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Morus alba has white and/or purple fruits with a very sweet taste and low acidity. Most Korean 
mulberry trees have purple fruits. However, Baekokwang is a unique mulberry genetic 
resource in Korea with white fruits. In this study, flavonoids contents of Baekokwang mulberry 
leaf and fruit were analyzed using ultrahigh performance liquid chromatography coupled 
with diode array detection and quadrupole time-of-flight mass spectrometry (UPLC-DAD-
QTOF/MS) technique. UPLC-DAD-QTOF/MS chromatogram showed that 15 flavonoids and 
9 flavonoids were isolated and identified from the mulberry leaf and fruit. Total flavonoids 
contents of Baekokwang leaves and fruits were 812.7 mg and 35.0 mg, respectively. 
Baekokwang leaves had 4 major flavonoids including quercetin 3-O-(6''-O-malonyl) glucoside, 
235.3 ppm, kaempferol 3-O-(6''-O-malonyl) glucoside , 132.3 ppm, kaempferol 3-O-rutinoside 
(nicotiflorin), 108.1 ppm, and quercetin 3-O-rutinoside (rutin), 103.8 ppm. Baekokwang fruits 
had 3 major flavonoids including quercetin 3-O-(6''-O-malonyl) glucoside, 13.0 ppm, quercetin 
3-O-rutinoside (rutin), 7.8 ppm, and kaempferol 3-O-rutinoside (nicotiflorin), 5.7 ppm. From the 
above results, mulberry leaves have rich flavonoids compared to its fruits. 
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Introduction

A perennial tree mulberry is a fast-growing deciduous plant, 
it can grow in wide range of climatic, soil condition, etc (Jeong 
et al., 2014). It is not only used for the best feed of silkworm in 
sericulture but also a long-used medicinal plant in Eastern Asia 
countries. Especially, its fruit, leaves, branches and roots have 
been used in traditional medicine to treat diabetes, hypotention, 
anemia and arthritis (Ozgen et al., 2009).

Recently, mulberry has been recognized as a potentially 
important functional food due to its biologically active 
compounds such as phenolic compounds with flavonoids, 

steroids, amino acids, polysaccharides and γ-aminobutyric acid 
(GABA), vitamins, and 1-deoxynojirimycin (DNJ) (Wang et 
al., 2008, Zhang et al., 2016). Mulberry leaf and fruit possess 
antioxidant properties, mainly because of the content of phenolic 
compound. Phenolic compounds with flavonoids, phenolic 
acids, tannins, lignans, and lignins, are important for normal 
plant growth and development as well as a defense against 
infection and injury. Flavonoids with six subclasses including 
flavonols, flavanones, isoflavones, flavan-3-ols, flavones, and 
anthocyanins are a large group of polyphenolic compounds 
(Enkhmaa et al., 2005, Haminiuk et al., 2012). Zhishen et 
al.(1999) reported that the flavonoid contents of mulberry leaves 
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of Agricultural Sciences, RDA, Wan-Ju, Republic of Korea 
(Fig. 1). The samples of mulberry leaf and fruit were dried in 
lyophilizer. All dried samples were crushed and stored below 
-18

o
C prior to analysis. HPLC-grade solvents (acetonitrile, 

methanol, and water) were obtained from Fisher Scientific (Fair 
Lawn, NJ, USA). All reagents and standards were prepared using 
Milli-Q deionized water (Millipore, Bedford, USA). All other 
chemicals and reagents were of analytical reagent grade.

Preparation of samples for instrument analysis
Sample extraction was conducted according to the method 

described by Kim et al., (2012) with minimum modifications. 
The powdered leaf and fruit was mixed with 10 mL of acidified 
hydro alcoholic solvent (methanol: water: formic acid (50:45:5,v/
v/v) containing 100 ppm of galangin as internal standard). The 
mixture was first vortex, stirred with shaker for 5 min at 200 
rpm and then centrifuged for 15 min at 3,000 rpm and 10

o
C. 

The supernatant was filtered using syringe filter (0.45 μm, 
PTFE, Whatman, Kent, England). 0.5 mL of filtrate was diluted 
with water to 5 mL of final volume. The flavonoid extract then 
purified and isolated by solid phase extraction method using sep-
pak C-18 (Waters Co., Milford, MA, USA). Sep-pak activation 
was done by washing the cartridge with 2 mL of methanol, 
followed by 2 mL of water for conditioning. Then the diluted 
extract was loaded on the sep-pak and impurities were removed 
by washing with 2 mL of water. Finally, total flavonoids mixture 
was eluted from sep-pak by using 3 mL of methanol. The 
purified extract was concentrated using N2 gas, and then re-
dissolved with 0.5 mL of the extract solvents without internal 
standard prior to instrument analysis. 

UPLC-DAD-QTOF/MS analysis
An ultra performance liquid chromatography (UPLC) equipped 

with photo diode array detector set at 280 and 320 nm was 
coupled with quadrupole time-of-flight mass spectroscopy 
(Waters Co., Milford, MA, USA) used for analysis. UV spectra 
were taken in the region of 210-600 nm. Chromatographic 
condition was conducted: column, Luna Omega 1.6 μm C18, 150 
× 2.1 mm, Phenomenex; Pre-column: SecurityGuard ULTRA 
Cartridges, UHPLC C18 for 2.1 ID column, Phenomenex, 
column temperature 30

o
C; moblie phase was used 0.5% formic 

acid in water (A) and 0.5% formic acid in acetonitrile (B); flow 
rate 0.3 mL/min;  injection volume 5 μL; total running time 60 
min; the gradient elution had the following profile: 0 - 2 min 

of 19 varieties mulberry leaves varied from 9.84 to 26.6 mg/
g (dry weight) with seasons of spring and autumn. Mulberry 
fruits have cyanidin-based anthocyanines, particularly cyanidin-
3-glucoside and cyanidin-3-rutinoside (Chen et al., 2006; Lee 
et al., 2004). Quercetin 3-O-rutinoside from Korean mulberry 
cultivar Daeshim and Suhyang was 119.9 and 38.1 mg/100g 
DW, respectively (Ju et al., 2017, Ju et al., 2018). 

Morus alba has white and/or purple fruits with very sweet 
taste and low acidity (Ozgen et al., 2009). Most Korean 
mulberry cultivars have purple fruits. However, Baekokwang is 
a unique mulberry genetic resource in Korea with white fruits. 
The authors studied that flavonoids analysis of the Korean 
mulberry cultivars, Daeshim and Suhyang, having purple fruits 
(Ju et al., 2017, Ju et al., 2018). In this study, flavonoids contents 
of Baekokwang mulberry leaf and fruit were analyzed using 
ultrahigh performance liquid chromatography coupled with diode 
array detection and quadrupole time-of-flight mass spectrometry 
(UPLC-DAD-QTOF/MS) technique.

Materials and Methods 

Plant material and reagents
Mulberry leaves and fruits of mulberry tree, Baekokwang 

were collected from the Sericultural and Apicultural Materials 
Division, Department of Agricultural Biology, National Institute 

Fig. 1. Baekokwang of the Korean mulberry resource Baekokwang 
in Apiculture Division for Department of Agricultural Biology, 
RDA 



46       47

Int. J. Indust. Entomol. 
Vol. 41, No. (2), pp. 45-50 (2020)

polyphenol analysis in crude plant extracts, while HPLC-MS 
provides information about the polyphenol molecular weight 
and the molecular structure from its fragmentation data (Price 
et al., 1999; Alonso-Salces et al., 2001). In Fig.2, the chemical 
structures of the individual flavonoids were determined by 
analysis of fragment ion patterns.  Peaks 1, 2, 3, 4, 6, 8, 9 and 13 
corresponded to quercetin derivatives confirmed with MS via 
the ion m/z [quercetin+H]

+
, while the 7 others were kaempferol 

derivatives defined with MS ion at m/z [kaempferol+H]
+
. The 

major peak quercetin 3-O-(6''-O-malonyl) glucoside (Peak 9) 
with high flavonoid content were assigned on MS fragments m/
z of 573, 551 and 303 (Fig .2A.). The typical major flavonoids 
from mulberry leaves were identified as  quercetin 3-O-(6''-
O-malonyl) glucoside (peak 9), kaempferol 3-O-rutinoside 
(nicotiflorin) (peak 10), and kaempferol 3-O-(6''-O-malonyl) 
glucoside (peak 14).

Discussion

Isolation and identification of flavonoids from 
mulberry leaves and fruits

The major sources of flavonoids are fruits, vegetables, grains, 
barks, roots, stems, flowers, and leaves in mulberry (Chen and 
Li, 2007). Fifteen and nine flavonoids was isolated and identified 
from mulberry leaves and fruits, respectively, and shown in 

7% B, 24 min 15% B, 40 min 30% B, 48 - 50 min 60% B, 53 
- 54 min 90% B, 55 – 60 min 7% B. Mass analysis condition: 
ion source temperature 120

o
C, desolvation temperature 400

o
C, 

desolvation gas 1000 L/h, cone gas 30 L/h, capillary voltage 
3500 V, sampling cone voltage 40 V, ion mode positive ion mode 
and mass range m/z 50-800.

Results 

UPLC is a powerful technique to isolate and identification 
for mulberry flavonoids. Chromatography was performed 
with internal standard, galangin and the results shown in Fig, 
2. Fifteen flavonoids were isolated from mulberry leaves, and 
nine flavonoids from fruits. In order to get information about 
the molecular masses of flavonoids detected by HPLC–DAD, 
HPLC–ESI-MS analysis of the fractionated extract was carried 
out. All samples analyzed in positive ion mode (m/z, [M+H]

+
) 

using UPLC-DAD-QTOF/MS. It was shown about UPLC-
DAD-QTOF/MS chromatogrms of major flavonols detected 
from Baekokwang leaf. Almost all the flavonoids also gave 
information about [M+Na]

 +
 or [M+H]

 +
 ions depending on the 

mass of the compound (Fig. 3.). 
High performance liquid chromatography coupled with a 

photodiode-array detector and mass spectrometry (HPLC-
DAD-MS) provides a powerful and economical tool for 

Fig. 2. LC chromatograms of flavonoids in Baekokwang leaf (A) and fruit (B). The flavonoid names are listed in Table 1.  
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(nicotiflorin) [peak 10], kaempferol 3-O-glucoside (astragalin) 
[peak 12], quercetin 3-O-(2''-O-malonyl)glucoside (morkotin C) 
[peak 13], and kaempferol 3-O-(6''-O-malonyl)glucoside [peak 
14] (Table 1). 

On the other hand, 6 flavonoids such as peak 3, 4, 5, 7, 11, 
and 15 were detected only from the mulberry leaves. Especially, 

Table 1. The flavonoid compounds identified both leaves and 
fruits were as followed like quercetin 3-O-rutinoside-7-O-
glucoside (morkotin A) [peak 1], quercetin 3,7-di-O-glucoside 
[peak 2], quercetin 3-O-rutinoside (rutin) [peak 6], quercetin 
3-O-glucoside (isoquercitrin) [peak 8],  quercetin 3-O-(6''-
O-malonyl)glucoside [peak 9], kaempferol 3-O-rutinoside 

Fig .3. LC-MS spectra of 3 major flavonoids from Baekokwang leaf. (A) quercetin 3-O-(6''-O-malonyl) glucoside (peak 9); (B) kaempferol 
3-O-rutinoside (nicotiflorin) (peak 10); (C) kaempferol 3-O-(6''-O-malonyl) glucoside (peak 14).

Table 1. Isolated 15 flavonoids (leaf) and 9 flavonoids (fruit) their mass spectrometric data in Baekokwang.

Aglycones Glycosides Acylations
Peak 
No.

Individual flavonols MW Fragment ions (m/z) Type

kaempferol
(m/z 287)

Mono

12 kaempferol 3-O-glucoside (astragalin) 448 471, 449, 287 Leaf, Fruit

Mal 14 kaempferol 3-O-(6''-O-malonyl)glucoside 534 557, 535, 287 Leaf, Fruit

Mal 15
kaempferol 3-O-(2''-O-malonyl)glucoside 
(moragrol D)

534 557, 535, 287
Leaf

Di

7 kaempferol 3-O-rhamnoside-7-O-glucoside 594 617, 595, 449, 287 Leaf

10 kaempferol 3-O-rutinoside (nicotiflorin) 594 617, 595, 449, 287 Leaf, Fruit

Mal 11
kaempferol 3-O-(6''-O-malonyl)glucoside-7-O-
rhamnoside (moragrol C)

680 703, 681, 535, 433, 287
Leaf

Tri 5
kaempferol 3-O-rutinoside-7-O-rhamnoside 
(moragrol B)

740
763, 741, 595, 449, 433, 
287

Leaf

quercetin
(m/z 303)

Mono

8 quercetin 3-O-glucoside (isoquercitrin) 464 487, 465, 303 Leaf, Fruit

Mal 9 quercetin 3-O-(6''-O-malonyl)glucoside 550 573, 551, 303 Leaf, Fruit

13
quercetin 3-O-(2''-O-malonyl)glucoside 
(morkotin C)

550 573, 551, 303
Leaf, Fruit

Di

4 quercetin 3-O-rhamnoside-7-O-glucoside 610 633, 611, 465, 303 Leaf

6 quercetin 3-O-rutinoside (rutin) 610 633, 611, 465, 449, 303 Leaf, Fruit

2 quercetin 3,7-di-O-glucoside 626 649, 627, 465, 303 Leaf, Fruit

Tri

3
quercetin 3-O-rutinoside-7-O-rhamnoside 
(morkotin B)

756
779, 757, 611, 465, 449, 
303

Leaf

1
quercetin 3-O-rutinoside-7-O-glucoside 
(morkotin A)

772
795, 773, 627, 611, 465, 
303

Leaf, Fruit

* All samples analyzed in positive ion mode (m/z, [M+H]
+
) using UPLC-DAD-QTOF/MS

* Each value calculated as means ± SD of three replicates using internal standard (galangin)
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The major 4 flavonoids from the mulberry leaves were 
quercetin 3-O-(6''-O-malonyl) glucoside (Peak 9), 235.3 ppm, 
kaempferol 3-O-(6''-O-malonyl) glucoside [peak 14], 132.3 
ppm, kaempferol 3-O-rutinoside (nicotiflorin) (Peak 10), 108.1 
ppm, and quercetin 3-O-rutinoside (rutin) [peak 6], 103.8 ppm. 
Morus alba Korean cultivar, Suhang, having purple fruits have 4 
major flavonoids like Baekokwang such as quercetin 3-O-(6''-O-
malonyl) glucoside, kaempferol 3-O-(6''-O-malonyl) glucoside, 
quercetin 3-O-rutinoside (rutin), and kaempferol 3-O-rutinoside 
(nicotiflorin) (Ju et al., 2017). The contents of rutin and 
nicotiflorin in two Korean mulberry varieties, Baekokwang and 
Suhang, were different. 

Three flavonoids contents were above 5 ppm in Baekokwang 
fruit including quercetin 3-O-(6''-O-malonyl) glucoside, 13.0 
ppm, quercetin 3-O-rutinoside (rutin), 7.8 ppm, and kaempferol 
3-O-rutinoside (nicotiflorin), 5.7 ppm (Table 2). According to 
our group’s previous reports, Suhyang fruits have quercetin 
3-O-rutinoside (rutin), 38.1 ppm, quercetin 3-O-(6''-O-malonyl) 
glucoside, 20.8 ppm, and quercetin 3-O-glucoside (isoquercetrin), 
7.5 ppm (Ju et al., 2017). In case of Daeshim fruit in Korea 
common mulberry cultivar, quercetin 3-O-rutinoside (rutin) and 
quercetin 3-O-(6''-O-malonyl) glucoside were detected on 66.1 
mg and 26.7 mg, respectively (Ju et al., 2018). From the above 
result, rutin is might be a major flavonoid of mulberry fruits, and 
other flavonoids varied with mulberry cultivar. 

In this study, the author isolated and identified flavonoids 
extracted from the mulberry leaves and fruits. UPLC-DAD-
QTOF/MS analysis showed that the flavonoids composition of 
extracted samples were similar but some quantitative flavonoids 
content of Korean mulberry tree, Baekokwang, having white 
fruit was different with the other Korean mulberry tree having 
purple fruit. This is the first report on the Korean mulberry tree 
having white fruit.
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