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Abstract: Response surface methodology was used to optimize the compound enzyme extraction process of Asparagus cochinchinensis
crude polysaccharides. The effects of extraction time, temperature, enzyme to substrate mass ratio, and buffer pH on the yield of A.
cochinchinensis crude polysaccharides were investigated. Physicochemical indices, antioxidant activity, and hygroscopicity of A.
cochinchinensis crude polysaccharides obtained under the optimal conditions were identified. The optimal conditions for compound enzymatic
extraction of A. cochinchinensis crude polysaccharides were an extraction time was 4.5 h, extraction temperature of 42.0 ‘C, enzyme to substrate
mass ratio of 1.5%, and buffer pH of 5.3. The optimized yield of crude polysaccharides was 18.5%, sugar purity of 4. cochinchinensis crude
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polysaccharides reached 95.49%, and protein and polyphenol contents were 1.07% and 0.11%, respectively. Monosaccharide composition

Modern Food Science and Technology 2023, Vol.39, No.11

analysis revealed that A. cochinchinensis crude polysaccharides mainly consisted of glucose, fructose, fucose, galactose, and xylose in a
respective molarratio of 53.91:26.00:6.19:5.33:4.53, and a double helix structure. Hygroscopic analysis revealed a similar moisture absorption
rate of A. cochinchinensis crude polysaccharides to that of glycerol, but a markedly higher rate than that of sodium hyaluronate. 4.
cochinchinensis crude polysaccharides displayed good antioxidant activity. The findings provide a theoretical basis for the enzyme-assisted
extraction of highly pure and active 4. cochinchinensis crude polysaccharides, which may have valuable potential applications.

Key words: Asparagus cochinchinensis crude polysaccharides; compound enzyme extraction; process optimization; moisture

absorptionrate; antioxidant activities

KA RN B AR MEY KT A [Asparagus
cochinchinensis (Lour.) Merr.JIEURMY, A2 & [R5
WA ZA, BAFEBIEEE, ISR IR, EAE
NZHIE. WM. ARMEA A B RS I R,
FETTPE DY) S, RA BRI (PR AR
2) FraRl, sl B, TR RS, REASEE
B, B, B, SR, B
Priaf bR, BrEbia . R, BRiiESEZy
HAEP, 2N BNz —, FILEGH
Sk BITRGRRE  PURERSE, PR R AT
Hal, REHZWE (Usparagus cochinchinensis Crude
Polysaccharide, ACP) FIHEHUEAKIRIE, HE
PEHUE. BEREGE. HAKIgRGE R, (HIHFE
B, RGBT (e gt AR iR, RBEBOE 211
ZHE, ZRR MR, MR, BERERI T,
ORI 7 A SRR A 0, R iR
T2, HEZMREEKIEI 3.7 5. S8, &E
5 SR EIAR, AR T I e B,
AR T RAIE I 2 AN RIS IO VE N R AR 2 WY
SO, i A RS R A 2 RS R A
R, HAAMR, AR TH 2L IR .
BRI, ASEES R G RERUR S Z0E, 5L
Ffa) A, B AN pH (-5 2 HES 1
KZ, FH Design-Expert 3434700 3 [ 5256 %1 HE
WTZSHY, HiE BRI T 2%, FExtRit
KRR HEIEARL S PR TS
PREEJATII T, N ACP IZ5A R IR LR 2K -

1 MR5ERE

L1 AR5 A

RAE (7P AT 2K IRERERIAT: oK
BRIREN; ToKBRIRE:; To/KORE; ABERER; Hl;
FEIRE: ARNE AN, RREE: SF4EREE: FeSO,
W KR CBET HaOp W ABTS A
DPPH ¥l; BRI -

152

12 (L& 5#%

SLOMT WO EE T FREE R AAN, AN
WHRAXER B AT ABIRSRATKIER, TLIREIRR
RS PEMOKAE AR, AINERBGERT s &
0L, ZRGESBCRBAREE G A F] WRTNL, T
B Z AR B 2~ ) o

1.3 R F =

13.1 ACP ®RR7% ik

B REFEDE T 60.0 CHUFE HHTJERE, 20k
WG 1:3 (g/mL) I3 95% L EER 12.0 h,
WS : 2RO IR, PRI — 8 R I E A
AT YRR T RHE A MR FIBE=1:1:1), PRI
IR R LI R 1 FFRICHZ B . UG TE
100 ‘C T Ki% 30 min. %K RSLIGR 1 2%
FHZHE
132 AAFERIR ACP ¥ £ B % 55
132.1 JRFEXT ACP 155 K50

FREX 1.0 g IRATHr, o SRR LA 1
W, $EHUNE 4.0 h, L2 pH AN 5.0, BEJRJR
N 1.0%. BEERIGRE 30.0. 35.01 40.0. 45.0,
50.0 ‘CX} ACP 1311540
1322 ZZphiR pH {EXT ACP 435 (15200

A b, B AR IRREANAR, B il P AUt R
HELE M pH N 4.0. 4.5, 5.0. 5.5, 6.0 X} ACP
(EESIN-2TR
1323  FEEU AT ACP 55 (15

A b, e HARIRFEA R SIS IR T,
¥ pH B RHEGE pH fH . 25 SHEHU [H] 2.0- 3.0. 4.0+
5.0+ 6.0 h X} ACP 3R KI5,
1324 BHEF RS ACP 155150

A b, W HAR IR, KB a] e
PREUA 1] . BRI R EL 0.5%- 1.0%- 1.5%- 2.0%-
2.5%%F ACP 155 (540



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

1.3.3 R @A IR EE
R B R R SER A5 R, H AR R PR IUN TA] (AD.
FEHGRE (B) BRI (O Ll pH fH (D)
VUM ZR . DU ARRAIRIL ACP 19755 (Y) Ny
{8, AN I8 Design-Expert 12 i1 4 K% 3
JKF- Box-Behnken 1%, HBEATWINEHTik58, itk
TTFEMEER WL 1.
%< 1 Box—Behnken & it & FEKER
Table 1 Box-Behnken design factor level
3y
Ah B/C C/% D
-1 30 350 1.0 45
0 40 400 15 50
1 50 450 20 55

1.4 ACP #3845

14.1 ALFRENE

KK E-BRERYE « 26 5 Wi s iV AR AR 23 3l
M ACP AR L pE . &AL E b,
142 $AELAROAT

15§ FE ot 25 B 8 A e Ce i o A ik b 22 B AR
Frll ACP FIERBEZH . FREX 5.0 mg FHZHERE AT A,
BN 5.0 mL =5 SBRIETR, 1E 121.0 CHIZRAE N KAE
4.0 ho JKABH 0.1 mol/L NaOH VAR FE 20 1%, it
PEISTENR RS, W B b FIARAE b (1 B 2 A
143 29 higodr

2.0 mg ACP ¥ RFITJH) KBr iR G345), W
BEIRRHR AR TR, JHAE 400~4 000 e AR
6 Bl P U ACP A il (R 2T A NS o
144 RIRLZ5H7

# 1.0 mL ACP (1.0 mg/mL) J&RIIAZ] 1.0 mL
NI TR (50.0 pmoL) o FEIRA W IIAA A
TR NaOH ¥ (1.0 mol/L, 0.0~2.0 mL), iZF#i
NaOH K Z 18115 0.5 mol/L (0.00. 0.05. 0.10+ 0.15.
0.20. 0.25. 0.30. 0.35. 0.40. 0.45 F10.50 mol/L),
SR AR R 25 B TR AU 2 B s iR . 43
S AR 22 B AE b RS B S ARAE 400~600 nm
PR VTR IR R IR K

L5 FAAME N

AN E ACP RF 1,1- = 48 5L 0- = il 5L 58 it
(1,1-Diphenyl-2-Picrylhydrazyl, DPPH). ¥£3&H12.2'"-
R - XU -3- £ FE R I Lk -6- T R (2,2'-azino-bis
(3-Ethylbenzothiazoline-6-Sulfonic Acid), ABTS") H
FHIE AR RS MR T 52 ACP HAU LIRS,

K

1.6 HI5 MW E

ST TR E IR T TR S AR 45.0% (138
ARFEOFN 84.0% RPN/ AR 2 [8], BT E 43.0%
(I FIRR RNV RSV E 81.0% I MR BR IR ¥4 1
W, HERRFREL 100 mg ACP. 7% B R EAm AN H i, 43
SE T HAIREREN A CFEXHEEE 43.0%) FRLAIGR
FREFIS TR FHXHEE 81.0%) [ T-18as T, 43 HI7E 1.04
3.0, 6.0, 12.0. 24.0. 36.0. 48.0 h FREFESFRE. %
NI ERIEE.

R=T"" 100% (D

W,

2
EWil
R——BBE, %;
Wy——REHELRE, g
W—— BRI E, g

L7 BAEAHT

T Sz 56 R DL = o0 A I~ I A v 22 3R
71N o WA N2 T[] USSR i Design-Expert12 #F#E 5
445 TR H Statistical Product and Service Solutions
(SPSS) Zrit#ift (18.0 hiwAs) AL Ia) FHA{E ) % 7
TR ZETT 25T (One-way Analysis of Variance,
ANOVA); 0.05 AZERA G5 Lo

2 HZR59Mh

21 BRERSZRER

2.1.1 #RIREFAIF ACP 3 & 49%7h

FEHUBT )X ACP AR AR R R U 1a. 7R
0.0~4.0 h G [ N, ACP (/)15 22 Fifi 45 i [ 28K AN B 3 o,
HAE3.0~4.0 h TEE NS ETF, 7E 4.0 h BHAR &5
9 19.78%. Rt B AR E (8] 4 4.0 he
2.12 RBGRES ACP FE49%h

UG X ACP AR AR R R U 1b. 1
30.0~60.0 ‘CYEFE P, ACP HI15% B HEHCRE I - F
AW . S EEEUERE N 40.0 C KM%, ACP KRR
IRRN A, N 17.78%. RIEGEIRE N 40.0 C.
213 BERJLZHAT ACP 1F £ 6%

Fil ) = LLT ACP BB RWE 1e. 7ERF
JEJT & LUAE 0.0%~2.5% 5 N, ACP KIS 3 I
JE T B LG B NN W e B R L 1.5% R
%, ACP MIf3RIAR| R AME, N 19.56%. ATLlHRE
BRI LN 1.5%.

2.1.4 %% pHEAT ACP 135 64%7h

153



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

g HZe pH {64 5.0 I, fRIERIHK

S pH fEX ACP 3R AR R 1d. 1E
4.0~6.0 [ITEFE P, ACP 735 BA i pH {EH R

19.12%. FrLAi& gzl pH {54 5.0.

a

/%

o

51 %

B %

%/ %

20
18+
16+
14+
12+
1 2 4 5
8] / h
18+
16
14+
35 40 45 50 55 60
wE/C
20 +
15+
10 -
5 ]
0.0 0.5 1. 0 1 5 240 245 3.0
T o e L
20 ¢
18 +
16
14 +
12 F
30 35 4 5 5. 0 5.5 ) 6.5
SE I pHAE

1 $ZEREE] (a). iR (b). BEIRERELL (c) MM ph

{& (d) % ACP BEHIELNN

Fig.1 Effect of extraction time (a), temperature (b), enzyme to

substrate mass ratio (c) and buffer water solution pH (d) on the

154

yield of ACP

22 R EA S
2.2.1 Box-Behnken £Ea4s £ H5H7

Mg o2 T B e T AR 4 R MK 2.

R 2 M EEEIE T RER
Table 2 Response surface experimental design and results

PR RF
5 o BT % D AL MR EIY%

1 -1 0 0 1 14.45
2 0 -l 0 -1 16.22
3 1 1 0 0 14.86
4 1 0 -0 17.38
5 0 0 0 0 19.10
6 0 1 1 0 15.89
7 1 0 0 1 17.54
8 0 0 &) g 13.96
9 e /-1 8 15.15
10 -1 0 10 14.57
1m0 1 0 1 17.71
12 0 0 0 0 19.06
3 -1 0 -0 12.66
14 0 0 0 0 19.06
15 1 0 10 13.37
16 0 -1 10 12.67
17 0 0 1 - 13.11
18 -1 0 0 - 16.01
19 0 0 0 0 18.82
20 -1 -1 0 0 14.50
21 0 -1 0 1 15.16
2 1 0 0 -1 16.13
23 0 1 0 -1 1591
24 1 - 0 0 16.16
25 0 0 11 16.54
26 1 1 0 0 17.20
270 0 -l 17.26
28 0 0 0 0 19.06
29 0 1 -0 13.90

222 R EE AR 6 5 5 b

183 Design-Expert 12 BTS2 BIE 2G0T :

Y=92.352+4.47254+2.34B-1.7325C+0.3067D+0.8625
AB-7.3954C+3.724AD+5.5975BC+3.57BD+8.405CD-
7.380542-7.07938%-12.6205C>-4.1568D?.

H#% 3 Ps, A. B. AC. BC. CD. A% B,
C* %t ACP (3R H R I AR .
Vi BHFE I [A] IR B RIS & bL e R A liE R

0 (P<<0.01),



MR EmRHY Modern Food Science and Technology 2023, Vol.39, No.11

HUOH 2 Bl B B R & . %80 F=26.18, P<<0.01, KRB R 4q=0.92, VEHIBEHREALLL & RS2, b
W2, TARIIAN 0.997 7 (P>0.05), AHXT-4hi% AR, RIS IR, BT LM A

EERIGIFE L, IR (RP=0.96) I EL WA FFETREL ACP 132 3- 4T /3 B A Fei
# 3 Box—Behnken LIS ENILER
Table 3 Results of variance analysis of Box-Behnken experiment

R IR P Fa A S #7r F1a P1E BEM

AR 0.36 14 0.03 26.18 <0.000 1 o
A 0.04 1 0.04 39.93 <0.000 1 Hk
B 0.01 1 0.01 11.20 0.004 8 o
C 0.01 1 0.01 6.26 0.0253 *
D 0.00 1 0.00 0.15 0.704 5

AB 0.00 1 0.00 0.38 0.549 7

AC 0.04 1 0.04 41.12 <0.000 1 **
AD 0.01 1 0.01 8.85 0.010 1 *
BC 0.03 1 0.03 24.89 0.000 2 o
BD 0.01 1 0.01 7.73 0.0147 *
CD 0.05 1 0.05 50.09 <0.000 1 o
A’ 0.04 1 0.04 40.95 <0.000 1 L
B’ 0.04 1 0.04 35.35 <0.000 1 o
c 0.15 1 0.15 148.79 <0.000 1 o
D’ 0.01 1 0.01 8.53 0.0112 *

RAER 0.01 14 0.00
KR 0.00 10 0.00 0.11 0.9977
FH R AR A e 0.01 4 0.00

Bt 0.37 28

R 0.96

Rug 0.92

E: ABE, BIRE, CEAMR T, DEA R pHMA., *RATEFRE (P<0.05), ¥*RTEZFMEF (P<0.01).
223 A ESEHEE S

[l 72 B U5 7 FR AN (] . $RECREE . BRI E
Fo. Gzl pH AEK 2R, 40 il 3RASAH B it i [ 5 55
. W 2~7 B, SEHGREE, R L RIEE

C: MR R

E bk [0 22 B4 2 R ne 25 BE, 1 B AT ACP — S e
PR R BON R %, T pH AEXH 2 b B3 Y=f (A, 0) KR EME=ZE (B=0, D=0)
R f 26502, UEBHZE MR pH {EX%) ACP $2HL Fig.3 Response surface and contourmap of y=f (A, C) (B=0,
(EES- AL NTE N D=0)

FREE

2 i
7

D: 4 tipHIf]

LHEF
4

A 50075

A

B2 Y=F (A, B) RN EANEFSLE (C¥0, D=0) 4 Y=f (A, D) WONORIEANFSLE (B=0, C=0)

Fig.2 Response surface and contourmap of y=f (A, B) (C=0, Fig.4 Response surface and contourmap of y=f (A, D) (B=0,
d=0) C=0)

350 400 450 5.00

155



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

~ LR

E2 el

Cmepe ey 1:20 39.00
C M kL :
! 1.0035.00 3700 oL B: il

&5 Y=f (B, C) WY EMFSLE (A=0, D=0)
Fig.5 Response surface and contourmap of y=f (B, C) (A=0,
D=0)

EZEES

45.00 4509y ——— -
450%500 3700 3900 4100 43.00 3500 3700 3900 4100 4300 4500
D:ZEnipHi > : B: il A

B 6 Y=f (B, D) KIMINEAMNZFSLE (A=0, C=0)
Fig.6 Response surface and contourmap of y=f (B, D) (A=0,
C=0)

Lk
D: 4 lipHl

470
D: & HlipH L - 2 -
PRI g0V 120 commttt CiBRI AL

&7 Y=f (C, D) WM EMFSLE (A=0, B=0)
Fig.7 Response surface and contourmap of y=f (C, D) (A=0,
B=0)
224 FERMEEGIIE
N T BB B AL R RS R By
T
4.4725-14.7514+0.8625B-7.395C+3.72D=0 (2)
2.34+0.8625A4-14.159B+5.5975C+3.57D=0 (3)
-1.7325-7.3954+5.5975B-25.241C+8.405D=0 (4)
0.3067+3.724+3.57B+8.405C-8.314D=0 (5)
RRETTFEHIGF R T ABHEIRIL ACP BRIk
RPN (] 4.6 h, $RIGERE 42.8 C, BERFEL
1.5%, Z&3 pH 1 5.4 5 83 S br T 2R T EE,

H I ARSI T 2B N SE U (8] 4.5 h, $REUERE
420 C, FEEFEL 1.5%, ZM% pH{E 53. AT
B Box-Behnken [P IERPERIG R, fiH A3
(B RTRIARA, JEI = VCPATINE SES, ACP (1P
BIFHN 18.54% o AR AR TRI B AR AR 5% 22
/NF1.0%, Ut BAARIE BT SEIG AL ACP HRE T2
AN

2.3 ACP #yftae 4

2.3.1 ACP 1520 5%,

FIFEF Ak, e ACP IR FEH M. 45
FUR 4 Fion, ACP H 8 FhEtBELLER, 739 R T |
BTRAARE. 70, AapE. AW, JUHE. sl
PRI ZIFEIEIR . Forh, &b, SRbE. SR P
FUMERIAKE A ZppE, HIEE/REEA 53.91:26.00:6.19:
5.33:4.53. Wi 5 Fin, ACP HIMHZHE. EAFRAZ
By &8 BN 95.49%. 1.07%F1 0.11%. ACP Hifl%
WS TR KRB IR R A 2 HE (TD-80)

(63.1%) 1 (ARP) (93.7%) B, D) b4k BEiR
A5 201 ACP [4EE 5

300 -
—— ACPIE &I =4
250 - —— FURERRIE

200 -

150

W NAE / AU

100
50

0

10 15 20 25 30 35 40
LR G} H] / min "
(&8 ACP BIELARAIEFEILE
Fig.8 The ion-chromatography of ACP monosaccharide
composition
Er LR 2 ASHE 3EMAdE; 4F5UE; 5 EE
A 6.ARME; THEAE, 8RAE; OFIUIBRARL 10.%] AAEEAEL.

3R 4 ACP HYEATELARY

Table 4 Monosaccharide composition of ACP

| EEME FAEE LB

wEE AE RAB

FIUABEREL R APEEAER

JERB 5 E81% 6.19 1.60 533

53.91 453 26.00 2.00 0.45

5 ACP H1E. EARMBEMEE
Table 5 Carbohydrate, protein and polyphenolic contents of

ACP
ME LT % EALSE% ZBAEEY%
ACP  95.49+131  1.07+0.12 0.110.02

232 syt
2T A T 38 5 P A 22 4 R R A ML [,

156

3411, 2933, 1743, 1411 A1 1109 co™ KA I
R WER IR, nE] 9a iR, 3 400 em™ Abi
SRR ISR O-H ZEHMIAEE); 3 000~2 800 cm'
V8 FE A R I R T C-HL AR s iRz, ks
CH. CH, il CHy; ZJ7E 1 740 F1 1 630 cm™ AW
AIREEH T C=0 FRHRENFIAKIFRBLAN 5] AL, i B
WRIAETERY, $8401X 1 200~800 cm™ AW i b5 iy



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

BRI, 1 036 et A1 1T 109 om™ IR I
C-O-C fiI C-O-H fufdh¥Rzsh 5[, FKEH ACP {7 e
TRIEIR, 822 cm™ b (1) WU 2% B ACP A74E o-#E I,

a

FENE %

on

B KIS Kedmax / nm

a

DPPHIE R / %

40 |
35

3411 1109 \ \
25F 1036 597
20 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

520

510

500

490

480

WA /em™

—a— CR

—v— CR+ACP

M

0.0 0.1 0.2 0.3 0.4 0.5

NaOH# % / (mol/L)
& 9 ACP £I4h (a) FIMISRLT (b) 34F

Fig.9 FT-IR spectra (a) and Congo red (b) of ACP

233 RIRZGHT

WIERZLVE A TRl 2 b i IR R, ZHE
IR HELE IR LA S RO, AP E X IR
LLEHEE G Amax KIS UNEL 9b P, BEE S AL
BR EE N, WIRLT-ACP ¥ Amax A28 H
H (WERLERO KAELAH. AlAL, ACP BA =1
oy A

24 ACPHLAMGE

NEZFER R Z BEEYE S Hpra b g
BT B LAASSE G @A I DPPH ., $23LH1 ABTS ¥
k& IR FT ACP HIPUEALIE T .

100
90
80
70
60
50
40
30
20

— e,

—— Ve
—— ACP

005 01 05 1 2 4 6 8 10
ACPJF & ¥ / (mg/mL)

b

FRFE H HEEERE /%

(e]

ABTS'HHIEIERE /%

110
100
90
80
70
60
50

100
90
80
70
60
50
40
30
20

!

—eo— ACP

005 01 05 1 2 4 6 8 10
ACPEIRE / (mg/mL)

1
005 01 05 1 2 4 6 8 10
ACPJF &K / (mg/mL)

(5110 ACP X DPPH. ¥2EF0 ABTS' B EHEAYERREE
Fig.10 DPPH, OH and ABTS" free radical scavenging capacity

of ACP

2.5 ACP W% 3% M =

o

AR [ Y%

W /| %

180

150

120

90

60

30

210
180
150
120
90
60
30

//F—N/_i:

— R R
—— it

0 10 20 30 40 50
A / h

—— ACP

—e— i% 5 R

K

0 8 16 24 32 40 48
A / h

B 11 FEFHRE 43% (a), 81% (b) FUETHILER
Fig.11 Moisture absorption under relative humidity of 43% (a),

81% (b)

157



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

M 1la. 11b A7A1, TEAHFERE TR, AHXHRE
A3%5%A%F N IR R MR EN /N ACP>H i > 1% B i
TR AHXHREE 81% %14 T IIIRIB R MREN /. H
> ACP>i% B R IR SN, I 3450 It 55 IF ) (98 o v B¢
Ko TEFRI—HFA] R, ACP TEAHXHRE 43% 264 T Ik
MRS B T AT 81% 544 FITRIER . TEAIXHE
JZ 43%%6 1 T, ACP HIWRIEMETE 36.0 hik 3 1 k(.
HAEAXHARRE 43%H1 81%26A4 T, ACP i K R 2
FAEZE (P>0.05), Xubgh BB AT,
ANFEIE R . 124 RS EKELNE, R 25
hZGHYIZ A EL, ACP B S SR aE el 2,

3 Tig

ZHEA L R LAY P ) T e, FLAH
YR 2 W5 T R E R BEMEAG,  BRBRSZ B AT
FeEPPI L AHE R LR SRR S ACP, 3R N
18.54%. (RS MIKIEFAFEIRAZHE TD-80 fil ARP
(1) 2 BRI LR . R B AN L R

(EE/R K 3.16:15.70:25.90) FI-FUME. &1 HEAI- L
PSR (BEIREL 4.42:12.66:4.83) B, Sun &AM K
ARG R — PR AR T 2 . AR IR T R SR
WKL &Y, T8 20 2 60 MR . FREAY,
SRR ACP EZHAMIENE (53.91%) #k. it
AN, SEABREIRIFIIR M 2 HEX B TAE 50753k
B2 HENHTI R A L. PUaMTE TS R,
ACP BA5 RAFHIERR E 3 (DPPH, %M1 ABTS")
EE, 5. KATZHEPIREE R A R —
B, FENRIESG T, ACP TEAXHERE 43%% 14
IR T R RN . 1K TR A
F 2 WEEA B TR ATE R PR AR

4 5

KB EBREIRDOR AR ZHE, 8 5 3 5
IR [A] . PEBGE AT . IR s L AZE phiR pH
E/E A ACP 18211 4 N2, 1@ Box-Behnken
ST R g )8 T I A SR A B A0 2 B T 25 R 4 B ()
4.5 h, REGRE 42.0 °C, MIRBEL 1.5%, Sl
pH 18 5.3, 133%H 18.5%. MMbistrnss k], ACP
4ifER 9545%, EEAMZmEES RN 1.07%F
0.11%; ACP TEHE &M T FEi. AN
AIAREH N, EE/RECA 53.91:26.00:6.19:5.33:4.53, H.
BANUETEL R LM EHE 73 M B ACP 4 a #2L[1)
MEIkE . 535k, ACP BARSRITTAME AR
Ao KT ACP WIAGANZENS . S5A-HFIE S5A-VE TR
KEFR, VAHEZIAYE R TAT) 8 SR BRI FE .

158

P

el oK 24 9 B 2, A A N IR 245 i — 8 [S]. AL 5t [
R 2RI HRAE,2020.

A A 7 N T 5 M) — R T2t 7E D). &
R R 2GR ,2017.

TR SRR, <, 55 2 A T T R A AR R[] [
A HIZ4,2020,22(8):1393-1403.

BRoT, K 5 2, A R AR B L 2 B R T ik
JE[I.) %46 T,2021,48(21):116-118,130.

PRERSL P2 R AT Tt R (D] #5245 %7,2008,6:90-93.
Zhao Z W, Wang L, Ruan Y, et al. Physicochemical
properties and biological activities of polysaccharides from
the peel of Dioscorea opposita Thunb. extracted by four
different methods [J]. Food Science and Human Wellness
2023, 12(1): 130-139.

Wang N F, Jia G G Wang X F, et al. Fractionation, structural
characteristics

and immunomodulatory activity of

polysaccharide fractions from
officinalis L.) skin [J]. Carbohydrate Polymers, 2021,
256(2):117514.

BOPE P A i, B R SR R A S HEI S K e s itk
SARSMTUER TR L], A £ 41,2022,22(8):51-60.
BB R A Z B SE I SR 2 R M [0]. B2 25 4R,
2011,30(4):451-453.

B ARE T R T 5 R R A EHARIOR A Z ).
25%7,2009,32(4):622-625.

asparagus (Asparagus

Sinkhonde D. Generating response surface models for
optimisation of CO, emission and properties of concrete
modified with waste materials [J]. Cleaner Materials, 2022, 6:
100146.

Kazemian M E, Gandjalikhan Nassab S A, Jahanshahi
Javaran E. Comparative techno-economic investigation of
CCHP combined by GSHP based on response surface
methodology [J]. Thermal Science and Engineering Progress,
2022, 34: 101386.

Dorleku W P, Bayitse R, Hansen A C H, et al. Response
surface optimisation of enzymatic hydrolysis of cassava peels
without chemical and hydrothermal pretreatment [J].
Biomass Conversion and Biorefinery, 2022: 1-14.

S BONR, T IR A R ST A B LA HE 2 SRR
T 2] AR AT B F41,2022,41(8):67-73.

Wang L, Zhao Z W, Zhao H Q, et al. Pectin polysaccharide
from Flos Magnoliae (Xin Yi, Magnolia biondii Pamp.

flower buds): Hot-compressed water extraction, purification



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

[16]

[19]

[24]

and partial structural characterization [J]. Food Hydrocolloids,
2022, 122.

TR, R KRS, T AR 22 W R R ) 2 T 2T
1 B A AR T 7T (] & W A5 0T % ,2022,43(15):
123-130.

(TN o AV Sy S e wE 2 AN S TA K= YA L
AT PED]. BB R F#41,2022,43(5):1-6.

Khatoon H, Rai J P N. Optimization studies on
biodegradation of atrazine by Bacillus badius ABP6 strain
using response surface methodology [J]. Biotechnology
Reports, 2020, 26: €00459.

Tetteh E, Amano K O A, Asante-Sackey D, et al. Response
surface optimisation of biogas potential in co-digestion of
Miscanthus fiscus and cow dung [J]. International Journal of
Technology, 2018, 9(5): 944-954.

Sullivan S A, Tran A Q M, Xu G et al. Asparagus
polysaccharide inhibits cell proliferation, adhesion and
invasion in endometrial cancer cells [J].

Oncology, 2017, 145: 133.
Zhao Q, Kennedy J F, Wang X, et al. Optimization of

Gynecologic

ultrasonic circulating extraction of polysaccharides from
Asparagus officinalis using response surface methodology [J].
International Journal of Biological Macromolecules, 2011,
49(2): 181-187.

Wang R, Chen P, Jia F, et al. Optimization of polysaccharides
from Panax japonicus CA Meyer by RSM and its
anti-oxidant activity [J]. International Journal of Biological
Macromolecules, 2012, 50(2): 331-336.

Lee Y X, Ahmad F, Kakooei S, et al. Fire-resistant properties
of modified epoxy based intumescent fire-retardant coating:
hybridizing of oyster shell powder with glass frit [C]// IOP.
Conference Series: Materials Science and Engineering. IOP
Publishing, 2021, 1176(1): 012025.

Liu X, Renard C M, Bureau S, et al. Revisiting the
contribution of ATR-FTIR spectroscopy to characterize plant
cell wall polysaccharides [J]. Carbohydrate Polymers ,2021,
262: 117935.

Chen G J, Kan J Q. Characterization of a novel

[26]

[27]

[32]

[34]

[33]

polysaccharide isolated from Rosa roxburghii Tratt fruit and
assessment of its antioxidant in vitro and in vivo [J].
International Journal of Biological Macromolecules, 2018,
107: 166-174.

Yu Y, Shen M, Song Q, et al. Biological activities and
pharmaceutical applications of polysaccharide from natural
resources: A review [J]. Carbohydrate Polymers, 2018, 183:
91-101.

Cui Y, Liu X, Li S, et al. Extraction, characterization and
biological activity of sulfated polysaccharides from seaweed
Dictyopteris divaricate [J]. International Journal of Biological
Macromolecules, 2018, 117: 256-263.

R, PR, 5 L I BBk 5 20 M 1 R I DR B RE AT 7
]38 LML E,2018,11:98-100.

TR, A T W ) 22 B A SR A TR R[] [
%71 iE,2017,42(21):4104-4109.

B /NG, A B R 20 0 B P 2 R AR SNSRI
BRI oRAL S5 24,2020,16(7):181-188.

J Yang, S Han, H Zheng, et al. Preparation and application of
micro/nanoparticles based on natural polysaccharides [J].
Carbohydrate polymers, 2015,123: 53-66.

Sun Q L, Zhu L X, Li Y X, et al. A novel inulin-type fructan
from Asparagus cochinchinensis and its beneficial impact on
human intestinal microbiota [J]. Carbohydrate Polymers,
2020, 247: 116761.

Y Hui, H Junli, W Chuang, Anti-oxidation and anti-aging
activity of polysaccharide from Malus micromalus Makino
fruit wine [J].
Macromolecules, 2019, 121: 1203-1212.

Falch B H, Espevik T, Ryan L, et al. The cytokine stimulating

International Journal of Biological

activity of (1—3)-f-D-glucans is dependent on the triple
helix conformation [J]. Carbohydrate Research, 2000, 329(3):
587-596.

Dammak A, Ben Slima S, Gomes da Silva M D R, et al.
Antioxidant and antibacterial activities of a purified
polysaccharide extracted from Ceratonia siliqua L. and its
involvement in the enhancement performance of whipped

cream [J]. Separations, 2022, 9(5): 117.

159



