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Optimization of polysaccharide extraction from Abelmoschus manihot flowers using composite enzymes and
a study on the activities of the polysaccharides

LIU Ge', LUO Cheng’, CHAI Huifang', LI Yan', LU Tian’ (1. School of Pharmacy, Guizhou University of
Traditional Chinese Medicine, Guiyang 550025, China; 2. Shanghai Institute of Materia Medica, Chinese
Academy of Sciences, Shanghai 201203, China; 3. Guizhou University of Traditional Chinese Medicine,
Guizhou Provincial Key Laboratory of Miao Medicine, Guiyang 550025, China)

ABSTRACT OBJECTIVE To optimize the extraction process of polysaccharides from Abelmoschus manihot flowers, and to
investigate the antioxidant, moisturizing and hygroscopicity activities of the polysaccharides. METHODS The optimal ratio of
composite enzymes was determined by orthogonal experiments, and the extraction process of polysaccharides was optimized by single-
factor experiments and Box-Behnken response surface methodology, and validated. The scavenging rates of 2, 2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radicals, hydroxyl free radicals, and superoxide anion free radicals, as well as
the total reducing ability of the polysaccharides were investigated by the ABTS method, Fenton-salicylic acid colorimetric method,
pyrogallol autoxidation method, and potassium ferricyanide reduction method, respectively. The moisturizing and hygroscopicity
activities of the polysaccharides were evaluated by the weighing method. RESULTS The optimal ratio of composite enzymes was
136 000 U of papain, 125 000 U of pectinase,and 5 000 U of cellulase. The optimal extraction process was as follows: enzymatic
hydrolysis time of 2.8 h, enzymatic hydrolysis temperature of 57.50 °C, pH of the sodium dihydrogen phosphate-disodium
hydrogen phosphate buffer was 5.5, and solid-to-liquid ratio of 1:40. The results of three experiments showed that the average
polysaccharides extraction rate of 23.595%, with an RSD of 0.90%. The scavenging rates of ABTS free radicals, hydroxyl free
radicals, superoxide anion free radicals, and total reducing ability were 81.759%, 87.110%, 54.244%, and 1.129 (the mass
concentrations of polysaccharides were 10, 5, 10, and 10 mg/mL, respectively), respectively. At relative humidity of 43% for 12 h,

AESTE [H5 [ AR 437 H (No.22207022) ; 5t M 4 Bl 4 the moisturizing rate and hygroscopicity rate of polysaccharides

&I H (No. By R4 e fih MS (20261658, No. By Bl& 3L fil-ZK [2022) were 99.387% and 100.478%, respectively; at relative humidity
— B 455) of 83% for 12 h, they were 99.764% and 100.455%, respectively.
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CONCLUSIONS The optimal extraction process of polysaccharides
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process have good antioxidant, moisturizing, and hygroscopicity activities.

KEYWORDS  Abelmoschus manihot flowers; polysaccharides; composite enzymes; response surface methodology; antioxidant

activity; moisturizing; hygroscopicity
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S10041) ¥4 [ iU i AR Wy Rk A FRZAS w5 AL B
(#iJF 99.9% , M5 C17999631) Bl W4k (4L EE 90.0%,
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FHEY) 828 4. manihot (L.) Medic. i) T4
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T —E 2 B O IR 1 il ol SR e il sl 27 4 221 ) L 7
T RRHE L 1) 2% vl (B — 280 - B S 5%
PERES I, R AT X pH , SR T oK T iR TP R
B 45 o5, 790 °C/K A K36 15 min; il 5, B
LW, LA 9 000 r/min B0 10 min; B FIH R, A 95%
B W OB R RO T5% , #1E 12 h, I4E
ZURDIVE, VR T, RIS B & 25 4L 208 AR 9E T =t R 2 b
s iR ="M o000 tn, ot
U v 22 8 5 vk E (mg/mL) 5 V26 78 2 BT 1K R
(mL) ; NERFRBEATE; m Rs 25 B AR i (mg) o
2.2 EAEARMERFIE
2.2.1 B THSE SAERA N

BUA B SEAE TR 2G 48, 45 2. 17 0T Jr i R, e
i fp YL BE 50 °C | Fiff# If 6] 2.5 h 8 Wi pH 5.5 CRHE L
1:35, 43 B — 5 12 B AN 5] g (AR il 2 i
Pl ol 2 4 22 il ) $i B 22 W, 25 AN [R) B il 45 o £ X6 22
PRI Z R, ARG S I 1R 5 K OR R
fiti A7 112 000,120 000,128 000,136 000,144 000 U ; % i
fiti A7 115 000, 120 000125 000130 000135 000 U; £F
424 3 500.4 000.4 500.5 000.5 500 U) , &K
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5 2 ) 3 1 14.163
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R 4929 2037 3007 1519
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Kl B3 Dzl Al b)) F P
4 108817 2 54408 88479 <001
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Bt 4597.087 b
B it 190.900 2%
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U+ R 125 000 U+EF4E R 5 000 U) FEHL B . 45
KR, B AHE 2PN 17.488% , 15 T-45 LR
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W, FATERE 3 IR, 25 (R 2A) R, Bifi 5 B A s 8] 11
FER, ZHE SR IOR 2 JE 10 5 BRI 4 R 5 214 il A B )
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JEE S A 2 0 S A0S 7 5 I A s Rl TR AR M G
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(3) ZZ th it pH: IO &) ZE AL TR 2504, in A “2.2.2”
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pH A 5.5 0, Z WL POR e (18.91%) . HIR K AT g N
2R 2 B BRI IR B, B A SR R ks
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PEAT IR SRS

(4)BHLL  BOE B A8 TR 20 4F A “2.2.27 T
B R S A B, $5 2.1 0 R Jy B, % B R
JE K 50 °C | i A I 6] 7 2.5 h 28 Wik pH 1 5.5, %54
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1240 B, 2R CR R R (18.23%) » JLJH T 6>
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DRG] (4) BEARIEE (B) (& il pH(C) KRR
e (D) Ry A AR &, DL 22 b5 2 BUOR N A8 5, SR H Box-
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F4 EESKFE

K Ah BC C D
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0 25 60 55 1:40
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FIH] Design-Expert 13 3 f4%F iR 45 itk 47 2 50l
IH4LE A5 15 7 . Y=24.550 0+0.116 74 —0.627 5B+
0.365 8C—0.700 0D —0.732 54B—0.837 54C+0.350 04D —
1.060 0BC—0.547 5BD+0.047 5CD—3.260 04°—2.210 0B'—
2.730 0C"—3.190 00", h 3 6 ] Jl, i A% 8 Jy 22 I 3
(P<<0.000 1), RAUIA 3 (P=0.239 3>0.05) , % H]
BOARILARCAT . BRI PE RELR R 0.987 4, 48 5 R 4L
(CV) N 1.95% , % B S0 {8 5 7000 A #0045 Bl o
IZARL ] BTN 2R ECR . 25 R A 2 R ECR
SRRy D>B>C>A4;—IKIB.C.D, KW A" B,
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*&5 Box-Behnken MNEESLW HFESER

HR5 Ah BAC C D SR %
1 2 50 55 40 1859
2 3 50 55 4 2027
3 2 70 55 4 1941
4 3 70 55 40 18.16
5 25 60 5 35 1891
6 25 60 6 35 2008
7 25 60 5 4 17.15
8 25 60 6 4 1851
9 2 60 55 35 1867

10 3 60 55 35 1831
1l 2 60 55 4 1.7

1 3 60 55 4 1821

13 25 50 5 40 1886

14 25 70 5 40 19.66

15 25 50 6 4 2165

16 25 70 6 4 1822

17 2 60 5 40 1751

18 3 60 5 40 1932

19 2 60 6 4 1943

2 3 60 6 40 179

2 25 50 55 35 2036

n 25 70 55 35 1965

3 25 50 55 4 1972

% 25 70 55 4 1682

25 25 60 55 40 2420

2% 25 60 55 40 U5

n 25 60 55 40 U3

bl 25 60 55 4 2503

2 25 60 55 40 %59

%6 Box-Behnken 5 %206 FE TR

3 i Ll frlfERE F P

it 1634400 14 1634400 78,0600 <00001

4 01633 | 01633 10900 03137

B 47300 | 47300 315900 <0.0001

C 16100 | 16100 107400 00055

D 5.8800 | 58800 393200 <00001

4B 21500 | 21500 143300 00020

AC 28100 | 28100 187600 00007

AD 04900 | 04900 32800 00918

BC 44700 | 44700 299100 <00001

BD 12000 | 12000 80200 00133

9) 00090 | 00090 00603 08095

£ 69.1000 | 69.1000 462.0500 <00001

B 316900 | 316900 2118600 <00001

¢ 484400 | 484400 303.8800 <00001

D 65.8600 | 65.8600 403700 <0.0001

Tk 20900 14 0.1496

KI5 17700 10 0.1766 21500 02393

RE 03281 4 00820

B 165.5300 28

C*.D' ,3EHIFAB . AC .BC .BD X} Z K2 R A 5245 58
THERE L(P<0.05) . 5K 228 HAE 7 i (5] 5 45
TR 2k I LI 3.
2.3.3  FARIREUCT 2R E SR

K H Design-Expert 13 B4 F0M 15 21 42 & Bt I
WAL T2 BT a] 2.82 h B IRLRE 57.53 °C . 2%
MW pHBS.5 . BE W FE 10 39.74, TN £ BE i HCER K
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K. B-P & DA rikIA]) L. C- % DA

B3 BREXRXEERANmMEEESSES%KE

23.394%. REIEZ T2 et 5T 5EM:, [ i
FHAE AW TOR T2 S H0R 5 R B ] 2.8 h w7
JRLEE 57.50 °C 2% P pHB.5 BRI FL 1:40, #7218 F ki
BISN T ASEAT 3UCHAT R UF S U & 25T
BEZGHE, I “2.2.27 T F fe Rl He 09 52 & T, ¥ VR #E
T2 S5 B, W15 2 05 52 B0CR 2 51 oy 23.642%
23.781% . 23.363%, ¥ ¥4 }y (23.595+0.213)% , RSD Ky
0.90% (n=3) ; 5 #2230 , R T LZRE .
CIETR
24 ZHEMMELFEHAR
2.4.1  ABTS H H &8 BRI E A E

2 B A O SCHR™ , 2R FH ABTS 5 (43 665 1) K
Z WX ABTS H H S5 A9 BR 16 M : BU7 mmol/L ABTS %
W RN 2.45 mmol/L i B2 F AW, AL 1: 1R G )
T4 °CHECHE 16 h, 15 ABTS 45 . BUZAE AW
To/K LBERG R, 75 ABTS TAEWR (F£ 734 nm P AL AWK
FCREE(E}0.70+0.02) o BRUAFAL T 2 $2 UK 248 , finuk
IR R AR TR R (0.2,0.4.0.6,0.8,1.2.3.4,
5.6.7.8.9.10 mg/mL) AR W . AR )k B
BT IR I R 7K V5 YRk X6 FRES VR C T)) o B L iR ARt 3
R 1 mL BRI 1 mL  ABTS TAE® 9 mL,IR2))5,
BT BEGE RN 30 min, T° 734 nm A0 I E O

2GS 2026 AR5 37 45 18 1]

J4% T TR ABTS H LW BR % : ABTS H B 3515 R
FR=[1—(4—4:)/4] X 100% (X, 4, Fy 38 5k 2
JE 5 A RS SEROGTE 5 A X RO TE ) o SEATHRE 3
Wo G5 (E4A) B, Bl 220 o ik B i 38, Hoxt
ABTS B 5L 15 BR B8 7 Bl 2 5 58 5 >4 28 I it vk 14
10 mg/mL BF , ABTS F 5 3 bR R ik 8] &% &
(81.759%) .
2.4.2  F A R ILIEBRIEE R E

2 AR S SCHRY , SR FH Fenton-7K % % i (3460 &2
B2 PR BT BRI 2.4, 1 T AS [) o R v
(0.2,0.4,0.6.0.8.,1.2.3.4.5 mg/mL) B0 A | mL,
X HR %5 W 1 mL. 6 mmol/L & R V. 2k /K ¥ ¥ 1 mL.
6 mmol/L i b & /K AW 1 mL, B S )5, T 37 °CHi¥
B 10 min, F-I1 A 6 mmol/L /KR 1 mL, T 37 °C
%7 30 min, ZRJ5 T 510 nm K AL 2 ROGEE , JF4E T
KA EAREERR . BAREERE=[1— (4~
A2)140) X 100% (ZXH, ARSI RE 5 4. 75 50K
T A X IR ) o FATERAE 3R, 455 (A
4B) R, Bl 2208 T v R 30, HO R AT
BRBE AW | Bl 5 2R 8 T V2% 5 XY R R T
5 mg/mL B, 52 [ H ST BR 3 i i (87.110%) o
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