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Evaluation of Biological Activity and Analysis of Functional Constituents
from Different Parts of Mulberry (Morus alba L.) Tree

Sang Won Choi, Yu Jin Lee, Se Bee Ha, Young Hee Jeon, and Dong Hee Lee

Department of Food Science and Nutrition, Catholic University of Daegu

ABSTRACT Evaluation of biological activity and analysis of functional constituents from water and ethanol extracts
of four different parts of mulberry (Morus alba L.) tree were carried out to develop functional ingredients and foods
using extracts of mulberry tree. The water and ethanol extracts of four different parts of mulberry tree were prepared
and their biological activities and functional constituents determined by in vitro assays and HPLC, respectively. In
general, ethanol extracts showed stronger biological activities and higher functional constituents than water extracts.
Ethanol extracts of mulberry fruit, root bark, and twig showed stronger antioxidant (IC5y=128.4 pg/mL), a-glucosidase
(IC50=12.0 pg/mL), and lipoxygenase (ICs5y=36.3 pg/mL) and tyrosinase (ICs)=410.3 pg/mL) inhibitory activities, re-
spectively, than those of other parts. Mulberry fruit and leaf showed the highest contents of anthocyanin (cyanidin
3-glucoside: 213.20 mg/100 g) and chlorogenic acid (514.97 mg/100 g), and especially ethanol extract of mulberry
leaf contained higher quercetin 3-O-(6-O-malonyl)glucoside (143.25 mg/100 g) and kaempferol 3-O-(6-O-malonyl)glu-
coside (30.25 mg/100 g) contents without water extract of mulberry leaf. Meanwhile, mulberry twig contained both
oxyresveratrol glycoside (48.90 mg/100 g) and its aglycone (21.88 mg/100 g), whereas mulberry root bark contained
mostly oxyresveratrol glycoside (724.05 mg/100 g). Additionally, mulberry root bark and leaf contained much higher
y-aminobutyric acid (223.90 mg/100 g) and 1-deoxynojirimycin (86.07 mg/100 g) contents, respectively, than other
parts of mulberry tree. These results suggest that high quality processed foods and functional foods using mixtures
of mulberry fruits, leaves, twigs, and root barks should be developed for prevention and inhibition of several pathological

disorders.
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WS (Morus alba L.) H-91¥ 3234
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B 919 polyphenol(phenolic acids, cinnamic
acids, flavonoids, resveratrols, moracins)2] &2 AR
(9)ol] w2} HPLC(Waters e2695 HPLC System, Waters,
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250 mm, YMC Inc., Allentown, PA, USA), o] : &wj
A(0.05% H3POy4 in H20) & &7 B(CH3CN : Ho0 : MeOH=
1:1:1.15, v/v/v)(linear gradient elution' A—B, 65 min),
41 0.8 mL/min, 9% 10 uL, AE7]: 221 (UV a0,
310, 350 nm). oFA HPLCZ &2]H 7+ 7]:*3 =49 peak®
obx By TFEA 9| retention time H|usle] 2215}
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Al 2454 20 mL(50 mL)E £-313Fe] DNJ F&&52& izﬂ
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200 pL 10 mM FMOC-CI& Wol 30°C® %A% water
bathol| Al 1A} &F ¥Hg-A121 5= thA] 100 uL 0.1 M gly-
cine?} 100 pL 1% acetic acidE 7}gF Tt} 0.2 um PTFE
syringe filter(PALL Life Science, Port Washington, NY,
USA)& oftate] HPLC 41 AAIeH3ith DNJ 3HFe
BEEAL olgael 44T ARAHozRY ABagle
H, om HPLC &4 =12 va3 2. 2§ YMC-Pack
Pro Cis column(5 pm, 46><250 mm, YMC Inc.), °]&:
Sl A(H0) 2 &nj B(lOO% MeOH)(linear gradient
elution: A—B, 30 min), F%: 1.0 mL/min, &Y% 10 uL,

HE7] AYA (UV254nm).
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SPSS 19.0(Statistical Package for Social Sciences, SPSS
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Table 1. Yields of the water and ethanol extracts from four dif-
ferent parts of mulberry (Morus alba L.) tree

Yield (%, dry weight)

Mul
ulberry part H.O ext. EtOH ext.
Fruit 67.0+3.2*D? 73.4+4 .8
Leaf 20.542.8° 23.943.1°
Twig 2.5+0.3¢ 2.6+0.6°
Root bark 26.042.7 23.0+1.9°

)Values are shown as the meantSD (n=3).
?Values in each column with different letters are significantly
different at P<0.05.
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FA3E &4 A7HA] b 29 E A dleks
323t @45 DPPH radicals o] 836te] =48 A=
Table 29} 2t} 54 4717 9 & F2E T AY &
FZE(C5=238.3 ng/mL)°| 7}& 73g DPPH radical 4
A & vedileon, atgo s 2 HICs=264.5 ug/
mL)> A (IC50=353.7 pg/mL)> M3 (1C50=565.6 pug/mL)
o2 WA YEHTh o s FEE T o dEE
F2E(1C5=128.4 ng/mL)°] 7} 7+$ DPPH radical 4
7l @& dehen, a0 2 F9UICs0=147.3 ng/

Table 2. Biological activities of the water and ethanol extracts from four different parts of mulberry (Morus alba L.) tree

Inhibition (ICso", pg/mL)

Part of mulberry tree

DPPH radical a-Glucosidase Lipoxygenase Tyrosinase
Fruit 264.5+5.9%7 257.2+19.2° <500 NDY
(128.4+2.0%" (780.4+34.4%) (<300)
Leaf 238.3+2.6° 95.8+6.5" <500 ND
(147.343.1° (165.3+5.7%) (<300)
Twig 353.7+3.0° 24.540.3° 54.6+3.8" <1,000
(280.7+3.3") (33.842.2°) (36.3+1.8") (410.3+3.2%
Root bark 565.6+5.0" 28.1+0.8° 89.3+5.3" <1,000
(442.5+10.0°) (12.0+0.1°) (39.4+2.0°) (632.8+35.2%)
Positive reference L-Ascorbic acid Acarbose NDGA? Kojic acid
(2.40+0.12) (0.03+0.01) (2.43+0.05) (52.5+0.27)

)ICSO represents the concentration at which enzyme activity shows 50% of control.

Values are shown as the meantSD (n=3).

MValues in each column with different superscript letters are significantly different at P<0.05.
“Data of parenthesis indicate ICsy value of biological activities of the ethanol extracts from four different parts of mulberry tree,

respectively.
*ND: not detected.
NDGA: nordihydroguaiaretic acid.
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mL)> A (1C50=280.7 ug/mL)> 43 (IC50=442.5 pg/mL)
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Table 3. Levels of polyphenolic compounds of the water and ethanol extracts from mulberry (Morus alba L.) fruits

Polyphenolic compoundsl) (mg/100 g, dry weight)

Extract

PC CGA CA DQ RT IQT QCT QT
Water ext. 321+0.157 2.09+0.04  33.46+2.93 ND” 25.77+136  2.72+0.05  2.98+0.09 ND
EtOH ext. 21.60+1.40  123.61£12.54  4.23+£024  5.03+0.19 66.51+2.39 12.57+1.02 27.85+1.56 7.42+0.24

Ypc: protocatechuic acid, CGA: chlorogenic acid, CA: caffeic acid, DQ: dehydroquercetin, RT: rutin, IQT: isoquercitrin, QCT:

quercitrin, QT: quercetin.

'Walues are shown as the mean+SD (n=3).
ND: not detected.

Statistical analysis was omitted for simplicity.

F ARl HE BAERTE GBS ST Aot
Table 33} 2t} ¥4 ot] % F&%e] 49 orle] Fa
=8B HEA ok At AS] TR A5 o)

o™ [cyanidin 3-glucoside(C3G): 65.54 mg/100 g,
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Table 4. Levels of phenolic compounds of the water and ethanol extracts of mulberry (Morus alba L.) leaves

Polyphenolic compoundsl) (mg/100 g, dry weight)

Extract
CGA RT IQ QMG AG KMG
Water ext. ND? 2.09+0.04> 33.46+2.93 ND 25.77+1.36 ND
EtOH ext. 514.97+32.91 82.25+5.92 116.97+10.45 143.25+13.24 47.46+2.93 30.25+1.82

DCGA: chlorogenic acid, RT: rutin, 1Q: isoquercitrin, QMG: quercetin 3-O-(6-O-malonyl)glucoside, AG: astragalin, KMG: kaempferol

3-0-(6-O-malonyl)glucoside.

IND: not detected.

Values are shown as the mean+SD (n=3).
Statistical analysis was omitted for simplicity.
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Table 5. Contents of oxyresveratrol glycoside and aglycone in
the water and ethanol extracts from mulberry twigs and root
barks

Content (mg/100 g, dry weight)
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Table 6. Levels of GABA (y-aminobutyric acid) and DNJ (1-
deoxynojirimycin) of four different parts of mulberry (Morus
alba L.) tree

Twig & root  Water & Oxyresveratrol Part of Content (mg/100 g, dry weight)
bark ethanol ext. 3-0-glucoside Oxyresveratrol mulberry tree GABA DNJ
Twig Water 6.15£0.54"  4.26+0.43 Fruit 325713147 72.25+3.25

Ethanol 48.90+2.92  21.88+1.37 Leaf 114.67+2.43¢ 86.07+5.32°
Root bark Water 201.80+5.03 Tr” Twig 135.62+3.02° 3.25+0.21¢
Ethanol 724.05+7.64 Tr Root bark 223.90+5.24° 35.65+1.20°

1)Values are shown as the meantSD (n=3).
ITr: trace (<1.0 mg/100 g).
Statistical analysis was omitted for simplicity.

1)Values are shown as the meantSD (n=3).
?Values in each column with different letters are significantly
different at P<0.05.
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