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Functional Properties of Nutmeg
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Abstract

This study investigated the antioxidative and antimicrobial activities of nutmeg (water, ethanol extract and
essential oil). The total phenol contents of water, ethanol extract and essential oil were 3.4%, 16.9% and 3.2%,
respectively. Hydrogen donating abilities of water, ethanol extract and essential oil at 1,000 ppm were 4.9%, 41.8%
and 6.8%, respectively. The antioxidative activities in linoleic acid substrates were in the order of BHT > ethanol

extract > a-tocopherol > essential oil > water extract.

The antioxidative activities in linoleic acid emulsion substrates were in the order of BHT > water extract >
essential oil > ethanol extract > a-tocopherol. In antimicrobial activity, ethanol extract showed growth inhibition
effect against Micrococcus luteus, Bacillus cereus and Salmonella enteritidis, and the essential oil showed
growth inhibition effect against Micrococcus luteus. However, no antimicrobial activity of water extract was
observed. The nitrite-scavenging abilities of water, ethanol extract and essential oil at 1,000 ppm were 4.5%,
28.8% and 98.8%, respectively, and the ACE inhibitory activities were 0.2%, 11.0% and 10.0%, respectively.

Key words : nutmeg, antioxidant activity, antimicrobial activity, nitrite-scavenging ability, ACE inhibitory
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g A=A BFE FARE JHEE R &g
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2 (stew), olefE] 2219 tEFHQA £2Q WA
aZd ¥ Fa3 N8 F9 st = |5

Corresponding author : Jong-Youn Son, Department of Food and
Biotechnology & Institute of Food Industry and Biotechnology
Hankyong National University 67, Sukgung-dong, Ansung-si,
Gyeonggi-do 456-749, Korea

Tel : 82-31-670-5155

Fax : 82-31-677-0990

E-mail : nawin98@chol.com

=33 -

= AE83F, 2357, AR §Y G2 FE o9
of g 9 FiAFHAEe] Qe ez LA Ao
(Beuchat LR®} Golden DA 1989, Zaika LL 1988, Del
Campo J 5 2000, Curvelier ME & 1996).

dutA oz FAEE ELHH, FI7ISFE 49
A= 7 F(essential oil) == B2 53} oleoresing)
PR o] ZEHI on, olg o] &FHo| wat Tt
stad 59 Azggol 4zt dE2A Yebdti(Vinson
JAS} Hontz BA 1995). FH+ 43y UM EZ2A
FF7EFH ASE Euld I FE= I,
AE, 99k FE g B8 § 98 AYPeA F2 ]
dELE F7tHe EFolth Orcoresing o F-&2 1%
g EZEA dEe 57 22 gujol o F&ddh

S EFxE At A A23E A135.(2007)
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FAE] AYBHL UutFH O Z alcohol, aldehyde, .

ester, terpene @ F7]14F 9] FHFES ¥ G
Ao A JIste ALz gEA doy, FAl
59 7, #2394 2 F/p1Ed g2 i bE
A Ed S Hol: ArtHChaibi A F 1997, Wan J
1998).

Chipault JR 5(1952)2 EAd] A8 &, HfF
qHZ FE2E EE A2 FE2E9 PIsar g2
I, g BooA Fa83 Aol ARFEFEAME 1
a7t gelAlE FARE Aok Bk Cha
WS 5(2006)2 Z£9 S5 F3E9 Hericobacter
pylorid] tidt P4 E F3d AH, EFESEAANE
SFaATHI} HolA| Fgoy 60% g FEEAAE
FHEE EAra §laL, Chung CK 5(1990)2 A
529 IH4AH4L AR AF, clove, cumin, nutmeg,
oregano, rosemary &9 BRHGECl F& FLEHE
el = Aex BIstgtk E3FF Ahn CK £(2000)
2 18FY FAURE 47 was, ddopHolE ¥
ANFE2EL vZFd FArtste] FRASEHE A
A7, cloves}d nutmeg®] F2Fst &FHVF 1viA] PSS
B335t nutmegd] A&H2 FEPPolY 24
w2l o2 A3E Bolil 1o oo it AAH 4
T7F 9.5 AFo|th

weix & AFdAME §FT(utmeg)d] FFEE,
A FEE 9 F37] SFE 4ol AR T4
stas, a4, oFEAY &AS 9 ACEEY 59 4
23 &4& v, AE2A AT
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A AHEE &5 ARUAotIA FYHE
2 (PLFVIZHE AF Lol AU, &
40~50 meshZ ¥3jslo] &F
TRt & AFES A2 15§ U
& AHgatgoH, WA= Difcorld] AEFL ALES

[o o
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2. AIE8| M=
S5FTF9 FfJang HI 5 1989)= Nickerson¥}
Likeno] 319}l SDE(simultancous distillation extraction)

JIZAZ =) 3k = #1237 A 15(2007)

A E o] 83} dichloromethane &2 6X|7F +&7] &
st EEetden, & 4 Jdag FEES 4%

It

T BT 20 goll 10019 E H ogSg 4 HUL
B35 YAFARE ol &3ty E2 99+1T, et
85:1TColA 4A &L F&3Ah 449 F&&E
&) 72 (Whatman No. 2)2 o353 Fe ZkAle]
A EWE JHstY 919 BdE WHoE FE59
AzsFh o] FEFES 40°ColN  7HsZ(Rotary
evaporator N-1000, EYELA)3le] £uj7} 9443 A A=
oA FFPLE FE2EE FFAY FEES
FE79 &5 AXEY FA U FEEY FA
YEREE AP on YE BIH400)It AR
AHE-sHath

fo flo @ do u o

3. 3H= & 53

5T F2EY T¥E FFLS Folin-Denis*d (Folin
09} Denis W 1912)0] & SstQth =, 100 ml o2
&30 75 mle FHTY FIT 3= AL
Al 1 mg Y93 Z T35 &, Folin-Denis A)9F 5
ml¢} GAUEF ¥389 10 me ¥ ¥ FHRFE
100 ml §F2=2 A F, ojAR F EFst A2
oA 3027+ WXA1Z] F spectrophotometer(UV-1201,
Shimadzu, Japan)E ©]-&3t 760 nmoA FZEE &
Astgtr. FHE TS EFEZ tannic acid(Sigma
co., St. Louis, USA)S o] &3l FAF FxIMoz
HE] % tannic acid FHOE stk

O
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4. & flavonoid &% =3

% flavonoid & (Teresa-Satue M & 1995)2 S5
S2E5S 943F AT F 50% methanol&Y 5 mL=
235 A5 89 1 mL3} diethylene glycol 10 mLE
et of7]e] 1 N-NaOHE 1 mL 7}t & &
Tk & 37ToAA 1AIZE ghgAIZ] F 420 nmol| X &
BEE 233Qt oY EFATTHNES  naringin
(Sigma co., St. Louis, USA)& o]&35}o A st}

ook
o @ o
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5. #230=(hydrogen donating ability,
HDA) &3
S5+ 3&E9 DPPH(l,1-diphenyl-2-picrylhydrazyl,
Sigma Co., St. Louis, USA) radicalel]l ti@F 2AE9]
2742 Blois®}'i(Blois MS 1958)& Alg&3stath 0.15
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mM DPPH solution 4 mL3} AlE 04 mL &35t 4
2ol 3087 WNF T 520 nmelH FRES =
A3sle], DPPH radical £2AGAHS thg 2o ¢stq
=334k

DPPH 202 AAS(%) = (1 —a

CA

)x100

SA : Sample absorbance
CA : Control absorbance

6. 2l=dlMY|EAMe eitetEal

5T FEEE 2T vEEd A & =t
(Sigma Co. Ltd,, US.A)d] 0.02% =2 F714 712
£ 77} 100 mLe] Hlo]A] 50 g¥ B33} 40:1TC
2 A% o AFHEN AIRFEoE B
g}E7HAOCS Official Method Cd 8-53)5 34tE-3lY
F3stdh E3 71E F4kskA S a-tocopherol(Sigma
Co., St. Louis, USA) % BHT(Sigma Co., St. Louis,
Usa)e] staste Q)¢ 59 S AMEsty
H) 3, ZAFSEI T

Qo

2

7. 2l=ak HRMT[EAAMS SHitstg ot
gdEddt dEd A2 JEHd 13 mLE 95%
ethanol 100 mLol] 83jA)171 % 10 mL* conical tubed]
¥ 7o) Alg FE7F 50 ppmo] HEE AVISIATH
3 % 0.1 M phosphate buffer(pH 7.0)2 10 mL 7}t
H ST 45 mL @& F 40£1TC 710 AZshEA
37 240z gust wAE 2PgckRkub Y 5
1996). &4 AEA 7]FoA9 ksl ave=
thiocyanate methodE ANESle ZFs¥ct & 75%
ethanol 4.7 mLe] Z} A8 0.1 mL¢} 30% ammonium
thiocyanate 0.1 mLE @3, FAF3) 38 Z 20 mM iron
(I)chloride(in 3.5% HCl) 0.1 mLE ¥3 500 nmolA]
UV/Vis spectrophotometer(TU-1800, U.SA)Z TFJLE =
Foto 4 A5 FISE FFY ARZ i)

T2 AL paper discH](Kim
ek 4 AgETE AT A
L Avi e, FueAe 2A=

A" 1.5% agarZ petridishe]] 20
IANZ B 7 AR S 0.1 mLy
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4
-
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e
ol

A WA 24
Zhzte] Ao
mLA 255}

N

olo |-T1f
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F4 - BAE - 1THERZ - KR — 35

kel BEE FURoE WAS n2A AAE
& 2339 ARESAT ST FEES 89
AAFE=E FY3Jt paper disc(®@ mm, Toyo Roshi
Kaicha, Ltd. Japan)& H¥lA] $jo] FHAIA Has
30 ILE F F 37ColA 24A)17F vl F3ta] paper disc
1 9] inhibition clear zone? FZA(mm)E =43}
REZTE SET 2220 5094 L ABLE A
AT YT o E FRAANA ST T
Aol AMEHE #F 2 A= Table 13 23t

9. ojgldly A0s EA

olAAE AaAZELE Gray$t Dugan® W (Gray JI
9} Dugan JLR 1975)9] 9jsle] ZF3slgch & 1 mM
NaNO; €9 1 mLo] 4d3FE5=2 AFE 1 mLE 7}sk3
0.IN HCl(pH 1.2)& A}-&3lod wrg2d9] pHE 122
ZA% e 222 10 mLE 34t} o] 8948 37C
oA 1AIZHES ARl & ZF whSHE 1 mLA FH sk
2% 222N 5 mL, Griess A2F 04 mL 7}8te] & &
A g AedA 1587 WAL F 2P BE
AE A8 520 nmold FREES ZAste] Baa)
£ oldgBe Fadth £3 olAAY 2750
= Aoz <¢2A )& ascorbic acid(Sigma Co., St.
Louis, USA) ¥ BHT 7]& &4HsA] &= a-tocopherol ¥
BHTS) old4gle] 275E 99 §U% 2ue A8
sl wls, ZAFSHLTH

rlo

2

a-=c¢
o) x 100
N : ol 2AE
a: 1 mM NaNO, &9¢] A 85 A7lste 1A7F
AAIZ] F9] FFE
b: 1 mM NaNO, 8949 EF%
c: AlRY 3=

N(%) = (1 -

10. ACE Asli&x}
ACE A& &H+ Chsuman®} Cheung? HHH(1971)l

Table 1. List of strains and media used for antimicrobial
experiment.

Temp

Microorganisms tested Media used C)

Bacillus cereus KCCM 40935  Nutrient agar 30
Escherichia coli KCCM 11234  Nutrient agar 37
Salmonella enteritidis KCCM 12021  Nutrient agar 37
Micrococcus luteus KCCM 11326 MRS 37

FFHF2e DA A23A A 152007
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o5te &334tk &, Angiotensin-l 3§ 4 (Sigma
Co., St. Louis, USA)= E7]|9] FaolA olM=E E
2 AAS 1 goll 400 mM sodium borate buffer(pH 8.3)
100 mLE 7}et ohg 5CoA 2442 ks &= 94
£.2](8,000xg, 30 min, Hitachi-CR21, Japan)3ls A2
A=d8 ACE Fahdoz ALL3gith Al& 50 ul
off ACE Z849% 50 uL % 0.1 M sodium borate
buffer(pH 8.3) 100 PLE 7}t th& 37CoIA 583t
preincubationA]Z o} 7)o} 712 &4 0.5 mM His-His-
Leu(2.14 mg/mL) 50 uLE FA7}ste] 37 CollA] 3083
¥h2A]71 3 IN HCl 250 ULE 7}ste] ¥reS AR A
Atk oJ7)o) ethyl acetate 1.5 mLE 7}5to 15&%7F
Wt & 10,000xgo A SEZ A REEAA F5Y
mLE FH3Hrh o] 45AE 4] A=A H
4 30 mLE 7tk &aldt thg 228 nmolA &4
T2 233t g A g ol &35t AtstRt

ol

1.0

=
(<)

S - SC

C-CC
S:A8Y FEFE C: A& dz7T9 §3=
C:uz79 §8= CC: dz7T dx=79 FIF=

ACE inhibition (%) = (1 - )%x100

11. SH A2

AP A= SAS package(release 8.0105 olg€3te] 3
F+REFAAE FASHI, G §AF F9I94L
p<0.05 FZFo]A Duncan’s multiple range testo] <]3f
AQ skt

20

I Total flavonoid content
[ Total phenol content

hm

15 4

Total flavonoid & phenol content (%)
>

Water extract Ethanol extract Essential oil

Fig. 1. Total flavonoid and phenol content of nutmeg

extracts

**Means in the same column not sharing a common letter are
significantly different (p<0.05) by Duncan’s multiple test

22 E 2l 783 A A2348 A 135(2007)
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-4 A5 180%, ‘?I‘P’] 61%"]31‘:} Eleil
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2. 230{S(hydrogen donating ability,

HDA)

FaFASE o oal BAH AL
Aol gaRE AEE Uehle AEZ AL
Yehle FE7 9ok @A Aok

S5 7Y EFEE dEeFEE 2 FHe AF
F2FA5E 533 AIFg 2), A4 49%, 41.8%
2 82%2 JAge FE=A 7HE E=%er,
B 3949 990, oS A%
F AEat DA SRR

$gE ohuF

X x X

EFE
Fig. 14 Jebd
Yel 3L 1o} ol &

F

/\
[< T = =
a6 o “TFI‘?' ‘T‘%

9 FaFAs E S FFH de
Ay B4 #3840 Ade ALE ARHUT
- 100 a
é W 500ppm 2 2
z- T 1000ppm
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\“b‘e e ¢5°
™

Fig. 2. Hydrogen donating abilities of nutmeg extracts
**Means in the same column not sharing a common letter are
significantly different (p<0.05) by Duncan’s multiple test
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S5 " F2 s EZ 2% phenylpropanoid
Al A E-Ql myristicin, safrole, macelignan 5] lignan ©]
9]0l flavonoidsQ]l myricetin, myricitrin’d & F°] HE1F
T 9 thNadkamni 5 1976, Kim KJ¢} Han YN 2002).

38 BHT % a-tocopherold] FA2FAEE ZFHT
A3}, a-tocopherol?] FAFHFTE 932%= F3e] =
gton, BHTE 369%% a-tocopherol2 F& F4
g E4th ol AAZREH, §FT FFES
F2TASL Be BN 1F wgon, e
E3 2 A4 FtgkA|el a-tocopherol
S AS ¢ T AAT

£ a-tocopherol > o g

7 > EFEEY cold

2

oL
[

=
T

il
o 1o

3. AEIE7IE 0|25 SHAIslED =8

A=A R B, ee 222 1 FS

=T g 77t A7lE § BAsEsle] WsE 239
g Z

7hek 7149 64 T4sEH s 242 79.2 meg/kg oil,
76.8 meqg/kg oil, 54.7 meg/kg oil = 75.0 meg/kg oil =
AEE FEE AVtdA 7HE £2 FstaTRE B
pon, B FEEoU 7 AVtolAes I Tt
slaneg B

Lee YC9} Yoon JH(1993)2 clove, nutmeg, rosemary,

—&— Water extract

8

8

Peroxide value (meq/ kg oil)
8

Storage days

Fig. 3. Changes of the peroxide value of the linoleic acid
substrates containing nutmeg extracts at 40T
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Z4 - BAE - THRZ - KT— 37

ZAMGE A, FARolAe stads glen, b3
g 8EE 01% FVMA dA® Fis a3 Aok
Biste # AP [FASHA T

=3 BHTS: a-tocopherolF 71t 7129 64 34t
3E7te= 42 9.6 megkg oil @ 71.2 meg/kg cil2 T
Z7of wjs @A vebstch

o9 AZA, qBESFEEY PIaH=
tocopherol ®.t} 7891 2.4 BHTE Y= ot Aoz o}
123+ 4=4

4. 2|l=gAF o|HA JIEoIML] SAtElSat £
=4t AEA JNANA SFFF FEEY Fitst
235 vad AFFg 9, AZ7T odA =T
FEES LIME A 4 v, EFEE, g
9 A{FE2E AUEE 247 0300, 0564 2 04192
FE=EY F7HEo] vWie L Ae=m Yt §F
FEE2 AERA AlZHAA FAEEaRTE e AL
2 vgyd a8y e84t 712494 71 ok &
2t HQ B FEEL oEA AA”A 23
& = T FEEY g H
= © 2 e
SR BN A P i o e

o
ARG e, BFEES x4 9

201

0.5 1

0.0 T T T T

Storage days

Fig. 4. Changes of the peroxide content of the linoleic acid
emulsion substrates containing nutmeg extracts at 40T

AT F2Y A A A238 A 15.(2007)
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A 7PE EFFHA AR YT dH o
tocopherol®] ZA-f-ol= AZ7IE 9¥9A9 FIHEIH
06552 et =4 AEAVZAMY SFT-9
=5es, d8E 2 ARFESEY P8 9= o
tocopherol .t} 2 Ao 7 }E}ytth

AAAQ] Fsta#e A7]& BHT > EFEE >
Bf > AeE FEE > a-tocopherol9] o]t}

5. OREIAlY A%
FNYL VA AFo} JFE Y BREY
of EAste= 25 € 37 amineF}9] nitrosos} BHE,
ZUHY 42 AHzA44 f4A doivty IdEEAQ]
nitrosamine-& A3A5te] AN oA  diazolalkane(C,HzN2)
o7 Wz, Fidoly d¥d e AXY JES
alkyldlgto 2 8 {wstal(Kato H 5 1987), oF&
AE Aol FEHE 2 ] dE ¢S & o
& AE HAA € FY A2IZ2VES A A 9
E 3| 22 &4l Z(methemoglobinemia) & F'Z3+HGray JI
9} Dugan JLR 1975). 2% Zo]A 2] nitros} w2
ascorbic acid, phenolic guaiacol, resorbicinol 5] phenol
A EZEC 93 JAFE 5 Uvhleaf CD 5 1987).
F5T 22259 VY 2752 239 A%
(Fig. 5), 100 ppm FENAE S T obduY &
Ase BAOU 557} 57480 met okdBd &A
5ol Frtete AT RgoH, 53 A4t BE 3
FPsEAN b BE obadY 2A5E Bt E
3L &, dEe 9 F545 1,000 ppm 3EE F7H5H

o ol

120

HEE 100ppm
100 4 [ 500ppm aa b
EEEm 1000ppm r ™
1 2000ppm
80 ¢
5
a b
60 d b

[

'S
(=]

[o]

il .|

ng

"' Y.
N o o

Nitrite-scavenging ability(%)

n
o

o

d
e d a
e
deg d
x N N
. 2 o @ W AO
o 6‘@“0\ «*° ps°

Fig. 5. Nitrite scavenging ability of nutmeg extracts
**Means in the same column not sharing a common letter are
significantly different (p<0.05) by Duncan’s multiple test

S E 28] 35k A A23E A 15(2007)

A oM IE 2ASFg 5 AF 45%, 288%
] 988%% UEIY FHY B EFFEOY gL
EE vlF] 435 Z oldAd 2ASE ZE
Aoz et

A oD A2ATOl e
ascorbic acid % BHTY ofdAY AASL Z#Z
363% ¥ 627%E, B ofEAd LATL olxE
H14telyt BHTE T 23 Aoz ekt

GutH o2 FoFAFTH olANA AAFS F
T ) HlHse AR g oK lee GD &
1997) £ A Ee I/ S, 3¥E T3] 9

_l. \d Jl}j:

»
0ok
El]
fol
H

S5 EFEE, JdEEFEE 9 BRY FHEHAE
4% A(Table 2), AELFEES] F$ Micrococcus
luteus, Bacillus cereus, Salmonella enteritidisd| A 49
& Ueden, §3] Micrococcus luteuso) X 7vd 2
S FAHES Bk AR Fe 4,500 pg/discd
EXX Micrococcus luteuso| AT <F3t w9

Table 2. Antimicrobial activities of Nutmeg extracts
Water  Ethanol Essential

Microorganisms tested .. extract  extract oil
W) nm)  om) ()
Bacillus cereus 4500 - + -
KCCM 40935 3000 - * -
1500 - - -
1000 - - -
Micrococcus luteus 4500 - ++ +
KCCM 11326 3000 - ++
1500 - ++ -
1000 - + -
500 - * -
Escherichia coli 4500 - - -
KCCM 11234 3000 - - -
1500 - - -
1000 - - -
Salmonella enteritidis 4500 - + -
KCCM 12021 3000 - + -
1500 - - -
1000 - - -

- No inhibition(8 mm)

+ Very slight inhibition(8~9 mm)
+ slight inhibition(9~10 mm)

++ Moderate inhibition(10~14 mm)
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OEE

T4EHE Rolx| gtk
A A2 §5FT9 EFEE, AeEFEE 2 4
& E coli o) 03} $34e Uehin Lo
Chung CK &(1990)2 A5 HFHEES A
BN IF SAFA Salmomella typhimurium} E.
colin et} 19 Bacillus subtilis$} Staphylococcus
aureusdl] &l &37F At sty on], T3 Takikawa
A F(Q2002)2 S5 FEE2 HgLA E coliol
d ASAdAaIE Rolx Lo} E coli 01579
dafiXeE AT JALLE BRI dPon, =T
70% &g 95 F&H & B-pineneo] E. coli 0157
o ta] aaqle Buslrh
dFo]l FA UEhd dELFEEA
Micrococcus luteus, Bacillus cereus, Salmonella enteritidis
of g dFHo] 7t A Aoz Jehd digzi
Bl $F7 F2EY $4HL dzyd 240 Na8Es
Aoz ArgdT

ol

rrN

g A=

7. ACE Xsljgz}

ACE(angiotensin I-converting enzyme)= £-34 4 e
9] angiotensin 1225 AFFHoz Z3d LS
Z&& el angiotensin IS A4sl0, &3 Z3
Ry "L%e Ze bradylkinin,—% Ealotd FHy
ol Bt Elolth. §FFY B FEE, duag
F28 9 Z#9 ACE ANEHE 3T AFFg
6), 1,000 ppm¢] =504 z+zF 02%, 11.0%, = 10.0%

o
S

»n
o

Angiotensin converting enzyme (%)
3

Fig. 6. ACE inhibitory activities of nutmeg extracts

““Means in the same column not sharing a common letter
are significantly different (p<0.05) by Duncan’s multiple
test
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2 Yey dg& F&E4A ACE AfEdrt 7HE
¥ ALE Yoy 1 242 e FHinh 53
9] Fo HJES=E <dgyA EP(epi—cathechin)Q] ACE A

AEFE 1052 e F2EF Vs Aoz
Ehaeh
IV. 20 o #=
2 ATNE § Be 328

9 389 o BREh, o
A adte] ekl Ha, ARSI SFFY B F
28, dEE 58] 9 59 F A= §F2 47
34%, 169% 2 32%°]At} 1,000 ppmol A ©1E &
£9 FaFAS5e 474 49, 418 2 68% ]9\113]-
#H A4 7[Z e Fitslgdt= BHT > o

FZE > a-tocopherold] o] E]l"—iﬂ
149 Fitstast= BHT > E5%
&8 > a-tocopherol «=o]¢th FF LTS

Z[E

258 Micrococcus luteus, Bacillus

g v
_N r il
N

dsiM, dfe
uteus?] WAt FFAHAE HYY F
ol Wate] FFaTAE Holx st

o ol A &S 1,000 ppm FEAA E FEE

cereus 2 Salmonella enteritidiso)

Micrococcus |

45%, S FZE 288%, -G 98.8%0]3x, ACE
AN &= 1,000 ppme] A & FEHE 02% oe
& FEE 11.0%, 3% 100%2.2 7= o< 3ot

ZAe =

2 ATE 0M9E 2P0
Hle} Age] % A9,

ERE CEE T
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