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Isolation and Identification of Pratensein with Antimicrobial
Activity from the Peanut Shells

Ji-Hyang Wee, Jae-Hak Moon, and Keun-Hyung Park*

Department of Food Science and Technology and Institute of Agricultural Science and Technology,
Chonnam National University

Natural antimicrobial substance from peanut (Arachis hypogaea) shells was isolated and structurally elucidated.
Peanut shells were extracted with methanol (MeOH) and concentrated in vacuo. MeOH extract was solvent-
fractionated with ethyl acetate (EtOAc) and various buffer to obtain EtOAc acidic, neutral, and phenolic fractions.
EtOAc neutral fraction, which showed antimicrobial activity, was purified through silica gel adsorption column,
Sephadex LH-20 column, ODS column, and high performance liquid chromatographies, and its active substance
was isolated and identified as pratensein (3',5,7-trihydroxy-4'-methoxyisoflavone) by spectroscopic methods of
proton-nuclear magnetic resonance, mass spectrometry, and nuclear overhauser enhancement spectroscopy.
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WEHREAAEFTH 6,100 FETF 48+0.13%) homog-
enizer(BM-2 Nissei bio-mixer, Nihonseiki Kaiseiki LTD, Japan)
£ vk EHA methanol(MeOH, 30 L)E FZalqt}. doixl
MeOH FZE-S G3 glass filler® 3343t & cooling aspirator
(CA-111, Eyela, Tokyo, Japan)?} “&X]¥ vacuum evaporator
(N-2N, Eyela, Tokyo, Japam)Z 35°Cel|A] 7128t}
MeOH°] AH¥E FEEE Park 5(7)2 "ol 28] EtOAc(S
Lx3)9} buffer 4(0.2M glycine-0.2M HCI, pH 3.0, 3L)&
2 EAEET EOACE 02 H839th EOACER-S buffer
£94(02M Na,HPO,-02M NaH,PO,, pH 80, 3L)2& j%-u)
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slo] EtOAc 34 - HlEAdgEs 8 gies E3sit
FgAGEL [ ON HCIE )83t pH 3.022 ™3 £
EtOAc(5 LX3)Z #8jsted EtOAc AHd8E-S Ao, EtOAc
4 - AudYRe buffer £H02M KC-02M NaOH, pH
120, 3L)0.2 Bujsle] EtOAc FAHYE} FoAgr oz F
et o] gAER-g A [LON HCIE ©]83k] pH 6.0
o7 ZA3 T EOAc(5 LX3)E Hulldte] EtOAc HE=d8E
< AU

hu

Silica gel adsorption column chromatographycll 2igh Zx|

Cho 5(8)2] ®HO= gilica gel adsorption column chroma-
tography (A)T silica gel(70-230 mesh, column chromatography
£ MerckAl, Darmstadt, Germany)2 EtOAcZ slurryE THE9]
column(3.0x32.5 cmyell 78 §, BFHE EtOAc $48EE
EtOAc/MeOH &v7]12 MeOH &%E 0, 10, 20, 30, 40, 50%
A FAH e B ZIIA T step-wise WHOZ &FH5G
o} AAE SHEE-S chloroform(CHCLYE EEERIE 3 silica
gel adsorption column chromatography(B)E THAl &5ttt &
silica gele CHCLEZ slurryE TH50] column(3.0X24.0 cm)ell
2217 ¥, CHCl/MeOH £ AlZ MeOH =& 0, 10, 20,
30, 40, 5097 GAIH R Z7MAT|= step-wise HHOE &
ZRYs dojn FAHRL = T2 ufAE o83
silica gel adsorption column chromatography(C)E &8ttt &
silica gele  n-hexane/BtOAC/MeOH(®8 : 6: 1, viviv) Bl A=
sluryE THE0] column(2.0X40.0 cm)oll EZIA)7]1 5L n-hexane/
EtOAC/MeOH &7 8:6:1, 6:8:1, 4:10: 1(viviv)®] £2.8
SEEEsint

Sephadex LH-20 column chromatographyoll 2|8t x|

Lee 59 WHOZ Sephadex LH-20(70-230 mesh, Pharma-
cia, Uppsala, Swedeny& MeOH/CHCL(4: 1, viv) &viAIZ 24
AN7F BEA1Z) 3 column(3.0X80.0 cm)ell FX18HAL, silica gel
adsorption column chromatographyoll ]3] A Al¥ HHE&
chargesle] & BulA= &&EI st

ODS column chromatographyoll 2|8 E|

Yim 5(10)¢] Hwl 23l octadecylsilane(ODS) column
chromatography+ ODS gel(25g, 70-230 mesh, YMC, Kyoto,
Japan)e MeOHZ slurryE THES] column(1.5X47.0 cmyell $%1
A7l & 30% MeOHE H33} 3 t}2 Sephadex LH-20 col-
umn chromatographyoll Al olzl &4 & &S MeOH &
30%%FE 100%7H] 10%4 S7HA7FEA 3950

HPLCOH| 2|3t XX

HPLC(High performance liquid chromatography)= Senshu
pak ODS column(8X250 mm, Senshu, 10 um, Tokyo, Japan)&
#2531 260 nm(Waters 486 tunable absorbance detector, Mil-
ford, MA, USA)I4] 55% MeOHE ©lEA2E 1.5 mL/min2|
84 (Waters Model 510 solvent delivery system, Milford, MA,
UsA)e g2 §-25333th

S ¥ NMR &4

MS £41& Waters integrity system(Milford, MA, USA)& ©I
£t ZHE W2 9] electron impact-mass spectrometry(EI-
MS) ®4-& A3, ©]d ionizing voltage= 70eV, ion

source®] 2= 200°ColA] sttt

'H nuclear magnetic resonance(’ HNMR)$} nuclear over-
hauser enhancement spectroscopy(NOESY)e] #2412 JEOL
JNM-AL 400 spectrometer(400 MHz, JEOL, Tokyo, Japan)E
AL S, 271 deuterium methanol(CD,0D), 22]31 Wi+
EZEE2= tetramethylsilane(TMS, §=0)2 AMS-3tSict.

s0|ME 84 ZFol 0|88t njWE A HiX|

gggael FuAE g 2EE s AR A= gram
FAM AL R E Staphylococcus aureus, Staphylococcus  epider-
midis, Micrococcus luteus, Bacillus subtilis, Streptococcus pyo-
genes, Leuconostoc mesenteroides, Lactobacillus brevis, ho =) v
Lactobacillus  plantarum=- gram &3 M+ O E = Escherichia
coli, Pseudomonas aeruginosa 2 Salmonella tnyphiS AR 2+
Candida albicans®} Saccharomyces cerevisiea 52 AH8-3F%
Aol 73§, Streptococcus pyogenest BHI(Brain Heart Infu-
sion) WlZ(Difco Laboratories, Detroit, MI, USA), 24t
Lactobacilli MRS ¥H#](Difco Laboratories, Detroit, MI, USA),
awkel Al Nutrient W} A](Difco Laboratories, Detroit, MI,
USAYS 7z} ARS3I T, ER 9] 2495 YM(yeast malt) A
(Difco Laboratories, Detroit, MI, USA)YE A&-3tith &
aureus, S. epidermidis, E. coli, P. aeruginosa, S. pyogenes, —L
2L S pphie 37°CAA 24A13F FRE, B, subrilis, M. luteus,
A 2GR 30°ColA 24A]7F BRF 33 whEShe] AuleF
< 3 F HEaTE ARSI

sopE B =3

oAl E 242 paper disc(@ 6mm ¥ 8 mm, Whatman)
(1 )e2 24313t Pour-plate methodoll 2j8l] 45°CE =
¥ dulx] 20mLel] Aeldd 02mLE FaAHoR &7
38 5 X Eo] 90ceme! petr dishol ¥l SIAZTH
I A 9o AlBE FHE paper discE A E3] wjAIF
., 085% 2942 27 §mme] paper discoll= 65uLE, 1
212 27 6mm paper discol= 17 uLZ AEE diffusiont] 2
t}. S. aureus, S. epidermidis, E. coli, P aeruginosa, S. pyo-
genes, 28I S. nyphi, = 37°CAlA 16417 F<F, 2E]AL B
subtilis, M. luteus, 22t} ERE 30°CAA 16717 5t 2}
7} v eksted paper disc F91° FAE clear zone®] =7|(mm)
2 Ao AT E =3I} R 25 benzoic acid(Hayashi
Pure Chemical Industries, Osaka, Japan)E AH&-3te] FvdE
2448 vtk

B AA @ By AHAM Ao 7} FARE] &
A g4 Ao vwE 73 AL 29 S awrewsE &
24 2) 3 (bicactive guide) TIHEZ Adksted AJ7HPHoR 2
< ATt

o

o oo 2
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WZHAE MeOH F2E ¥ Soi2sE9 z0ldE &#d
pla)el BEA AL MeOHE FE319], AZTH 5g ASH
2] MeOH FZES t}feh v &) tste] FrlE 849&
AR A gram FH 2 M &8 o] njdEe] o
&) stu)AE 4L Bri(Table 1). 24 ©] MeOH F&%
fojEssle] dojzl E0Ace] 4, 54, 133 #HlE=AdE
7}zve] AzET Sg AGHoE FAv|AE B4 FAA
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Table 1. Antimicrobial activities of MeOH extract of peanut shells against various microorganisms

Microorganisms

Clear zone (mm)

MeOH extract" Benzoic acid (0.5 mg)
Gram positive bacteria
Staphylococcus aureus KCTC 1928 16.310.35 13.84£0.35
Staphylococcus epidermidis KCTC 1917 14.3+0.35 9.8+0.35
Micrococcus luteus KCTC 3523 18.8+0.35 13.8£0.35
Bacillus subtilis KCTC 1021 17.3+£0.35 11.8+0.35
Streptococcus pyogenes KCTC 3096 93x0.35 8.8+£0.35
Leuconostoc mesenteroides KCTC 3100 128035 9.3£0.35
Lactobacillus brevis KCTC 3102 12.8£0.35 10.8£0.35
Lactobacillus plantarum KCTC 3104 123+ 1.06 10.5+0.70
Gram negative bacteria
Escherichia coli KCTC 2593 1254+0.70 123+0.35
Pseudomonas aeruginosa KCTC 2513 12.8+0.35 11.54+0.70
Salmonella ryphi ATCC 19214 14.8 +1.06 14.31+0.35
Yeast
Cundida albicans KCTC 7965 15.811.06 15.5£0.70
Saccharomyces cerevisiae KCTC 7904 12.84+0.35 17.2+0.35

VExtract (5 g eq., dry wt.) of peanut shells was loaded on 8 mm paper disc.

Values are means of triplicated determination + standard deviation.

Peanut Shelis (6100 g, dry wt.)
— MeOH ext. (145.2 g)

— solvent fractionation
EtOAc neutral fr. (9.6 g)

-— silica gel adsorption column chromatography
(EtOAc/MeOH)

100:0 fr. (6.8 g)

— silica gel adsorption column chromatography
(CHCI3/MeOH)

9010 fr (49q)

+— silica gel adsorption column chromatography
(n-hexane/EtOAc/MeOH)

8:6:1 r. 3.5 )

I Sephadex LH-20 column chromatography
(MeOH/CHCI; = 4.1, viv)

Ve/Vt 1.34-1.37 fr. (127.5 mg)
— ODS column chromatography (H,O/MeOH)
70-80% MeOH fr. (60 mg)

— HPLC (Senshupak, 60% MeOH)

Active compound
(2.3 mg; tz 20.4 min)

Fig. 1. The isolation procedure of antimicrobial compound from
MeOH extracts of peanut shells.
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3 duldE 84S 2o, EOAc 485 e A
g 2Ael 78 A=t

HEEAS thl - "

WF344d MeOH F&5& SiiE8sle @3 EtOAc 54
B E9.6 gy2 EtOAc/MeOH £vi7A|9] silica gel adsorption col-
umn chromatography(A)E. £33t &, 7} o] gryE &4
S Ak 2 43 EOAJMeOH 4017l 100: 0(viv)2] &
E8E (6.8 gl A3t BYE Ho o] FE-g theE CHClY
MeOH &viAl€] silica gel adsorption column chromatography
(ByE A3 A3, CHCL/MeOH &4l 90: 10(vv)2] &8
H@9gelr &8 vebdtt o @4 ES tHA silica gel
adsorption column chromatography(C)=  n-hexane/EtOAc/MeOH
S 8:6: 1(vvivRIA 4110 LvvivEA] -5 5-8l81e] AR &
A3, n-hexane/EtOAC/MeOH £ 7] 8:6: L(viviv)®] &&&F
(B35 golr Aol etk o] #dFES Sephadex LH-20
column chromatography®ll €] #& 3t &4 {3 A,
total volume® Th3}r elution volume®] W](Ve/v7} 1.34-1.37¢]
SEER(127.5 mpell FAo] VERY o] FE-& dieE 84
Edo HAE a3ttt ODS column chromatography S A Al
gk A3k, 70-80% MeOH £-F 8860 mgellA &/do] vhetwitt.
o] #H-8 HPLC(Senshu pak ODS column, 60% MeOH)E &
33l doj7l 7} peakE o FulAE S A 2
3}, retention time(z,) 20.4 minolA 8&% @Y peake] 3HE
o] B4& Ho, o] WHEXoR R sie] FHELE T
(2.8 mg, FAEIBIATE o AnAE SEEHEY = ¢
AA174-E Fig. 19 A8

HMEFo| PN

EE @dede FxIME 98] 'H-NMR(400 MHz,
CD,OD) ¥48 A&t 2 A3K(Table 2), § 8.05-6.210]
6HE2] sp” B2 proton¢] HAEHNCH, 2 & 8 6.215 § 632
9] doublet signal®] 57HJ=22 Hz, Z}Zt 1H, )& HALL, =



646 gt FAEEIA] A 36 W A 4 F (2004)

Table 2. 'H-NMR data of the isolated compound and its reference compound

&y (int., mult., J in Hz)

Position )
Isolated compound Reference compound”
2 8.05 (1H, s) 8.07 (1H, s)
6 6.21 (1H,d,2.2) 6.24 (1H,d, 2.0)
8 6.32(1H,d, 2.2) 6.37 (1H, d, 2.0)
o' 6.97 (1H, m, overlapped with H-5' signal) 7.05 (1H, d, 9.0)
2 7.04 (1H, d, 2.5) 7.00 (1H, d, 2.5)
5 6.97 (1H, m, overlapped with H-6' signal) 7.04 (1H, d, 9.0)
OCH, 388 (3H.,s) 3.89 (3H, s)

"Pratensein from the root of red clover (Trifolium pratensen)(12).

55
m/z 152
HO o.
OH ©
OCH,
m/z 148
CieHi120s = 300
X M
[M=C7H4O4) 300
149 .
¢ [M~CgHaOx]
153
[ 135 ,/ 229 (M~Cral®
' i1 1e7 02 | 285
T [N
j UL;N R in[_i» i il o Bl
50 100 150 200 250 360 (m/z)

Fig. 2. EI-MS spectrum of antimicrobial compound from MeOH
extracts of peanut shells.

§ 6979 HH=o] A&7 2HEW, J=12 Hp) signal 2 §
8.05%] singlet(1H) signal®] EA|25E] E4E2-2 flavonoidd
7FsA ol AAEATE UurH e R flavone® el 3919 proton
signal(1HyS & 7.050F 2230l AZEojdol &) isoflavone
9] 2919] proton signal{IH}2 & 8.0ET} HAH oA HEE
ot} & weld 3}§E2] 'H-NMR spectrum “gollA] 1HE2]
singlet signal°] & 8.05°0 &=l BHEHL isoflavonedS &
T UACh EEh, § 3.88A] HEE 7St intensitye] 3HR-S
signal2F-E] -OCH,(methoxyl)”12} &7} &1=¢], isoflavone
ol 159 methoxyl”]7F Z%E SEFEYS & 5 UATh

olojA, EI-MS 45 HAIgH ZiKFig. 2), mi 30000 4]
molecular ion peak”} THErEo] B EZH 9] BExlafo] 30002
ols)q o™, 2 200l /4 285(M-CH,J, 153M-C,H,O,1", 149
[M-C,HO,]* 5l fragment ion®] HEEIUL, 53] Fig. 20 A
Al xR 1 BEsieS el ket ol miz 153 %
1499] fragment ion°] &} O ZM methoxyl”]7} BHl 24
T UE & F U

o] methoxyl”1e] &35t AYLIXE ERIsl7] 213l NOESY
A8 AASH AFK(Fig. 3), methoxyl”]2] proton signali# 59
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Pratensein

NOESY

Fig. 3. NOESY spectrum (CD,0D, 400 MHz) of antimicrobial
compound from MeOH extracts of peanut shells.

2]9] proton signalE & 7o) cross peak’} H&E O] methoxyl
717 4 Al A= UeS BEE Sl 4 Ak

o]%4¢] 'H-NMR, EI-MS, NOESY #4425 E 4954
2 3'5,7-trihydroxy-4'-methoxyisoflavone(pratensein) 2% &34 %3]
©m, Fraishtat 5-(12)°] 'H-NMR datw®} ¥)is] & 723K Table
2), B 513E9] daa} ARt B EZLS pratenseind o] A
gl Ut

ol BF4E MeOH F%%9 EiOAc Yo=Y
v E GEA 15S sk isoflavonoid?] pratensein . =
FA3ATE Praenseine BEFAE HAZFY kgD 0.5mgol
wElE|g o), Eejapgdeae] f4& JestiH e A
TR Y2 olET} ¥ w8 £FEY 20 R A7bE oI

Pratensein 73222](13)2} Andira inermis(1401 $F+o] )
o B v 21om, Sharma(l15)% pratensein®] hypolipi-
demic activiy'™= 7FAI QI B v} glou}t A EHe) &
ojAE 42 BaE vk ¢ilc) Pratenseinol §E oA 3
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ZEE MeOHE F&3IL o] MeOH F&&2 S8 st
EtOAc $4EE-S At o] d&d iE FvdE &
A& silica gel adsorption column chromatography, Sephadex
LH-20 column chromatography, ODS column chromatography
2 ZAS o HPLCE o838l 159 3RtEs delsisint
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