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Abstract

Wine extracts of four different berry fruits, such as mulbeny, bluebeny, strawberry, and raspbenry, were investigated
for antioxidant, anti-tyrosinase, and a-glucosidase activities by using in vitro assays. Additionally, quantitative changes
of a-glucosidase inhibitor in mulberry wine were determined by HPLC according to mulbeny cultivars and fermentation
process. Among four benry wines examined, mulberry wine showed the most potent a-glucosidase inhibitory activity
with 69.37% at 0.23 mg/mL, while blueberry and strawbenry wines exhibited the strongest inhibition against DPPH
radical and tyrosinase activity, respectively. Four compounds were isolated and purified from mulberry wine by
a series of isolation procedures, such as solvent fractionation, and Diaion HP-20, ODS-A, and Sephadex LH-20
column chromatographies. Among them, Comp. 4 exerted the strongest a-glucosidase inhibitory activity (ICGs5=31.57
M), and its chemical structure was identified as quercetin by UV and NMR spectral analysis. Finally, the
“Daeseongppong” (16.83 ppm) muberry wine had larger amount of quercetin than the ‘“Iksuppong” (14.85 ppm)
and “Cheongilppong” (8.92 ppm) mulberry wines, but their contents of three mulberry wines decreased considerably
with aging process. These results suggest that mulberry wine containing quercetin acted as a-glucosidase inhibitor
may be useful as a potential functional wine for improving diabetic disorder.
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405 nmol| X FFEE S35t 71420 pNPGEHH &
Eo] Yo+ AAES] pnitrophenol S S48t oW o
glucosidase A3 &/ th5 2ol whe} A4kttt Asi&
(%)=(1-A/B)x100, A: A5 FF=E, B: 2T S35, 97]
A AEE 9A B dETE I Skl AR )
291 a-glucosidase A3 &35 SATH & 3]AEA o o)
*P%ﬂ ICsok(a-glucosidase E43-& 50% #3lsh= Al 52
5 YehiIth

MO

DPPH radical Z&HetM =

A FEC] ik} 28-S Tagashira 59 WH0)S M3
ato] DPPHe st xxkzro] G942 7 Al5e] 84S 574
39t 2, 0.1 mM DPPHE &3 Wekg &9 2 mL

A& §A@HA H2lF F29])) 0.1 mLE 71 vortexdt
o] 2o A 1057 v A7) T8 517 nmol| A EF ==
=335t DPPHS| o) 93 S34 w9 AE =451y
t}. o] wl DPPH 2}t A£AEAL a-glucosidase #13lE4]
o A FYsA AA ek

Tyrosinase X{5l&Hd =3

NBEY w3 28-S Choi 59 WD wt
mushroom tyrosinase(1,380 u/mL)E A}-8-3}] U3} 20|
=43t Ah a42849 =42 0.1 M sodium phosphate
buffer 500 UL(pH 6.8), TF 450 1L, F== 50 1L,
tyrosinase 50 UL <=2HF o2 H7FSE 3 7122 2.5 mM
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20% EtOH fr. 40% EtOH fr. 60% EtOH fr. 80% EtOH fr.
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‘ ‘ ‘ } eluted with 40% aq. EtOH
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Sephadex LH-20 chromatography
| cluted with 90% aq. EOH
Quercetin (80.3 mg)

Fig. 1. Schematic procedure for isolation and purification of a-
glucosidase inhibitors from mulberry wine.
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2]3l QU]+ anthocyanin, flavonoid, resveratrol 2! moracin
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g9 =& Islgde edHEy B7e dkshA
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Table 1. Comparison of biological activity of four different berry
wines

, Inhibition (%)

Berry wine 1 . 0 K]
Glucosidase DPPH radical Tyrosinase

Mulberry 69.37+0.33" 6248081 24.99+2.73°

Blueberry 22.28+0.52" 64.57+0.48" 48.03+1.60"

Strawberry 15.11£1.05° 35.7040.25° 59.63+3.08"

Raspberry 10.28+0.59" 40.66+0.85° 33.49+1.46°

Values are meantSD of triplicate analyses.

Values with different superscript in columns are significantly different at p<0.05
'Sample concentration: 0.23 mgfmL

*Sample concentration: 0.24 mg/mL

*Sample concentration: 10 mg/mL

2rl|elelo 28 E| a-glucosidase XMsiMel £z -FHM U
&3

A 47hA] HWiE [ FE R F a-glucosidase A3 24
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o] 7F4 73k erjelelo 2 BE AAA|AS FelsH]
A8l Fig. 13 o] 2Y)9}01S EtOAc &3 3 Diaion
HP-20 column chromatography S 2 A| 51| 47}A] o gh-2-&
2(20% aq. EtOH, aq. 40% EtOH, aq. 60% EtOH % 80%
aq. BtOH fr)S Ao, ©|F 80% aq. EtOH £)(70.22%)
o] 714 73 Ak AsNEAS e ATKTable 1). The
80% aq. EtOH 28 ODS-A 3 Sephadex LH-20 column
chromatographiesE X4 0.2 A A8l 471K R ES
2 B Ao, 2159 a4 A SA4S
3}, Table 29} Zo] Fr. 4(ICs5=0.02 mg/mL)7} 7} 733
a-glucosidase A3 &S YeRlon, 71 TS0 2 Fr.
2(IC5=1.93 mg/mL) > Fr. 1(IC5=3.03 mg/mL) > Fr. 3
(ICs0=4.45 mg/mL) =02 S Yelyt

fmﬁm

Table 2. Inhibitory activities of a-glucosidase of four solvent
fractions isolated by Diaion HP-20 column chromatography from
mulberry wine

Solvent fraction aGlucosidase inhibitory activity (%)

20% EtOH fr. 9.40£0.10
40% EtOH fr. 11.040.13
60% EtOH fr. 38.3940.19
80% EtOH fr. 70.2240.35

Valu% are meantSD of triplicate analyses.
Sample concentration: 0.1 mg/mL

a-Glucosidase *sHiH|2| stetx S
eyl g e EelH 47H4 9= F a-glucosidase
Aol 71 ek 9 49| st RE A5 Sl
AA UV S ERS %—Xé"i A, 254 nm¢} 364 nm]|
A Ao 5387 310 nm F-2ol| A shoulderE LERN L
71ell ¥ 3}3HE-2 flavonol ﬂ@'ai FAHJTH25). =
23] 49] 'HNMR spectumS =43+ 23}, Fig, 2014 He
vie} 2ol 66.81(H, d, J=8.5 Hz, H-5"), §7.40(H, dd, J=2.0
& 8.5 Hz, H-6>), 2 §747H, d, J=2.0 Hz, H-2)°l|A
flavonoid 3}3}Z benzene B ring2] ABX system< UEI =
37}A] aromatic proton¥} §6.15(H, d, J=2.0 Hz, H-6) & &
6.35(H, d, J=2.0 Hz, H-8)° 4] benzene A ring2] 2 7}<]
meta-coupled doublet proton= ZH2}F 818 = UAATE T,
PCNMR spectrums #2323}, 6145.1(C-3) 2 §
147.7(C-4")9 4] benzene B ring2] 2 7§ 2] hydroxyl group<
7+ €4 signald, 6156.2(C-9), 160.8(C-5) 2 164.0(C-7)°ll
2] benzene A ring®] 3 7}<] hydroxyl group= 713 B4
signal 5 27 1T 4 UYL, 2 & §93.5(C-8),
98.3(C-6), 103.1(C-10), 115.2(C-2"), 115.7(C-5"), 120.1(C-6"),
122.1(C-1")9l A flavonol & 04 B4 signal E2]9ES U
ERATE ol9bzto] AhejM FFATERY 'H- & "CNMR
spectra 4] A3} 2 2E —-‘3_5] 4+ quercetin 9= A 2l

0

Table 3. Yields and a-glucosidase inhibitory activity of four
isolated fractions isolated from mulberry wine

Compound Yield aGlucosidase inhibitory activity
(mg/10 L) ICso (mgfmL)
Fr. 1 8.5 3.03+0.22
Fr. 2 1192 1.93£0.12
Fr. 3 284 4454031
Fr. 4 80.3 0.02+0.01

Values are meantSD of triplicate analyses.

Statistical analysis is omitted for simplicity.

ICso represents the concentration of a compound required for 50% inhibition of a
-glucosidase activity.

Table 4. 'H- and “"C-NMR spectral data of quercetin isolated
from mulberry wine

Position Fr. 4
'H-NMR

6.15 (@ J~20)
6.35 (d 20
147 (d F20)
6.81 (d F8.5)
740 (dd 20 & 85)

e
146.9
1358
1759
160.8
9.3
164.0
935
156.2
103.1
1221
1152
145.1
1477
115.7
6’ 120.1

Chemical shift in & ppm, coupling constant (/) expressed in Hz in parenthesis and
measured in the solvent CD;OD, Taking TMS as an internal standard.

@« R

@ 5 gk A2 @ GPAEL iy il 2o
YR ZHE oJF quercetin glycoside & aglycone= #2]
2 AT vt 3o, 53] 2y dll= quercetin ¥ FA 7}
o] ZAY 3= AL E HuE vyl Uth26.27). 212y &
tjo}lo A quercetine #8] 2 TAHE A oM, &

3] etj9Rle gy Ao F8 EZ | quercetin U=
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Fig. 2. 'H-(A) and ®C-BNMR spectra of quercetin isolated from mulberry wine.
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g3l A= B A7 ASolt) oldg Age F5Ue
23H ‘1":‘_"/]_‘151’ a-glucosidase A3 Ao} FH EHo
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HPLC chromatograms were detected at 350 nm.

4

Dihydroquercetin

Dihydroguercetin I/

Table 5. Quantitative changes of quercetin in three mulberry

wines according to fermentation process

Cultivar Fermentation time Quercetin (ppm)
Tksu Must 4.90+0.20
ppong Fermented wine 14.8542.10

Aged wine 1.56£0.19

Must 9.20+0.45

Daesung Fermented wine 16832231

ppone Aged wine 4.6440.25

. Must 22041.13

Cheongil Fermented wine 892:032
ppong .

Aged wine 1.0310.09

Values are mean+SD of triplicate analyses.

Standard deviations and statistical analysis are omitted for simplicity.
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Fig. 3. HPLC chromatograms of two standards (A), dihydroquercetin and quercetin, and ethyl acetate fractions from the “Iksuppong”
(B), “Daesung- ppong” (C) and “Cheongilppong” (D) wines.
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