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Mulberry leaves containing 1-deoxynojirimycin (DNJ) known to be a strong inhibitory effect for 
a-glucosidase. Thus, DNJ has been recognized as a potentially important source for prevent 
or treat hyperglycemia. More effective method for the DNJ high-production is needed because 
DNJ content of natural mulberry leaf are as low as 0.1%. Many researchers have studied 
for the DNJ high-production in mulberry leaves such as the harvest season, fermentation 
using microorganisms, optimal culture conditions, and optimal extraction conditions. In order 
to provide for useful data that is anticipated at the level of industrial scale, we investigated 
a-glucosidase inhibitory activity, pH value and DNJ content in large-scale based on the 
optimal culture conditions for mulberry leaf fermentation of small-scale in our previous study. 
The a-glucosidase inhibitory activity, pH value, and DNJ content in this study were measured 
from the mulberry leaf fermentation broth for 7 days. During mulberry leaf fermentation, the 
a-glucosidase inhibitory activity and DNJ content was increased until 2 to 4 days, but after 4 
day was decreased. The pH value showed a decreasing trend up to 2 day, and little changes 
in 2 to 4 days. However, the pH was started to increase after 4 days.
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Introduction

Mulberry family (Moraceae) comprises 37 genera with 
approximately 1,100 species distributed throughout tropical, 
sub-tropical, and temperate regions of the world (Adolkar 
et al., 2007; Clement and Weiblen, 2009; He et al., 2013). 
Mulberry (Morus alba L.) has long been used as a traditional 
medicine and food in Asian countries (Korea, China, and 
Japan) (Sastry, 1984; Jeong et al., 2014). In addition, 
mulberry has been used in East Asia (Korea, China, and 
Japan) as an herbal medicine for various pharmacological 
effects 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 and fruits 
are commercially available in the form of various products, 
including teas, jam, marmalade, frozen desserts, pulp, juice, 
paste, ice cream, and wine in Korea and some other countries 
(Pawlowska et al., 2008; Kimura, 2011; Priya, 2012). The 
case of Korea, mulberry leaves have traditionally been 
used to treat diabetes, lower blood pressure, and to promote 
urination (Lee, 1981). Therefore, mulberry has been used as a 
potentially important source for prevent or treat.
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Materials and Methods

Sample preparation

Mulberry leaves were collected from the Sericulture and 
Apiculture Division for Department of Agricultural Biology, 
RDA, Suwon, Republic of Korea. These samples were dried, 
ground to powder for fermentation, and stored at 4°C until use. 
Bacillus subtilis KJ 21 (KACC 19079) isolated from soil was 
cultured on mulberry leaf powder media.

Mulberry leaf fermentation

The fermentation conditions were carried out based on results 
of our previous study (Kwon et al., 2017). The mulberry leaf 
fermentation medium contain the following compositions (g/
L): 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. All 
media were autoclaved at 121°C for 10 min. The initial pH 
value of the fermentation medium was approximately pH 7. 
Before fermentation, the seed cultures of B. subtilis KJ 21 was 
cultured on LB broth (Luria-Bertani) and incubated at 37°C 
with shaking 120 rpm for 1 day. The mulberry leaf fermentation 
was performed in a 2 L capacity in a 5 L fermentation tank 
of Marado-PDA (CNS Co., Ltd, Daejeon, Korea) and added 
0.4% (v/v) of Bacillus inoculum (seed culture). Temperature 
and agitation speed of the fermentation were maintained at 37 
°C and 180 rpm, respectively. The concentration of dissolved 
oxygen (DO) in the fermentation was maintained at about 0.2%. 
α-Glucosidase inhibitory activity, pH value, and DNJ content 
were measured from the mulberry leaf fermentation broth for 1 
to 7 days.

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). The inhibitory activity of α-glucosidase 
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 

Mulberry has recognized as a potentially important 
functional food and source due to their biologically active 
compounds, such as 1-deoxynojirimycin (DNJ), flavonoids 
(anthocyanin, rutin, quercetin, and isoquercitrin), steroids, 
amino acids, polysaccharides, γ-aminobutyric acid (GABA), 
and vitamins (Yang and Tsai, 1994; Doi et al., 2001; Anno et 
al., 2004; Choi and Hwang, 2005; Wang et al., 2008; Quin et 
al., 2010; Zhang et al., 2016). Many Asian countries including 
Korea, China, and Japan practiced to take tea of mulberry 
leaves used as antidiabetic (Bajpai and Rao, 2014). Mulberry 
leaves have been known to be rich in iminosugars such as 
the glucose analogue 1-DNJ, N-methyl-DNJ, and 2-O-R-D-
galactopyranosyl-DNJ (Asano et al., 2001). DNJ was isolated 
from natural product (Shibano et al., 2004), and it is firstly 
reported in 1976 in the root bark of Mulberry (Morus species) 
(Yagi et al., 1976). This compound was known to be the 
inhibition of maltase and sucrase in the human and rat small 
intestinal (Asano et al., 1994; Miyahara et al., 2004; Oku et 
al., 2006), and has a strong intestinal α-glucosidase inhibitor 
(Jeong et al., 2014).

Human biologically effective dose of DNJ is 6 mg per 
60 kg body weight, while the DNJ content of mulberry 
leaf is as low as approximately 100 mg per 100 g (0.1%) 
of dry tea (Kimura et al., 2004; Gao et al., 2016). Thus, 
many researchers have studied for enhancement of DNJ 
production using mulberry leaves (Vichasilp et al., 2012; 
Jeong et al., 2014; Jiang et al., 2014; Ju et al., 2016). Jeong 
et al. (2014) and Jiang et al. (2014) reported that mulberry 
leaf fermentation by various microorganisms was increased 
in DNJ contents and α-glucosidase inhibitory activity in 
comparison to unfermented mulberry leaf.

In our previous study (Kwon et al., 2017), we confirmed 
the inhibitory activity of α-glucosidase was greatly increased 
average 20.12% in mulberry leaf fermentation by using B. 
subtilis KJ 21. In addition, we also confirmed the optimal 
culture conditions (about pH 7, inoculation amount 0.4%, and 
fermentation time of 2 to 4 days) increasing α-glucosidase 
inhibitory activity in mulberry leaf fermentation of small-
scale. Therefore, the aim of this study was investigated 
α-glucosidase inhibitory activity, pH value and the DNJ 
content in large-scale of mulberry leaf fermentation based on 
a basic data of previous study.
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confirmed that α-glucosidase inhibitory activity and DNJ content 
for mulberry leaf powder fermented by B. subtilis KJ 21 were 
greatly increased average 20.12% and 1.5-fold respectively, than 
unfermented. Based on the optimal culture conditions (about 
pH 7, inoculation amount 0.4%, and fermentation time of 2 to 
4 days) for mulberry leaf fermentation of small-scale in our 
previous study, when B. subtilis KJ 21 was cultured on mulberry 
leaf powder media for 1 to 7 days, the inhibitory activity of 
α-glucosidase according to scale-up are shown in Fig. 1. As a 
result, α-glucosidase inhibitory activity in large-scale of mulberry 
leaf fermentation for 7 days ranged from 66.59 ± 3.13 to 89.29 ± 
3.28%. The highest α-glucosidase inhibitory activity was 89.29 
± 3.28% at 2 day of fermentation, while the lowest α-glucosidase 
inhibitory activity was 66.59 ± 3.13 at 7 day of fermentation. 
Overall, α-glucosidase inhibitory activity in large-scale of 
mulberry leaf fermentation was increased until 2 to 4 days, but 
after 4 day was decreased. Especially, in fermentation of 2 day 
and 3 day shown that α-glucosidase inhibitory activity were 
increased significantly by 11.98 and 11.02 % respectively, than 1 
day of incubation. These results are similar to our previous study 
(Kwon et al., 2017) for mulberry leaf fermentation of small-
scale. Therefore, mulberry leaf fermentation according to scale-
up is not much difference to α-glucosidase inhibitory activity in 
small-scale.

HPLC chromatograms of DNJ in mulberry leaf fermentation 
for 1 to 7 days are shown in Fig. 2. The DNJ was detected 
in retention time of 1.9 min. Overall, the DNJ content until 
2 to 7 days showed high 1.11 to 1.19-fold, than 1 day of 

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). The inhibitory activity of 
α-glucosidase was calculated using the following equation:

Inhibition (%) = 
A405(inhibition) - A405(control) / A405(enzyme) - A405(blank) × 100

The inhibitory activity of α-glucosidase is 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).

DNJ determination

The DNJ content analysis was performed using the modified 
Jiang et al. (2014). The DNJ crude extract of mulberry 
fermentation broth was mixed with 0.4 M borate buffer (10 μL), 
5mM FMOC-CI (9-fluorenylmethyl chloroformate) (20 μL), and 
then the mixture was reacted on 20°C for 20 min. Finally, 0.1 M 
glycine (10 μL) was added to the sample, which was adjusted to 
950 μL with 10% acetic acid. The DNJ content was determined 
using SHISEIDO SP3203 HPLC system with fluorescence 
detection (Shiseido Co., Ltd., Japan; excitation 254 nm, emission 
322 nm) and a Phenomenex C-18 (25 x 4.6 mm, 5 μm, USA) 
column. The chromatography conditions were as follows: 
column temperature 40°C; flow rate, 1mL/min; injection volume, 
10 μL; mobile phase, acetonitrile (solvent A) - 0.1% of aqueous 
acetic acid (solvent B) 50:50 (v/v); and detection wavelength, 
254 nm.

Results and Discussion

-Glucosidase inhibitory activity and DNJ 
content according to scale-up of mulberry leaf 
fermentation

In previous study, we (Ju et al., 2015; Kwon et al., 2017) 

Fig. 1. α-Glucosidase inhibitory activity according to scale-up of 
mulberry leaf fermentation. *, 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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showed that correlation existed between the DNJ content and 
α-glucosidase inhibitory activity in mulberry leaf fermentation.

Changes in pH value of mulberry leaf fermentation 
by using B. subtilis KJ 21

The pH changes in fermentation scale-up of mulberry leaf 
for 1 to 7 days are shown in Fig. 3. The initial pH value of 
medium before fermentation was 6.8, and decreased rapidly 
to pH 5.8 after 2 days of mulberry leaf fermentation. In 2 to 4 
days of fermentation were little changes of the pH values (pH 
5.8, 5.82, and 5.83, respectively). However, the pH value was 
started to increase after 4 days and showed pH 6.79 in 7 days of 
fermentation. Sini et al. (2007) and Seo et al. (2017) reported 
the pH changes of fermentation by B. subtilis. Sini et al. (2007) 
reported that the pH value of shrimp shell fermentation by 
using B. subtilis showed a decreasing trend up to 8 day and 
thereafter started increasing. Seo et al. (2017) also reported 
that the pH value of mulberry leaf fermentation by B. subtilis 

fermentation. The DNJ content showed high in 2 day and 3 
day of fermentation. The DNJ content in 2 day and 3 day were 
increased by 1.18 and 1.19-fold, respectively, then 1 day of 
fermentation. The DNJ content of mulberry leaf fermentation 
was increased after 1 day, and after 4 day was decreased. 
Jeong et al. (2014) reported that mulberry leaf powder extract 
fermented by microorganisms (Lactobacillus plantarum, 
Zygosaccharomyces rouxii, Wickerhamomyces anomalus, and 
B. subtilis) were increased DNJ contents (1.2 to 2-fold) and 
α-glucosidase inhibitory activity than unfermented mulberry leaf 
powder extract. In addition, Yatsunami et al. (2008) suggested 
that a strong correlation existed between DNJ content and 
α-glucosidase inhibitory activity in mulberry leaves. Vichasilp 
et al. (2012) suggested that α-glucosidase inhibitory activity of 
mulberry leaves were highly correlated with DNJ concentration, 
and α-glucosidase inhibitory activity is mainly due to DNJ. 
Increase or decrease of the DNJ content according to mulberry 
fermentation times in this study showed similar trend to the 
results of α-glucosidase inhibitory activity. Thus, these results 

Fig. 2. HPLC chromatograms of DNJ in mulberry leaf fermentation. (A) DNJ reference standard; (B-H) HPLC chromatograms of DNJ 
produced in mulberry leaf fermentation for 1 to 7 days. Black arrows indicate DNJ peak.
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activity and DNJ content were decreased with increasing pH 
after 4 days. During mulberry leaf fermentation, the pH changes 
in mulberry leaf fermentation might be affected the α-glucosidase 
inhibitory activity and DNJ content. Thus, these results will 
be able to provide additional useful data that is anticipated at 
the level of industrial scale. Furthermore, for mulberry leaf 
fermentation by using B. subtilis KJ 21 to be used as a level 
of industrial scale, further studies of the various operational 
parameters such as optimized oxygen supply and agitation are 
needed.
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