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ABSTRACT

In order to optimum ultra high pressure extraction (UHPE) parameter of 1-
deoxynojirimycin (DNJ) from mulberry leaves. On the basis of single-factor test, response
surface methodology was used to optimum extraction parameter. The mathematical
regression model is established about the dependent variable (extraction yield of DNJ) and
independent variables (alcohol concentration, extraction time and extraction pressure)
through Box-Benhnken center composite design and response surface methodology. The
results indicated that the optimal extraction conditions were alcohol concentration of 73%,
extraction time of 3min, extraction pressure of 400 MPa. Under these conditions, the
maximum yield of DNJ was 0.0931%. It’s proved that UHPE was a suitable method for
extraction of DNJ asiits higher extraction yield and shorter time.
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INTRODUCTION

Mulberry leaves (Morus alba L.) is atraditional herbal medicine and have been cultivated in many Asian countries
such as China, India Korea and Japan!”. Scientific and clinical studies have confirmed that mulberry leaves have significant
bioactivities such as hypoglycemic effect, anti-diabetic activity, antioxidant activity, antimicrobial activity and anti-
inflammatory!*®. Recently, research has shown 1-deoxynojirimycin (DNJ) is the main constituents of mulberry leaves .
Hence, in the last few decades, various technologies such as soxhlet, microwave extraction and ultrasound extraction were
used to extract the DNJ from mulberry leaves®. But, these extraction techniques show disadvantages including lower
extraction efficiency and long extract time. Therefore, there is a need to design a suitable technique to extract DNJ from
mulberry leaves. Ultra high pressure extraction (UHPE) is a new technol O%y used solvent for the extract of plant components
from natural products for it has short extraction time and higher yield!****!. But extraction of DNJ by UHPE from mulberry
leaves has fewer reports. The objective of this study was to identifying optimal range of UHPE using response surface
methodology.

EXPERIMENT

Materials and reagents
Mulberry leaves was obtained from Xinzheng (Henan, China). Leaves was collected and were dried to final
moisture of 6% (w/w). The dry leaves was ground to 60 mesh. DNJ, ethanol and others reagentwere purchased from Sigma.

Ultra high pressure extraction of DNJ

UHPE was conducted in an Ultra high pressure extractor (HPP600M Pa/2L., Baotou Kefa High Technology Co., Ltd.
China). One hundred milligramof dried and ground leaves and solvent weremixed and vacuum sealed in packing bag. The
bag placed into the extractor cavity. Leaves was extracted at set pressur, set extract time and set ratio of solid to liquid. After
extractin, the mixture was centrifuged at 5000g for 20 min. After centrifugation, the supernatant was filtered through a 0.45
um filter. The extraction yield of was calculated as follow:

15
T oh= 2

*100%
1

Y %: the extraction yield (%);
W2: the weight of DNJ in extracts (g);
W1: the weight of leaves (g).

Deter mination of DNJ
The concentration of total phenolsin extracts was measured by HPLC
20 uL of the extract was injected intoan HPLC system (Waters, New York, USA). A Waters XTerra RP-18(150
mmx4.6 mm 5um) column with a Waters 2996 photodiodearray detector was used to measure DNJ. The conditions were as
follows: column temperaturewas 25°C, detection wavelength 254 nm, mobile phase of acetonitrile-0.1% aqueousacetic acid
(2:1, v/v) at 1.0 mL/minfor 10 min.

[14]

Optimization of UHPE with response surface methodology

According single-factor test, pressure (X1), extract time (X2) and r thanol concentration ((X3) were used critical
various processing parameters. Three levels (low, medium and high) denoted as-1, 0, and +1 respectively. The variables were
coded according to follow equation: xi=(Xi- X0)/AXi.(where xi is the coded value of an independent variable. X; is the rea
value of an independent variable. X, isthe real value of an independent variable at the center point and AX; is the step change
value. The code and level of factors chosen for the trialsin this study are givenin TABLE 1.

TABLE 1: Code and level of factors

Code

Variousparameters  Code Levels
values
X1 -1 350
Pressure (MPa) 0 400
1 450
X2 -1 25
extract time(min) 0 3
1 35
X3 -1 70
Ethanol 0 75

concentration(%o) 1 80
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The response function used was a quadratic polynomial equation as given below:
Y =A+) AX + D AXX,
i=1 i=1

Where Y is DNJ yield. A is constant; A; is linear coefficients and A;; is cross-product coefficients and quadratic
coefficients. All data was analysis by SAS software.
RESULT AND DISSCUSS

Single-factor test of extraction parameterson yield
To study the effect of extraction parameters on yield. The experimental design was presented in Figure 1.
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Figure 1 : Effect of extraction parameterson yield

It Indicates the influence of pressure (200MPa-600M Pa), extraction time (1-5 min) and the ratio of solid to solvent
(0.075-0.175 g/mL) on the extract yield.

In the effect of extraction parameters on yield, the yield was increase with pressure when pressure lower at 400M pa.
Thisis because the cell of leaves were destroyed with pressure increased. The DNJ easy to release from cell. When more than
400MPa, cell has been full destroyed.

The mechanism of the UHPE process here has two main stages. First, dissolution of DNJ was increased with time,
thisistheinxreased cell destroyed with time increase. Secondly, cell has been full destroyed. Theyield keep constant.

In the effect of ethanol on yield, While 75% EtOH as extraction solvent was highest level of extract yield.
Accordingly, water is acting as the plant swelling agent, while ethanol is believed to disrupt the bonding between the solutes
and plant matrices. So suitable EtOH concentration isimportant.

Optimization of inclusion conditions

According the design, the test results were presented in TABLE 2. A Box-Behnken design under RSM was used
analysis interactive of pressure (X1), extract time (X,) and r thanol concentration ((X3). The code and level of factors were
selected from single factor test. he regresson model of the effect of different variables including interaction between
variables on the yield were also obtained. Regression equation as follows:

Y=0.092-1.612x,-7.512x - 1.950x5-3.025x 1%,-5.550x X 3-2.800x,x5-0.034x,%- 7.448x ,°-0.51 1x 5>

TABLE 2: Box-Behnken expertmental design and results

No. X1 X2 X3 Y /%
1 -1 -1 0.0789
2 -1 1 0.0812
3 1 -1 0.0712
4 1 1 0.0623
5 -1 0 -1 0.0465
6 -1 0 1 0.0531
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7 1 -1 0.0512

1 1 0.0356

-1 -1 0 0.05%4
10 -1 1 0 0.0447
11 1 -1 0 0.0614
12 1 1 0 0.0386
13 0 0 0 0.0910
14 0 0 0 0.0854
15 0 0 0 0.0956

Statistical analysis of quadratic regression model was tested by the Fisher’s F-test for analysis of variance
(ANOVA). The statistical software package Design-Expert 6.0 and the analysis of variance for regression equation was

shown in TABLE 3.

13135

In TABLE 3, the model F-value of 53.46 implies that model is highly significant. Values of “Prob > F less than
0.00001indicate that model terms are very significant. Another evidence is the lack-of-fit F value. The lack-of-fit F value of
0.456 implies the lack of fit is not significant relative to the pure error.

TABLE 3: Analysis of variancetable

Source Squares df Mean square F Value Prob>F significant
Model 6.730 9 7.478 53.46 <0.0001 yes
X1-pressure 2.080 1 2.080 1.49 0.2622 no
Xo-time 4.515 1 4.515 32.28 0.0007 no
Xs-ethanol 3.042 1 3.042 217 0.1838 no
XX 3.660 1 3.660 2.62 0.1498 no
X1X3 1.232 1 1.232 8.81 0.0209 no
XoX3 3.136 1 3.136 2.24 0.1780 no
X, 4.938 1 4.938 353.04 <0.0001 no
X 2.335 1 2.335 16.69 0.0047 no
X3 4.977 1 4.977 35.58 0.0006 no
Residual 9.792 7 1.399 no
Lack of Fit 2.683 3 8.944 0.50 0.7004 no
Pure Error 7.109 4 1777
Cor Total 6.828 16 R 0.9672 R2 0.9857

The effect of one factor solely depends on the value of the other. The fitted response surface plot was generated by
statistically significant above model by Design Expert program to understand interaction of parameters required for optimum
yield. Figure 2 represents that interaction of the pressure (x;), time (X,) and ethanol concentration (x3) on yield.
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Figure 2 : Response surface plot and it’s contour plot

By analysis plots of Figure 2, the predicated yield is as 0.0936% and lies in the following ranges of the examined
variables. alcohol concentration of 73.125%, extraction time of 2.76min, extraction pressure of 400 MPa. Under these
conditions, the trail experiments were conducted under optimized process condition. Ethanol concentration of 73%,
extraction time of 3min, extraction pressure of 400 MPa were used for extract. The yield was 0.0931%.

CONCLUSIONS

Single factor experiment and response surface methodology were carried out to obtain the optimum extraction
process of DNJ from |leavesT he extraction by response surface methodology could accurately reflect the effects of factors on
the extraction yield of DNJ and interaction among factors. The obtained regression model could agree well with practical
situation, which could provide a certain theoretical direction for extraction of DNJ. Moreover, UHPE can increase the extract
yield of in leaves, because it can destroy the cell of leaves.
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