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The methanol extract of Arachis hypogaea shell showed antioxidative and antimicrobial activity,. The methanol extract
was successively purified by solvent fractionation, silica gel adsorption column chromatography, Sephadex LH-20
column chromatography and octadecylsilane column chromatography. The purified active substances were isolated by
high performance liquid chromatography, and were identified as 3-methoxy-4-hydroxybenzoic acid and 4-hydroxybenzoic
acid by LGC-MS and GC-MS. The amount of 3-methoxy-4-hydroxybenzoic acid and 4-hydroxybenzoic acid were 3.8 mg
and 9.8 mg per kg of shell, respectively.
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3274 homogenizer (BM-2 Nissei bio-mixer, Nihonseiki
Kaiseiki LTD, Japan)Z v}#|3PH A n-hexane, ethyl acetate
(EtOAc), methanol (MeOH) 502 &3 223lgch dojnl
7} 2252 G3 Glass filters} &= (Whatman No.2)Z
Fale] Hol7l Ng cooling aspirtator (Eyela Cool Ace CA-111,
Japan)7} ZX¥ vacuum evaporator (Eyela N-N, Japan)& A}
§3te] 37CAM Aset

28

B A4S Z2tE MeOH 32 EE EtOAcd) buffer £
(0.2 M glycine-02 M HCl, pH 3.0)28 $4 ¥E3 EtOAc
7H& AbA - A4 38 (EtOAc-soluble acidic - neutral fraction)
o2 B34tk EtOAc 718 A - 4 FEE buffer &
o (02 M Na;HPO,0.2 M NaH,PO,, pH 8.0)0.2 H-uj5}c]
EtOAc 7% =4 #E (EtOAc-soluble neutral fraction)d} =
2 grog BRIy, dojd 4 g 0.1 M HCIE
748t} pH 3.002 ZAH3F & EtOAcE B3l EtOAc 7}
4 244 FE (EtOAc-soluble acidic fraction)d} F4dF o=

R

Silica gel adsorption column chromatography

Silica gel (23 g, 70~230 mesh, column chromatography £,
Merck, Germany)g EtOAcE column (1.5x30 cm)ol 3714
7! &, EiOAc-MeOH £1jA|Z MeOH F:=%& 0, 10, 20, 30,
40, 50% (SAE 200 mLA)Y7HA] Z7 A7 AA step-wise H
Hoz &2 BIaygct =& silica gel (15 )2 CHCho2
column (1.3%x22.5 cm)o} Z2A|7] &, CHCL-EtOAc &viAl
Z EtOAc ¥ E 0, 10, 20, 30, 40, 50, 60, 70% (Z+ SAY
200 mL)7HA] Z71A)71HA] step-wise HPHoE £% B33
At

Sephadex LH-20 column chromatography

Sephadex LH-20 (70~230 mesh, Pharmacia, Sweden)<
MeOH-CHCL: (4:1, vjv) SviAZ 2o 24Xt HA20
th&, column (1.8%x90 cm; bed volume, 250 mL)o] R &}
o F 442 & 234t

Octadecylsilane (ODS) column chromatography

ODS (20 g, 70~230 mesh, YMC, Japan)& H;O:MeOH
(3:7, v/v)Z column (1.5x23 cm)dl] &2A)7] &, H,0-MeOH
£uiAle] MeOH ¥ 58 30%3E 10%% (Z ©AE 40 mL)
S7HA & S8k

High Performance Liquid Chromatography (HPLC)

HPLC< Senshu pak ODS column (0.8X25 cm, Senshu,
Japan)g ©]&3}a] 40% MeOH, 1.5 mL/min (Model 510
solvent delivery system, Waters, USA)E &% E33lgon,

HZ&7)+= UV detector (254 nm, Model 486 Tunable Absorb-
ance Detector, Waters, USA)E AM&-3}¢ T}

Liquid chromatograph-mass spectrometry (LC-MS)

LC-MS 2412 liquid chromatograph (Waters 2690 Separa-
tions Module, USA; Nova-pak C;3 column, 0.2X15 cm,
Millipore, USA)E Thermabeam mass detector (Waters Integ-
rity system, USA)oll 333 71718 A&, o]F42 35%
MeOH (0.2 mL/min)& ©]-&35}$1 2™, Waters 996 photodiode
array detector2 71&31%3 S0, ionizing voltage= 70 eV, ion
source temperatures= 200C oA A A3} T}

Gas chromatograph-mass spectrometry (GC-MS)

GC-MS %412 gas chromatograph (Varian STAR 3400CX,
USA; Rix-1 capillary column, 0.32 mm x30 m, Varian, USA)
E mass spectrometer (Varian SATURN 4D, USA)o| %3k
71718 ARE-3}ad, ion source temperature 200, ionizing
voltage 70 eV Z7o 2 EA3Yck. GCY injector T
220C, GC ovend 2%+ A& 28 %< 100CE FA3
I %8 £52 5T/mineE 3t HFLE7} 20007 HE
2 3lych Trimethylsilyl (TMS) fXd3}= Park 5(17)9]
e o8 EEE 848E 10 gl NaOHE AxA7)
pyridine3}  N,O-bis(trimethylsilyl)acetamide (Fluka, Switzerland)
2231 trimethylchlorosilane (Fluka, Switzerland)S 10:5:1 (v/v)
2 e Ak 20 pi B 718k vortex mixerZ EFF ¥ 60T
2] heating blockollA] 308 E<b ¥hg-AIZl 3 GCMS ¥44 A8
2 313tk GCMS 448 TF A|2ko 2 3-methoxy-4-hydroxybenzoic
acid (Sigma, USA)$} 4-hydroxybenzoic acid (Junsei, Japan)E
M8

g gMEd

g G4E2FE A8 AHEH HAEL 8% gram ¥4
Mt (Bacillus subtilis ATCC 6633, Lactobacillus brevis KCTC
3102, Lactobacillus plantarum KCTC 3104, Leuconostoc
mesenteroidis KCTC 3100, Micrococcus luteus ATCC 9341,
Staphylococcus aureus KCTC 1927, Staphylococcus epidermidis
ATCC 12228, Streptococcus pyogenes KCTC 3096)3 3£2]
gram /34t (Escherichia coli ATCC 10536, Salmonella
typhimurium ATCC 19430, Pseudomonas aeruginosa ATCC
9027) 2&)x 229 &Y (Saccharomyces cerevisiaze IFO
1850, Candida albicans ATCC 10231)-& A}&3}th

i A& BAHF-S Lactobacilli MRS BjA] (Merck, Germany),
S. pyogenest= Brain Heart Infusion ¥]=} (Difco, USA), 1 ¥
ol AT nutrient 3% (Merck), 2+ YM HjZ| (Difco)E
AHEER T e EE AT A9 37T Ee 30TA 16
AIZE, ZARE 30ToA 16417 53 33) ¥hE3te A viYkE
P F HEFRAFE AEIH

g FAdel AAL Zaka® paper disc (¢8 mm, Ad-
vantec, Japan)*¥H(18)0.2 ZA3}Ytt. Davidson¥} Parishe]
W19y o3 45CE 2¥d Hd A 20 mLo] A i
A 0.1 mLE FAHOE &7 & TS F petri dishol] ¥
A EZFHE vl &ulo] &aiAZ AIRE HEEe &ME
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AAG paper discE £ 5 085%9] HP52 HAAA 2}
FFo AR LT 12X wjUEt paper disc 99
clear zone?] =Z7] mm)E Ao JL & ZAFA3gon =
T2 benzoic acid (Hayashi Pure Chemical Industries, Japan)
£ 8 mm paper discE 0.5 mgg ALEEHTE AAJAANAE
st 84 7249 NFFOZE S aureusE AHEETH

s gysE

823 BAAAL Sakatao] WPH(20)2.2 1,1,-diphenyl-2-
picrylhydrazyl (DPPH) }tiZte] ojgt &AFoE YEpdrh
Z DPPH (Sigma, USA)E ethanol (EtOH)o| &&)atod Az
g &< (100 uM, 44 mg/L) 900 y ¢ 9 AE-&H 100 ui &
test tubeo] ¥ 11 voltexo|A &8st o} oAaoA 1087 ¥
AL ¥ 517 mmolA FREE FYIPoH HuTR
a@ -tocopherol (Sigma, USA)& A}-23}41.0. ™, DPPH-radical 4
A&A-& Sabchez-Moreno 59 BN Z Fl9Th

gk A A ks 84 AL AEE TLC (Merck,
silica gel, 0.25 mm, Germany)E 77l (benzene:acetone:acetic
acid, 90:2:8, v/v)3t t}S, 200 yM DPPH -&9H-& spraysle]
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Foz g 84S AAY A3, EtOAc M A4 e
EOAc 7H §4 & 27 e A4 @48 2o
(Table 1. %3}, ol& Y& WiA42E DPPH Afdz 4
Ae& AAE 23, EtOAc 718 44 did 848 BY
o B34 d MeOH F2E°] EtOAc 7H8 M4 gEolA &
T R e @0 ZF Ueht 24 o] FEd HE B
4 2A @elg AEstgoh

o =a9 M

g 2 3 FALS 2 EtOAc 718 A 82 (23 g
[4EF72 6,020 g)& EOAc-MeOH £uliA 9] silica gel ad-
sorption column chromatography = &% 283 ZAx, 100%
EtOAc &% oA s 9 3 E40] etk ¢
24 ¥ (15 g=ETHE 6,004 g)S CHCL-EtOAc £ui7|
9] silica gel adsorption column chromatography® &% 53
3l A3}, CHCL-EtOAc (80:20, viv) €& FE (156 mg)i}
CHCL:-EtOAc (70:30, viv) &% & (177 mg)L 343 9
gt BAE JEPY o 540 22 &4 IE (156 mg
/3E7AA 5965 g)& Sephadex LH-20 column chromatogra-
phy (bed volume, 250 mL)Z £33t A#}, Ve/Vt (elution
volume/bed volume) 0.92~1.042] 9]0 27 IR 37
2 3 g A4S Bk o] 2349 R (896 myBFAE
5914 g)& ODS column chromatography & ©]-8-3}4 MeOH-H,02]
BAZ &% 8% A, 40% MeOH §-& ¥ (80.1 mg/
9274 584 9 FA8 T IF BHS ehdch

o] S Senshu pak ODS column-g ¥A3 HPLC (40%
MeOH)E 241846y retention time (fzr) 5.10%-9] minor
peak 18)T tr 6.278) main peakE ZtE T 229 EFE
2 EAEtEth F EY B 84S Jeded, &
Ak} 842 main peakell A #&5 U

g

42Ho| xslol
g8 % B4EAY) 73 99 LOMSE AN

Mz

Table 1. Antimicrobial activity of MeOH extract and solvent fractionated fractions against various microorganisms

Inhibition (Clear zone, mm))

Microorganisms EtOAc-soluble EtOAc-soluble Benzoic acid
MeOH extract L wor o
acidic fr. neutral fr. 0.5 mg

Staphylococcus aureus KCTC 1927 16.3+0.35 16.5£0.70 17.8£0.35 13.8+0.35
Staphylococcus epidermidis ATCC 12228 14.3£0.35 13.8£0.35 16.5+£0.70 9.8+0.35
Escherichia coli ATCC 10536 12.5£0.70 11.5£0.70 13.3£0.35 12.3£0.35
Salmonella typhimurium ATCC 19430 14.8+1.06 13.820.35 15.8£0.35 14.3£0.35
Pseudomonas aeruginosa ATCC 9027 12.8+0.35 12.84+0.35 15.5£0.70 11.5+£0.70
Bacillus subtilis ATCC 6633 17.3£0.35 16.5+£0.70 18.3£0.35 11.8+0.35
Micrococcus luteus ATCC 9341 18.8+0.35 18.8+0.35 18.5£0.70 13.8£0.35
Streptococcus pyogenes KCTC 3096 9.3x0.35 9.3+0.35 9.5+0.70 8.8+0.35
Lactobacillus brevis KCTC 3102 12.8£0.35 12.8+0.35 13.8+0.35 10.8+£0.35
Lactobacillus plantarum KCTC 3104 123£1.06 13.3%£0.35 13.5£0.70 10.5+0.70
Leuconostoc mesenteroides KCTC 3100 12.8+0.35 13.5+0.70 12.8+0.35 9.31£0.35
Candida albicans ATCC 10231 15.8£1.06 15.5+0.70 10.8+0.35 15.5+0.70
Saccharomyces cerevisiae IFO 1850 12.8£0.35 12.5+0.70 14.8+0.35 15.8.0.35

" . data are shown as the mean=S.D. n=2)

" . extracts of Arachis hypogaea shell (5 g eq./8 mm paper disc)
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Figure 1. GC chromatogram of the trimethylsilylated active sub-
stances obtained from the HPLC active fraction.
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Figure 2. EI-MS spectrum of the trimethylsilylated active sub-
stance (tz 11.6 min of GC).

35% MeOHE o]%4 223 column (Nova-pak Cig)oll ¢
= 2o BHBAL 1 2587 4859 peak LIeb
t} o]2 EIMS 4 #3, 1 25589 SAHEAL Mo] 138
o BAEReM, fragment ion©Z m/z 121(base peak),
93(27%), 65(38%)°l ©]20] TZE o] CHe0:e FA2E
ZY= 4-hydroxybenzoic acid®] EI-MS spectrum (NIST library,
NIST No. 3581)7} UXaHATh FE&+ 1p 4829 GHEAL
Mo] base peakZA] m/z 1680] #H2E Q1o fragment ion>
2 myz 153(63%), 125(22%), 108(5%), 97(30%)0l] o]Lo] A
HAck o]= CeHs0:9] BAFAE zh= 3-methoxy-4-hydroxybenzoic
acid®] EI-MS spectrum (NIST library, NIST No. 6514)7}
A&+t

o}Z 3lsl1zl, ODS-HPLCHAA F Edeo EjEd=z
T E 1 47~65 o] EYEHY UFE TMSHEAZ o
E o2, GC-MSol| 9oJa] A3 Au, 1 11.6157 1 14.49
ol peakE Uehlie F E3FRo] EA3= GC chromatogram
] #EFH%ey T OEAL 29719 EAuE YgPG
(Figure 1).

tr 116180 peakE zt= &3] EI-MS spectrum (Figure 2)
& Mo} 282(6%)¢] 1e]il fragment iono] m/z 267(base
peak), 223(32%), 193(15%)° e, 4-hydroxybenzoic acid2)

3

1882 2a7

INTH

48 68 88 190 129 148 158 189 208 220 240 268 200 309 320 348 368
m'z

Figure 3. EI-MS spectrum of the trimethylsilylated active sub-
stance (tg 14.49 min of GC).

COOH7]¢} OH7Y)d] TMS7} T3] TMS ester TMS ether
Z (CiHzOsSi, M™ 282)2 #A=d 9k olyel GCY x
(1161%) =3 BFEFS i A3 BHEL 727
4-hydroxybenzoic acid®jo] A& At

tr 14.49%9] peakE zt= B9 EI-MS spectrum (Figure 3)
£ Mo} 312(40%)e) 1u)a fragment iono] m/z 297(base
peak), 282(13%), 267(46%), 253(16%), 223(18%)cl ‘e,
3-methoxy-4-hydroxybenzoic acid2] COOH7|$} OH7|o] TMS
7} =95 TMS ester TMS ether 7% (C14H20451, M 312)
2 A== ok ol GCY 5 (14.49%) T3 HFE0
¥ AxE] main BAEAY] FEV} 3-methoxy-4-hydroxybenzoic
acidgo] &A= AL

olake]l LC-MS, GC-MSEA o 2]3] =27 2] MeOH F
FEZREH I 2 I3 BHE —Ji w2lE BHEde
4-hydroxybenzoic acid®} 3-methoxy-4-hydroxybenzoic acid 2
EFHQO?]:].

4-hydroxybenzoic acid= 9AY EAsle FTEIRE G
M¥ ut Ao, BFAAAN 715HEEZ 3-methoxy-4-
hydroxybenzoic acid$} 4-hydroxybenzoic acid”} #&] - 53"
A AFeq Aadrh BFHE MeOH FE=oA £
® 4-hydroxybenzoic acid9} 3-methoxy-4-hydroxybenzoic acid

= 437144 kg Z+z} 3.96 mg, 9.73 mg ©|.L1l, er]»}
Aol Mg 4 5& 7T, 92444 v F

o gL olig o B& £2Y e AR

T HYSEo g % M5 gy

DI AAZEE FE]® 3-methoxy-4-hydroxybenzoic acid2}
4-hydroxybenzoic acidE 200~500 pg FlA paper discy
O 2 &t spectrumg RAFSE A3, S. awreus, S. epidermidis,
L. mesenteroides 52] gram A3 MT, E. coli, S. typhi 52
gram XA, C. albicans 5o AR T AL HFo
¥, 4-hydroxybenzoic acide 3-methoxy-4-hydroxybenzoic acid
Boh o 48 37 248 Baed, ov Cho F(M A
o FAREHAT

GZ 7 A A Ao}z 3-methoxy-4-hydroxybenzoic acid}
4-hydroxybenzoic acid® DPPH ##&t}izt AAFes e
W gtbs 24s HAAS A, 5 EHL o -tocopherol 2ok
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Figure 4. DPPH free radial scavenger activity of the 3-methoxy-
4-hydroxybenzoic acid and 4-hydroxybenzoic acid. a -tocopherol
was used as a reference compound. (®-m:a-tocopherol, e-e:
3-methoxy-4-hydroxybenzoic acid, 4-a: 4-hydroxybenzoic acid).

%o gXE Btk 2, 4-hydroxybenzoic acidi 200~400
pgimL FEAM Ao Fadl B4 YehRA gtont,
3-methoxy-4-hydroxybenzoic acid= 100 pg/mLolA 10% H&=
o iz 2AGRE 2 e 84S B ATKFigure 4).

2 %

GF(Arachis hypogaean)Z} 22} MeOH Z&E& 37 2
P 29& Ry FFAAC dhE 2B gas

A =3t TE MeOH $&5-% solvent fractionation, silica gel
adsorption column chromatography, Sephadex LH-20 column
chromatography, ODS column chromatography %2 2 A3}
i HPLCO| o3 &4EdS wesigeh 28 7 4%
2 LC-MS, GC-MSEHo| 2l8)] 4-hydroxybenzoic acid9}
3-methoxy-4-hydroxybenzoic acidZ FAREgen T ERe o
FAA 242k 3.96 mg/kg, 9.73 mg/kg T FHEH AT

a4 Al

of A7 199d® Hdhsta shedulst EXxdigin
AFALATAE ALl 3 FHFHAT olol A=Y
Utk
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