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Mulberry leaves containing 1-deoxynojirimycin (DNJ) have been recognized as a potentially 
important source for prevent or treat hyperglycemia. However, DNJ content of natural mulberry 
leaf are as low as 0.1%. Thus, the most effective method for increasing a-glucosidase 
inhibitory activity with the DNJ high-production is needed. In this study, we investigated 
the influence of a-glucosidase inhibitory activity according to different pH values (6-9) and 
inoculation amounts (0.1-0.5%) when Bacillus subtilis cultured on mulberry leaf powder 
media. We confirmed that a-glucosidase inhibitory activity was difference according to culture 
conditions of different pH values, inoculation amounts, and fermentation times. The results 
of mulberry leaf fermentation according to pH values and inoculation amounts were shown 
that the optimal conditions for a-glucosidase inhibitory activity were defined as pH 7 and 9, 
inoculation amount 0.4%, and incubation until 2 to 4 days. These results can be provided a 
basic data for the optimal culture conditions increasing a-glucosidase inhibitory activity from 
mulberry leaf fermentation.
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Introduction

Mulberry (Morus alba L.) has widely distributed from the 
tropical, sub-tropical, and temperate regions of the world. It has 
long been used as a traditional medicine and foods in Korea, 
China, and Japan (Sastry, 1984; Jeong et al., 2014). Mulberry 
has been reported to various pharmacological activities, such as 
anti-hyperlipidemic (Kim et al., 1998; Dimo et al., 1998), anti-
hypertensive (Fukai et al., 1985), anti-hyperglycemic (Singab et 
al., 2005), anti-allergic (Chai et al., 2005), hepatoprotective (Oh 
et al., 2002), and immuno-modulatory (Bharani et al., 2010). 
Mulberry leaves have been used for feeding silkworms (Bombyx 
mori L.) or as Chinese herbal tea based on folklore, especially for 

diabetes (Kojima et al., 2010; Kimura. 2011; Jiang et al., 2014).
Mulberry leaves possess the biologically active compounds 

such as 1-deoxynojirimycin (DNJ), rutin, quercetin, isoquercitrin, 
chorogenic acid, and caffeic acid (Anno et al., 2004; Choi 
and Hwang, 2005). In particular, mulberry leaves have rich 
in iminosugar (N-containing sugar) including DNJ, and these 
compounds have a strong inhibitory effect for α-glucosidase 
(Miyahara et al., 2004; Naowaboot et al., 2009; Jeong et al., 
2014). α-glucosidase inhibitor is usually used to prevent or 
medical care of type II diabetes (Floris et al., 2005). These 
inhibitors combine with intestine α-glucosidase and blocking 
the absorption of postprandial blood glucose (Holman, 1998). 
Researchers have reported that the human and rat small intestinal 
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cultured on mulberry leaf powder media. Basic culture 
medium based on initial pH 7 were adjusted to different 
pH values (6, 8, and 9) using either 1 M HCl or NaOH, and 
then transferred 50 ml of each culture medium into 250 mL 
flasks. Different inoculation amounts (0.1-0.5%; v/v) were 
inoculated to each culture medium according to pH value. 
The α-glucosidase inhibitory activity was measured from 
each fermentation broth of 1 to 7 days.

I. Mulberry leaf powder concentration: 2.5 % (w/v)
II. Inoculation concentration of Bacillus subtilis: 0.1, 0.2, 0.3, 

0.4, and 0.5% (v/v)
III. KACC accession number of Bacillus subtilis used in this 

study: KACC 19079

Measurement of -glucosidase inhibitory activity

The inhibitory activity of α-glucosidase for the fermentation 
broth against was performed using the modified Yamaki and 
Mori method (2006), and determined by reaction between 
α-glucosidase and 4-nitrophenyl α-D-glucopyranoside (4-NPG). 
The fermentation broth was centrifuged at 10,000 rpm for 10 
min, and transferred the supernatant to a new Eppendorf tube. 
The supernatant 20 μL was mixed with 1M potassium phosphate 
buffer (pH 6.8) 75 μL, 12 mM 4-NPG 50 μL as substrate, and 
20 μL of rat intestine acetone powder solution (Sigma-Aldrich, 
St. Louis, MO, USA). The mixture was incubated at 37°C for 
35 min to produce 4-nitrophenol. The reaction was terminated 
by addition of 50 μl of 200 mM Na2CO3, and measured by the 
intensity of absorbance at 405 nm using a microplate reader 
(Model Synergy HT; BioTek Instruments Korea, Ltd., Seoul, 
Korea).

< Calculation >
Inhibition (%) = 
A405(inhibition) – A405(control) / A405(enzyme) – A405(blank) × 100

Statistical analysis

All data are expressed as mean ± standard deviation (SD) of at 
three independent experiments. Significant differences relative 
to controls were analyzed using one-way ANOVA followed by 
Tukey’s test (p < 0.05) using Prism (GraphPad Software Inc., La 
Jolla, CA, USA).

maltase and sucrase were strongly inhibited by mulberry leaf 
extract (Asano et al., 1994; Miyahara et al., 2004; Oku et al., 
2006). These results were confirmed that the inhibition of 
maltase and sucrase was mainly due to the presence of DNJ 
(Asano et al., 1994). Therefore, mulberry has been recognized as 
a potentially important source for prevent or treat hyperglycemia.

DNJ has been isolated from natural source (several higher 
plants), such as mulberry leaves and Commelina communis 
(dayflower) (Shibano et al., 2004). It has also been produced 
by microorganisms, including species from Bacillus (Stein el 
al., 1984), Streptomyces (Gui et al., 2004), and Actinoplanes 
(Schmidt et al., 1977). However, DNJ content in commercially 
available mulberry leaf products is as low as 0.1% (100 mg/100 
g dry product) (Kimura et al., 2004). Thus, more effective 
method of extraction and culture for the DNJ high-production 
is needed. In this study, we investigated the inhibitory effects of 
α-glucosidase activity according to different pH values (6-9) and 
inoculation amounts (0.1- 0.5%) when Bacillus subtilis cultured 
on mulberry leaf powder media.

Materials and Methods

Sample preparation and culture

Mulberry leaves were collected from the Sericulture and 
Apiculture Division for Department of Agricultural Biology, 
RDA, Suwon, Republic of Korea. These samples were 
dried at room temperature, ground into powder, and kept 
at 4°C until α-glucosidase inhibitory activity analysis. The 
culture media contain the following compositions: Fe2(SO4)3 
0.028g, ZnCl2 0.007g, CaCl2 0.15g, K2HPO4 14g, KH2PO4 
6g, (NH4)2SO4 2g, MgSO4·7H2O 0.2g, MnSO4 0.0017g, and 
glucose 25g with 2.5% (w/v) mulberry leaf powder. Bacillus 
subtilis (KACC 19079) isolated from soil was cultured on 
mulberry leaf powder media, and incubated at 37°C with 
shaking 120 rpm for 7 days.

The culture conditions of different pH values and 
inoculation amounts

The inhibitory activity of α-glucosidase was determined by 
different pH values (6, 7, 8, and 9) and inoculation amounts 
(0.1, 0.2, 0.3, 0.4, and 0.5%; v/v) when Bacillus subtilis 
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powder media, the inhibitory activity of α-glucosidase increased, 
than when not added mulberry leaf powder (Fig. 1B-1F). In 
addition, the inhibitory activity of α-glucosidase was greatly 
increased average 20.12% when added mulberry leaf powder. 
In particular, α-glucosidase inhibitory activity in inoculation 
amount 0.4% and 3 day of incubation were greatly increased 
up to 38.73%, than when not added mulberry leaf powder. Ju et 
al. (2015) reported that fermentation of mulberry leaf powder 
(MLP) by microorganisms was the best method for producing 
DNJ. Jeong et al. (2014) also reported that mulberry leaf powder 
extract fermented by microorganisms (Lactobacillus plantarum, 
Zygosaccharomyces rouxii, Wickerhamomyces anomalus, and B. 
subtilis) was increased for the DNJ content (increased 1-2 fold) 
and α-glucosidase inhibitory activity than unfermented mulberry 

Results and Discussion

Influence of -glucosidase inhibitory activity 
according to add mulberry leaf powder

α-Glucosidase inhibitory activity was investigated in culture 
broth from Bacillus subtilis in basic culture medium (pH 7) when 
not added mulberry leaf powder. α-glucosidase inhibitory activity 
for different inoculation amounts (0.1-0.5%; v/v) of B. subtilis 
for 7 days are shown in Figure 1. As a results, α-glucosidase 
inhibitory activity of B. subtilis for inoculation amounts (0.1-
0.5%; v/v) until 1 to 7 days ranged from 46.20 ± 1.39 to 68.30 ± 
5.61% (Fig. 1A).

On the other hand, when B. subtilis cultured on mulberry leaf 

Fig. 1. The effects of α-glucosidase inhibitory activity according to mulberry leaf fermentation. (A) α-glucosidase inhibitory activity of B. 
subtilis for inoculation amounts (0.1-0.5%); (B-F) Comparison of α-glucosidase inhibitory activity between B. subtilis and mulberry leaf 
fermentation for different inoculation amounts (0.1-0.5%). *, Significant different between B. subtilis and mulberry leaf fermentation. The 
values are expressed as mean ± SD (n=3), and the data were analyzed using one-way ANOVA. *P<0.05, **P<0.01, and ***P<0.001.
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and 0.5% at 3 day of incubation. Overall, the inhibitory activity 
of α-glucosidase for different pH values (6-9) and inoculation 
amounts (0.1-0.5%; v/v) was increased until 2 to 4 days, but after 
4 day was decreased (Fig. 2). Furthermore, until 2 to 4 days of 
incubation at inoculation amount 0.4%, the inhibitory activity 
of α-glucosidase showed the higher stable range (less than 5%) 
from 87.91 ± 1.23 to 91.43 ± 1.73% and from 88.01 ± 1.57 
to 90.870 ± 3.33% at pH 7 and 9, respectively, than other pH 
values (6 and 8) and inoculation amounts (0.1, 0.2, 0.3, and 
0.5%) (Fig. 3).

Currently, mulberry is commercially available of various 
mulberry food products including teas, powders, and tablets in 
many countries (Kimura, 2011). Mulberry leaves contain DNJ 
have been traditionally used as medicine for blood sugar control, 
and DNJ was known to be a strong intestinal α-glucosidase 
inhibitor (Kimura et al., 1995; Asano et al., 2001; Jeong et al., 
2014). Due to DNJ constitutes only 0.11% (w/w) in mulberry 
leaf and the synthesis of DNJ is a complex process, DNJ is an 
expensive compound (Kimura et al., 1995; Asano et al., 2001; 
Asai et al., 2011). Many researchers have studied for the DNJ 
high-production in mulberry leaves, such as the harvest season 
(Yatsunami et al., 2008; Nakanishi et al., 2011), fermentation 

leaf powder extract. Likewise, we confirmed an increase in 
α-glucosidase inhibitory activity according to added mulberry 
leaf.

The effects for culture conditions of different pH 
values and inoculation amounts

When Bacillus subtilis was cultured on mulberry leaf powder 
media until 1 to 7 days, α-glucosidase inhibitory activity 
according to different pH values (6-9) and inoculation amounts 
(0.1-0.5%; v/v) are shown in Figure 2. In basic culture medium 
of pH 7, the inhibitory activity of α-glucosidase for inoculation 
amounts (0.1-0.5%; v/v) ranged from 46.50 ± 1.02 to 91.43 ± 
1.73%. In addition, α-glucosidase inhibitory activity of culture 
media adjusted to pH 6, 8, and 9 ranged from 67.82 ± 5.75 to 
91.48 ± 2.05%, 56.76 ± 4.74 to 91.71 ± 2.96%, and 67.82 ± 
1.01 to 90.98 ± 4.01%, respectively. Among them, the highest 
α-glucosidase inhibitory activity showed over 91% from 
inoculation amount of 0.4% at pH 6 (4 day of incubation), 
0.4% at pH 7 (2 day of incubation), and 0.3% at pH 8 (2 day of 
incubation). α-glucosidase inhibitory activity at pH 9 showed 
over 90% in culture conditions of inoculation amount 0.3, 0.4, 

Fig. 2. The inhibitory activity of α-glucosidase in mulberry leaf fermentation according to different inoculation amounts (0.1-0.5%) and pH 
values (6-9). (A-E) α-glucosidase inhibitory activity for each inoculation amount and pH value. The values are expressed as mean ± SD (n=3). 
*, Significant difference compared to 1 day of incubation. The values are expressed as mean ± SD (n=3), and the data were analyzed using 
one-way ANOVA. *P<0.05, **P<0.01, and ***P<0.001.
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defined as pH 7 and 9, inoculation amount 0.4%, and incubation 
until 2 to 4 days. It was conducted to determine factors that 
influence the activity of α-glucosidase inhibitor produced by B. 
subtilis under various fermentation conditions and these results 
provide a basic data for optimal culture condition increasing 
α-glucosidase inhibitory activity from mulberry leaves through 
fermentation. Thus, these results will be useful for produce cost-
effective part and productive α-glucosidase inhibitors.
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