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In relation to the global increase trend of obesity population, there is a demand for the 
development of foods having high functional activity by mass-extracting anti-obesity active 
substances using mulberry product such as leaf and fruit. Therefore, we evaluated the anti-
obesity efficacy according to varieties by using the mulberry leaves and fruit extracts. At the 
same time, high active varieties were selected. For this purpose, the effects of the extracts 
of the mulberry leaf and fruit on 3T3-L1 adipocyte differentiation were examined. As a result, 
in the case of mulberry leaves, the lipid accumulation inhibitory rate of ‘Cheongolppong’ 
was higher than that of the control at 500 mg/ml treatment. And in the case of the extract of 
mulberry fruit, ‘Daesim’ showed the highest lipid accumulation inhibitory rate compared with 
the control at 50 times of diluted extract.
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Introduction

Mulberry leaf is known to contain 1-deoxynojirimycin, a 
hypoglycemic component (Ju et al., 2015), and is mainly used 
as a tea (Ju et al., 2016). Recently, consumers are interested in 
the functional ingredients and efficacy of mulberry products 
such as mulberry leaf, mulberry fruit, root bark, branch and 
so on. In this regard, papers on functional ingredients such 
as rutin (Yun and Lee,1995; Kim et al., 2014a; Kim et al., 
2014b), resveratrol (Kim et al., 2011; Kim et al., 2012), and 
1-deoxynojirimycin (Kim et al., 2013) and selection of high-
content varieties for mulberry leaves have been reported. 
In addition, various effects such as lowering of cholesterol, 
antidiabetics, hypertension inhibition, prevention of 

arteriosclerosis, prevention of stroke are reported (Park et al. 
2013).

Now the sericulture industry in Korea is carrying out 
researches and policies related to the transition of paradigm 
called 'Functional sericulture'. In the case of mulberry fruit, since 
2002, the National Institute of Agricultural Sciences has been 
analyzing the functional ingredient content of mulberry fruit 
according to the mulberry variety or strain and developing food 
processing technology using it. 

As a result, many studies on the functional components of 
mulberry fruit have been reported that mulberry fruit contained a 
large amount of various functional ingredients such as cyanidin-
3-glucoside (C3G) (Kim and Kim, 2003), rutin (Kim and Kim, 
2004), γ-aminobutyric acid (GABA) (Kim et al., 2004), linoleic 

*Corresponding author.
Hyun-bok Kim
Sericultural and Apicultural Materials Division, National Institute of Agricultural Science, RDA, Nongsaengmyeong-ro 166, 
Iseo-myeon, Wanju-gun, Jeollabuk-do, 55365, Republic of Korea
Tel: +82632382871 / FAX: +82632383832 
E-mail: hyunbok@korea.kr

Comparison with various mulberry leaves' and fruit's extract in lipid 
accumulation inhibitory effect at adipocyte model

Hyun-bok Kim1,*, Jung Dae Lim2, Ae-Jung Kim3, Yong-Soon Kim1, and O-Chul Kwon1 
1National Institute of Agricultural Sciences, Wanju, 55365, Korea, Republic of Korea
2Kangwon National University, Samcheok, 25949, Korea
3Kyonggi University, Seoul, 03746, Korea

Abstract



2       3

Hyun-bok Kim et al. 
Comparison with various mulberry leaves' and fruit's extract in lipid accumulation inhibitory effect at adipocyte model

Materials and methods 

Experimental material

The mulberry leaves of this study were collected from 
various mulberry varieties cultured in National Institute of 
Agricultural Sciences including ‘Buyoungsang’, ‘Yulbon’, 
‘Cheongilppong’, and ‘Cheongolppong’ at the opening stage 
of 5th leaf. Based on the mulberry cultivation method for 
silkworms, they are managed in a manner of low-cut training 
(summer pruning) every year. After the harvesting, the fresh 
leaves were immediately stored at -70oC in a deep freezing 
cryocooler (Ilshin Lab Co., Ltd, Korea), and lyophilized to 
prepare powder. 

Meanwhile, mulberry fruits (Fig. 1) were obtained at the 
different regions and of the different varieties including ‘Kwasang 
No. 2’ (Buan, Jeonbuk), ‘Daesim’ (Gongju, Chungnam), 
‘Cheongilppong’ (Suwon, Kyunggi), and ‘Iksu’ (Sangju, 
Kyungbuk). They were kept in a deep freezing cryocooler (Ilshin 
Lab Co., Ltd, Korea) at -70oC. 

acid (Kim et al., 2003), resveratrol (Kim et al., 2005) and so on.
In recent years, there has been a rapid rise in the market for 

natural materials-derived medicinal materials based on special 
and useful crops, but most of them require the development of 
key materials and technologies for entering the global market. In 
addition, the cultivation characteristics of domestic cultivars have 
been studied extensively, but the characteristics of physiological 
activity of each variety have not been reported, making it 
difficult to standardize highly functional products. It is urgent to 
develop next-generation new materials, manufacturing process 
and process technology that can be put to practical use in order to 
improve quality of life, health, and high-quality and high-value 
agriculture. 

Especially in relation to the global increase trend of obesity 
population, there is a demand for the development of foods 
having high functional activity by mass-extracting anti-
obesity active substances using mulberry product such as leaf 
and fruit.

Obesity is caused by abnormal accumulation of excess 
triglycerides and energy imbalance caused by abnormal body 
energy metabolism and is considered to be the main pathogen 
of various metabolic diseases. The metabolic syndrome, which 
is characterized by a complex of impaired glucose metabolism, 
hypertension, hyperlipidemia, and abdominal obesity, is rapidly 
increasing worldwide with weight gain.

However, despite the recent increase in obesity population 
worldwide, there are few anti-obesity papers (Hong et al., 2005; 
Kwon, 2016; Lee et al., 2013; Park et al., 2013; Sun et al., 2015; 
Valacchi et al., 2014; Yang et al., 2014) with mulberry products.

Nevertheless, consumers are urged to develop foods with high 
functional activity by extracting a large amount of anti-obesity 
active substances applicable to foods from mulberry leaves or 
fruits.

In order to satisfy consumption demands of the mulberry 
products and satisfy the consumer's desire simultaneously, 
the National Institute of Agricultural Sciences, Kangwon 
National University and Gyeonggi University jointly selected 
the antiobesity active varieties of the mulberry leaf and fruit 
extract, identified the main active substance, and manufactured 
and evaluated the high functional antiobesity and obesity 
complication. 

Here, we reported the anti-obesity efficacy according to 
varieties by using the mulberry leaves and fruit extracts and high 
active varieties. Fig. 1. Four varietiles of mulberry fruit used as experimental 

material
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and then vacuum lyophilization. 10 L of 70% fermented alcohol 
was added to 1kg of mulberry leaf powder and sonicated (at 
room temperature, 1 hour, 3 times). The extract solution was 
filtered with Watman No. 2 filter paper. And then concentrated in 
vacuum evaporator at 40oC. The manufacturing process is shown 
in Fig. 2.

- Mulberry fruit extracts : As shown in Fig. 3, to 5 kg of frozen 
mulberry fruit, 0.1% citric acid-70% fermented alcohol solution (10 
L) was added and extracted three times by hand-kneading for 10~20 
minutes. The extract solution was filtered with Watman No. 2 filter 
paper. And then concentrated in vacuum evaporator at 40oC.

3T3-L1 adipocyte culture and differentiation

3T3-L1 preadipocytes were purchased from ATCC (American 
Type Culture Collection, Manassans, VA, USA). Pre-
adipocyte were cultured in DMEM containing 10% BCS and 
1% phenycillin-streptomycine at 37oC and 5% CO2. For pre-
adipocyte differentiation, 3T3-L1 differentiation and treatment of 
samples were carried out according to the treatment of previous 
study (Jun et al., 2014; Ko et al., 2015; Kwon 2016; Wu et al. 
2015) evaluating the anti-adipogenesis physiological activity of 
the sample during the adipogenesis process. The differentiation 
of 3T3-L1 preadipocytes was maintained for 2 days at 100% 
confluency after cell culture in each well for cell differentiation. 
All adipocytes were induced with adipocyte differentiation with 
10% FBS DMEM medium containing MDI and incubated for 48 
hours with 10% FBS DMEM containing 1 μg / mL insulin after 
72 hours. After 48 hours, the cells were replaced with 10% FBS 
DMEM to induce adipocyte differentiation.

Oil Red O staining test

On day 9, the medium was removed from the wells, washed 
twice with D-PBS, and fixed with 10% formaldehyde solution in 
D-PBS for 30 min at room temperature. After 10% formaldehyde 
solution was removed, the cells were washed twice with D-PBS, 
treated with Oil Red O staining solution prepared with isopropyl 
alcohol, and stained at room temperature for 1 hour. After 
removing the staining solution and washing twice with D-PBS, 
D-PBS was completely removed from each well, and 100% 
isopropyl alcohol was added to each well to elute Oil Red O 
staining solution. Absorbance was measured at 510 nm.

Extract preparation

- Mulberry leaf extracts : Mulberry leaf powder was prepared 
by powdering the fresh mulberry leaves after freezing at -70oC 

Fig. 2. Flow chart of mulberry leaf extracts.

Fig. 3. Flow chart of mulberry frait extracts.
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of different varieties such as 'Buyoungsang', 'Yulbon', 
'Cheongilppong', and 'Cheongolppong'. And inhibitory effects 
on 3T3-L1 adipocyte differentiation and lipid accumulation with 
mulberry leaf extract was compared.

At the concentration of 10, 50, and 100 mg/ml, the inhibitory 
effect of fat accumulation was less than or similar to that of 
control. But, when the mulberry leaf extract was treated at a 
concentration of 500 mg/ml, the lipid accumulation ratio were 
'Buyoungsang' 66.68%, 'Yulbon' 66.09%, 'Cheongilppong' 
84.85% and 'Cheongolppong' 42.10%, respectively. So 
'Cheongolppong' was selected as high active antiobesity variety 
for mulberry leaves (Table 1).

As a result, it was found that the high concentration of 
mulberry leaf extract had an anti-obesity effect, and the 
degree of anti-obesity effect was also different according to 
variety.

This result is different from the result of Kwon (2016) which 
showed 60.42%, 38.24%, and 5.97% inhibition of adipocyte 
differentiation at 10, 100 and 200mg/ml concentrations of 
mulberry leaf extract. This is because the polyphenol components 
such as rutin present in the mulberry leaves were sufficiently 

Results and discussion

Identification of anti-obesity effect

In order to evaluate the anti-obesity activity of mulberry leaves 
and fruits extract, the amount of fat accumulation in 3T3-L1 cells 
differentiated into adipocytes was calculated by measuring absorbance 
at 510 nm through Oil Red O staining (Fig. 4). Lipid accumulation (% 
of control) was calculated using differentiated adipocytes not treated 
with mulberry leaves or mulberry fruit extract as a control. 

At the same time, Orlistat treatments, which are marketed as 
prescription drugs under the trade name Xenical by Roche, are 
also compared in most countries as obesity remedies. Its primary 
function is to prevent the absorption of fat from human diet by 
working with lipase inhibitors, and to reduce calorie intake.

Comparison of inhibitory effects of mulberry 
leaf extract on the lipid accumulation in 3T3-L1 
adipocyte cell

The extracts were prepared by using mulberry leaves 

Fig. 4. Detection of imhibitory effects on 3T3-L1 adipocyte differentiation and lipid accumulation with mulberry fruit extract by 
0:1 Red 0 staining.

Table 1. Inhibitory effect of 70% ethanol mulberry leaf extracts from varieties on the lipid accumulation in 3T3-L1 adipocyte cell.

Sample
Concetration (mg/ml)

10 50 100 500

Control 100.00±1.223

Varieties

Buyoungsang 104.18±0.44 86.60±0.95 91.33±1.54 68.68±1.29

Yulbon 101.43±3.11 105.94±2.59 103.17±4.69 66.09±3.70

Cheongilppong 111.59±2.61 96.78±3.50 102.09±4.63 84.85±3.70

Cheongolppong 100.43±2.57 80.72±0.97 86.76±0.88 42.10±2.26

The cells were incubated during differentiation of extracts from various varieties of mulberry leaves and lipid accumulation levels were determined by Oil Red O stain. 
Extract were incubated with concentration 10, 50, 100 and 500 mg/ml for 8 days. The values were calculated as percentage of Control. Each value is expressed as the 
mean±SD of three independent experiments.
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