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Isolation and Identification of Antimicrobial Compound
from UlGeum (Curcuma longa 1.)

Hae-Yeon Choi

Dept. of Food and Nutrition, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract

Antimicrobial activity of UlGeum (Curcuma longa L.) was investigated. Methanol extract of dried UlGeum
was fractionated to hexane, chloroform, ethyl acetate, butanol and water fraction. The antimicrobial activity
of five crude fractions were examined using impregnated paper disk agar diffusion. Ethyl acetate fraction showed
the highest inhibitory effect on the microorganisms such as B. subtilis, S. aureus, E. coli, L. monocytogenes
and V. parahaemolyticus at 1,000 pg/disc. Ethyl acetate fraction was further fractionated by silica gel column
and thin layer chromatography (TLC). The antimicrobial compound was isolated from their fractions and its
chemical structure was identified as a 2,3-dihydrobenzofuran by GC-MS and '"H-NMR.
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T35+ blender(FM-680w, HANIL Co., Wom Joo, Korea)
2 ¥ %, 50 mesh Ao W] Ejel el ol Yo 40°C
deep freezerol] B #3}HA A3 T

2 AT AFE S v AAA g Bt AES
WA I E FEAATC Bacillus subtilis KCTC 1021, A
2AME A5t ¥E, BF AFAA FEE AF59
H9lo] W= Listeria monocytogenes KCCM 40307, enter-
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UV/VIS Spectrophotometer(Jasco V-530, Tokyo, Japan)
£ o] &3] 660 nmelA O.D.3to] 027} H=2 34359
t}. TSBoll= €59 methanol F&&-& 500~2,000 ug/mL
7F HA A7be & 435 JEekA 2403 < 37°C in-
cubator(IB-05, Jeio Tech, Seoul, Korea)oll 4] v %Al A 660
mmol A FFEE SHt] At thg 2o o3 A
aE AHEsA.
9% Inhibitory effect=
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(control —control blank)]x 100
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Rikakikai Co., Tokyo, Japan)& ©|-&3} o3 2 =3
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2359 ethyl acetate fractionS silica gel column chro-
matography (10 x 120 cm)Z ©]&3}4] chloroform—chloro—-
form : methanol <£2.2 @AH o2 F48 F971HA col-
umn chromatography S 2 A3t 3 TLCE monitoring 3}
WA 1170 9] A¥8 (sub—fraction)S L AHFig. 1). 1171 ¢
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F2)3le] 33 2% 8 (3rd sub-fraction) 3712 AR oW, o]
% 3rd sub-fraction 2014 oA EZE AU F=3
silica gel column chromatography& &+ A2k 13&
AF8-3F94 3L column chromatography-& silica gel2- Kieselgel
60(70-230 mesh, art. 7734, Merck, Darm-stadt, Germany)
2, TLC plate= Kieselgel 6060 F254(art. 5715, Merck)Z
A8 AT

sy 230 =3

ol A vehd B2 GC-MS¢H 'H-NMRS &
3te] 248 sl e 5HE E2E paper disc o2
5ol sl dHAdS AP Mass spectrum(MS)-2
Hewlett-Packard 6890 gas chromatography$} Hewlett-

Packard 5793 MSDE AF&-3lo] o33 22 2102 B4
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Curcuma longa L. (10 kg)

99% MeOH extraction
(three times) drying

MeOH extracts (1,200 g)
Dissolved in H.O

| \ \ |

Hexane (250 g) CHCI3 (453 g) EtOAc (79 g) BuOH (135 g) H20 (140 g)

Chloroform— Chloroform : MeOH
Silica gel column chromatography

| \ \ \ \ \ \ \ \

fra.l fra.2 fra.3 fra.4 fra.5 fra.6 fra.7 fra.8 fra.9 fra.10

Chloroform : MeOH=15:1
Silica gel column chromatography

2nd fra.l 2nd fra.2 2nd fra.3 2nd fra.4

Chloroform : MeOH=50:1
Silica gel column chromatography

| |

3rd fra.l 3rd fra.2 3rd fra.3

Antimicrobial compound I (0.1413 g)

fra.11l

Fig. 1. Fractionation and isolation procedures of antimicrobial substance from Curcuma longa L.

33tk Columna HP5*MS(30 mx 250 pm><025 um), col- 22 F&29| 23l 7Y

umn 2= 100°Col A 287 FXA1Z]1 & 10°C/min. &2 < FHAS el €5 methanol FE5E9 o4 22 S
23} 280°C, 10 min iZﬂP_i H23}A k. Injector =55 28d EZHO0=Z p-hexane, chloroform, ethyl acetate,
280°C, detector €% & 280°C, carrier gast He(1.0 mL/ n-butanol @ B £ 02 H|F AN FAHoE &S vl

min)< A1-43F9th 'TH-NMRLS Varian model UI 500 spec—
trometer(Varian Inc., Melbourne, Australia)E ©|-& 3}
300 MHzoll A =738ttt

nximﬁ_%
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sx1F o7 B3] paper disc HOE FFAAS
= Table 29} 2t} 59 ethyl acetate &

2 F=<2 1,000 pg/disce] FEollA A% FujuA
2o thale] 85~13 mme| clear zoneS FA AL
Zop & pE 2,000 pg/disc =M B. subtilis, S. aureus, L. mono-

cytogenes, V. parahaemolyticuse 232} 13, 12, 12, 15 mm<]

22 FE=2| gy clear zoneg A3} AT T3 hexane ¥8 % B. subtilis$}t

L3S AFEAA EA3 F methanol2 F&3F A2 10% V. parahaemolyticus T A+ 1,000 pg/disc &=l A
TR 343t 500, 1,000, 1,500, 2,000 ug/mLA 37138k Z+7+ 10, 9 mm] clear zoneS FAJ3IAth 1HEZ F2
2 F5-3) l*ﬁs«l A4 a3E AMe A= Table 1 g aRE FF S E AH B ethyl acetate 5] 7}
7 2ot €39 methanol FEFE-2 500 pg/ml XA  $3ta 2 th2°] hexane 52| =22 YElytt o9}
V. parahaemolyticusZ, 1,000 ng/mL &= X E. coli &2 7o Axe= 7t ) B8 A &ujd wet A EZo)
S A3 JABIA A, S aureuse 1,500 pg/mL F =0 A g3 Eo] detde Aom A4em 53] &5 g =2
A3 AAHJAAY B. subtilis$t L. monocytogenes= & F2Z ethyl acetate EE A g dFE°) s FHY
2,000 pg/mL F=olA Zt7t 86.63%, 46.17% <A = ATt 3} clear zoned FAst= Ao g Hol FHEZAL ethyl

Table 1. Antimicrobial activity of methanol extract from Curcuma longa L. against various microorganisms

Conc. Antimicrobial activity (%)
(ng/mL) B. subtilis S. aureus L. monocytogenes E. coli V. parahaemolyticus
500 89.91 87.83 50.96 94.95 100
1,000 77.85 93.05 35.78 100 100
1,500 86.24 100 37.86 100 100
2,000 86.63 100 46.17 100 100
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Table 2. Antimicrobial activity of solvent fractions from Curcuma longa L. against various microorganisms

Solvent Conc. Clear zone (mm)
fractions (ng/disc) B. subtilis S. aureus L. monocytogenes E. coli V. parahaemolyticus
500 16 = — — 10
1,000 22 9.5 — — 11
Methanol 1,500 23 10 9 9 11
2,000 24 10 95 9.5 12
500 — — — — —
Hexane 1,000 10 — — — 9
1,500 11 — — — 10
2,000 12 — — — 11
500 ~ ~ ~ . .
1,000 - - — — —
Chloroform 1500 - B B B -
2,000 ~ ~ ~ ~ ~
500 — — — —
1,000 10 10 10 85 13
Ethyl acetate 1500 12 10 10 9 14
2,000 13 12 12 9.5 15
500 — — - - —
1,000 - - - - -
Butanol 1500 - - - a -
2,000 - — — — —
500 - - - - —
1,000 - - - — —
Water 1500 - B - - a
2,000 — — — — —
YNo activity.
acetated] & £3)== Edo|a A0 77k AS=E Alg sub—fraction 32 250 pg/disc X=X B. subtilis, S. aur-
o} eus B V. parahaemolyticus®l| A& Z+7}+ 12, 12, 11 mm]
clear zoneS& A3t} 2nd sub-fraction 32 WA silica
Silica gel chromatography@t TLCOl| <8t SHF=Z o
2o g ograpny == gel column chromatography(2x60 cm)2} TLC monitoring

259 ethyl acetate®d ¥ 8 E-E silica gel column chro-
matography (10 x 120 cm)3+ & TLCO| A5t Fig. 13
Zo] 11719 sub-fractiong L3 19 dig FTAd
Table 33 2t 2t B E9] s=7} 250, 500, 750, 1,000
ug/disc7} 5| == paper discol H713 ¥ 559 FA| #FE
Eﬂ”oi FaES AAAT 11719 EIEF EIE 3
47y BE FA] TFo ths}e] clear zone®] 9.5~20 mm9]
clear zoneg /‘35}04 Aol $43A YElg - 500 ug
/disc FENA BEEE 33 490X B. subtilis®] 735 247z}
15, 13 mm, S. aureus®] 73-% 13, 10 mm, E. coli®] 73
13, 10 mm¥] clear zoneS A3V, V. parahaemolyticus
= 47+ 14, 12 mm9] clear zone2 A3ttt 18y L
monocytogenesS] 7355 750 pg/disc &=l A fraction 3
©] 95 mm¥ clear zones FAJ3st] thih ot FreE S
Btk b ¥ fractionBEtE Ee FFEHS Kl
sub—fraction 3& ©A| silica gel column chromatography
(6x75 cm)®} TLC monitoringS ©]83t 4%<] 2nd
sub—fraction ®&E-& A3 o]of Ut g4 AFS 3
A= Table 49 2t o] FollA Fatgo] 43 2nd

X OBL'

S o]&3le FaHELAS A
s}HA 2Xlo| T é’éﬁ
&9 methanol FEEZRE SuEE AE 233l
223} ethyl acetate %Q 22 silica gel column chro-
matography 2} TLC monitoring3}e] &4 o] 7F4 43k
vellow oil®] 4 & A3 o] & HA] GC-MSZ &
A8 A spectrum Aol A m/z 120 mass unitoll A 22}
o] peak’} #FHZFEHIJTh olF THA] FRIFHy] 93t
'H-NMR& #43 43 gstao] Cil0ol® #x}o]
120.154¢] 2,3-dihydrobenzofuran(coumaran) 2.2 %3]
©1(Fig. 2, 3), 'H-NMR9] datat o2 2t 'H-NMR
(CDsOD, &, 300MHz): 7.59(d, 1H, J=16Hz), 7.50(d, 1H,
J=16Hz), 6.86(d, 1H, J=16Hz), 6.61(d, 1H, J=16Hz) 4.87(d,
2H, J=2.THz), 3.37(d, 2H, J=2.7THz). 53 ¥ 2,3-dihydro-
benzofuran< 57l Wil oS AP 23 ZE o
o thaled 250 pg/disc TEAA 10~12 mm®| clear zones
A3t 943 FHFAS Y (Table 5). 2,3-dihydro-
benzofuran< ©%3F natural producte] &3to] =+ F3HE
Z9] 3hyo] 2 3-dihydrobenzofuran =X 50| A &=
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Table 3. Antimicrobial activity of the first ethyl acetate fractions from methanol extract of Curcuma longa L. against various

microorganisms
Fraction No Conc. Clear zone (mm)
’ (ng/disc) B. subtilis S. aureus L. monocytogens E. coli V. parahaemolyticus
250 = - - - 9
1 500 9 9 — 9 10
750 11 10 — 10 12
1,000 13 11 — 11 13
250 — — — — —
9 500 10 10 — 9 12
750 13 10 — 10 14
1,000 15 12 95 12 15
250 12 10 — 10 12
3 500 15 13 — 13 14
750 18 15 9.5 16 18
1,000 20 15 10 18 20
250 11 — — - 10
4 500 13 10 — 10 12
750 15 12 — 12 15
1,000 17 13 9 14 17
250 10 — — — —
5 500 12 9.5 — 10 10
750 14 10 — 12 13
1,000 15 13 — 14 15
250 9 - - - -
6 500 10 85 — 9 10
750 1 10 - 10 14
1,000 12 11 — 12 15
250 9 — — — 85
7 500 10 85 — 9 10
750 10 10 — 10 12
1,000 12 11 9 11 14
250 — - - - -
500 - - - - -
8 750 9 - - - =
1,000 10 - - - -
250 - - - - -
500 = - - - -
) 750 - - - - -
1,000 — - - - -
250 - - - - -
500 - - - - -
10 750 - - - - -
1,000 — - - - -
250 ~ - — - -
500 - - - - -
1 750 - - - - -
1,000 = - - - -
YNo activity.
FH FE50] g GAE AMEHI o HEZRE (36)& Silene armeria L.2%E essential ol F&3la] 1
FE9 9% 23-dihydrobenzofuran FEAE2 1 7x4 AES EYstger] methylamine 21.48%, PB-butene

o] gelslo] gota o FAawlo] ksl AvEla ok
(30-34). Ahn¥®} Obendorf(35)+= Curcuma longa L.9l A
GC-MSZE curcumin, curcumene, ferulonylmethane, cou—

maran, vanillin, zingiberene 5& E#3gtt B35}l
=l coumaran®] 5o NS F131% 1, Bajpai &

17.97%, a-butene 46.40%, coumaran 0.22%, eugenol 0.21%
5 28FFE FAHY Ao, o] essential oilS B. sub-
tilis, L. monocytogenes, S. aureus, Peudomonas aerugi-
nosa, Salmonella Typhimurium, £. coli, E. coli-O157:H,
HAES o=

Enterobacter aerogenes 5 21Z 33
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Table 4. Antimicrobial activity of the second ethyl acetate fractions from methanol extract of Curcuma longa L. against various
microorganisms

Fraction No Conc. Clear zone (mm)
’ (ng/disc) B. subtilis S. aureus L. monocytogens E. coli V. parahaemolyticus
250 9 = - - 12
1 500 11 — 85 11 15
750 14 11 10 12 16
1,000 15 12 11 13 18
250 10 10 — — 11
9 500 12 11 — 10 13
750 14 13 9 11 14
1,000 15 14 11 11 15
250 12 12 — — 11
3 500 13 15 9 14 12
750 14 17 10 14 15
1,000 18 20 12 17 17
250 10 11 — — 11
4 500 12 11 — 12 12
750 13 12 9 13 13
1,000 14 13 11 14 15
"No activity.
Abundance Ny . #14585?‘B§h“zo!u;’azh6'233mydro'- (CAS) §8 2,3-Difydrobenzof Laaar
0%
8000
- T 5
il [ [
5000
4000]
3000
2000
1000 i ‘ ‘ Fig. 2. Scan mass spectrum of antimicrobial

| 77 ‘ 105

(- compound from Curcuma longa L. in GC/MS.
miz--> 40 50 60 70 BD 90 100 110 |20 130 140 150 160 170 150 190 200 210 220 230 240

Jk Fig. 3. 'H NMR spectrum of antimicrobial com-

‘ ) : : — pound from Curcuma longa L. (CD30D, 300 MHz).

PG EFHE AR grEd MIC7)F 125~2,000 pg/mL 52 hydrobenzofuran®] 2= A1 FEE] 6.13%H = T

2 gaES Yeidoal Bkl en, Lim¥ Kim(37)% sto] gl &S FAHaL BastA ok Morimoto &

AFFHRPES Yo s HREY S F2E9 & (= Cyperus spp.ZH-E] coumarans &8st 4587}
TS AR RS & 23 furanAl oA 2,3-di- 7F ekar Baskgit
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Table 5. Effect of antibiotic substances from

Curcuma longa L.

on the growth of various microorganisms

Sample Conc. Clear zone (mm)
(ug/disc) B. subtilis S. aureus L. monocytogenes E. coli V. parahaemolyticus
250 12 12 10 10 11
2,3-dihydro- 500 13 16 11 13 12
benzofuran 750 15 18 11 14 13
1,000 18 20 12 14 15
o 9}5 11. Yun SM, Jang JH, Lee JS. 2007. Isolation and identification
of an antibacterial substance from sea mustard, Undaria
pinnatifida, for Streptococcus mutans. J Korean Soc Food
5 B2 methanol2 F&3te] o] §ujE §5 5} Sci Nutr 36: 149-154.
AFFHUAAEY FA9A aRE ANsta 2 Fa8 E 12. hee SSQKSOEE EéM IﬁthKBDV;/IR,Z (%%OHAS? ijbSJl, Let‘? 'StJ’
- —— ong , Lim , Ahn . . Antimicrobial activity
A& Yttt 59 ethyl acetate +38 FEF2 2 of ethanol extract from Sargassum thunbergii. | Korean
T2 1,000 pg/disce] F=oNX B. subtilis, S. aureus, L. Soc Food Sci Nutr 38: 502-508.
monocytogenes, E. coli, V. parahaemolyticusd| tshe] 85 13. Kim. IH. 1990. The sta'tus of Kor'ean food additives pro-
N o o A= o 5] Bl A0 duction usage and foreign countries. J Korean Soc Food
13 mm¥] clear zones A3t 43 A4S YEY Nutr 19: 519-528.
Atk 2F9 ethyl acetate FEEE silica gel column chro— 14. Lee KA. 1999. Effect of wild plants addition on the shelf-life
matography ¢+ TLCZ monitoring 3t5] @742 23319 and character.istics. of rice cake. MS Thesis. Sookmyung
Women's University, Seoul. p 53-61.
o} o] A3} 453 S BQl sub fractions Azt #e 15. Kim SJ. 1998. Inhibitory effect of green laver on the growth
3t vellow oild FTFAEZES AP o2 GC/MS, of food spoilage microorganism and identification of anti—
IH-NMR 2 Tz B8 A s8Hao] GO0 R E;c;}c;?;ﬂ;ogziﬁnds, MS Thesis. Sookmyung Women'’s
o] 120.154¢] 2,3-dihydrobenzofuran(coumaran) .2 %% 16. Kim SI, Han YS. 1997. Isolation and identification of anti-
ik Ask microbial compound from Sancho (Zanthoxylum Schinifol-
fum). Korean J Soc Food Sci 13: 56-63.
= 5 17. Kim KH. 1999. Isolation and identification of antimicrobial
= = compounds from danelions and plantains and their effects
when added to processed foodstuffs. PhD Dissertation.
1. Shin DW, Kim MS, Han JS. 1997. Antimicrobial effect of Sookmyung Women'’s University, Seoul. p 90-98.
ethanol extracts from some medicinal herbs and their frac- 18. Kang WS, Kim JH, Park EJ, Yoon KR. 1998. Antioxidative
tionates against food-borne bacteria. Korean J Food Sci property of turmeric (Curcuma Rhizoma) ethanol extract.
Tecnol 29: 808-816. Korean J Food Sci Technol 30: 226-271.
2. A& 1997, AANEF} A& A AZH 7% 10: 55-61. 19. Kim K5, Choung MG, Park SH. 2005. Quantitative determi-
3. Buchanan RL, Shepherd AJ. 1981. Inhibition of Aspergillus nation and stability of curcuminoid pigment from turmeric
parasiticus by thymol. J Food Sci 46: 976-977. (Curcuma longa L.) root. Korean J Crop Sci 50: 211-215.
4. Yin MC, Cheng WS. 1998. Inhibition of Aspergillus niger 20. Geoffrey NR, Amitahb C, Muraleedharan GN. 1998. Novel
and Aspergillus flavus by some herbs and spices. J Food bioactivities of Curcuma longa constituents. J Nat Prod
Prot 61: 123-125. 61: 542-545.
5. Montes-Belmont R, Carvajal M. 1998. Control of 21. Andrew MA, Matthew SM, Ram SM. 2000. Isolation of
Aspergillus flavus in maize with plant essential oil and their curcuma from tumeric. J Chem Educ T7: 359-362.
components. J Food Prot 61: 616-619. 22. An BJ, Lee JY, Park TS, Pyeon JR, Bae JH, Song MA,
6. Lee YK. 1995. Identification and antimicrobial activity of Baek EJ, Park JM, Son JH, Lee CE, Choi IK. 2006.
cinnamon and clove extracts on food spoilage microorgan— Antioxidant activity and whitening effect of extraction con-
isms. PhD Dissertation. Sookmyung Women's Uniersity, dition in Curcuma longa L.. Korean J Medicinal Crop Sci
Seoul. 14: 168-172.
7. Hwang JS, Han YS. 2003. Isolation and identification of an- 23. Ryu GY, No KH, Ryu SR, Yang HS. 2005. Study of separa-
timicrobial compound from Mordan bark (Paeonia suf- tion and analysis method an effective component from
fruticosa Anpr). J Korean Soc Food Sci Nutr 32: 1059- UlGeum (Curcuma longa) and a contained curcumin as
1065. product of national and partial region cultures. App/ Chem
8. Choi HY, Han YS. 2003. Isolation and identification of anti- 9: 57-60.
microbial compound from Dansam (Salivia miltiorrhiza 24. Masuda T, Isobe T, Jito A, Nakatani N. 1992. Antioxidative
Bunge). J Food Sci Nutr 32: 22-28. curcuminoids from rhizomes of Curcuma xanthorrhiza. ]
9. Sim CJ, Lee GH, Jung JH, Yi SD, Kim YH, Oh M]. 2004. Phytochem 31: 3645-3649.
Isolation and identification of antimicrobial activity sub- 25. Russell LR. 1988. High performance liquid chromatographic
stances from Rhodiola sachlinensis. Kor J Food Preserv separation and spectral characterization of the pigments in
11: 63-70. tumeric and anatto. J Food Sci 53: 1823-1826.
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