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Isolation of Bioactive Compounds from the Ethylacetate Fraction of
Fermented Garlic Complex and their Tyrosinase Inhibition Activities
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Abstract - Fermented complex from garlic and nine medicinal plants were developed as a natural whitening material.
Tyrosinase inhibition activity was determined and four active compounds were isolated. The nutritional components of
fermented garlic complex (FGC) were analyzed to confirm the applicability as a functional food material. Tyrosinase
inhibitory effect of FGC was 88.6%. Methanol extract was partitioned with EtOAc, n-BuOH and H,O. From the EtOAc
fraction (47 g), which showed the highest yield, active fractions were separated by repeated TLC, silica gel and ODS column
chromatography to isolate active compounds. The chemical structures of the isolated compounds were analyzed by NMR
and MS spectra. Phenylpropanoid compounds of 2,4,5-trihydroxy-benzenepropanoic acid (1) (1.9 mg) and 2,3,5-
trihydroxy-benzenepropanoic acid (2) were confirmed. In addition, 2,4-dihydroxy-hydrocinnamic acid (3) (3.3 mg) and
(+)sesamin (4) (6.1 mg) were isolated. These compounds will be useful as index compounds or functional compounds in

FGC.

Key words - 2,4-Dihydroxy-hydrocinnamic acid, 2,3,5-Trihydroxy-benzenepropanoic acid, 2,4,5-Trihydroxy-benzenepropanoic
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Table 1. Ingredients of the fermented garlic complex

Scientific name Korean name  Amount(%)
Allium sativum AHCKF4) 50.00
Platycodon glaucum A7) 6.25
Sophorae Radix nEN G| 6.25
Glycyrrhizae Radix Zrz(H ) 6.25
Arctium lappa Linné AW 3% 1) 6.25
Pinus densiflora £%9] 5.00
Aloe arborescens 2= of|(Aloe) 5.00
Sesamum indicum BRAHFEET) 5.00
Juglans sinensis TL(HAME) 5.00
Zingiberis Rhizoma A7 E) 5.00
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Silica gel column chromatography-& silica gel ™} octadecyl
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18.1]), DOPA, kojic acid, ascorbic acid+= F.5 Sigma Chemical
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Fig. 1. Overall scheme for the isolation of four compounds by column chromatography from the fermented garlic complex.
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Fig. 2. Tyrosinase inhibition activity of 32 fractions obtained from silica gel column chromatography of ethyl acetate fraction. The

concentration of the each fraction was 1.0 mg/mL.

mg) 7t 611(WSE9—7-6, 3.3 mg) 212 E315}0] NMR -4
o2 33HE 1, 2, 32 SACHFg. 3).

313 1, CioHyOs, Proton nuclear magnetic resonance
(*H-NMR) (400 MHz, CDsOD, 6) 7.46 (1H, d, J=2.4 Hz, H-6),
7.26 (1H, s, H-6), 7.02 (1H, s, H-3), 6,61 (1H, dd, ~2.4, 0.8
Hz, H-4), 3.66 (3H, s, —OCHs), 2,97 (2H, t, J=6.4 Hz, H-7),
2.74 (2H, t, J=6.4 Hz, H-8); Carbon nuclear magnetic
resonance (°C—NMR) (100 MHz, CDCls, 8) 176,01 (s, C-9),

- 66 -

154.32 (s, C—4 or C—3), 152.08 (s, C~2), 144.01 (d, C—6),
193.81 (s, C—1), 121,59 (d, C—6), 105,94 (d, C—4), 99,90 (d,
C-3). 52.34 (q, ~OCHs), 24.78 (t, C—8), 23.90 (t, C—T7).
3ISHE 2, CiHpOy Proton nuclear magnetic resonance
('H-NMR) (400 MHz, CDyOD, 6) 8.07 (1H, s, H—3), 7.03 (IH,
d, J=8.4 Hz, H-5), 6,96 (1H, d, J=8.4 Hz, H—6), 3.68 (3H,
s, —OCH,), 2.95 (2H, t, J=6.4 Hz, H-T7), 2.74 (2H, t, J=6.4

Hz, H-8); Carbon nuclear magnetic resonance (*C—NMR)



ARG 2 S8l B3] ofdolAgo|E 230 2HE| Tyrosinase A4 4

HO ’/\)J\ /
4 /2“\
OH 1
0
HO \/\\‘OH 3

JHo| Hal ul =4

Fig. 3. Chemical structures of the four compounds from the fermented garlic complex.

(100 MHz, CDCls, 6) 176,90 (s, C-9), 147.32 (s, C-2), 143,68
(d, C-3), 126,61 (d, C—6), 121,59 (d, C-1), 117.35 (s, C—4),
104,28 (d, C-5), 52,55 (q, ~OCHs), 35.72 (t, C-8), 23.88 (t,
C-1).

318+ 8, CyHiO4, Proton nuclear magnetic resonance
(*H-NMR) 'H-NMR (400 MHz, CD;OD, 6) 8.07 (1H, s, H-3),
7.03 (1H, d, J=8.4 Hz, H-5), 6,96 (1H, d, J=8.4 Hz, H-6),
3.68 (3H, s, —OCHs), 2.95 (2H, t, J=6.4 Hz, H-7), 2.74 (2H,
t, 6.4 Hz, H-8) ; Carbon nuclear magnetic resonance
(C-NMR) (100 MHz, CDCls, 6) 176.90 (s, C-9), 147.32 (s,
C-2), 143,68 (d, C-3), 126,61 (d, C-6), 121,59 (d, C-1),
117.35 (s, C—4), 104,28 (d, C-5), 52.55 (q, “OCHs), 35.72 (¢,
C-8), 23.88 (t, C-17)

3I3HE 49] 23

WSE9-10(54 mg) 2] £-81 =] gj3+ ODS CC (94,0 X 5.0 e,
MeOH/ Hy0 = 1:1—5:1) AA] A3} 6742 288 A3l o]
oAl 71 FSiakar XI5t 5H(WSE9I-10-5, 6,1 mg)] E-2o] of
SFNMR 254 A3} 313 45 7g0t9.0H, ol 2 4

7 (+)sesamin © 2SRRI =] S THFig, 3).

Tyrosinase A 3| &A]
Kubo et al. (1994)9] @z} 50 mM sodium phosphate buffer
(pH 6.8) 0.2 mL, 5 mM L—DOPA solution 0.2 mL % A| &-8-oH
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0.5 mL ¢

=

&5}olof| mushroom tyrosinase (230 units/mL) 0.1
H7¥stod 35°CollA 287 WA T 475 nmoi| A -3
6}“‘1’»} Plﬁ\_Zi GHg %)-& tyrosinase a4QF A| 5N
(9)¢F 4 Al SF7 0.1 mLE
g‘%LE ) /\]EC’” Al 554205 mLE A7}
23jo] ofale] Ao miE 48

0 7 A3Y5}FIT} Positive control
ojic ac1dﬂ- ascorbic acidE ARSI, g o]e] 1
A &&= 1.0 mg/mLe] F=ol A S5s3Ik

=

Inhibition effect (%) = [ 1- {(S-B) / C}] X 100

3= Table 29} 2, v
55 4p, AR, 24
o) ARz 0] 75T A
2 /\}EHE]-

SIHE 1.2 WSE9-T—40)| A Be]¥l sletEo)n | chaa} 74-o
HONMR 9 C-NMR 2k B9 T8 2halsint, oo
NMR (100 MHz, CDCls) spectrumo]|A] 17]19] esterE 0]F+= ¢
176,017+ 1 7}9] phenyl7] 2 o] 2= k4 [154.82 (5), 152.08
(s), 123.81 (s), 121.59 (d), 99.90 ()2} 154,32 (s), 152,08 (s).
144,01 (), 123.81 (), 105,94 (d)] 2 1 2] methoxy (B¢
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Table 2. Contents of nutritional components in fermented garlic
complex

Components Contents

Crude Protein 18.9%
Crude Lipid 9.6%
Carbohydrates 55.5%

Dietary Fiber (non-soluble) 21.5%

Total Sugars 2.0%
Calory 298.0 kcal
Vitamin A N.D.*
Vitamin C 0.7 mg/100 g
Iron (Fe) 25.4 mg/100 g
Calcium (Ca) 391.6 mg/100 g
Sodium (Na) 40.1 mg/100 g

“N.D. = not detected.

52,34)9} TAAF & ol A 2712] methylene (¢ 24.78, 23.90)
signal¢o] &% o] ZF th2 2 7| 9] phenylpropanoid”’} EA| 5}

L Ao oAksIoT 'H-NMR spectrum (400 MHz, CDCls)
oAM=, 2,3,5-4x] 2 WAl 529 olefine methine [7.46 (1H,
d, J=2.4 Hz), 6.61 (1H, dd, J=2.4, 0.8 Hz)]¥} [7.26 (1H, s,

H-6), 7.02 (1H, s, H-3)], 17}2] methoxy (6 3.66, s), 271<]
methylene [2.97 (2H, t, J=6.4 Hz), 2.74 (2H, t, J=6.4 Hz)]
2E)5ic), o}4e] Zus Falel TR 10) 72
£ 2,3,5—trihydroxy—benzenepropanoic acid, methyl ester
2 Ex%o}@l o:q o]b /\]ﬂ.a} EZ27 3 cdgoﬁ;} Jung and
Song, 2006).

SpEHE 2 WeR9-T-4olA] 21 SgHEolu, 18T}
& HNMR 9 YCNVR HiE F9) 72E SIS
B¥C—NMR (100 MHz, CDCls) spectrum®]| 4] 17]9] ester& o] 5
= ¢ 176,907} 179 phenyl7|& o]F= EbA [147.32 (s),
143.68 (d), 126,61 (d), 121.59 (d), 117.35 (s), 104.28 (d)] ¥
1719} methoxy (5¢52.55)QF LA G &of| 4] 27112 methylene
(60 385,72, 23.88) signalo| 4=x|0] 17]19] phenylpropanoid 2

AAkslth 'H-NMR spectrum (400 MHz, CDCls)ol|A%E,
2,3—0] 22 WAl G2 9] olefine methine [8,07 (1H, s), 7.03
(1H, d, ~8.4 Hz), 6,96 (1H, d, ~8.4 Hz)], 17}2] methoxy (&
3.68, s), 27112] methylene [2.95 (2H, t, J/=6.4 Hz), 2.74 (2H,
t, J=6.4 Hz)] signalo| T=E|Qt) oJAle] A7E EHZHLi
et al, 1996)3} vlwslo] IHE 25 2 4,5-trihydroxy—

signalo] 3t
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benzenepropanoic acid, methyl ester= -3 F43}5 1, 3}
T 13 2= 119] H[&R EXsks AR A=t
SIHE 8 WSE9-7-6914] 2| SRekEoln, thaat 2
2 'H-NMR ¥ “C-NMR ZAE F3f 125 Flskick
BC—NMR (100 MHz, CDCls) spectrumol|A] 1719] esterS o] &
= 8¢ 176,907} 17119] phenyl”|E ©]F%= B4 [147.32 (5),
143,68 (d), 126,61 (d), 121.59 (d), 117.35 (s), 104,28 (d)] &
17119] methoxy (5 52.55)2F A4 Aol A 27]2] methylene
(6c35.72, 23.88) signalo| ™=E]o] 17]19] phenylpropanoid =
HE9lth, 'H-NMR spectrum (400 MHz, CDCly)o| X%,
2,3—0]x& WAl G2 9] olefine methine [8,07 (1H, s), 7.03
(1H, d, £8.4 Hz), 6,96 (1H, d, ~8.4 Hz)], 171}2] methoxy (&
3.68, s), 27119] methylene [2.95 (2H, t, J/=6.4 Hz), 2.74 (2H,
t, J=6.4 Hz)| signalo] BZHqIc}, o]4e] AE Fosto]
WSE9-7T—60]4] Hel®l EAo] 12E 9 4—dihydroxy—
benzenepropanoic acid (methyl ester) = A5}t 3eHE
38 2,4—dihydroxy—hydrocinnamic acid (methyl ester) 2%
wgslo] glon] uu) sEe) 2ARE o gE1 Sick
3}3HE 4= WSE9-10-50A] H-2]H sl3hzoln, 'H-NMR
2 “C-NMR Z23= 53] 7125 29151th, CyHigOs, Proton
data®] A2 Aol A= 6,75 ppm -4 | 4] 8 HzO] coupling
constantZFS 7FA= 1719 olefinic methine protoni} 6,78
ppmO] A ]2} couplings ©]

Z &3 4= 99 AR J oA 1.6 HzE long range
3

J}z SF )\
2131t 6 ppm

=21
O 3=3 o

split &

=g 4

2L olefinic methine proton 17]}
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Table 3. Tyrosinase inhibition activity of fermented garlic
complex and their fractions by column chromatography

Samples Inhibition Activity (%)”
FGC* 88.6 + 0.8"
EtOAc 91.2 = 0.7
WSE9™ 98.9 + 0.6
WSE9-7" 98.1 + 1.2
WSE9-10" 973 + 0.8
Kojic acid 95.6 = 3.1
Ascorbic acid 99.7 + 0.1

“Data were measured at the concentration of 1.0 mg/mL except FGC.
YFGC stands for undiluted solution of fermented garlic complex.
*Data are presented as the meantstandard deviation (n=3).
“WSE9 stands for the 9" fraction in 32 fractions from the ethyl
acetate layer.

YWSEY-7 stands for the 7" fraction in 13 fractions from the WSE9.
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