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Abstract The antioxidant ability of 80% ethanolic extract of nutmeg seed (NM80)
was evaluated using 7in vitro assays and bulk oil and oil-in-water (O/W) emulsion
matrices. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, 2,2'-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) cation radical scavenging,
and oxygen radical antioxidant capacity (ORAC) in vitro assays were used to
evaluate the antioxidant ability of the extract. The DPPH radical scavenging
activities of 25, 50, 100, and 200 zg/mL NMS80 were 12.5, 20.9, 35.1, and 62.8%,
respectively, while the ABTS cation radical scavenging activities were 2.7, 6.5, 30.5,
and 29.8%, respectively, demonstrating a dose-dependent effect. The ORAC value
was significantly higher at an NM80 concentration of 25 xg/mL than the positive
control (p<0.05). The conjugated dienoic acid (CDA), p-anisidine, and tertiary butyl
alcohol values in 90-min-heated corn oil containing 200 ppm of NM80 were
significantly reduced by 3.26, 16.94, and 17.34%, respectively, compared to those
for the sample without NM80 (p<0.05). However, the headspace oxygen content
and CDA value in the O/W emulsion containing 200 ppm of NM80 at 60°C had
6.29 and 82.85% lower values, respectively, than those for the sample without NM80
(p€0.05). The major volatile compounds of NM80 were allyl phenoxyacetate,
eugenol acetate, and eugenol. NM80 could be an effective natural antioxidant in
lipid-rich foods in bulk oil or O/W emulsion matrix.
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1. A

o4 (emulsion) A2
phase)oll Al YAto] FE= T&Fd A
(oil-in-water, O/W)I} §-X]7} AEAF (Water in-oil, W/0)o] 9tk(Solans
S, 2005). HEZQI O/W oEHd2 nfa =, —?—%7} FeH, W/O odHdol= HH, bulk
oil 5°] AKClark, 2013). LU HE O/W o'EHo] W/O oA R fA4ks}o] ok
sttt= A+7F B3 v Qlom(Laguerre &, 2015), ol& FAARET WAYs= EHA O
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14 oz Al=HELKYi 5, 2018).

AZ Yi 5(2018)°] E}EES_ AR A5 AR
/\}Oloﬂ/ﬂ HAYSHA| B, W/O olEdE A9 5
= Adder FAARPT d¥ss 2o
oj]= "ol O/W o] 3% o592 EZo] A
o= @obA {AAS} & dojdtt. Lee®t Surh(2021)

=1 N
B 2
op

c)

2 M

2 g

L AZ Ao AFE AFRSH= 7S] 50| 0.002% T
S50l 92 HUBGOM, 20169 SEUEH ot
H e 2e $EE 1.6% TRk Gl Zos IR

1%7] gZe] O/W+= Z]ﬁﬂ’oﬂ Chas F|oFshm, 2%

o9 Atgk= Q1A 1 =
A]-ﬁ]%—g. tﬂ-}\ﬂ}\]
Aol &4 B4 Xﬁ}*ég AStAIZItHZaghi 5., 2019)
olg|gt o] R =E FAASE AAsta At {A Aol F kgt
O/W o B4 M FABAE H7HE Alkste= et
A7t o]2ojA 3L QtHAl-Magtari 5, 2021; Cuomo
5, 2020).

S5 ER(Myristica fragrans, nutmeg)s 571t
H(Myristica fragrans Houttuyn)Q] A3 349 715
I 9 AAAS YA A3 {0 ofF ¢ B & Addx
Sto] A Aofoln, &7, EU=, AR, SREA
HA7ole FARE AREEIL AtHFleming, 1998). S5
T A S 5-15% FHRohH, ek Akt 2
2o] #&=EHHorison 5, 2019; Tan 5, 2013). 3}A|qt
JAE UL o] FAo|nE ARt B50] H o}
A&l vls @ Ao, S5 FAY] A= kst
BIE Hol= ot SRPES HFACE &7t Wor
£ AF matrix Hol &=t FAol-8/d= =olal A
= FAISE7| SIsl thget 73} AlARE B QA 1Y
»Q9 Aol Q7= tHAisyah &, 2018; Mohd Narawi
5, 2020). S5+ TAE o71E =4 Al LA 1] A&
n] AE Al n]2| AEAR S0l AAS] SRR B
IEAHKim T, 1989). 3HH, S5 FAE otAlE,
B, MEE, g 4 8 5% FEE2 ZF s
of thsfl et P4kt 9 I+ A= YErdieH, 15
OMME FEEO] 7P ﬁc}’f_@} 24e EAHGupta
5, 2013). B2o] 57 FAE 797t HgEol ¥Rsto
ST FEEZ 5TY AAFH dAES] At A,

ofy

4y
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e s, 2005) E3F 2719
TAI5H7] 215l
=7 ZZHOT ]4 Ao =it
T 5%t E%O}Oq AR BreE A, fotes v x
| 9717 vAE, 80], BE9 FAo] R ET A%
5719 Zaok= 74% &S vt It Horison 5, 2019).
it oyt S5 %X} %ﬁig FEE= 7FEAY &
= U}O oA 76“?15.—

2 55549 oIBHA 557 B4 o2 +58] B

[e]
7t R AR AEAS WRIOZA 1) 43

21 ME Y =59 HZ

2 d7e 577 SHEFT, A=HAIOME 100%)E
Algoll A Fafjsto] £4) & 77 S Y& 20 g 80%
ogtE 300 mLE E9tste] A4 6AIZE FEoeit
Z¥7](RS-1, JEIO TECH, Daejeon, Korea)® &3t &

T B4 Aghe FEE(NM80)2 Whatman No. 2 filter
paper(Whatman Ltd., Maidstone, Kent, UK)Z o] I}A]
71 T 40CoA HAks=olgith. s AASH] 22 =
25 Zﬂ}_(BFDBS F8, llshin Biobase, Seoul, Korea)

¥4 B9 N2 AT,

22 RE7 =X OfElS =EEE59 SIS S =X
2.2.1. DPPH 2iC|& 4H &4

2 Ate fEEE &gt 0.1 mM DPPH(Sigma-
Aldrich Co., St. Louis, MO, USA)Q]- g S)AgH
NM80Z 22+ 0.75 mL, 0.25 mLE 2l Z33t & FAloj
A 3083t HESAIZTHBlois, 1958). ol; T4=E 517 nm

oAl UV/VIS spectrophotometer(Mega-U6000, Scinco,
Seoul, Korea)Z &A%t} ©o]& DPPH #tiZ Asf&
(inhibition rate, %)= WEr o] AARFI T
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DPPH. - DPPH;
Inhibition rate (%) = x 100
DPPH.

DPPH.: t®+9] S3%
DPPH, Al59 T4

2.2.2. ABTS 0|2 2iCjd 4AH &
ABTS %ol &z &7 €42 7 mM ABTS(Sigma-
Aldrich Co.) 8943} 2.45 mM potassium persulfate
(Sigma-Aldrich Co. )& H2E Ejoto] 42 HAofA
16A17E 5%F Fol22 T & FF=7t 734 nmollAl
0.700(£0.050)°] HE& ofetZ=E 3|AAIA AL
(Fellegrini 5, 1999). ABTS %ol 847} mrHZ 5|4
Sk NM80Z 27 950 L, 50 pl E3slatt S4=E
THES 1027 A2 dAoA HAS & 734 nmojlA]
UV/VIS spectrophotometer(Mega-U6000, Scinco)Z
S5t °olF thael Al3t Zo] ABTS ¥ol2 A&i&
(inhibition rate, %)& YWepHo] AAIstFTt.

0x

~

ABTS. - ABTS;
Inhibition rate (%) = x 100
ABTS.

ABTS. Hx#9 &34%
ABTS:: Al29 3=

2.2.3. Oxygen radical absorbance capacity (ORAC)
ORACH-Z A|&%} A|2Fe] A2 75 mM phosphate
buffer(pH 7.0 ArME5FTE. 96-well plateo] 3]43H
NM80, 0.1 mM fluorescein &4, 300 mM 2,2’azo-bis
(2-amidino-propane) dihydrochloride(AAPH)(Fujifilm
Wako Pure Chemical Co., Osaka, Japan)E& <At=
Z¥ZF 50 uL, 150 gL, 50 plE BF59cHZulueta S,
2009).
(GeminiXPS, Moleculardevice, San Jose, CA, USA)Z
ZAotd o FPYZRTL trolox(Sigma-Aldrich Co.)

£ Apgsich

4087t fluorescence microplate reader

2.2.4. Total phenolic content (TPC) &4
NM809] TPCE & A& 89, 575, 75 5

0 3|43t Folin-Denis A|2K(Sigma-Aldrich Co.)&

ot

T

N
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7t &MY 50 pL, 800 pL, 50 pL EFst] SEZF X5}
ArKFolin¥} Denis, 1912). &8N sodium carbonate
(Sigma-Aldrich Co.) 100 pL H7l5le] #4s}s & AL
G 302 &% "ESAIA 725 nmz S UV/VIS
spectrophotometer(Mega-U6000, Scinco)E Ah&s}]
ZAottt. FHw 2 tannic acid(Sigma-Aldrich
Co)E EFEZZ pmol tannic acid equivalent/g

extract® YERN I

2.2.5. Total flavonoid content (TFC) &4

NM802] TFC 7ol AM&3t 10% aluminum chloride
hexahydrate(Sigma-Aldrich Co.)2 1M potassium
acetate(Sigma-Aldrich Co.)= £F4-E A|Fs130H,
NM80, ofgtZ, 10% aluminum chloride hexahydrate,
SHTE 47 100 pL, 300 gL, 200 uL, 560 pL 33t
% 1M potassium acetate 20 pL F7Foto] 3027 LAl
A 9E&sHtHSavat Sibru, 2010). ©1% &3%+= 415 nm
oA UV-VIS spectrophotometer(Mega-U600, Scinco)
2 2451991, TFC= quercetin(Sigma-Aldrich Co.)&
HEFE42 pmol quercetin equivalent/g extract® 4

ER oAt

2.2.6. Ferric ion reducing antioxidant power (FRAP) 2hgl2]

FRAP assay= 300 mM sodium acetate buffer
(Sigma-Aldrich Co.) 100 mL, 10 mM 2,4,6-tripyridyl-
S-triazine &9 1 mL, 20 mM FeCls(Sigma-Aldrich
Co)E 1 mLE E§ot] FRAP $89& ARty om,
FRAP #8982 37C ZxoA BIAIA A&
(Benzied} Strain, 1996). FRAP $89 900 ulo)] &
Alg 8AS 30 pL SRt F 3087 ¥HSAIA 593 nm
UV/VIS spectrophotometer(Mega-U6000, Scinco)®
TG E S0t FRAP 382 EEEZRE ascorbic
acid(Sigma-Aldrich Co.)& AF&3l] umol ascorbic
acid equivalent/g extract® YWERHAT}.

2.3 NEY JIBNN SET7 EX HES EEEY SAM
HorEY =5

2.3.1. 80% OEtE F== &7t |X M=

A AEe 2A83E 9o 8447]8(Ottogi, Anyang,

https://doi.org/10.11002/kifp.2023.30.2.334
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Korea)ol NM80< dimethyl sulfoxide(DMSO)(Sigma-
Aldrich Co.)°ll 9] 200, 1,000 ppme] E=Z 7}st0f
ARSI, 272 DMSOE #71ste] Abstof mlx& o
FE TEotA ot AlxE ARl Bk {49 Akst
£ WA fste] YRHYHE RASHAH

2.3.2. Conjugated dienoic acid (CDA) &4

CDA%= 15 mlL isooctane(Sigma-Aldrich Co.)oll A
A&E7F 4,000 ppme] HEE BAAZ] & AOCSH(1980)°l
9gf 233 nmollAl UV/VIS spectrophotometer (Mega-
U6000, Scinco)Z &43tal, thao] 2oz AAlstgtt,

As N
CDA value (%) = 0.84 x b_ x S]AH4 - 0.03
c

Ay AEF SHE
b: Cuvette®] Zol(cm)
c g AR FA(g)

2.3.3. p-Anisidine value (p-AV) &4

o-AVE= AOCSH(1990)°] w2} 15 mL isooctane
(Sigma-Aldrich Co.)°l ¥A A&7} 4,000 ppm°| H&
E BA7 B E3ET 0.25% p-anisidine(Sigma-
Aldrich Co.) 8%& 77t 1.5 mL, 0.3 mL E§5to] 158
Zb HAOA BREAIFT. 8= 350 nmoflA UV/VIS
spectrophotometer(Mega-U6000, Scinco)® 45}
o, off9] AoZ p-AVE ALl

1.2 x A - Ap
p-AV =
W
Ap: Anisidine A9} Alg-o] ¥H-3517] A9 ST

W #H3E Az FA(g)

2.3.4. Thiobarbituric acid (TBA) &

TBAE= A A& 1.5 g°ll benzene 5 mLE 7}oto] &3
A7l & 1087 WAs1Th. o]% TBA Al9F 5 mLE 24k}
A4l thAEER] MDASF ¥HSAIFHTHBuege?t Aust,
1978). 22 A AEE SHFE dAlsIleH, 4%

https://www.ekosfop.or.kr

o] AAH HEES AIPTOZ o] FA|A 3087t 100T
water batholA SE3H & WZAFATH S8+ 532 nm
oAl WZrA7] BESHS S5t o, offje] A1Z A&

o] TBAZ 3Mlsl3it,
c = As
TBA value = A x 100

A 229 8=
A AETY T3

2.4. R3H0JA SF7 S LAY FE
241, +FRHY =AY M=

ToRAE e EFH(HB501, Tefal, Haute-
Savioe, France)& ©]&35}o] Tween 20(Sigma-Aldrich
Co.), &, 758 244 0.25: 2.5 97.25 &€=
Z3tote] 387 FESFATHKIm 5, 2017). F5tHe] +4
3= NLM 100 Nano Disperser(Young-Jin Co., Gunpo,
Korea)g ©]&5t¢ltt. o]F DMSOY| =29l A|RES /%
Hofl 200 ppm FEE #55t0] ERbs FAH. ARt
gl 2 mLE 10 mL vial(19 mmx56 mm ID; SL.
Vil211, Scilab, Seoul, Korea)ol] E£33to] 60T 2E9
A ARIEEE 1, 2, 3, 49 53t BABIH 22 AR
£ A7IoHA] &2 DMSOE 22 & £F0to] Axsk9

o

2.4.2. R3] head space oxygen &2 =X
SJEAFolA Aba FE #A] GC-TCD(Agilent
Technologies Inc., Santa Clara, CA, USA)E o|-&3}%.2
W, air-tight syringes 0]-8&5t0] A|R9] 3|=ATo|A 7EA
50 uLE 60/80 packed column(3.0 mx2 mm ID; Restek
Ltd., Bellefonte, PA, USA)Z} thermal conductivity
detector”} A2F= Hewlett-Packard 7080 GC& FY35}
1 o]goR2E dF 7MAE 10 ml/min $E2 FYIY
HKim 5, 2010). &, 4E, HE7]19 2%= 180CE

B A,

2.4.3. g3i9] CDA 5%
CDA 342 RAAEEL methanol/1-butanol(2:1,
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v/v)E 247 120 pL, 2.7 mL &5t 233 nmollA UV-
VIS spectrophotometer(Mega-U600, Scinco)Z &%
£ St Mei 5, 1998).

2.5, 57 X WEIE FE59 348 & 22 £ 24

TAV vF FE(SPMEHOR iy EES EEoi3le
o, BZ o] 23} HAZ7|(flame ionization ditector, FID)7}
AR GC(Hewlett-Packard 6890, Agilent Technology,
Palo Alto, CA, USA)E °l&sto] 3 242 Edsisitt
(Kiralan, 2012). SPME fiber= 65 um polydimethylsiloxane/
divinylbenzene(Supelco, Bellefonte, PA, USA)& A&
5992, HP-530 mx0.32 mm ID, 0.25 mm film,
Agilent Technology) Z8& 134402 0|85t} 7]
719] L& 271& 28 B 50ToA HA F 12008
AeAFHoH, FYU719 2= 220C, ALY 2Ee
300C& A3t GC-mass spectrometry(5971A,
Agilent Technology)E ©l-&3te] TAHE2ES 5753
o 0.8 mL/min £ &2 AFTIAE o|FAL0 Z ALES
Ak F2 212 GC-FIDY FLstA AREstEom MS
B4 AL 70 ev, 220 ion source >=& ARl
A AHEH ro]BHHF(mass spectra library)Q} H&F

ZHretention time)& AR&Sto] $HHA E42 EA5}H

i

2.6. A2/

= AR #4233 HHEsto] Auks ¥9low SPSS
program, ver 24(SPSS Inc., Chicago, IL, USA)E A5}
of B+ EFHAE Y. §94 AL Student's
t-test & one-way ANOVAZ EA3lo] p(0.05 =04

Duncan’s multiple range testZ AF-HA3oF Tt

3. At ¢ nEt
3.1. 857 ZAt 0|t £559 DPPH 22 ¥ ABTS
o2 2iLjzt £ =Y

S5 B4 dghg FEE9] 27 &A 849 A=
Fig. 10 Yerfict. NM80S 12.5, 25, 50, 100, 200,
400, 800, 1,000 pg/mL =E& A|Z3to] DPPH ezt
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Fig. 1. DPPH (A) and ABTS" (B) radical scavenging activities of
NM80. NMB80, nutmeg seed extracted with 80% ethanol.
Different letters indicate significant differences at p{0.05. Each
value is meantSD (n=3).

a7 S WES 43, 247 8.1, 12.5, 20.9, 35.1,
62.8, 92.2, 92.5, 92.8%= ZH = O, ABTS ¥ol
g A7 4L 2447+ 0.7, 2.7, 6.5, 30.5, 29.8, 49.4,
81.3, 97.5%9] &z &A 4 HEol sk &4
07 F7lol= ACE WHEAHP0.05). 3] 5+ F
AZ oerZE FZsto] DPPH 2oz 44 242 S4T
Aol A ST T4 oekZ 559 DPPH 2z 47
FAlo] B& 9279 Z71E HAISIAHGupta 5, 2013).
ES S5 SAE AE, I, Hols, FAE &5t
HetEs2 F55100, ABTS ol 2tz &7 842 54
e Aol S5 £ 59l Blsh 7MY S5k

98 BstAtHTan S, 2013).

A
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3.2. 77 & WEIE £=59 ORACIHY O/xl= F3F

Fig. 20 &5+ 34 oge 252 6.25, 12.5
25 pg/mlL =& 3Aste] Ul A0 2 5k 9EZQl
73S BTk Fig. 2(B)= th&Zo] v]8) trolox 12.5 uM
Aol A 178, S5+ 4 AeE F2E 25 pg/ml
Lol A ol vsf ok 2.08) &A UERETHp0.05).
Su 5(2007)2 S5+ STAE 80% MIHEE FE519
ORACE &A% 23, S5+ T 595, 229, A9
Hot 7P w2 A @48 YERITi L Balstoint
E3h Khatun $2006) 100T 2 6417 SA 3 16714
FARY A Bt &4 B &3 2, &5
SA7F A%, Wdl(fennel), #F"12(fenugreek), 7HEthE
(cardamom)E.th HEA| gttjZ &7 &Xgo] 71 43}

()
-e-Control
8000
[ ©Trolx 12.5uM
8 -=+NM80 6.25 ug/mL
c
8 6000 -+NM80 12.5 pg/mL
2 —NM80 25 pg/mL
]
S
o
=
Y= 4000
[
2
s
ol
7]
¢ 2000
0 L v -
0 10 20 30 %0
Reaction time (min)
(B)
25
a
—_— 2 [
s
° b
= c bc
o015
2
<
[
2 1+r
-
K]
[
14
05
0

Control Trolox NM80 NM80 NM80
125 uyM 6.25 pg/mL 12.5 pg/mL 25 pg/mL

Fig. 2. ORAC of NM80 on fluorescein elimination induced by
AAPH. (A) Fluorescein curve of ORAC value. (B) Relative
ORAC value. NM80, nutmeg seed extracted with 80% ethanol.
Different letters indicate significant differences at p¢0.05.
Each value is meantSD (n=3).

https://www.ekosfop.or.kr

3.3 FF7 X WElZ =82 TPC, TFC % FRAP 2t2/3

S5 FA ollgE 589 TPC, TFC ¥ FRAP &<
g9] A3}+= Table 1] YefWigich. TPC, TFC, FRAP 2
Y82 47t 33.74 pmol tannic acid equivalent/g
extract, 0.13 gmol quercetin equivalent/g extract,
295.27 pmol ascorbic acid equivalent/g extract® L
Pttt Kong 5(2010)2 &%+ $AE &2 FE010]
TPCE S4T 41 =2ut2jet fAfstglon Hd, o7}
LHT 9% S4S YT Easigith B&ol
Gupta 5(2013)2 S5 TAE o, HeZ, 7e
4 22 FE0t TPCE 4T 23 W, 78, 2
FEERT e 25| TPC7F &£9roH, TPCe g4t
3t S FYoHA ¢ AT Sl ALoE HasHe]
o &3 Su 52007} &5 $A% S¥5E 80% "
=& FEol9 TPCE &% 2}, S5+ SV S55H
o 7P $<3t o2 Hustint weba] A d-tet 2ol
£ AP E 7 SA4 o2 F5E2 TPCeF TFC7H
FRAP &) 932 mHE Aoz godr

34, RE7 SN UES £S5 4E& 7I5 M} Al CDAT}
7

FAZF ARl 3 F 27) AL AR 3 oS A
=7ot= CDAS] 2= Fig. 3(A)o] YAt Az
A7) &S di27-2 180TIA 0, 30, 60, 90% &
4F3HAZ1 & CDA &7 23}, 2+ 0.23, 0.36, 0.53,
S7Fotoeh. /A

o o

o

T1%E 71go] Qo A4S fH0

Table 1. Total phenolic contents (TPC), total flavonoid content
(TFC), ferric reducing antioxidant power activity (FRAP) of
nutmeg seed extracted with 80% ethanol

TPC" TFC? FRAP?
(umol tannic acid (umol quercetin (umol ascorbic acid
equivalent/g extract) equivalent/g extract) equivalent/g extract)

33.74+ 2.06 0.13% 0.01 295.27+5.94

"TPC, total phenolic contents.
ITFC, total flavonoid content.
IFRAP, ferric reducing antioxidant power.
Each value is meantSD (n=3).
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—
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~—~

@
CJ)

0.73 R
-e-Control -e-Control
_ b -e-Control ’2\
S ~&-NM80 200 P 400 | -sNms0200 P 2 ~+-NM80 200 2
< o6 | o ¢  E£120
P -=-NM80 1,000 5 © -5-NM80 1,000
c s 5 -5-NM80 1,000 n ’
2 > g | o
T () (] 5
T 053 ¢ = 50 9%
[ S T S
- S T >
S 'S 60 > £
] c p-! %
2 < m = g
< 0.43 \ - ©
o Q c
o 40 o
©
033 | b E 30 |
’ 20 o
E
o
0.23 : s 0 : : 0 ' '
0 30 60 90 0 30 60 90 0 30 60 %
Time (min) Time (min) Time (min)

Fig. 3. Conjugated dienoic acid (A), p-anisidine value (B), and thiobarbituric acid value (C) in bulk oil with NM80. NM80, nutmeg
seed extracted with 80% ethanol. NM80 200, corn oil containing 200 ppm of NM80, NM80 1,000, corn oil containing 1,000 ppm
of NM80. Different letters indicate significant differences at p{0.05. Each value is meantSD (n=3).

Al=o NM8O0 200, 1,000 ppm< ZH2}F A7lste] 180T
A1 0, 30, 60, 90% &<t 4H2FAIX1 CDAZF 23 NM80 200
ppmOlAl Z-ZF 0.23, 0.38, 0.55, 0.69%= AL,
NM80 1,000 ppmollA+& Z+2} 0.24, 0.38, 0.56, 0.69%
2 YeRth SR NM80 200, 1,000 ppm A3 &
308 719 A%, izl vl 242} 6.00%% S7Foh=
RS T 5 9on, 60F 7HET A dxwto] vl
Z¥7y 2,51, 5.58% S7fohe ACE HWAEHAY. E
NM80 200, 1,000 ppm A&t FA= 90& 7HET 74
ol vl 22} 3.26, 3.26% AR Fraoh=
0 F UEFETHp0.05). wetA 30, 60&00A ZE 5E9
NM802 txwErt CDAZPL 571kt A g1 4= 1%
on, 90RoA HE Lo NM8OS iRFHTt fo% o
2 Ao gat 4t APES JAlske Aom TEE
o} Yang 5(2020)2 EA Y &< 559 B 9 FiE
AZ T 2o H7fote] 5U7F T Y9 IS RAL
A3}, S5 T4 o] o H7Ee s 7Y =2
15l SH8S Ueiiglon, S5 34 299 &7t
E25E GAE § Y At WAL $-46kltkal B arst
Atk E3 Wang 5(2020)2 sfutet7|fol &5 4
A AL HrIste] 180TOlA 30417 71Lhstal A=}
ASFES S5, S5 FA odlE 2UE H7SHA]

|
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o
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% tixtol v CDAZPF Astglon, 4 FAtsH]
Ql BHA®} BHTH T} W2 CDAZME s Ittal Este)
t}. o|e} FAFSHAl Muzolf-Panek 5(2019)2 &ATto| A,
Hlo] g EANE o], 7ithd, B, S5+ SA
£ eZE FE0l0 FEESZ o A HA7o] 7t
Sto] ¥ Hyksto] ASh | #E0] HSE RARE 41}, &
= FEE 5 S5 A FEE0] oAl AR a7|oA
CDAY F4< 7H a8 o0& ZAAaAZthal Hirstet.
webA 2 Ats A% Aot fFARH FAlEEE Al A E

A2} AsHEQl CDAZE Aol 5+ 4 ek =

= Ao et QA EHE Ae BED + AT

3.5 K57 X WEIS FEEY NEL J|E H3f Al p-AV,
TBA Bof

FA At 3 F olA AR S SAohe
p-AV, TBA9] A= Fig. 3(B)2t Fig. 3(C)oll YEFA .
CDAS} 5Usk up oz 180CA 0, 30, 60, 90E St
ASHAZ] A3, NM80S 7FoHA] 2 t29] p-AVE
Z¥7} 10.62, 31.97, 68.65, 117.28% 714 A|7to] Zojd
FE fodoz F7lsktt. NM80 200 ppmollA 242
9.45, 39.28, 71.65, 97.422 &=, NM80 1,000
ppmOlAE Z+2} 9.35, 44.87, 74.62, 100.422 SH =}
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o}, Al NM80 200, 1,000 ppm A2|5te] 30, 60E
7tEst B diztel B8 S7loke A B3lem, 90
St 749 diztol His 2+ 16.94, 14.38% 214
2 TEEAHp<0.05). E3E 180T
0, 90+ <t ARl A3}, NM80E H71514]

A5 fYHo=2 JF7ksHH
NM80 200 ppmollA4l ZHzF 12.80, 49.20, 75.50, 98.702.
2 TEEQY, NM80 1,000 ppmelAE ZHt 18.20,
54.60, 49.00, 104.202.2 Z7=| U}, F-4]° NM80 200,
1,000 ppm #&J5te] 30, 60, 902 7}E3t 3¢ 2
H3f| ol A HoloH, 53] 90& 7149% 3% o
Zof vis) k2 17.34, 12.73% &0 8 7Aasts A
o7 HAEIH(p0.05). A 90RA HE L9
NM80L tjZET}t p-AV, TBAZ} GolH o= 744sH
= eI & A%eH, 53] 200 ppmollA thET-ETH
16.94, 17.34% #AaE o] o|&} Ake} B4 EE AAlol=
2 YERdth Muzolf-Panek 5(2019)2 S5+ A=
EReE RE00] 2EEES AHR| |0 Hriste] WA
Lo A 5 o3} AlRtES] HSE AR A}, A 717t
o] I7HSE FFT TA FEE2 tRwol Hls) YA
11719 0|2} AtekE9] FAJol AAE ATt Brsltt.
AFSHA| Tanabe $(2002)& 2271419] 31E.9} AR E HX]
17] AN H7sto] o]af AeE9] FS TBAFCSE
Bl A}, S5 $A FE2ES AT HA ] HEE2
TBAgZte| AAzidlo], ©, 313 FEEHET f9loHA Woltty
Buskdch E3E Soji¢ 5201502 AAIA9] 0.01% 2
0.02%9] s=&2 S5 TA oJdld 24S 7lete] Akst
ARES A TBAYA S5+ 4 odld U<
0.01% % 0.02%9 s=& H7Iet 3to] SF+ A oAl d
Qg H7IoHA] 2 tixte] Hlsf FolotA Aottt
Hsigiet weba 2 AtolA dRxgtEot S5 4
BE FE2E A7t fAY oA} ABHEQl dH|stolEet T

E gjsiele AdE JAlske A BEE & A

N

T

W, N
o 2 Jo J

¢

3.6 57 X WEIE FE559 229 Lef Al head space
oxygen &322} CDAZ} &f

ST A e FEE A7E et A 717 3
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SREo] Sl Fl=AHo] A ks FFIL 27 AFSE A&
Ql CDAZI w|A&= J32 Fig. 40 YR A=xsH
RS 60TOAA 0, 1, 2, 3, 48 B* ASHAIZ] $ NMBO
< A7 2 gi2i9 sleAamolA= 7+ 21.00,
20.40, 20.24, 19.23%=2 ZA=|o], A& 7|7k0] Z7}d4:
& FEAamo| Al Ata FEFo] HaEE AL BET
ANe™, NMBOZ E2 o842 27 21.00, 20.68,
20.58, 20.53, 20.44%= &= AcHFig. 4(A). Al=7t 3
ZFEA] e tRTE 0, 1, 2, 3, 497 AstAR] A9 gz
9] CDA7N= 22 0.94, 2.36, 4.56, 4.62, 17.71 g/kg
oil2 Z3=9lon, NM80 H7EollAE 242 0.94, 1.08,
1.76, 2.35, 3.04 g/kg oil2 BA=AH(Fig. 4(B)). 0, 1,

Gy
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Fig. 4. Headspace oxygen contents and conjugated dienoic acid
in emulsion with NM80. NM80, nutmeg seed extracted with
80% ethanol. Different letters indicate significant differences at
p€0.05. Each value is meantSD (n=3).
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2, 3, 4%00|4] SlEAHo]AE NM80o| HRytHTt 242t
1.39, 1.67, 1.72, 6.29% F94Q1 a7t wa=on,
CDA7HY] A% dixatio 27 53.98, 61.37, 49.07,
82.85% oA o2 AAEATHp0.05). §3] A% 717kl
Z7HE5E NM80S H7Iet of# AL fizgHt 5o/
2 Ak AH[go] ZHAs o, SEAH o] AL A4
I} oI R 2% 717k0] ool et NM80S H7Het
ML dxFET A AL T & YA
Mohd Narawi 5(2020)2 &5 $4 22°] F7Hd 1
LodAS AFsto] 24417 F AF BelE oAt A, &
ot FATE oBHS oAt Hrsttt. T80
ST AR Heod4E ol&oto] A 8UES ARd
5 7 ] f39 Hel oo A3t A, whe2jore] 4
< QAT Bald whh Qltk(Aisyah 5, 2018). A1
|7to] St what 52|17} AtstE|o] A &H 07 AbATL
S7Votm IEsHEZIF SRR 4 A QltHChung 5,
2004). SHAEE & AolA] oEA AEE A% 7]7ke] S7F
H4E fuano]A9] AbA Thfo] A E= Akt 27
ARst 2| HQ1 FH o]F AT o] fRTET HAdshe A 7]
Qlsto] F219] A7t 2Bt Fhashs RS HESHY
o}, A o]= NM80°] F-4]9] AsHe AAAZ] Ao=
AlEEh g £ dts S5 34 g FEES
A71eE 3t by at Ao A 9] ABHE WAJsh= A
< TEoto] HA FASAZA Y 7Hs3S EokAnt

|o

o

X ol

N

37 B57 X WEIS F559 F S22 54

GC-MSE ol-&5to] NMB09] 3 &S FAgH At
Table 29 YERHITE. NMBO ¢ Hl=A oA H|O| Eallyl
phenoxyacetate), F-A4l& OFAH°]E(eugenol acetate),
FAl=(eugenol) T &0 EAHT. &5+ TA A
A 2 i 5 4 H=AoHElolE, fAlE oFAlE o]
E, $A=0l 47 59.11, 12.06, 5.24%=2 8. 34 4

2o 2 HHHUT. ¢ FHSA oo Ex <Y oL
A

rr

= 55 EA ¥E9 78 ¢ €IS TRoto] F5 A
28 ZaA7)e Aog d#EA JtHPolitano 5, 20006).
Eo} A= o] AdEolH, I+t

243 FAtet 5ol psittal BAEITHGokalp,

Table 2. The volatile compounds of nutmeg seed extracted
with 80% ethanol analyzed by GC-MS

RT" (min) Volatile compounds Peak area (x10°%) (%)?
41.71 Butylphthalide 17.00£0.68 (1.53)
41.61 Allyl phenoxyacetate 657.83+24.30 (59.11)
39.49 Eugenol acetate 134.23+4.55 (12.06)
39.23 alpha-Selinene 16.31+0.95 (1.47)
34.24 Eugenol 58.35+2.07 (5.24)
27.24 D-Carvone 33.2545.03 (2.99)
24.64 Dodecane 34.64+1.44 (3.11)
21.49 Pentylbenzene 37.73+1.53 (3.39)
12.01 Decane 38.0143.54 (3.42)
422 Hexanal 33.50£2.99 (3.01)
2.34 2-Methyl-butanal 30.67+1.53 (2.76)
1.98 Acetic acid 21.29+16.88 (1.91)

Total volatiles 1,112.81465.49 (100)

RT, retention time.

2The numbers in parentheses represent the percentage of each
component contained in the total volatile components of nutmeg
seed extracted with 80% ethanol.

2016; Nassar 5, 2007). §3] §Al&2 8%, vpd, A1,
g2 g S5 SR} T2 B AEoA dsEE st
E=, GC-MSE o83t d7oA &5+ T4 oAl 2
3 HAlEC] A&, teo] S5 T4 oAlE oY
oAl BlFAEAL §A1E, olAfAlE, Ty, T, HEEE,
Agtg 9 Al Eo] FEHAUTHY KI5t tH]Janssens
S, 1990; Pavithra, 2014; Power®} Salway, 1907). T
b Kim 5(1989)2 &3] @ S5+ 49 14+
At Ad717to] 7SS fAES 94
2 371tk Barsteltt. B9o] Rasheed 5(1984)
T 4 299 w2 4R sty g4
HollA zAE 23, AT olafAlEel 7MY
SHEYS #ASIAT. Kabuto $5(2007)2 A4
F9-20f Al Fofoal uhe-AL] MRA|A 6-5to]=
EAzTyoR S Tyl A nRE YT AL
oto] fAI=S] Foi7t Hol2o] s fH A Tl
ARE FAAFILL, AZANA SFEEL D L-ofATE
7HAA 2 E 9 AskE A oE WAt

H35}99t} Perez-Roses £(2016)2 £4= setEQl EE,

oL of
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AIEE, fAEY Fust BA e 2A 2 &5
31 % 0] ZEe DPPH 2tz 47 B4E Ut
WL, gkl B4 Ak F B4 FEsH SAlskrka
Busge tebd YTl eE S5 $4 ok
3229 f4Eo] o8 oAt FYoIA] AZHE 7
R0 R A olefe Ro] GAISE BAT 94 L §31)

[e R B4
o] A5} ory Ao ke ujzl Aoz mWotET)

T SATE HA ASPIAA 2A BiA o
] MYES THI=AE Fdstalat, 80%
o= FE3 S5 SAHNMB0)Y ikt 47 74
AV S jn vitro systemT}F AA| G4 E {5k Aks)
Al2Hofl A g7Fstaat st 24 0= DPPH 9 ABTS
Fol g &4 &3 ORACT} H71olA NM802 &=
TH o= ilet B0l 7183l eH, TPC, TFC, FRAP
g2 Z¥7F 33.74 pmol tannic acid equivalent/g

extract, 0.13 gmol quercetin equivalent/g extract,

1o

295.27 pmol ascorbic acid equivalent/g extract® &
e lot. B3 A AR S35 fiste] S5
7152 180COA 90& ASHAIZZ o NM80 200 ppm
A7 Al GRpAEeHER] CDAZIE 0.69%% WE HilE k.
o} 3.26% FAAasHloH, 5Ug 2704 oA AEER] -
AVe TBAE WiE=wEY Z4H2F 16.94, 17.34% Wit &
S f3llS A Zste] NMSO 200 ppm &7} & 60CE
4 Bt ARl T Y, SEATO|A kA RS 20.44%
B HR2FE 4kA 4480 6.29% 4 3}912‘1], CDA9]
F2 g 2FET} 82.85% WkLE. o] HgH
A At} QFY Aol A S-43E NM802 7] A=o= 4E
H=AoHAEo|E, Al oHAJElolE, fAlE 5
Act. oot T2 Az S AT 74 ‘3‘1
Abel QP9 A7t Sl NMBOZ AE7Hs A
W A9 BUSPARA ARH] B o] lofe
ToE
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