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Optimization on Extraction Technology and Determination of
Mulberroside A in Morus alba (L. ) by UPLC
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Abstract ; Response Surface Methodology (RSM ) was applied to optimize of ultrasonic extracting technique for mulberro-
side A in Morus alba (L. ). On the basis of a single factor test,the effects of the proportion of methanol concentration,
the volume of solvent,the extrdction time and the extraction temperature on the determination of the content of the mul-
berroside A in the Morus alba (L. ) were investigated. On the basis of sigle-factor experiments, the optimum extraction
process of mulberroside A in Morus alba (L. ) is methanol concentration (60% ) ,solvent volume (55 mL) ,the extrac-
tion time (40 min) and the extraction temperature (35 °C ). Under the optimal extraction condition,the mulberroside A
productivity was 7. 63.mg/g,which was in consistent with the predicted value of 7. 64 mg/g. The calibration curve was in
good linearity within‘the range from 0. 0128 to 0. 064 mg/mL(r =0.9993). The content of mulberroside A in Morus alba
(L. )7in defferent areas was 4.97 ~13. 14 mg/g. The preferred process of optimizing the extraction process of mulberro-
side “A-in Moriis alba (L. ) with response surface analysis is stable and feasible,and can be used for the determination of
mulberroside A in Morus alba (L. ).
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Table 1  Single-factor experimental design

Factors 1 2 3 4 5
HH B2 b fif-Methanol concentraton ( % ) 50 60 70 80 100
AT Solvent volume (mlL) 10 30 50 80 100
] Extraction time ( min) 15 25 40 50 60
AR Extraction temperature (°C) 30 40 45 50 60

SE 0 R KEE B L B, R AT A Fr
IR S (BTE 70% i H ) T S B R Y L
TE, 28T TR M REBUR 10 ~ 30 mL B, f %5
VR A, AT A SR, H7E 30 mL D)
Joi, M A S R BN O BB R

TN Yol I BN T A, i i RS T 2 5 2l e
[ B, 22 B H A RS BB R, {H7E 40
min [ H IR RS, 50 min SCH BT 5
KRG AR 30 ~40 CHY, SRR A i
TEZA T, 640 C R LTS #s 45 Ca,
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Table 2 The experimental factor selection for response surface design of Morus alba L.

KT A BB LA B 75 i i) C R AR D i i
Levels Methanol concentraton Extraction time Solvent volume Extraction temperature
e (%) (min) (mlL) (¢
1 60 30 20 35
0 75 45 40 42
-1 90 60 60 50
22 REHFAEESH A MBS FR LS,

KL AR ST S RAS R 3 4% A 38
x3 MEESRERITRAERER

Table 3 Response surface experimental design and result

A L B 7 I 1] C R DA FPH A
RUN Methanol concentraton Extraction time Solvent volume Extraction temperature Mulberroside A

(%) (min) (ml) (¢) (mg/g)
1 75.00 45.00 6000 35.00 6.79
2 60. 00 60.00 40.00 42.00 6.597
3 90. 00 30.00 40.00 42.00 4.675
4 60. 00 45.00 60. 00 42.00 7.245
5 90.00 60. 00 40.00 42.00 4.979
6 75.00 45.00 60. 00 50.00 6.155
7 75.00 60. 00 60. 00 42.00 5.589
8 75.00 60.00 40.00 35.00 5.214
9 75.00 45.00 40.00 42.00 5.804
10 60. 00 45.00 20.00 42.00 3.868
11 75.00 45.00 40.00 42.00 5.386
12 75.00 30.00 20.00 42.00 5.471
13 90.-00 45.00 60.00 42.00 4.441
14 75.00 30.00 40.00 50.00 5.03
15 75.00 30.00 40.00 35.00 5.144
16 90.00 45.00 20.00 42.00 4.545
17 90. 00 45.00 40.00 35.00 4.425
18 90. 00 45.00 40.00 50.00 5.096
19 60. 00 30.00 40.00 42.00 6.575
20 75.00 45.00 40.00 42.00 5.856
21 60. 00 45.00 40.00 35.00 6.363
22 75.00 60. 00 40.00 50.00 5.201
23 60. 00 45.00 40.00 50.00 5.445
24 75.00 45.00 20.00 50.00 4.978
25 75.00 45.00 20.00 35.00 4.763
26 75.00 45.00 40.00 42.00 4.887
27 75.00 45.00 40.00 42.00 5.332
28 75.00 30.00 60. 00 42.00 5.121
29 75.00 60.00 20.00 42.00 4.858
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W, B AN SN, BB BEGEIR 25 4F 4 :0 ~ 10 min, 2% ~
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B; it 0.2 mL/min; #EAE &8 2 pL; AR 25 C sk
A 325 nm,
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Table 4  Linear equations, correlation coefficients and linear range of mulberroside A

2 Evien il

X HR EVEpy s i X FEL
A inear range
Reference substance Calibration curve r
(mg/mL)
Z 21 A Mulberroside A y=3x10% + 985.79 0.012 8 ~0.064 0.999 3

2.2.5 MBHEE

BT R MR R 0. 64 mg/mL 455 K2 AT R 5
VSR, B A R AR 6 Yk, I A5 U T FELAR X b g 2%
(RSD) 7 0.19% , {3 it () A6 % b5 MM 2 (RSD ) 2
0.13% , RN B R AT
2.2.6 FEMEE
2.2.6.1 HMNKEZE

BRI A AL VA VR e 2. 2. 17 I R A A%
PFESEHERE 6 IR, BEAE 50 2 WL, 75 0 T AR (R A
EA 22 (RSD) A7 0. 87% , U EA B[] P4 AF X A o4 g 225
(RSD) 7 0.80%, FWIHNAEHE RIf
2.2.62  HAPKE R

IR A R T A R, 4262, 2. 17 T a3k 4%
P R E LI R 6 W, iR 3 K RN 2 pL,
D750 T B %) AF X B 7 A 25 (RSD) 2 1..83% i
P IS [B] AR G AR A 22 (RSD) 2y 0. 21% , & B H [H]
% B AT
2.2.7 MBI

K BEARIBURE S, 42 IR 2. 2. 37 100 5 vl 4 it
A, =R, IR 2. 2. 17 TR gk A
TF0.4.8.12.18 .24 h AL E . P45 04 11 FH A9 AH
X bR DR 2E (RSD) 43 3 R 1. 07% {3 B B[] 1) 4

XIhRUEMR 2 (RSD) 24 0. 64% . RIAMEGHTE 24 h N
o T AT
2.2.8 ETHEM

K FRBURE L 6 0y, F5 IR “2.2. 37 T N Jy k1l
AR R, I 2. 2. 17 R (35 S E R RE 4
BrIf e SRR A, 2l e S 17 A B i, A5 06
TR RRU B 52 PR A X B 1 O 25 (RSD) 2 0. 87% , %
W E P R AT
2.2.9 jmtepk

KGR PRI B2 7 A X R e VR B2 43 501l R
0.02 mg/mL FYXT IR ST K 28 PRI 2
0.5 g, & “2.2.37 TN Jr ik il 4 AR B 435014 0.5
mL (1 = W, MRIERE R P TR AT A
AR 80% 100% 120% , 43 3l ] - 38 s v
WOMA LAY A 0.4 .0.5.0.6 mL, 2.2,
17T A S 7 bR AR R 2 L, e SRR AT
A WES R, AR 55 J 1 A S InAE Bl oy
100.37% 2510 % 5,
2.3 H&ENE

HURR B e 107 1A 925 01 48 119 9 NS TR IR A A
ai, 752, 2. 37 TR Dy vk A R A R #R 02 2.
17 IR A5 S T I i sk A R (K1),



Vol. 30 VLRSS AT ST A BB A B B 1975
RS MMEEKERELER(n=3)
Table 5 Result of recovery tests of mulberroside A (n=3)
™ AR i A SEPRINAS IEVES -2 ] i A
&y - RSD
Components Sample content ~ Amount of additon ~ Actual content Recovery (%) Average recovery
o
" (pg/ml) (pg/mlL) (pg/mL) (%) (%)
FERHEA 20.28 19.90 40.49 100.77 0.96 100. 37
Mulberroside A
20.28 20. 15 42.61 105.39 1.42
20.28 20.45 38.68 94.97 0.45

Sk AR S AR IR BO IS B R LA A &
AT WL AR T, iR AR s SRB2G A 1 I E Y
SEAR AT, 7= HuAS [R5 22 SR, VAR LA ot
by AR T 07 M 35 AR 5 () — 7 i, AN [ Jo
RIRBOR R A SRR, R, &
B A SRR 4PRILEE 6,

RO NHMBEPREHE A FENE

Table 6 Determination of the content of mulberroside A in nine

batches of Morus alba L.

AT A RS
EEEIRY B AR R Mulberroside A
No. Source from percentages
(mg/g)
1 B2 AE A BRITE AR 7.64
2 WG 2B 4 i 25 B ) 5.09
3 JTRURE(2) 5481
4 JUPERAL(H) 9.36
5 JHERB(R) 10,17
6 JTPERB (L) 1314
7 DY SR AL 6.15
8 TLIRRAL 4.97
9 T S 9.28
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M . T TR 4 ] U 7R 22 ) 19, 2 i o (L A
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2 Tl T, T L 0 0 A 6 72 114 e 7 L A
MBI R R A ] 45 iisr 55 ANOVA
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XoF A% T34 G i 3 2 S B L 451 (P = 0..000 4 <
0.05) FIEFIEFI(P =0.000 6 <0.05) X} F 71 A
e Ea BEEES

M5 2240 B o M i A ~ E R, A2 i £
JESYHT, Bl I EL ) A R B 06 K, SO A R
SR I B R B I R SR AT A
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MAE 2%, Foe o T VR s Wit o 8 75 i TR 39 4 R 7 Ui
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Fig. 1 UPLC chromatograms of blank solution (11),stand-

ards solution (10) , mulberroside A (A) and 9 bat-

ches Morus alba L. chromatogram (1-9)
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Table 7 Analysis of variance for the response surface quadratic model and regression coefficients

J5 2R Rl H ¥J7 FiH PH nEH
Variance sources Sum of squares Df Mean squares F value P value Significant
Model 13.38 10 1.34 6.16 0.000 4 Significant
A-FEE L5 Methanol concentration 4.93 1 4.93 22.73 0.000 2
B-# 7 Bif 8] Extraction time 0.016 1 0.016 0.073 0.790 6
C- A Solvent volume 3.78 1 3.78 17.40 0.000 6
D-# 4 & Extration temperature 0.051 1 0.051 0.24 0.632 6
AB 0.020 1 0.020 0.092 0.765 7
AC 3.03 1 3.03 13.95 0.001.5
AD 0.65 1 0.65 2.99 0.101 1
BC 0.29 1 0.29 1.35 0.261 2
BD 2.891E-003 1 2.891E-003 0.013 0.909 4
CD 0.16 1 0.16 0.71 0.409 1
5% 7 Residual 3.91 18 0.22
JRATT Missing item 3.28 14 0.23 1.50 0.374 3 Not significant
4li{% 2% Pure error 0.63 4 0.16
2% Total difference 17.28 28

R BREBAMPERBEXARE

Table 8 P value'and correlation equation of mulberroside A

fibn P Tt
Index P value Equation
R A 0.000 4 FREF A E(mg/g) =5.37-0.64 % A +0.036 * B +0.56 % C-0.065 D +0.070 s A =

Mulberroside A B-0.87# A% C+0.40 %A+ D+0.27 * B+ C+0.027 * B D-0.20 % C % D

Mulberroside A
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Fig.2  Response surface plots for the mulberroside A response factors
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