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Abstract: The enzymatic preparation of Perilla seed meal microcrystalline cellulose (PSM-MCC) was optimized, and
its structure and properties were characterized. Response surface methodology was used to determine the optimal conditions
for enzymatic preparation of PSM-MCC from Perilla seed meal cellulose (PSM-CL). The physicochemical and functional
characteristics of PSM-MCC were studied. PSM-MCC was characterized using Fourier-transform infrared spectroscopy, X-ray
diffraction, thermogravimetric analysis, and scanning electron microscopy. The optimum conditions for preparing PSM-MCC
using cellulase are as follows: pH at 5.0, PSM-CL to water ratio of 1:20 g/mL, enzyme addition of 0.4% (m/m), hydrolysis
temperature at 55 ‘C , and reaction time of 3 h. Under these conditions, the yield of PSM-MCC equals 90.74%, and the degree
of polymerization reaches 134. Impurities such as lignin in PSM-MCC are removed, with an increase in crystallinity from
49.39% to 61.37%. Compared with PSM-CL, PSM-MCC prepared through hydrolysis by cellulase exhibits better thermal
stability, with a smaller diameter of 48.26 um. In addition, its surface is porous and shows a layered structure. PSM-MCC
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prepared through enzymatic hydrolysis has excellent properties and meets national standards, and it is expected to be used in

many fields, such as food, pharmaceuticals, and composite materials.
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A A DT 0k CL N R BE /N FRRIORE, 2 il it 21 4
B YUK AERSE, A RS R K MRS #
e ME SR o, T RN VG B . IR IR
7% 77 (Deep Eutectic Solvent, DES) & — £ a3k
TREVEEF, 2 o S B R A S 52 A 4 R I TR 3
iR EY, BA— &R ERE, BRI B S AIE
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K. BAE (Degree of Polymerization, DP) 1.
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TED)ZEN 240 W 264F N 10 mino M 45 3 Ji5 4l
PRk E T, T 105 CHER T 6 h, BHES
it 100 HifE, #il1$ PSM-MCC.
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1.3.3.1 R&5E
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1518 GB 1886.103-2015 £ &% 4 [F Ak 2
i S I PR i 41 4 2 )T D 0 2 PSM-MCC 1)
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SRS RS B v, HETFREL m, g MCC
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HE, my.
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1337 HKifE
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HEFEA T
1.3.4 EABHAMS T E N EMEIE
1.3.4.1 fHHI-LLAMGIE

18 {8 - 21 48 61 (Fourier Transform Infrared
Spectroscopy, FT-IR) it 55 PSM-MCC il £ i 2
[ 4, 27 45 46 ) B e A1 1 A8 4. 7E 4 000~400 cm™
()78 Bl A % PSM. PSM-CL A1 PSM-MCC % %: 4
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S REAL, BT E ST (Thermogravimetric
Analysis, TGA) N IAHN (] FEAE I3 (Deriva-
tivethermogravimetry, DTG) K VTAH ¥ 5 11 i #4E
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1344 H#HE TR

FH T EMBE (Scanning Electron Microscopy
SEM) H TR & FAE W KR, AR 5 T
fE, YR G AL FE DA SR T P, BN [k
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1.4 #AEZRIT S5 2

AW T A E B EE B0 E 3 Ik, A Excel
2019 AT D H R b B, &5 RER RFIME + 55
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2.1.1 RRZRKELER

M 1a 7T LLE H, B pH {E I3 N, PSM-
MCC 18 F BB 2 80, X2 T8 &% CL o opk
T4 KR, 153 PSM-MCC. 4 pH ffik %] 5.0 It},
PSM-MCC 75 %1k 3| i K1H 92.93%. BE# pH {H 4%
SRR, S EUEEE M FRIK, PSM-MCC 1555 2 B
ML M, DP oA 124, o AR
0 E 25 3P E (DP<<350), 1E pH 1 9 4.0~6.0
YA N, DP 2IEWHE/NESR, WAL B T 15 B 1)
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S FIIFETFE NI, CL AT/ 1 pH HH
B 38 O B e RS2 B BR- 1], JE v T e T X 4 4
oK AR, DP T RaE. ALk % pH [H 8 5.0 #F
17 5 a5 .

B P& 1b FT %N, BE G BE VS D& 3K, DP &
W/ . INEEEN 0.1% I, TR E AL LK
CL JoE W X & &K, Wby rERK. WA
TG B 88k, PSM-MCC 15 2 Z i 3 n, 76 i
iy & 1) 5 & > BN 0.4% B PSM-MCC 13 ik 3|
B KAE 94.38%, MG 32 B4R T 0 E X 4,
PSM-CL CLEARYEE/K A PSM-MCC, DP K 121,
FrEE FbriE. MUl ERgksig KR, CL Ko7
BRI, BEEEE R T o R X A X, CL
BeKfRRIN T, FER A DP #FAK. PRI, i
5E PSM-MCC 53 Imilt & 1) 5T 870 H0N 0.4%.

ME 1e nf LA i, BEERNE LG K, PSM-
MCC 15 & Sk BT+ )G FRIR R B %, DP &
WAL . R EE 1:20 g¢/mL Z BT, PSM-CL 5 fi§
ML IR, ARETEARN, FREC. SRR
tbA 1:20 g/mL B, BEYEA T CL, #K#RE/N 3T
PSM-MCC 15§ % ik F 93.90%, It DP N 126. 4
KRB 2, MY T HBEIER, PSM-MCC 43 %
FRAK, DPJEAANA., [k, #iE PSM-MCC # 1%
RHR LN 1:20 g/mL.
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Fig.1 Influence of various factors on the yield and degree of

polymerization of PSM-MCC

— MR, K AR U R AT AT PSM-MCC
IR BRI )% PSM-MCC 15 & [ 82 1 41
K 1d fios . U TEEER, PSM-CL S5 NANTE
55, DPBK. BEETEIUNEE K, PSM-MCC 3
FIZEIE N, TERFEA 3 h B3 %05 3] 91.26%, DP
9133, i 5 S [a] gk — 20, 15 201 DP 4
Bk XFPBELR AT AT PSM-CL 4 3 A B iR
M=) R B AR A — e R FE 3] PSM-MCC 14
s DP FEAKE BT S S [H) i 5 8 PSM-MCC
oy KA, 15 RN, Bk, 3 h& PSM-MCC
(1) B A HR U [H]
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()30 5 Bl 3, 3K T A UL ) T v
MR, {2k CL EH BB, {§ DP ZH# /).
MIRBUEE & T 55 CHF, PSM-MCC HI18 R AW
NFE, DP ALK, AT REAS BT i S T
K38 Hik, %555 CHRERE. A PSM-
MCC 155N 94.42%, DP N 128.

b LR 2R RS 5 RS 4T ANOVA 3%
Peordr, HFEERERMT, FAEBK, WHZE
SRR . RN R N () 0L R AT e B
AR A5 .

1 AMEEMNEEZANOVARE ST

Table 1 Single factor ANOVA significant analysis of the
five factors

F#% pH/EL MwBEE ik R RBE
F1a 120.17 128.75 80.07 314.81 386.86

i%—,}g *ok *k *k sk P

E*ATEREE (P<005); ** AT EZFMEE
(P<0.01),
*F 2 MM EIXEZiTRER

Table 2 Response surface test design and results

KB &

RISy, (wis X, (B X, (s %
)% &)/C 1)
1 0.3 50 3 84.75
2 0.5 50 3 86.19
3 0.3 60 3 84.19
4 0.5 60 3 85.18
5 0.3 55 2 86.03
6 0.5 55 2 86.08
7 0.3 55 4 87.70
8 0.5 55 4 85.66
9 0.4 50 2 86.08
10 0.4 60 2 85.86
11 0.4 50 4 87.57
12 0.4 60 4 86.51
13 0.4 55 3 92.63
14 0.4 55 3 89.29
15 0.4 55 3 90.53
16 0.4 55 3 90.82
17 0.4 55 3 90.67
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2.1.2 R R EARALIREE
#| FH Design-Expert %f % 2 1) £ 45 ik 47 [ 19
3, LA PSM-MCC [)43 2 Ay i B A8, 4 82 4F 4
& i 2 il % PSM-MCC f & T 2 1 [5] 13 J7 F2
T Y=+90.79+0.056X,-0.36.X,+0.42X,-0.11.X X,~
0.52X.X;- 0.21X,X,-2.92X,°-2.79X,~1.50X;"
* 3 MEERBEEFETESHER

Table 3 Results of variance analysis of regression equation in
response surface test

wf PEY gwg owr orm opm 2R
A 90.22 9 1002 848 00051  **
X, 0.025 1 0025 0021 0.8892

X, 1.03 1 1.03 087 03815

X, 1.43 1 143 121 03071

XX, 0051 1 0051 0.043 0.841

XX, 1.10 1 1.10 093 03672
XX, 0.18 1 0.18 0.15 0711

X’ 36.00 1 3600 3046 0.0009  **
X, 32.67 1 3267 2764 00012  **
X/ 9.43 1 943 798 0.0256 @ *
KR E 8.27 7 1.18

KA 255 3 085 059  0.652
i £ 573 4 1.43

¥ A 98.49 16

T
#(R)

P Z
(R )
B

A¥ 04956
(CV.%)
feekie 7347
EFARATERRE (P<005); ** AT E2ZFMEF
(P<0.01),

XoF 1% 7 R A e S92 THD 5 5] U5 O R O ZE A AT, 4
RWF3, MR, BEHEEE (P<0.01), ¥
B PSM-MCC 7528 55 I I B2 AT 1] 06 R 235
KT P=0.652>0.05, AEFH (P>0.05), Ui
HEA AR R T s RAAE O RAL R°=0.916 0, %
RHR,;=0.808 0, Ui WA IZ LA REWL MR FE 80.80% [
Wi AR AR AL, B RZE /N [EMELE =7.303>4, ¥t

0.916 0

0.808 0
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B iZ A5 AR & & PSM-MCC A T2l ;. 258k B, KaEED, ETRAF
R =04755, ZBUERUN, Ui R B R
HA SR, BEEIRE, R X X
X, %t PSM-MCC 735£ 5% (P<0.05), F{Hil
K, VLU MERGER, X PSM-MCC 75 820 ) 55 55
G g B TE0) > P > Dl

P P 2a AT, T R AS ELAE A v S T
B2z, RIWIE S HAEH X PSM-MCC 153%5%
MRV /N 5 1B 2b FJo il e AR ] e o 7 T P A e,
PSM-MCC 15 Z Wi iz K s [ 2, & 2¢ 1 PSM-
MCC £33 [ i J Ry (8] () 386 hn 2 8% BT+ S T B&
%k, WRRELZEERBYAEE (P>0.05), it
B = AN [K & X PSM-MCC 13 = A i igm, 5
RITEMER .

HRAE 1] 905 FE SR 75 PSM-MCC fefE T 240
InBEE 0.4%. BEMRIRSE 54.65 'C. BRI 3.15 h,
ZREFRI AT, ¥ TESE0RE RN INifE
0.4%, BRI 55 C, BRI 3 ho 3 UCFHT K
I IGE H A E M, PSM-MCC 134 90.74%, 1%iT
R TMAE 90.83%, Wi BH343 1) PSM-MCC e T
2T
22 RIGHMR A 4 RIE MR

R 48 B v B A T 2 1 15 19 PSM-MCC, X gt
FTHALPERRAG I, I 5 PSM-CL AT 75 4 B 2 /K iR
PSM-MCC # 17 bb #, 45 2R W % 4. PSM-MCC )
R4 A pH EH e E AR N, HEK 1 E T
PSM-CL, W] G il £ i R o5 /K R A 2 R
15 PSM-MCC [ %5 ik 4 A8 X 68 7 4 B B8 /K fif PSM-
MCC Bk, Al ReH T 2F4E & i () E A PSM-CL J&
GRS €2 Ui LTt RS e S YL R R o) B 2 & EEAHIE/EAT PSM-MCC 18 % S i &

BE/%

(o

18R/ %

BE /%

I (RHEH AR AR B4k, B PSM-MCC (1) Fig.2 Response surface of the influence of pairwise
LS KT8 75 4l B R 7K i PSM-MCC IRLEE, 43 AT interaction of various factors on PSM-MCC yield

% 4 PSM-MCCHIELIER
Table 4 Physicochemical properties of PSM-MCC

A BEM o RER HKn NS puts wbh Aam BT
PSM-CL — 963  3.51%0.05 320+0.14 6.6 108+0.10 2.15+0.17  83.32%0.35
5 4B K AR PSM-MCC - 83.50 150  7.13+020 3.56+029 58 2.66+024 333+0.02  96.88+0.56
4 ¢ & B 4] & PSM-MCC 90.74 134 696*0.18 485+033 63 252+025 1.06+0.02  98.38+0.28
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