MR EmBE Modern Food Science and Technology 2025, Vol.41, No.3

BRI AR CZEN I 2L
REARENE

seER">%, AWE>, SFE*, WARE, BEX, B, TRE
(1l.HAHFTEHRENEEHRERRA RS TREZRMT TS, HhKkiy 410208) (2. =+ EF R ALA
2RERHEALE, BHZT 572024) (3. F B RLAFHERLZ B THEH, L% 100193)
(4. 5B AREMFR=ZDHRIE, HH=T 572025)

T AR I R BRI 5 A TAD % W AR A 1A% FLk AR B R AR S BB R RIR A= S B0 1Y
Ktk ZEEFER e A TAYE R SRR ST AIRIEIREE, B4 SRR AE S A R L 20 mL/g, JRIRET
i8] 30 min, BRI E A A%, RFERAFEI0W, ZEMFET, SHFEH420%. o EILTIZSELA S5
HFARROMIE, S BEAER, ST HAEEER, RIPRBNE LRI T, SR EREH 300 pg/mL B, Eit
HAALEE /1 4 80.76 umol TE/mL, 4k/R-TFiE/R4E 7 A 133.6 umol FeE/mL, A i#t—F LA MiEMK, KA 2,4,6- =
ARG FRD G2 5 M KR, KINAR B KRB AR RSB TUARER GM XD RN 6 LA
EN, AR KRR T INF-y )R EKF, REITKRBF IL-10 49 R ZKF, Ry —RARG F A, KLLEREY,
BIASHEEA LG REFRBATEN, H BT SO FIRAE T iR,

FEEA: RAA= B4 RE R - R EMERIG WA D A, RALEMN; RAFR

EHES : 1673-9078(2025)03-222-233 DOI: 10.13982/j.mfst.1673-9078.2025.3.0141

Optimization of Ultrasonic-assisted Cellulase Extraction of Polysaccharides

from Alpiniae Oxyphylla Fructus and Their Anti-inflammatory Activity

HE Yingzhu"***, BAI Yajuan™*, MA Ze***, SHEN Hejing™*,
FAN Bei*, XIE Mengzhou'", WANG Fengzhong"**
(1.Hunan University of Traditional Chinese Medicine, Hunan Medicinal and Edible Homologous Functional Food
Engineering Technology Research Center, Changsha 410208, China) (2.National Nanfan Research Institute (Sanya),

Chinese Academy of Agricultural Sciences, Sanya 572024, China)(3.Key Laboratory of Agro-products Processing,
Ministry of Agriculture and Rural Affairs/Institute of Food Science and Technology, Chinese Academy of Agricultural

FI30H% 3
AT Bk, 0 4R, i3, A% R 7 U B B S I 2 A 2 W ) T A S T A (0] BAR B A B 457,2025,41(3):
222-233.

HE Yingzhu, BAI Yajuan, MA Ze, et al. Optimization of ultrasonic-assisted cellulase extraction of polysaccharides from

alpiniae oxyphylla fructus and their anti-inflammatory activity [J]. Modern Food Science and Technology, 2025, 41(3): 222-233.

ks HEA: 2024-01-30

E4UH: ERESHFEITRBIE (2022YFD1600303 ; 2021YFD1600100-404) ; =T HhER UM FREREEMNRIE “AEEWM” HAE
(YYLH2307) ; & ESMAITRIINE (2022SK2018)

EEE . 5Tk (1998-), %, fit, MRAE: PEHBEIFERERE, E-mail: 1003692110@qq.com

BIRES: WM (1964, &, B, BR, MRAE: REHABEPHEMERE, E-mail: xiemengzhou@hnuem.edu.cn ; HEEBIEE: TRE
(19722, 5B, #*, HARR, HRAE: K=HMI, E-mail : wangfengzhong@sina.com

222




MR @R

Modern Food Science and Technology

2025, Vol.41, No.3

Sciences, Beijing 100193, China) (4.Sanya Institute, Hainan Academy of Agricultural Sciences, Sanya 572025, China)

Abstract: The optimal conditions for ultrasonic-assisted cellulase extraction of bioactive polysaccharides from alpiniae
oxyphylla fructus (AOF) were clarified using response surface methodology and artificial neural network coupled with
genetic algorithm. The optimized conditions were a solvent-to-solid ratio of 20 mL/g, cellulase mass fraction of 4%, and
ultrasonic power of 300 W for 20 min, which yielded a total polysaccharide extraction of 4.20%. Fourier transform infrared
spectra revealed that the extracted sample had polysaccharide characteristic absorption peaks containing uronic acid and
pyranose rings. The results of in vitro antioxidant assays showed that the total antioxidant capacity of AOF polysaccharides
was 80.76 umol TE/mL at 300 pg/mL and the ferric reducing antioxidant power was 133.6 umol FeE/mL. To further evaluate
the biological activity of AOF polysaccharides, a zebrafish colitis model was established using 2,4,6-trinitrobenzene sulfonic
acid. The results showed that AOF polysaccharides prepared via ultrasonic-assisted cellulase extraction significantly promoted
the total antioxidant activity, decreased the expression of the proinflammatory factor interferon-y, increased the expression
of the anti-inflammatory factor interleukin-10, and decreased the production of nitric oxide in zebrafish with colitis. These
results indicate that the AOF polysaccharides have anti-inflammatory and antioxidant effects, providing a theoretical basis for
the development of AOF products.

Key words: polysaccharides from alpiniac oxyphylla fructus; ultrasonic-assisted cellulase extraction; zebrafish colitis-

model; antioxidant activity; anti-inflammatory activity
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Table 1 Response surface experimental factors and level
design of crude polysaccharide extracted from AOF
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Fig.1 Artificial neural network model fitting architecture
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JRBE, BEASFEARIN 3 AN E AL, Bl R A 200 2
AT 0T G5 RO HTIT LA B-actin YN S, DLXTHERE
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Table 2 Gene primer sequences detected by RT-PCR

gi? Pl 5] (510 3) ’?ﬁ?
#3514 TTGCTGTTTTCGGGATGG
K T#3514 CGCAGGAAGATGGGGTGT 134
----------- #3514  GGAGACCATTCTGCCAACA 100
Ti#5l4  ATCCCGCTTGAGTTCCTG
----------- L#514 TGAATCCCAAAGCCAACAGA
ACTI 187

T#5|4 GGAAGAGCGTAACCCTCATAGA

1.3.12  #4B% T BoHr

KG9 B 1BM SPSS Statistics 25 43 #7
Bd. AbEEIE] % 5K A One-way ANOVA, & # P
K P<0.05, ANEFEHMCERA A EEEER,
X FHl Design Expert 13 ¥t 70 47 28 B 4- 2 B L T
2 N T AR AL SE 5 . K ) MATLAB R2023b T. H 46
o S 2k BB AT R W A LAk . BTS2 Y
AT =REH.
2 ZR55R
21 BEELE

A
R B X 25 AT 2 A R F R i 1] 2a BT,
BEE MR L T s, 2R B BT S T &R
TEIELAE 1020 (mL/g) HVEHEIN, ZHEfSZRIT-F4E
FhiE, 1820 (mL/g) WHAFIHKME (2.63%). 1HEE

b 20 (mL/g) Ja, WIRERRIEAEZ MR T HIVE L B
RFRIUs . PRI, ORI LI FEAE 20 mL/g b AL A I .
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e B a
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: '
% L5} a2t
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Fig.2 Single factor experimental results
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2.1.2 REXEL ]
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T WA B 7R O A EE AT (R 2 WA R A
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8 75 Ty Zent w BT 2 MR R M sg i 25 R an ] 2d
FioR, $EEEFIHIIRE 250 W Al 2 10 23
Bz pifgR, ZRAERKN (3.73%), HE#@
b ENA R TR, X NEmIEs
LEINTTIEA = E 7R A LS N G o B Ve oh
250 W EF.

22 Wy EERZET SR

221 hE @R RS
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Design Expert 13 vt a8 #4722 WS BT 20mm B T
SRS . 3R 3 P N SEge BT 10 R 22 0 45 32 1) Tl
DIE K SEBRE .

Xf SEISHAR AT IR 2 WA TG, BE
[T

Y=1.587 97X,+0.164 633X,+2.578 17X;+0.024 5X,+
0.002 1X,X,-0.013 5X,X;-0.000 47X, X,+0.004 75X, X~
0.000 095X,X,~0.001 85X,X,~0.034 737X ? ~0.003 309X 2 -
0.249 667X 3 +0.000 009X 3 -25.010 75

B, Y AR ZREER, X, NREE,
X, PRI [A), X B 78 I 5T & o0 H, X, R K
B5j 2

% 3 Box-BehnkenZRIgi&it s E{— L HESER

Table 3 Box-Behnken design and yield of polysaccharides

from AOF
e G g PR s -
55 (mL/g) 4] /min 57\%5%/% HEIW M
1 25 20 4 250 2.79 2.78
2 20 30 4 250 3.49 3.67
3 25 30 4 300 3.69 3.62
4 20 40 5 250 3.12 3.16
5 15 30 4 300 2.95 2.96
6 20 40 4 300 3.82 3.81
7 20 30 3 200 2.9 2.89
8 20 30 5 200 3.06 3.05
9 20 40 3 250 3.04 3.08
10 15 30 4 200 1.66 1.78
11 25 30 5 250 2.93 2.92
12 15 30 3 250 2.07 2.04
13 20 30 4 250 3.69 3.67
14 20 20 3 250 3.09 3.11
15 20 20 5 250 2.98 3.00
16 25 30 3 250 3.08 3.07
17 20 20 4 300 3.77 3.84
18 15 40 4 250 1.95 1.95
19 20 30 4 250 3.72 3.67
20 20 30 5 300 3.81 3.81
21 20 40 4 200 3.08 2.97
22 15 20 4 250 2.15 2.09
23 20 30 3 300 4.02 4.01
24 20 30 4 250 3.83 3.67
25 15 30 5 250 2.19 2.16
26 25 40 4 250 3.01 3.06
27 20 30 4 250 3.6 3.67
28 20 20 4 200 2.84 2.81
29 25 30 4 200 2.87 2.92
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Table 4 Results of variance analysis
% £ KR -7 e R ) B F1& P1h
AR 10.72 14 0.765 5 90.5 <0.000 1##%*
X, Gt ) 243 1 243 287.14 <0.000 1%
X, (4RFRET 1] ) 0.0133 1 0.013 3 1.58 0.735 1ns
X, (BEARMmIRE04) 0.001 1 0.001 0.119 1 0.23ns
X, (RBEANFE) 2.66 1 2.66 314.34 <0.000 1%**
XX, 0.044 1 1 0.044 1 5.21 0.038 6*
X, X, 0.018 2 1 0.0182 2.15 0.164 3ns
XX, 0.055 2 1 0.055 2 6.53 0.022 9%
XX, 0.009 1 0.009 1.07 0.319 3ns
X,X, 0.009 1 0.009 1.07 0.319 3ns
XX, 0.034 2 1 0.034 2 4.04 0.064ns
X3 4.89 1 4.89 578.04 <0.000 1#**
X3 0.710 3 1 0.710 3 83.93 <0.000 1#**
X3 0.404 3 1 0.404 3 47.78 <0.000 1#**
X3 0.003 4 1 0.003 4 0.399 6 0.537 5ns
RE 0.118 5 14 0.008 5
KR E 0.052 8 10 0.005 3 0.3211 0.933 9ns
“hig £ 0.065 7 4 0.016 4
BAa 10.84 28
R*=0.989 1 R,;=0.978 1 o7 A CV.%=2.99

VE: F B EMKPEA P <0.05; v BEHAKPEA P <0.01; B BEMKPAH P <0.001; ns BBEMEF,

222 R AR AT

XA AR AT B b (R 4) T, %
AR P<0.000 1, FAEN90.5, W] i% 7
R, RPRZE PN 0.933 9, KIZAAK
LA OR L. HiE R R R E 2B Ry 7
24 0.989 1 F10.978 1, 285 REN 2.99%, 1t H
SO B AT B RS B AR SRR . DR o W B
LR 7E D S EINE Doy S NV WL I R d e G e 2
PERIF R T . AKHE F K 4 AR R X 2 5 I
KRBT HET, ST N BRI R > W
RF b > B 0 5T & 4 B > SR EC [A) . B AT R B
B 7 Th R ANRURE L ER A 2 B SR AR R
R HE W R P O Th RO 2 RS R e
R EEZ N Z NS EES A4 ER
Pty 375 14 A 0L EE B
223 EERHXLAA

I FH A5 28 RN 3D it T 1 AT R Ak R B A
LSRR RN BB EER. Skl gims

228

IR 458 NI A IS E SURTE 3= AV <l N
F 4P HI X X,w X, X, (P<0.05) Bkttt
PEEUITTA] L A 0 5 £ 0 0 A (1) 28 HAE TG 22 B
FRERFEM 3, AT B A FH e ST T LI 3

o

X2: HEHUH [A]

o
[=N

X4: BH R
LHGE | %

" 2020045 V! v
X4: WHE% A X1: K

X1: BH b
3IRMKHMZEIERA

Fig.3 Interaction of extraction conditions
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KON 250 W I, VBORE B AT BN A) 22 1) ) A2 LA
o TEMCRIELAR T 20 mL/g B, YBCREEG AN S i [a]
I3 I Re A AR T 2 hEfR 2. WORHEE S 20 mL/g &
30 mL/g B, 752 B VEORE LEORTHR A R] 385 o i 2%
M BEA%. X AT REE RN TER S RR L T, $REGE
T F P AR R R0 B DR T R ] P R RS [ 384 A
Ras. WAk EEKAREN F], > 2R HaEK
BN (40 75 4 P T 20 A, 3 B S0k b R B T

al 400 o 1% R-099836
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8 35t e
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&
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Fig.4 Establishment and training of artificial neural network model
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