f-1,4- B SIAR A,
R — BB B A gE LS, WINE R EBR T 4F
PRMTEILR ST BT LLEFERRART (] 70 min H %
S B A A]

90.0 - g %0

a — élj:l: EIE'EI 53
- a
82.5F -\E
- d
C -
75.0F b . %
Juk
(Ai/ \e E
67.5} L 65

60.0 1 1 1 1
30 50 70 90 110

I 18] / min
& 1 BfRRHE X GPMCC 4 & SR
Fig.1 Effect of acid digestion time on crystallinity and
yield of GPMCC

E: BP AR FEHATEFEE (P<0.05). B2~4F.
222 ERRERZXGPMCCY: & B A 13 6%k

W 2 fros, i E A 40 CTHEE] 70 TR,
PR BEMEE /N, TR 70 C 2] 100 C £33 30 iH
N FE, GPMCC 1200t 57 35 B 52 1A A8 SR VR R o
ShenFEREE IR EA B EAE R RERES, 4
N ESE R 70 ‘CHE, GPMCC HI%5 & iR+ 2
71.39%, {H T 70 °C )5 45 & B PUE T . X2 A
RAPERR N, AR BIK AR RG2S
TRk, YR Ok AR AR B
PLIE BRI 70 “C N fdd NI «

BE/%
o
S
B/ %

60
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wor w780
P/ o fEF
§ b SAHH/X

] S S 175

BRI/ %
ERE %

75.0F b/\ 170
d c
+/ e
67.5| = 65
€

60.0 1 1 1 1
40 55 70 85 110

MR/ C
B 2 BfiFiR E X GPMCC 4 & EfME RN
Fig.2 Effect of acid digestion temperature on crystallinity
and yield of GPMCC

223 HhBREATGPMCCY: f A A1 % 69 %)

WK 3 o, BEE SRR, GPMCC /5
RABEARMIEH, X2 T 24— PR AR R /N
f 7 B A5 GPMCC 1522 i A5 TR A 2 R M i A1
25 AL LR A IR N D S 1 R R BRI, 2 BRI R
INE] 3 mol/L I, 45 AR AP i 2 70.31% N K fH,
BB sh IR L3t — B M N 2 4 mol/L I, GPMCC 45
A 2 PR AR (P<<0.05). X2 PR N SRR AR LIS,
TEERA RN IBX, MEEERET s, =it
—IDRRIRLE S, FEMCC 45 B, By
DU PR ARIRE 3 mol/L i AE S MR

90.0 - e 80

] EIEEITE

g5 a— b ¢ {75
. —_d "
< a \ ~
s T50F ¢ "t~ b = 470 i
5 ¢ =

615p * 65

60.0 1 1 1 1 1 60

2.0 2.5 3.0 35 4.0

W / (mol/L)
& 3 BEIRE Xt GPMCC 4 & E SR
Fig.3 Effect of hydrochloric acid concentration on
crystallinity and yield of GPMCC

224 HHRIATGPMCCE dh AT R 49 3o

il 4 fpros, B ERE L RIS K GPMCC 15 %
TR, ERNREE A 1:10 (g/mL) 73 380k
BB KAH 82.17%, 1 &5 i BE B RH LE 3 K 2 8L %
BRI, RN EE A 1:20 (g/mL) I 34 3 5
{6 72.42%, 4RE:12% 1:30 (g/mL) &5 5 B s T Fa
o XFERRHR LRGN, it 7 GPC ki 5 &
MR 78 oy ¥, ARGE R XA BT KARRPIRES, T
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GPMCC )&t & FE B s 4k 23 kb bk, GPMCC
gk X PN KoV AT RE, IS RS R
BAAR o P LLGEFRRI L 1:20 (g/mL) Jytpeff e v 4414

90.0 - ez 80
—A—Zh HEllafE

g25f & ¢ b 4 e 475
a —

O\c /\b ¢ §

” L d i

Ei 75.0 — 70 %(

S i l:\[
67.5F 1 H65
60.0 ' L 60

1:10 1:15 1:I20 1:55 1:I30
BB (g/mL)
4 ¥R L3 GPMCC %5 EF{3 R K #00
Fig.4 Effect of material-liquid ratio on crystallinity and
yield of GPMCC
R4 MEEREIRZITREEER
Table 4 Response surface experimental design and results

A KRR BKMFE CHEK  YIHE Y248

BE imin BSC BAmolll) e Al%
1 | 1 0 7476 69.44
, 0 0 0 81.21 7439
X 4, 0 -1 8290 6536
A 0 0 0 80.59  75.89
s 0 0 0 81.02  75.11
) 4 ] 0 7677 68.66
; 0 . 1 82.86  65.90
q o . 0 8426 64.79
o . 0 1 80.69  68.45
" 0 1 . 7833 6533
. 0 0 0 80.57 7473
b . 0 - 8217  67.68
; . 1 0 8330  69.62
u 0 1 4 8424  66.05
s 0 ! 1 7425 68.96
6 . 0 1 81.64  67.94
- 0 0 0 80.52 7486

2.3 w5 LGPMCCH| & T # 4
23.1 s @AER E 5 R R E M

G FINZRIRIE 45 R, H Design Expert #(14
H 3L 4 BARHEAT RIS, SRR EIETTREA R

Y1=80.78-0.58A-3.82B-1.03C-0.26AB-
0.055AC-0.68BC+0.46A*-1.47B*+0.61C>
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Y2=75.00+1.05A+0.75B+0.85C-1.01 AB~
0.45AC+0.94BC-3.04A’-3.83B°~4.60C’

13 22 [l A AL 1) 07 22 e i AL 5 PR S Rk 5
Fron, [EARERS P <<0.000 1, B4R 2 3 4% B
F RPTI P=0.080 8>0.05, FHILMINA L.
R’=0.987 3, R’,;=0.971 0 3 BRLAL [ 577 FE X 5L 06
B A BRI, L5 7FE Y1 2% GPMCC 73 % 3t
AT 3 A RTRUIN )  TE ARAY, T DU SR 43 B A i
I GPMCC IR 18] (AD. TRIFIRE (B) Flh
FRIREE (C) WAL T18% (YD Bysgm. HHH
o] 5 75 FE b &% T 243 AR B, B C. BP X%
FISLI I 225 (P <<0.01). — RITFLI A /NI
I A B>C>A, HIX GPMCC 45 % (1) 52 W e K
(e BRI, HUOR BRI TR], 55 & ShIRRU

&5 BREFERFTEN
Table 5 ANOVA of the yield regression model
FER FHA AWE ¥HF FIA P REH

AR 140.88 9 15.6  60.60 <0.0001 **
A-FRfERTTE] 2.70 1 270 1046 0.0144 *
B-BRfE R E 116.66 1 116.66 451.66 <0.0001  **
C-#HBRE 841 1 8.41 32.54 0.0007 **

AB 0.28 1 028 1.07 03360
AC 0.01 1 0.01  0.05 0.8348
BC 1.82 1 1.82  7.06 0.0326 *
A’ 0.89 1 0.89 345 0.1055
B’ 9.10 1 9.10 3521 0.0006  **
(o8 1.56 1 1.56  6.02 0.0439 *

7 0.26
L 1.42 3 047 484 0.0808
4 0.10

R*=0.987 3. R’,;=0.9710

VE: ¥ R R P<0.01, 2FMEE; * k7 P<0.05, £

R 6 4l b P TRl VA AR A 1Y) T 22 43 R 3
i, SIS REY] . AR P<0.000 1, £
RS 72 e R 2 2 R AU P=0.401 0>0.05, X ]
RWITA R E . R=0.989 8, R*;=0.976 7 F WA
[ U5 07 R f S B R 0B R 4F, VG52 Y2 2 Xt
GPMCC £ s B 1EAT 43 Hr AT 1) 65 08 20 5 1 R
A LU SR> B A GPMCC (IR AR 1] (AL TR
fliR E (B FIERBRIKBE (C) MRS T 45 i

(Y2) [ . I HLIRA 05 R b % T 22 70 AR
A.B.C. A’ B C’ IEFIREE K (P <0.01).
1 F B AT R RIS RN AKXy A>C > B,
HI6F GPMCC 45 & B A2 B KA BRI L,
UL 18], e R BRI -
*6 ZREMPAREFTESN
Table 6 Analysis of variance of crystallinity regression model
FER FrA awE ¥HF FIE P REFMK
AR 23901 9 2657 7546 <0.0001 **

A-BRFRRTTE] 8.90 1 890 2529 0.0015  **
B-BAf#iRE  4.55 1 455 1291 0.0088  **
C-3HBRE 583 1 583 16.56 0.0048  **

AB 4.10 1 4.10 11.65 0.0112 *
AC 0.82 1 0.82 233 0.1710

BC 3.57 1 3.57 10.15 0.0154 *
A 38.80 1 38.80 110.19 <0.000 1  **
B’ 61.86 1 61.86 175.69 <0.0001  **
C’ 89.21 1 89.21 253.37 <0.0001  **

5k E 2.46 7 0.35

FEDEN 1.20 3 040 126 04010
% £ R 1.27 4 0.32

R’=0.989 8. R’,;=0.976 7
E: v R P<0.01, Z2FMEE; * &7 P<0.05, £

e g

232 e R R EAER T

7 o ®
IO AR / min

B:RRFIERAE / C

<

BERI%

>
V3590 i M2y, 510 e
C: R EE / (mol/L) ARARIIE] /min - C:3FRIKE / (mol/L) V-3 & B:ERfRIERE / C

[ 5 FERZEERXTEZ HY N R T
Fig.5 Response surface plots of the interaction of factors

on the yield
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iR | %
A:FRERS 18] / min

GRE %

C:#hRR¥RE / (mol/L)

50 58 66 74 82 90

ZiEE | %

C:#: BRI FE / (mol/L)

5 M=
55 61 67 73 79 8
C:#hRRIKJE / (mol/L) B:RRARIRSE / C B:RRARIRSE / C

Bl 6 & FE &3 EE X4 & E R i 5 E
Fig.6 Response surface plots of factors interaction

on crystallinity

I8 3 Design Expert 3K 14 22 ffil] 1) — 4 na 5 1 &
A e SR O R AR I U AR s e
28 PR ) AT Jsg Bt 5 DR e i LB A . R S R
Bl 6 1] 4 AT Hi GPMCC IR fiff 2% /F X 13 2 J 45 o
MR, TEAF R = 4ERIAY v, ma B T = 4 [ R
B, 5 BA e A A7 PR R I SO R U, B S AT
F b, BRARIERFEXN 1 RN R UK, X5 B
FRARM 8 RN, BT E T 230
JetEE TR LB, FELEIETR
R R 2 A A2 BAE L I 6 H = 4 P 1) B Ui 72
FE e S v 2 R R B mT DA Y, % B3R 2 TA) R
X HAE X GPMCC 1) 45 it FE 52 W B A2 B K/
AB>BC>AC, BRVAH A FH 5% 55 K 10 52 B A T (1]
S5RRIE, FLUCORRMIRE S HRRIKRE, Ee
P f I 5 SRR R
233 BEEBRLER

FRYE = S VERE TR R, 19 3 R0 45 &b (1 i 97 A L
B ORAE, I8 I A AL H AR T 1) s P 45 SR
PR ff ) (7] 73.56 min, FRIAGIRIE 64.43 C, FRIRIKE
2.97 mol/L. LI GPMCC 3 % 4 81.98%, 45 & &
N T4.29%, &S bR AR 7 8 K eTAT M,
AR E) . BRARIE . ThERVK E 4 751~ 74 min.
64 'C. 3mol/L, FLAMbAcAFdATIRUESEES, 1535
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2% GPMCC [f118 % 81.52%, &5 E N 75.07%, 5
M 7 TR S 2R PRI RN G S 1 2= % (P>0.05),
B2 M) )57 T 0 AR 7R ELA ]

2.4 GPMCC%: My % A4F

241 KESH

GP. GPC. GPMCC IRz 4y 4 Wl & 7a o,
Al LA H M GP 3] GPMCC FE A2, Riis o A ih 25
XU ARy B, JF HAR AR AR sy, R B4 4k 22 ks
283 A A N 7K Sl b 385 R R /NAR 38 5], R HL AR
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