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Optimization of extraction process of polysaccharides from mulberry

leaves and determination of the antioxidant activity in vitro

WU Jun YANG Biwen ZHAO Pei MA Jinggiu WANG Xiaojing HUANG Yue

(Chongqing Sericulture Science and Technology Research institute, Chongging 400700, China)

Abstract: [Objective] This study aimed to optimize the extraction process of polysaccharides from mulberry leaves using deep eutectic
slovents (DES) and assess their antioxidant properties. [Methods] Autumn mulberry leaf powder was used as the raw material, and
ultrasonic-assisted extraction with complex enzymes facilitated the process. The composition of DES and the extraction conditions were
optimized using Box-Behnken response surface methodology, with polysaccharide yield as the primary indicator. Antioxidant activity was
evaluated by measuring the scavenging abilities of against DPPH radicals, ABTS " radicals, and hydroxyl radicals. [ Results] The optimal
extraction conditions were as follows: a choline chloride/malic acid molar ratio of 1: 4, water content 44%, liquid-solid ratio of 40: 1 (mL/g),
enzyme dosage of 3%, ultrasonic power of 350 W, and ultrasonic time 40 min. Under these conditions, the yield of mulberry leaf
polysaccharides was (10.204-0.05)% . The polysaccharides demonstrated significan antioxidant activity, with a DPPH radical scavenging
rate of 67.46% at 0.08 mg/mL and ABTS ™ and hydroxyl radical scavenging rates of 87.19% and 93.44%, respectively, at 0.8 mg/mL.
[Conclusion] The ultrasonic-complex enzyme-assisted DES extraction method proved efficient, yielding high amounts of polysaccharides
with strong antioxidant properties. These findings support the potential use of mulberry leaf polysaccharides in food and health-related
applications.

Keywords: mulberry leaf polysaccharides; deep eutectic solvent; ultrasonic-enzyme-assisted extraction; response surface; antioxidant
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Table 1 Types of low eutectic solvents
i ez x?] Atk Ak BRI
DES-1 S8 fbIH i — 7 = ARG Py = m 1:1
DES-2 AL IHf— 2 B AL 2 E 1:1

SRR SRR 1:1
FACNAGE 7 R 1:1
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A 2 1:1
ERIAIEITETS 3 1:1

DES-3 S Ak 0 sl — = R iz
DES-4 Ak s —F7 45 iR
DES-5 S AbIHf—(1-4-T Z8F)
DES-6 ZA b/ f— 2 —f
DES-7 %Ak g— K 3

1.3.4 R R YL B 1.000 g F b #F 250 mL
HETE M R, 48R FE 401 1 (mL/g) A & K 3 R 35% (1)
DES, A 3% & & B (m sz m gngnm=2:1) 182, 3
H 50 CH§f# 2 h, DL S 5) 2 360 W 75 40 min,
10 000 r/min &> 20 min, B35, A S F5R BLAY 6K
T 4 COKFEREDL 24 h, B0 )5 £ FIE W, LK 28
VR UTVE 43K, B0, DUV I T 2 25, E MLP A5 3
135 BEZERE B 1.000 g M8 THIE b, Z5
25 R X MLP A5 5 (1 5210, (245 DES FE/R L (1:1,1:2,
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1 (mL/g) ] \DES & /K4 (30%,35%,40%,45%,50%) . &
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r, 2 5 S A TRRE O B2 30 min, P AE 517 nm AL WG,
PLIE/K 2 B DPPH ¥ i o A it x B DL JE K 2 AU
FE &L 25 O IR #e20(2) 37155 DPPH A iy SR 3 bR R
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Table 3 Results of Box-Behnken Table 4 Analysis of variance
N R A B C D R Z R R % KW SFE AmE By Fii PiH
1 —1 0 1 0 9.1610.014 i) 6.750 0 14 0.482 1 479.19  <<0.000 17
2 0 —1 —1 0 8.893+0.028 A 0.509 2 1 0.509 2 506.18  <C0.000 17"
3 0 1 0 1 9281-+0.033 0.023 0 1 0.023 0 22.83 0.000 3™
4 1 0 0 1 9.126--0.041 C 0.240 0 1 0.2400 238.55  <0.000 17"
5 1 0 —1 0 9.06840.034 0.044 7 100447 4438 <00.000 1"
6 | , 0 0 9.035--0.022 AB 0.084 1 1 0.084 1 83.60  <20.000 1
7 0 0 0 0 10.22240.034 AC 0.004 1 1 0.004 1 4.07 0.063 2
g 0 0 0 0 10.30140.016 AD 0.063 5 1 0.063 5 63.12  <20.000 1
BC 0.294 8 1 0.294 8 293.08  <<0.000 1"
9 0 1 0 1 9.116+0.043
BD 0.0390 1 0.039 0 38.77  <<0.000 17
10 0 0 1 1 9.1024+0.027 .
CD 0.009 1 1 0.009 1 9.07 0.009 3
11 0 —1 1 0 9.13340.039 .
A? 2.400 0 1 24000 2385.67 <20.000 1
12 0 1 —1 0 9.56540.043 .
B2 2.380 0 1 23800 2367.07 <<0.000 1
13 0 0 1 —1 9.05140.025 N "
C? 2.090 0 1 2.0900 2075.82  <<0.000 1
14 0 0 —1 —1 9.19940.037 5 i
D 1.610 0 1 1.6100 1596.03  <<0.000 1
— +
15 ! ! 0 0 8.644:50.056 Bk 2% 0.014 1 14 0.001 0
16 0 0 0 0 102330.077 I 0.010 2 10 0.001 0 1.05 0.526 2
17 —1 1 0 0 9.1640.052 W2 0.0039 4 00010
18 1 0 0 —1 8.7420.084 BEE 67600 8
19 —1 0 0 1 9.296+0.055 _ s _ e
TORRIRER B FE(P<0.05) ¥+ F IR 2 F M B F (P<0.01);
20 1 0 1 0 8.702£0.049 R'=0.997 9, R%;=0.995 8.
21 0 —1 0 —1 8.9960.064
22 —1 —1 0 0 9.353-0.043 W, T 3 A, T A DR 2R 5 T AR FH N MILP A5 28 (1) 52 1
23 —1 0 0 —1 9.41640.013 K 5 R =z T I R % WA TR R S B AR A MLP 15
24 0 0 1 1 9.441-£0.082 FAY 5 N0 i K 8 W41, AB.AC .BC.BD.CD
25 0 0 0 0 10.267+0.042 4y ) 7 p TR 3 R BE , U IH HL 58 LA FH W MILP #5585 i)
26 —1 0 —1 0 9.399-£0.051 2 (P<<0.05),
27 0 0 0 0 10.264+0.053 T8 2 B T A Y MLP (R e A R BT 2 441 DES
28 0 1 1 0 8.71940.047 Bk 44.22% RORFHE 40.22: 1 (mL/g) A IIFR 352 W,
29 0 1 0 —1 9.226-0.057 6 75 B[] 40.43 min, 6B MLP 15 3 4 10.29% ; AR 4t 52 br:
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5 I P=>0.05, K S, UEIA R 0 N 2 R 4 R T
PN . R=0.997 9, R%;=0.995 8, 15 WK 250 F5 0] {1 5 5
MAEE WA . BT 28 H I AC X MLP 15 35 i R 13,
FoAt 28 F 30 K — PRI RSN MILP A5 5 1 52 i A Y 3
(P<C0.01) . #R4kE F{E 1T H, 52 M) MLP 45 2 (1) 45 B % 7
i DES &5 7K 4 = i 75 5y 58 2> 8 A I B) > 0BG .

Mg o7 (i TR PR RT LA U A% PR3 X MILP A5 55 ) 52

15 O, 4 S AR AR BT 20 45 1R 48 )y DES & 7K f 44% iR
Hb40:1 (mL/g) 8 74 23 350 Wl 75 1) 18] 40 min, il 15
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RN T E KT,
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