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ABSTRACT 

Silkworm powder containing 1-deoxynojirimycin (DNJ) has α-glucosidase inhibitory activity and is promising as a 
complementary and alternative medicine (CAM) agent in Japan. Silkworm powder produced in Korea was extracted 
with 75% ethanol. The extract was derivatized with 9-fluorenylmethyl chloroformate (FMOC-Cl), and DNJ-FMOC 
content was measured by HPLC. Then, alfa-glucosidase inhibition by silkworm and mulberry powder in pig liver crude 
enzyme was assayed using 4-nitrophenyl-alfa-D-glucopyranoside as a substrate. Silkworm powder DNJ content (0.39% 
to 0.58%) was higher than that in mulberry powder (0.08% to 0.12%). The alfa-glucosidase inhibitory activity of silk-
worm powder was more potent than that of mulberry leaves and green tea. Silkworm powder DNJ was stable upon 
heating to 121˚C for up to 15 min.  
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1. Introduction 

Silkworm and silkworm droppings have long been used 
in China and Korea as a folk remedy for the treatment of 
diabetes. Silkworm powder has blood glucose-lowering 
effects [1], and mulberry leaves, the diet of silkworms, 
effectively inhibit alfa-glucosidase in the human small 
intestine [2]. Mulberry leaves contain about 0.11% (dry 
weight) 1-deoxynojirimycin (DNJ), a potent alfa-glucosi- 
dase inhibitor [3]. Comparisons have shown that DNJ 
content is 2.7-fold higher in silkworms than in mulberrys 
[4]. Thus, silkworm powder, with higher expected DNJ 
content than mulberry leaves, is considered to be a 
promising CAM agent in Japan. However, direct com-
parison of DNJ content between the silkworm powder 
available in Japan and mulberry leaves has not previ-
ously been performed. One of the pharmacologic effects 
of DNJ is a decrease in infections due to type A influenza 
and human parainfluenza viruses [5,6]. The mechanism 
of this antiviral activity is related to DNJ inhibition of 
microsomal alfa-glucosidase I and II, which are involved 
in viral protein synthesis and glycoprotein processing. 

This blocks the synthesis of viral surface envelope pro-
teins, thus preventing viral replication. Trimming gluco-
sidase, involved in protein synthesis, has been isolated 
from pig liver [7,8]. Crude alfa-glucosidase was prepared 
from liver, and using mulberry powder and green tea 
powder (common beverage in Japan) as standards, in-
hibitory activity of silkworm powder was measured. In 
addition, when silkworm powder is used as a supplement, 
sterilization of the raw materials is often performed for 
hygienic reasons. However, the stability of DNJ when 
heated to 121˚C has not previously been reported. 
Therefore, we evaluated the stability of DNJ for potential 
use as an antidiabetic and antiviral CAM agent in Japan. 

2. Materials and Methods 

Silkworm powder (SwP1, Wwp2) produced in Korea 
was purchased from Bombyx Co. in Japan, while mul-
berry powder (MulP1-3) and green tea powder (GTP) 
were purchased as commercially distributed products in 
Japan.  

After heating at 121˚C for 5 to 60 min for SwP1 and 
Wwp2, they were used for heat stability assay. Each 
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powder was extracted with 75% ethanol, and test extracts 
were stored at 5˚C. Extracts were ultrafiltrated and deri-
vatized with 9-fluorenylmethyl chloroformate (FMOC- 
Cl), and DNJ content was then measured by HPLC [9]. 
Fresh pig liver was homogenized in phosphate buffer 
(pH 6.5) containing 100 µM phenanthroline monohy-
drate and 0.25 M sucrose, and was then centrifuged (4˚C, 
10,000 rpm, 30 min) to obtain the supernatant. This was 
centrifuged (4˚C, 18,000 rpm, 30 min) to obtain the pre-
cipitate. Triton X-100 was added to a final concentration 
of 0.1%, and the extract was used as crude alfa-glucosi- 
dase. We assayed alfa-glucosidase inhibitory activity using 
4-nitrophenyl-alfa-D-glucopyranoside as a substrate. After 
reacting at pH 6.4 and 37˚C for 60 min, we measured the 
increase in absorbance at 405 nm to determine enzyme 
activity and calculate inhibition. 

3. Results and Discussion 

DNJ content in silkworm powder ranged from 0.39% to 
0.58%, and that in mulberry powder ranged from 0.08% to 
0.12% (Figure 1). DNJ content in silkworm powder, as 
compared to mulberry powder, was 3 to 7 times higher.  

In order to compare whether DNJ content in silkworm 
powder is higher than in mulberry powder and mulberry 
food products, it was compared with previously reported 
DNJ content in mulberry powder and mulberry food 
products [10-12]. Silkworm powder clearly has higher 
DNJ content than in mulberry powder produced in Japan 
or China, and contains an equal or greater amount of 
DNJ than mulberry leaf tablets made in Japan. DNJ con-
tent in silkworm powder is lower than propolis mixed 
with mulberry extract, with reported antidiabetic effects 
[13]. However, because daily ingestion is likely to be 
higher, silkworm powder can be used as a supplement for 
effective glycemic control in type 2 diabetic patients. 
DNJ content is higher in silkworm powder than in mul-
berry powder because when mulberry leaves are dam- 
aged by insects, a milky sap is secreted, and this milky 
sap contains high DNJ content, ranging from 0.32 to 
0.47% [14]. 

Bioconcentration is thought to occur when silkworms 
consume the milky sap together with the leaves. Mul-
berry DNJ content is correlated with alfa-glucosidase 
inhibitory activity in the small intestine [9], and thus in 
silkworm powder, with higher DNJ content, more potent 
intestinal alfa-glucosidase inhibition is expected than that 
with mulberry leaves. To explore the potential of silk-
worm powder as an antiviral agent, inhibitory activity 
against liver-derived alfa-glucosidase was measured 
(Figure 2). Silkworm powder showed more potent in-
hibitory activity than mulberry or green tea powder. 
Japanese green tea extracts inhibit the growth of influ-

enza A and B [15], but DNJ in silkworm powder inhibits 
the growth of influenza by a mechanism that differs from 
catechins; oral consumption of mulberry leaves contain-
ing DNJ results in DNJ transfer to human blood [16]. 
When transferred to blood, DNJ acts on infected cells, 
and in combination, for example, with green tea, effec-
tive anti-influenza activity is likely. 

In order to evaluate heat stability (Figure 3), we heat-
ed silkworm powder to 121˚C for 5 to 60 min and mea- 
 

 

Figure 1. 1-deoxynojirimycin (DNJ) content in powders of 
silkworm (SwP) and mulberry (MulP). 
 

 

Figure 2. Alfa-glucosidase inhibitory activity in powders of 
silkworm（SwP), mulberry (MulP) and green tea (GtP). 
 

 

Figure 3. Heat stability of 1-1-deoxynojirimycin in Silk-
worm powder. 
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sured residual DNJ. The DNJ was relatively heat stable 
for up to 15 min. Therefore, sterilized silkworm powder, 
as a supplement raw material, has a DNJ content similar 
to that when not heated. 

In conclusion, the use of silkworm powder as an 
antidiabetic CAM agent in Japan may also prevent in-
fluenza viral infections. This makes silkworm powder a 
promising CAM agent. 
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