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Abstract: Through a combined approach of single-factor experiments and response surface methodology, this research aims
to optimize the ultrasound-ethanol synergistic extraction parameters for Morus nigra polysaccharides, and comprehensively
characterize their bioactive potential. Employing Morus nigra as the raw material, this study systematically evaluates the
individual effects of four critical parameters —temperature (40~80 °C), ultrasonic power (120~240 W), extraction time
(30~90 min), and ethanol concentration (0~50%) —on polysaccharide yield through single-factor experiments. The
extraction process was optimized using Box-Behnken design response surface methodology (BBD-RSM) with 29

experimental runs (including 5 center points), establishing a predictive model for yield with ANOVA-verified parameter
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interactions (P<0.05). Key extraction parameters including temperature (63 °C), ultrasonic power (180 W), time (61 min),

and ethanol concentration (39%) were determined to achieve a maximum polysaccharide yield of 13.63%+0.33%. The

bioactive properties of the polysaccharides were systematically evaluated through in vitro assays. Results demonstrated

remarkable free radical scavenging capacity with ICy, values of 0.12 mg/mL (ABTS’), 0.21 mg/mL (DPPH), and

2.78 mg/mL (hydroxyl radicals). Furthermore, significant enzyme inhibitory effects were observed with ICy, values of

0.16 mg/mL (a-amylase), 0.24 mg/mL (a-glucosidase), and 1.64 mg/mL (lipase), suggesting potential applications in

functional foods for glycemic and lipid control. Notably, the optimized polysaccharides demonstrated significant

antioxidant properties coupled with potent inhibitory effects on carbohydrate-digesting and lipid-metabolizing enzymes.

These findings not only establish an efficient extraction protocol, but also substantiate the potential of mulberry

polysaccharides as multi-functional ingredients for developing nutraceuticals targeting oxidative stress, hyperglycemia, and

hyperlipidemia.

Key words: mulberry polysaccharides; ultrasonic extraction; response surface method; antioxidant activity; a-amylase; a-

glucosidase; lipase
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Fig.1 Effects of ultrasonic temperature (A), ultrasonic power
(B), ultrasonic time (C) and ethanol content (D) on the
extraction rate of mulberry polysaccharides
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2.1.4 BEE AR RSEm & 1D 45
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Table 2 Design and results of Box-Behnken trial

ABFIRE BEAR CHANE DImSgE SRR

&

e

(C) (W) (min) (%) (%)

1 60 180 60 40 13.43+0.32
2 50 210 60 40 9.38+0.18
3 50 180 75 40 10.52+0.16
4 50 150 60 40 10.02+0.14
5 60 180 45 30 9.37x0.11
6 70 180 45 40 11.92+0.12
7 60 150 45 40 9.51+0.22
8 50 180 60 50 9.77+0.05
9 60 210 45 40 9.09+0.21
10 70 180 60 50 10.88+0.14
11 60 180 75 50 9.91+0.18
12 70 150 60 40 11.21+0.16
13 60 210 60 30 9.2840.15
14 60 210 75 40 10.26+0.08
15 50 180 60 30 10.08+0.13
16 60 180 60 40 13.34+0.22
17 70 180 60 30 11.33+0.11
18 60 210 60 50 8.92+0.18
19 60 180 75 30 10.58+0.17
20 70 210 60 40 10.87+0.12
21 60 180 60 40 13.79+0.17
22 60 150 75 40 10.63+0.17
23 60 150 60 30 10.72+0.19
24 60 150 60 50 8.48+0.19
25 70 180 75 40 11.25+0.10
26 60 180 60 40 13.69+0.22
27 60 180 60 40 13.55+0.34
28 50 180 45 40 10.36+0.18
29 60 180 45 50 8.99+0.15

5] Y 4SS 8 7 28 53 Ay Ko S 35 PR A 56 495 2R O

(32 3), F1E N 32.32>0.01, [E] )5 Jy FRAR 1A L ) 28
(P<0.0001), AHAEIAY R?>=0.9700, 2 BH 2% [A] =45 7Y
HA B OPIA B, 86 BT AT 5, BRIST., AT AN
JFHF 7 5l B £ s v P HGSR SEE R 2P B T
—RIF A, C. D X i i {E 1) 52 0 b k25 (P<0.01),
22 HIG BD k3% (P<0.05), HiATAR B 38, RIS,
W2 (P<0.01), PRIk, 45 RN R ER 2 PSS 3R 1
SR U AFREEE)>D (2B ) >C (R HT
[a])>B (F2H %)

3 AR 22000 b R 5
Table 3 Analysis of variance of regression model
and significance test

R EA AmE ¥y FfH PfH
T 64.77 14 4.63 3232 <0.0001"
AR 448 1 4.48 3128  <0.0001"
B-HAIIE  0.6394 1 0.6394  4.47 0.053
C-R 5 i 1] 1.27 1 1.27 8.9 0.0099™
D-ZBE G i 1.62 1 1.62 11.32 0.0046™
AB 0.0225 1 0.0225  0.1572 0.6977
AC 0.1722 1 0.1722 12 0.2912
AD 0.0049 1 0.0049  0.0342 0.8559
BC 0.0006 1 0.0006  0.0044  0.9482
BD 0.8836 1 0.8836  6.17 0.0262"
CD 0.021 1 0.021  0.1469  0.7073
A? 6.1 1 6.1 42,64  <0.0001"
B? 29.22 1 2922 204.16  <0.0001"
(o 17.02 1 17.02 11893  <0.0001"
D? 29.43 1 2943 2056  <0.0001"
F2 2.00 14 0.1431
F A 1.87 10 0.1869 5.53 0.0569
4R 2E 0.1352 4 0.0338
pEviil 66.77 28
R 0.9700
TR 0.8356
SZPRR? 0.9400
A5 R (%) 3.53
T *EIRP<0.05, ¥+ KR P<0.01,
2.2.2 WA AR RS BEAEHAHT AR LRI A

AT S B = R U S B VAT RN Saa sE< Sl PS
(1] PR S B A P X (B PR S ), 25 i Skl s 55 HLUE R
BRI IR, — 2 il Pl Bl Rk B, 18 B 45 PRI R TRI M 28
HAEFXTIR RN E RIS A A, 8] 21 £5 R R s
PR 2B S B AE HAE IR EARBEN, W]
B, NI 27 G558k, S5 mak s 2 4L | FREta T
R, PRI, R T3R5 2l S R a8 B AR X SR
AR AL T A i 35 (P<0.05),, HAT R ks
HEAEHANRE, 5H2Z0Pras R —30

2.2.3 WRAR ARG L SR IR R R L
et ey NG D O 7 P A i i i £ o i B TR
Al T A S HONE IR 63.06 C. A3
178.20 W. #E A HJE] 61.24 min. Z B 1 39.03%,
TEML T 255 F il S 2 B9 %0 13.69% . 4%
G PR A, 8 AR RO 20284, RV 7S TR
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Fig.2 Response surface plots of effects of extraction parameters on the yield of mulberry polysaccharide
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