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Abstract

Bioactive ingredients found in mulberry leaves have many medical and health promoting 
functions including antioxidant, anti-anxiety, anti-depressant, and anti-allergy. In order to 
better utilise the bioactive potential of mulberry resources, we determined the levels of 
1-deoxynojirimycin (DNJ), gamma-aminobutyric acid (GABA), tannins, flavonoids, and 
polysaccharides in 50 different varieties of mulberry leaves. The bioactive contents in 
mulberry leaves may vary across species or region of origin, thus we investigated six different 
species as well as mulberry leaves originating from Japan, Sri Lanka, Uzbekistan, and 11 
different Chinese provinces or cities. We found that bioactive compounds greatly varied 
among the 50 mulberry leaves examined (DNJ, 32.51 ~ 154.11 mg/100 g; GABA, 122.88 ~ 
427.12 mg/100 g; tannins, 0.45 ~ 1.49 g/100 g; flavonoids, 12.86 ~ 31.57 mg/g; and polysac-
charides, 7.55 ~ 20.52 g/100 g). High amounts of DNJ were obtained in Shenglidaye variety, 
high amounts of GABA, tannins, and flavonoids were obtained in Huasang variety, and high 
amounts of polysaccharides were obtained in Ganluo variety. Different varieties of mulberry 
leaves were rich in bioactive compounds with significant variations in their levels. DNJ 
content in leaves depended on variety and place of origin, while GABA, tannin, and flavonoid 
contents in leaves depended on variety and species. Six mulberry varieties, including 
Huasang, Jiuwenlong, Shigu 11-6, Shenglidaye, Qinpifusang, and HuoSang were identified 
as good sources for further utilisation. Huasang and Shenglidaye varieties were especially 
rich in DNJ or GABA, and thus have high potential value. The evaluation of mulberry leaves 
resources can supply precious data for screening accessions containing high levels of individ-
ual DNJ, GABA, and other bioactive compounds for use in breeding programs, and food and 
pharma industries.
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Introduction

 Mulberry leaves have commercial uses as food 
in many Asian countries including China, Japan, Korea, 
and Thailand. Mulberry leaves can be used for process-
ing mulberry leaves tea (Vichasilp et al., 2012). 
Mulberry leaves could be appropriate materials for 
functional foods or drinks because of the high content 
of bioactive compounds such as phenolics or 1-deox-
ynojirimycin (DNJ), and have a potential application 
as protein-rich vegetables (Yu et al., 2018). In recent 
years, more and more Chinese consumers have started 
to eat mulberry leaves as a kind of vegetable. Parts of 
the mulberry plant have been demonstrated to have a 
range of therapeutic effects, from improving vision and 
lowering blood pressure, to reducing fever and 

strengthening joints (Chang et al., 2011). Recent studies 
have begun to investigate the anti-inflammatory, antiox-
idant, glucose-regulating, and organ-protective proper-
ties of mulberry (Yang et al., 2010; Chang et al., 2011; 
Zhang et al., 2018b; Jung et al., 2019).  
 DNJ is the main bioactive component in 
mulberry leaves (Jiang et al., 2014), and has been demon-
strated to have a range of therapeutic effects including 
increasing antioxidant and anti-inflammatory capacity, 
as well as lowering glycemia by inhibiting a-glucosidase 
and glucose absorption (Cai et al., 2017; Ma et al., 2019). 
Additionally, DNJ has been shown to have several 
protective functions against obesity, including prevent-
ing hepatic lipid abnormalities, mitochondrial dysfunc-
tion, and endoplasmic reticulum stress, as well as moder-
ating food intake (Do et al., 2015; Kim et al., 2017).
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 Other important bioactive compounds found 
in mulberry leaves include gamma-aminobutyric acid 
(GABA), tannins, flavonoids, and polysaccharides. 
GABA is a non-protein amino acid, and one of the 
main inhibitory neurotransmitters in the mammalian 
nervous system. GABA has important roles in auto-
nomic functions, sleep, analgesia, and memory, as well 
as in preventing cancer (Yoo et al., 2011; Lin et al., 
2012; Yamatsu et al., 2015). Tannins have been shown 
to inhibit allergic reactions and may help to prevent 
the development of allergies (Yamada et al., 2012). 
Tannins also have antioxidant, anticancer, and antibac-
terial activities, and cardiovascular disease protection 
(Shu et al., 2018). Flavonoids have been shown to 
have potentials in preventing diabetes and related 
disorders (Wang et al., 2019). Many polysaccharides 
found in plants have been shown to have antioxidant, 
immunomodulatory, antitumor, anti-inflammatory, 
antidiabetic, and antiviral properties, and have been 
reported to inhibit renal fibrosis, potentially treat 
diabetic nephropathy, and protect against alloxan-in-
duced pancreatic islet damage (Zhang et al., 2003; Yu 
et al., 2009; Wu, 2019).
 Mulberry trees have been cultivated in many 
Asian countries since ancient times. More than 400 
mulberry varieties among 15 different Morus species 
are found in China (Liu et al., 2010), and at least 173 
of those varieties contain DNJ (Song et al., 2009; Hu 
et al., 2013). Previous studies have shown that DNJ 
concentrations in mature mulberry leaves ranged from 
0.1341 to 1.472 mg/g of dry leaves among 132 exam-
ined varieties (Hu et al., 2013); however, other bioac-
tive ingredients were not analysed. In order to compare 
the bioactive ingredients more comprehensively in 
different varieties of mulberry leaves, we measured 
the levels of DNJ, GABA, tannins, flavonoids, and 
polysaccharides in 50 varieties of mulberry plants 
differing in species or region of origin. Our results will 
provide an important reference for developing future 
therapeutic uses of mulberry resources.

Materials and methods

Sample
 Bioactive compounds were investigated in 50 
mulberry leaves collected from the Chongqing 
Sericulture Science and Technology Research Insti-
tute (Chongqing, China) in mid-May. The 50 selected 
mulberry varieties originated from Japan, Sri Lanka, 
Uzbekistan, and 11 Chinese provinces or cities, and 
represented six different species from the Morus 
genus, with taxonomic classification according to 
Vijayan et al. (2011). Mulberry leaves were picked 
around 10:00 a.m., and leaf position and maturity were 

consistent. All of the leaves were collected from the 
basal end of branches (mature leaves). Mulberry leaves 
were cleaned and dried in an oven at 80 ± 1°C. All 
experimental concentrations reported in this paper 
used dry sample weight. Dry mulberry leaves samples 
were ground into powder, and stored at 4°C until five 
bioactive ingredients analyses. 

Chemicals
 Standards of DNJ, tannin, and rutin were 
purchased from Beijing Dewei Sodium Biotechnology 
Co. Ltd., and glycine, GABA, and 9-fluorenylmethyl 
chloroformate (FMOC-Cl) were purchased from 
Sigma Chemical Co. (St. Louis, MO). All reagents 
were of analytical grade except acetonitrile, which was 
of chromatographic grade.

DNJ extraction and derivatisation
 DNJ was extracted and derivatised following 
previously published methods (Kim et al., 2003; Wei 
et al., 2011). Briefly, 90 mg of dried mulberry leaf 
powder was dissolved in 2.5 mL of 0.05 M HCl (aq), 
and sonicated in an ice bath for 30 min. Samples were 
centrifuged for 15 min at 17,000 g and the supernatant 
were collected. The samples were re-extracted and the 
supernatants were pooled. The supernatant was 
brought to a volume of 6 mL with distilled water and 
derivatised using FMOC-C1.

Determination of DNJ concentration
 A HPLC system (Waters, New York, USA) 
with a Waters Xterra RP-19 column (150 × 4.6 mm, 
5 μL, maintained at 25°C) and a Waters 2996 photodi-
ode array detector was used to analyse the amount of 
DNJ in 10 μL of derivatised mulberry samples at a 
detection wavelength of 254 nm. Samples were eluted 
at a rate of 1 mL/min for 10 min in a 1:1 (v/v) mixture 
of acetonitrile, and 0.1% aqueous acetic acid and DNJ 
concentration was extrapolated from a standard curve 
(Kim et al., 2003; Wei et al., 2011).

Extraction and determination of GABA concentration
 Previously reported methods were used with 
slight modifications to extract GABA and determine 
its concentration in mulberry leaf samples (Xia et al., 
2009). Briefly, 0.5 g of powdered mulberry leaf sample 
was dissolved in 2 mL of methanol for 15 min at room 
temperature. Samples were then centrifuged for 5 min 
at 5,000 rpm, and the supernatant was discarded. 2 mL 
of methanol was then added to the remaining solid 
sample, re-centrifuged for 5 min at 5,000 rpm, and the 
supernatant was discarded. The remaining mulberry 
leaf powder was baked in oven at 70°C for 30 min. 
The methanol was evaporated by adding 5 mL of water 



Xiao, H., et al./IFRJ 27(3) : 516 - 528 518

and mixing by oscillation at 50°C for 2 h, then centri-
fuging for 15 min at 5,000 rpm. The supernatant 
volume was adjusted to 1 mL, and then frozen for 
storage. 1 mL of sample was added to 50 mL of 2 
mol/L AlCl3 solution, and the GABA concentration 
was determined at 645 nm. 

Extraction and determination of tannin concentration
 Tannin concentration was determined using 
previously reported methods (Wilson, 1984) with 
slight modifications. Briefly, 0.5 g of sample was 
dissolved in 10 mL of 70% ethanol, and extracted at 
70°C using ultrasound at 80% power for 20 min, 
followed by centrifuging at 5,000 rpm for 5 min. Sam-
ples were extracted twice. Samples were adjusted to 
50 mL with distilled water. Next, 1 mL of the sample 
was mixed with 25 mL of distilled water, 2.5 mL of 
Folin-Denis colour developer, and 10 mL of saturated 
Na2CO3 for 30 s to 8 min. The water volume was adjust-
ed to 50 mL after 30 min. Absorbance was measured 
at 750 nm, and pure water was used as a blank.

Extraction and determination of flavonoid concentration
 A previously reported aluminium nitrate 
method was used to determine flavonoid concentration 
with slight modifications (Zhishen et al., 1999). Brief-
ly, 0.5 g of mulberry leaf sample was dissolved in 100 
mL of distilled water for 1 h, and extracted using a 
Soxhlet extractor. A known volume of sample extract 
or rutin, used as a reference substance, was placed in 
a 10 mL volumetric flask, and the volume was adjusted 
to 5 mL with distilled water. Next, 0.3 mL of 1:20 
NaNO3 was added and incubated for 5 min, followed 
by 3 mL of 1:20 AlCl3. After incubating for an addition-
al 6 min, 2 mL of 1 mol/L NaOH was added, and the 
final volume was adjusted to 10 mL with distilled 
water. A M8500 UV-Visible spectrophotometer was 
used to measure absorbance at 510 nm. Concentration 
was determined by extrapolation with a standard curve 
generated using rutin.

Extraction and determination of polysaccharide 
concentration
 Polysaccharides were extracted using a previ-
ously published method (Ying et al., 2011). Briefly, 
0.250 g of mulberry leaf powder was dissolved in 
distilled water at a 15:1 mL/g ratio, and extracted using 
ultrasound (60 W for 20 min at 60°C). Polysaccharide 
concentration was measured using previously 
published methods by Ying et al. (2008). Briefly, 1 
mL of extract was added to a 50 mL volumetric bottle, 
and the volume was adjusted to 20 mL. Next, 1 mL of 
5% phenol solution was added, followed by 5 mL of 
concentrated sulphuric acid (added directly to the 

liquid surface without touching the wall of the test 
tube to make the test tube more stable). After letting 
the reaction stand for 10 min, the reaction was 
thoroughly mixed with a scroll oscillator, and then 
placed in a 30°C water bath for 20 min. The absorbance 
was then measured at 490 nm.

Statistical analysis
 All results were analysed using SPSS statisti-
cal analysis software (Version 16.0, SPSS Inc.), and 
expressed as mean ± SD. To test for statistical signifi-
cance, a one-way ANOVA with Tukey’s test was 
performed for multiple comparisons. p < 0.05 was 
considered to be statistically significant.

Results and discussions 

DNJ in 50 mulberry varieties
 DNJ concentrations of mulberry leaves from 
50 mulberry varieties were determined and found to 
vary from 32.51 ± 1.84 to 154.11 ± 5.66 mg/100 g of 
dry weight (Table 1), and the average DNJ concentra-
tion was 85.58 mg/100 g dry weight. ‘Shenglidaye’ 
variety had the highest DNJ concentration, while 
‘Jiuwenlong’ variety had the lowest (Table 1). The 
DNJ concentration ranged from 60 to 120 mg/100 g 
dry weight in 43 samples, was greater than 120 mg/100 
g dry weight in four samples, and was less than 60 
mg/100 g dry weight in three samples (Jiuwenlong, 
Hongxing 5, and Hongpiwasang). Thus, DNJ concen-
trations varied among mulberry varieties, with the DNJ 
content of the richest sample being 4.74-fold higher 
than the poorest sample. 
 A previous study investigating the DNJ 
content of young mulberry leaves from 35 Thai varie-
ties reported a range of 30 to 170 mg/100 g dry weigh 
(Vichasilp et al., 2012), which is very similar to our 
findings. Additional studies investigated DNJ contents 
in mature leaves reported concentrations as low as 
0.1341 mg/g dry weight (Hu et al., 2013), and as high 
as 2.159 mg/g dry weight (Zhang et al., 2018a), greater 
than the highest DNJ values in our study. An important 
difference between our study and the previous studies 
is harvest time; the mulberry leaves used in this study 
were collected in May, whereas the previous studies 
collected leaves in August and October. Previous study 
estimated that 6 mg DNJ/60 kg human is needed to 
suppress high blood glucose levels, and commercial 
mulberry products contain less than 100 mg/100 g dry 
weight of DNJ, which is too low to provide therapeutic 
effects (Kimura et al., 2007; Li et al., 2018). Therefore, 
higher quality products enriched with DNJ would be 
desirable, and mulberry varieties with leaves rich in 
DNJ would be good sources of high-quality dry tea. 
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We found that 11 mulberry varieties in this study had 
more than 100 mg/100 g DNJ dry weight, notably the 
Shenglidaye (154.11 ± 5.66 mg/100 g dry weight), 
Leshanhua (149.39 ± 3.49 mg/100 g dry weight) and 
HuoSang (139.75 ± 3.39 mg/100 g dry weight) varie-
ties. These varieties could be good candidates for 
further food or drug development.
 
GABA in 50 mulberry varieties
 As shown in Table 1, GABA levels among 
the 50 examined mulberry leaves ranged from 122.88 
± 5.58 to 427.12 ± 16.08 mg/100 g dry weight. ‘Hua-
sang’ variety had the highest GABA concentration, 
and ‘Mengluosang’ variety had the lowest. The aver-
age GABA concentration was 212.36 mg/100 g dry 
weight. Thirty-five samples had GABA contents rang-
ing from 135 to 240 mg/100 g dry weight, 12 samples 
had GABA contents greater than 240 mg/100 g dry 
weight, and three samples (Mengluosang, Jiading, and 
Ganluo) had GABA levels less than 135 mg/100 g dry 
weight. The GABA content of the richest sample was 
3.48-fold higher than that of the poorest sample, and 
GABA contents significantly differed among different 
varieties.
 GABA has been used as a food constituent 
and a food supplement; it exhibits some important 
physiological functions such as the ability to reduce 
blood pressure (Suwanmanon and Hsieh, 2014), 
prevent chronic alcohol-related diseases (Oh et al., 
2003), inhibit cancer cell proliferation (Oh and Oh, 
2004), and improve sleep (Yamatsu et al., 2015). A 
previous study examined the GABA content of 23 
varieties of fresh mulberry leaves, and found that it 
ranged from 0.325 to 1.224 mg/g (Xia et al., 2009). 
In this study, we used a larger number of varieties (50); 
thus, representing more species and regions of origin, 
and generating more empirical data. This enabled us 
to obtain more precise information regarding the 
GABA contents among mulberry varieties. GABA is 
one of the important functional components of mulber-
ry leaf. Inoue et al. (2003) found that the daily intake 
of 10 - 12 mg of GABA in 39 mildly hypertensive 
patients (16 females and 23 males) aged 28 - 81 years 
old for 12 weeks was effective; the highest GABA 
content obtained in this study is enough for some physi-
ological benefits. Furthermore, we found that GABA 
was particularly rich in Huasang (427.12 ± 16.08 
mg/100 g dry weight) and Shigu 11-6 (410.55 ± 9.72 
mg/100 g dry weight) varieties, which makes them 
good candidates for development of GABA related 
food or drug products.

Tannin in 50 mulberry varieties
 In the 50 examined mulberry samples, the 

tannin levels ranged from 0.45 ± 0.02 to 1.49 ± 0.03 
g/100 g dry weight (Table 1). The average tannin 
concentration was 0.86 g/100 g dry weight. ‘Huasang’ 
variety had the highest tannin concentration, and ‘Yun 
2’ variety had the lowest. Forty-one samples had tannin 
concentrations ranging from 0.60 to 1.05 g/100 g dry 
weight. The tannin content of the richest sample was 
3.31-fold higher than that of the poorest sample. This 
is the first report of tannin concentrations of mulberry 
leaves which differ among varieties and regions of 
origin.

Flavonoid in 50 mulberry varieties
 The flavonoid levels in the 50 varieties of 
mulberry examined ranged from 12.86 ± 0.07 to 31.57 
± 0.31 mg/g dry weight (Table 1). ‘Huasang’ variety 
had the highest flavonoid concentration, and ‘Hong-
guo 2’ variety had the lowest. The average flavonoid 
concentration was 19.27 mg/g dry weight. Five 
samples had flavonoid contents of more than 24.5 
mg/g, and 33 samples had flavonoid contents ranging 
from 15.5 to 23 mg/g dry weight. The flavonoid content 
of the richest sample was 2.45-fold higher than that of 
the poorest sample. 
 Previous investigation of flavonoid contents 
in 12 varieties of Korean mulberry leaves reported a 
range from 7.485 to 12.979 mg/g dry weight, with the 
highest content in ‘Cheong Su’ variety (12.979 ± 
0.1120 mg/g dry weight) (Ju et al., 2018). Zhang et 
al. (2019) measured the flavonoid contents in 24 
mulberry varieties, and found that they ranged from 
31.037 ± 4.202 to 59.841 ± 15.598 mg/g dry weight, 
much higher than the levels found in this study. Our 
study may provide more precise information regarding 
the flavonoid contents of mulberry varieties based on 
the higher number examined.

Polysaccharide in 50 mulberry varieties
 In the 50 mulberry samples examined, the 
polysaccharide levels ranged from 7.55 ± 0.34 to 20.52 
± 0.24 g/100 g dry weight (Table 1). The average poly-
saccharide concentration was 11.93 g/100 g dry 
weight. ‘Ganluo’ variety had the highest polysaccha-
ride concentration, and ‘Huasang’ variety had the 
lowest. Thirty-two samples had polysaccharide 
contents ranging from 9.0 to 13.5 g/100 g dry weight. 
The polysaccharide content of the richest sample was 
2.72-fold higher than that of the poorest sample. Our 
data demonstrate that polysaccharide concentrations 
greatly varied among different mulberry varieties. 
Among the 50 mulberry samples examined, three 
samples had polysaccharide contents greater than 16.5 
g/100 g dry weight, including the Hongxing5, Ganluo, 
and Yinghuachi varieties. 
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Figure 1. Cluster analysis dendrogram of mulberry leaf 
varieties based on bioactive ingredient content. Note: Varie-
ties corresponding to the numbers are shown in Table 1.
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 Zhang et al. (2018a) measured polysaccharide 
contents in mulberry varieties, and found that they 
ranged from 50.97 to 116.62 mg/g dry weight, which 
is much lower than the concentrations found in this 
study. The differences are probably due to differences 
in place of origin and harvest time; the mulberry varie-
ties in the previous study were collected from the 
mulberry fields of the Guizhou Sericulture Science 
and Technology Research Institute (Guizhou, China).
 
Comparison of bioactive ingredient concentrations 
in different mulberry species
 The average DNJ, GABA, tannin, flavonoid, 
and polysaccharide contents are presented in Table 2. 
The samples with the highest DNJ content were 
species M. alba Linn., the samples with the highest 
GABA, tannin, and flavonoid content were species 
M. cathayana Hemsl., and the samples with the high-
est polysaccharide content were species M. alba 
Linn. Comparison between Table 2 and previous 
studies on the level of DNJ varied among species, 
from 0.2089 to 1.472 mg/g dry weight for M. multi-
caulis Perr., 0.5532 to 1.222 mg/g dry weight for M. 
atropurpurea Roxb., 0.7217 mg/g dry weight for M. 
mizuho Hotta, 0.4992 mg/g dry weight for M. bomby-
cis Koidz., and 0.7131 mg/g dry weight for M. 
cathayana Hemsl (Hu et al., 2013). The result 
showed that the DNJ and polysaccharide content was 
not significantly different when compared across 
species (p > 0.05). GABA, tannin, and flavonoid 
contents across species was significantly different (p 
< 0.05), and five bioactive ingredients were signifi-
cantly difference within a single species.

Comparison of bioactive ingredient concentrations 
in mulberry leaves originating from different regions
 As shown in Table 3, we can see the average 
of DNJ, GABA, tannin, flavonoid, and polysaccha-
ride contents in mulberry leaves originating from 
Japan, Sri Lanka, Uzbekistan, and 11 different 
Chinese provinces or cities. The samples with the 
highest DNJ content were from Uzbekistan, the 
samples with the highest GABA, tannin, and flavo-
noid content were from Anhui, and the samples with 
the highest polysaccharide content were from 
Sichuan. When compared with Table 4, previous 
studies yielded different levels of DNJ among 
regions; 0.4750 mg/g dry weight from Sichuan, 
0.3937 to 1.089 mg/g dry weight from Japan, 0.3657 
to 1.376 mg/g dry weight from Zhejiang, 0.0741 to 
0.3417 mg/g dry weight from Jiangsu, 0.4317 to 
1.460 mg/g dry weight from Anhui, 0.7602 mg/g dry 
weight from Hebei, 0.9107 mg/g dry weight from 
Yunnan, 0.5532 to 1.061 mg/g dry weight from 

Guangxi, 0.8452 to 1.222 mg/g dry weight from 
Guangdong, and 0.1341 to 1.472 mg/g dry weight 
from Hubei (Hu et al., 2013).
 The present work showed that there were 
significant differences in five bioactive ingredient 
contents among varieties originating from the same 
province, city, or nation. However, GABA, tannin, 
flavonoid, and polysaccharide contents in mulberry 
samples originating from different regions were not 
significantly different (p > 0.05). DNJ concentrations 
were significantly different among varieties originat-
ing from different regions (p < 0.05).

Classification of 50 mulberry varieties and evalua-
tion of their economic value
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 We performed hierarchical cluster analysis 
of mulberry leaf varieties based on the five bioactive 
ingredients (DNJ, GABA, tannin, flavonoid, and 
polysaccharide) measured in this study (Figure 1). 
The resulting dendrogram demonstrates that the 
mulberry varieties form three main clusters. One 
cluster had high GABA, tannin, and flavonoid 
concentrations. These varieties, including Huasang, 
Jiuwenlong, and Shigu 11-6, may have broad use in 
foods and therapeutics. Another cluster had high 
DNJ; mulberry leaves of these varieties were recom-
mended to be processed as special teas, or raw mate-
rials for food products aimed at decreasing blood 
glucose. This cluster includes the Shenglidaye, 
Qinpifusang, and HuoSang varieties. The third 
cluster, composed of the remaining mulberry varie-
ties, had lower levels of bioactive ingredients; thus, 
may be useful for silkworm rearing or as animal feed. 

Conclusions

 The present work determined the DNJ, 
GABA, tannin, flavonoid, and polysaccharide levels 
in 50 different mulberry varieties representing six 
different species and originating from 14 different 
regions including Japan, Sri Lanka, Uzbekistan, and 
11 Chinese provinces or cities. We found significant 
variation in the five bioactive ingredients in different 
varieties. The richest samples had 4.74 times more 
DNJ, 3.48 times more GABA, 3.31 times more 
tannin, 2.45 times more flavonoids, and 2.72 times 
more polysaccharides than the samples with the 
lowest concentrations. The five bioactive ingredients 
were significantly different among varieties originat-
ing from the same region. DNJ contents were signifi-
cantly different in mulberry varieties originating 
from different regions, and GABA, tannin, and flavo-
noid contents were significantly different in mulber-
ry varieties of different species. Huasang, Jiuwen-
long, Shigu 11-6, Shenglidaye, Qinpifusang, and 
HuoSang varieties thus were identified as good 
sources for further utilisation.
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