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Isolation and Identification of Antioxidant Polyphenolic Compounds
in Mulberry (Morus alba L.) Seeds
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Abstract

Eleven polyphenolic compounds, including procatechuic and chlorogenic acids, (+)-dihydroquercetin, rutin,
isoquercitrin, quercitrin, (+)-dihydrokaempferol, trans-resveratrol, moracin, quercetin and 4-prenylmoracin
were isolated and purified from the methanolic extract of defatted mulberry seed residue by a series of column
chromatography including silica gel, Sephadex LH-20, and ODS-A, and their chemical structures were identified
by spectral analysis. The antioxidant activities of the eleven isolated polyphenolic compounds were measured
spectrophotometrically using DPPH radical. Among the eleven polyphenolic compounds tested, rutin (IC5,=20.2

uM), isoquercitrin (IC5=22.5 uM), quercitrin (ICs=24.6 uM), quercetin (IC50=27.8 uM),

(+)-dihydroquercetin

(IC50=28.9 uM), and chlorogenic acid (IC5=30.6 uM) exhibited stronger antioxidant activity than L-ascorbic acid
(IC50=31.5 uM) and a-tocopherol (IC5,=52.3 uM), whereas procatechuic acid (IC5=68.2 tM) showed lower activity.
In addition, (+)-dihydrokaempferol (IC50=33.8 uM), trans-resveratrol (IC5=36.2 uM), moracin (IC50=47.6 uM),
and 4-prenylmoracin (IC50=48.2 utM) exhibited moderate antioxidant activity. Furthermore, levels of the eleven
polyphenolic compounds from three different types of mulberry seeds were quantified by HPLC, and their con-
tents were as follows: rutin (31.1~60.0 mg/100 g)> quercitrin (7.2~34.2 mg/100 g)> (+)-dihydroquercetin (13.2
~33.1 mg/100 g)> quercetin (15.8~19.5 mg/100 g)> 4-prenylmoracin (10.5~43.3 mg/100 g)> isoquercitrin (5.8~
15.4 mg/100 g)> chlorogenic acid (0.0~ 15.3 mg/100 g)> moracin (4.7 ~7.2 mg/100 g)> procatechuic acid (0.0~
11.6 mg/100 g)> (+)-dihydrokaempferol and trans-resveratrol (<0.1 mg/100 g). The 'Daesungppong’ mulberry
seeds among the three cultivars had higher flavonoid contents, such as rutin and quercetin derivatives, while
the 'Iksuppong’ seeds had the highest contents of phenolic acids and moracin derivatives. 'Cheongilppong’ had
lower amounts of polyphenolic compounds than the other two mulberry seeds. These results indicate that mul-
berry seeds containing antioxidant polyphenolic compounds may be potentially useful sources of anti-diabetic,
anti-hypertensive, and anti-aging agents for functional foods and cosmetics.
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removed oil by expeller
extracted with 95% MeOH under ultrasonicator

v

EtOAc fr. (48 g)
eluted with CHClz: MeOH (5:1, v/v)
Fr. 5

MeOH ext. (80 g)
|
CHCl; fr. (105 g)
Silica gel column chromatography
Fr. 3 Fr. 4
(0.66 g) (0.39

v
v

519

v

n-BuOH fr. (20.3 g)

v
(0.20 g)

¢g) ‘ ‘
i2

i Fr
-

Fr. 1

v

Fr. 2
(2.22 g)
Sephadex LH-20 column chromatography
Fr. 3

v

Comp.11

v

Fr. 1
(1.33 g)
Fr. 3 Fr. 2
ODS-A column chromatography
Comp.10
(4.1 mg) (2.2 mg)

v

Comp.1 Fr. 1
(13.7 mg) ¢ ¢
Comp.2 ’
(3.4 mg) ¢ ¢
Comp.3 Comp.6 Comp.8 Comp.9
(33.6 mg) (2.2 mg) (5.1 mg) (7.1 mg)
Comp.4 Comp.7
(4.1 mg) (3.6 mg)
Comp.5
(24 mg)
Fig. 1. Schematic procedure for extraction, isolation and purification of polyphenolic compounds from mulberry seeds.
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103.64(C-4")l Al meta—coupled arylbenzened ©. & F ¥

zene ©a



oUMZRE G5

o

HO_ COOH
o o
HO
OH HO X 0 OH
H
HO HO

Procatechuic acid

OH
OH
HO. 0 ‘
g OH
OH O

(+)-Dihy droquercetin Rutin

Chlorogenic acid

OH OH

I
rhammose

I
OH O glucose

Isoquercitrin Quercitrin

OH
HO
“r (D
O o
OH HO
OH O

(+)-Dihydrokaempferol

OH

Moracin

Quercetin

4-Prenylmoracin

Fig. 2. Chemical structures of eleven polyphenolic com-
pounds isolated from mulberry seed.
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Table 1. 'H- and ®C-NMR spectral data of three polyphenolic
compounds isolated from mulberry seeds

Position Comp. 3 Comp. 7 Comp. 9
'"H-NMR
2 482, d, (11.2) 499, d, (11.6)
3 441, d, (11.6) 455, d, (11.6) 691, s
4 7.35, d, (8.4)
5 6.74, dd (2.4, 8.4)
6 5.79, d, (2.0) 5.89, d, (2.0)
7 6.90, d, (2.0)
8 5.83, d, (2.0) 593, d, (2.0)
2’ 6.88, d, (2.0) 737, d, (88) 6.76, d, (2.0)
3’ 6.84, d, (8.8)
4’ 6.25, t, (2.0)
5 6.71, d, (8.4) 6.84, d, (8.8
6’ 6.76, dd (2.0, 84) 7.37, d, (88) 6.76, d, (2.0)
BC-NMR
1
2 85.14 85.19 156.27
3 73.71 73.85 102.34
4 198.43 198.67 122.14
5 165.34 165.55 113.39
6 97.38 97.58 156.98
7 168.79 169.12 983.60
8 96.35 96.55 157.39
9 164.54 164.75 123.18
10 101.94 102.01
1 129.91 129.52 133.95
2’ 116.14 130.58 104.06
3’ 146.40 116.35 160.09
4’ 147.24 159.44 103.64
5 115.94 116.35 160.09
6’ 120.97 130.58 104.06

Chemical shift in § ppm, coupling constant (/) expressed in
Hz in parenthesis and measured in the solvent CDs;OD, Taking
TMS as an internal standard.
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A& DPPH radical &2A 8422 Jelilen, 1 Ax+
Table 29} 2t} 117F4] E8]#=313E F rutin(IC5=20.2
uM)e] 7HE A s S vediler, 1 gse=
isoquercitrin(ICs=22.5 pM)> quercitrin(IC5=24.6 pM)>
quercetin(IC5=27.8 uM)> (+)-dihydroquercetin(IC5,=28.9
uM)> chlorogenic acid(IC5=30.6 uM) £o.2 2 g4 S
e AT 283 919 s PEEES EF A
AstA 2 2 4 A L-ascorbic acid(ICs=31.5 uM) % a-
tocopherol(IC3=52.3 uM)oll B3] =& AatsleAl-S Yehd
Aot WA, (+)-dihydrokaempferol(ICs=33.8 uM), trans-
resveratrol(IC5=36.2 utM) % moracin(IC5=47.6 uM)3} 1
=42 4-prenylmoracin(ICs=48.2 uM)< L-ascorbic
acidell Bl8) & bstegd S YR oY, a-tocopherol
of vl #& kst A4S YER ATk 3 procatechuic
acid(IC5=68.2 uM)+ L-ascorbic acid®} a—tocopheroldl] ]
3] DPPH ZttjZdAAg o] wttt.

2|9 =359-E2 DPPH ez aAdAo] 733 A
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Table 2. Antioxidant activity of eleven polyphenolic com—
pounds isolated from mulberry seeds

Polyphenolic compound

DPPH radical scavenging activity

(ICs0, 1M)
Procatechuic acid 68.2+0.4"
Chlorogenic acid 30.6+0.2°
(+)-Dihydroquercetin 289+0.3%
Rutin 20.2+0.2°
Isoquercitrin 225+0.2°
Quercitrin 24.6+0.2%
(+)-Dihydrokaempferol 33.8+0.3°
trans-Resveratrol 36.2+0.4°
Moracin 476+0.2"
Quercetin 27.8+0.2
4-Prenylmoracin 482+0.2"
L-Ascorbic acid 315+0.2°
a—"Tocopherol 52.3+0.4°

ICso represents the concentration of a compound required for

50% inhibition DPPH radicals.

Values are mean=SD of triplicate analyses.
Values with different superscript letters are significantly dif-

ferent at p<0.05.
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Table 3. Comparison of levels of 11 different polyphenolic compounds of mulberry seeds from three different Morus alba
L. cultivars

Content” (mg/100 g, dry weight of seed)

Cultivar PA CA RT DQ 1Q QC DK +RT _ MC QT _ 4-PM
Daesung-ppong ND? 119 54.9 33.1 15.4 34.2 T Tr 53 18.4 17.0
Tksu-ppong 11.6 15.3 60.0 24.0 116 24.1 Tr Tr 72 195 433
Cheongil-ppong ND ND 31.1 13.2 5.8 7.2 Tr Tr 4.7 15.8 105

Values are mean of triplicate analyses. Standard deviation and statistical analysis were omitted for simplicity.

UpA: procatechuic acid, CA: chlorogenic acid, RT: rutin, DQ: dihydroquercetin, IQ: isoquercitrin, QC: quercitrin, DK: dihydrokaempferol,
t-RT: trans-resveratrol, MC: moracin, QT: quercetin, 4-PM: 4-prenylmoracin.

?Not detected. P Trace (<100 pug/100 g).
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