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Abstract

The permeation of oxygen and the effects of nanoclay on volatile retention through a PP (polypropylene)-clay nano-
composite were investigated. A nanocomposite film of 1.465 mm thickness was prepared by heat-pressing PP gran-
ules containing 500 mg/kg nanoclay at 280°C. Inductively coupled plasma-optical emission spectrometry showed that
the nanoclay was mainly composed of Ca (40.7%). Also, transmission electron microscopy revealed that the nano-
particles were well dispersed in the nanocomposite container whereas fourier transform infrared spectrometry demon-
strated that the PP intermolecular bonds were not significantly affected by the addition of nanoclay. Diaphragm
diffusion analysis explained that the addition of nanoclay reduced the oxygen permeability of the PP container by
20% at 20 and 40°C. Based on the results of SMPE/GC-MS, the relative amounts of volatiles from lipid oxidation,
including pentanal, hexanal, and (E)-2-heptenal, were higher in neat PP than those in PP/clay nanocomposite contain-
ers. After 5 weeks, the POV, CDA values, and p-AV of the sample in the nanocomposite container were lower than
those of the neat PP container at 20°C. The POV, CDA values, and p-AV of the samples continuously increased over
3 weeks for the neat PP container and 5 weeks for the nanocomposite container at 40°C.
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Al Hlal %Oi‘rl 7]Xﬂﬂ‘i‘f*§% le A=
o] HyHglom, o= FYn7t & Fdo] Y=dA= 2l
sted 22 W 71Ae] ARE AAlshs FEFES AR
(tortuous path)’2] Zol7} F7=7] W&ol Aoz LA
SIthH(Sorrentino et al., 2007; Azeredo, 2009; Choudalakis &
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AE zxE H b Al EE ol &H = o) Ffr(soybean
oil)= linoleic acid, oleic acid 52| =33} AWAto] ThF
SHEo] ol ARE F FA ASE Qg W E
shelf lifed] @3S WA EThH(Steenson et al.,, 2002; Fox &
Stachowiak, 2007). || 4tslZ s 5+
de] wslo] gk A (Lee et al., 2007), 7159 XA (F
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2 Ao AREE A 9 HTHAlE AA A<
HE aHst] AA T4 AolA AREEE
flo] ARE-SFATE. AL2(1,500°Co] el A |4 E
=YAHE 500 ppm(w/iw)e] FERE AL FA 9
£ 3 280°Col|A] &2 heat-press) B 2 Y= F EX]
8715 Ak 8719 574 ol AFEE aEA
A= AWz Z2 9 93(LDPE: low density polyethylene,
Model LDPE 737, §3}4+3}2}, Seoul, Korea)S AHE-3H31
a1, 8719 EAFE AR EA FAE EEEEd
A (PP: polypropylene, Model PP 6019, W3}, Seoul,
Korea)S AFE3I T ZF A189] F7= 00l mme] U=
£ zt= YAE o] A2 0| E(Digimatic caliper, Model CD-
15CPX, Mitutoyo, Kawasaki, Japan)& ©|-83}ld AlR59] S
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Aol ALgH 5= CJ A LA (Seoul, Korea)ZH-
B A3 Wko| pentatnal, hexanal, (E)-2-hexenal, 1-
octen-3-ol, 2-pentylfuran, octanal, (E)-2-octenal, nonanal,

= O -

(2)-2-decenal, p-anisidine, benzothiazole, n-alkane standard
(C,-C,)= Sigma-Aldrich(St. Louis, MO, USA)9] A|&F<,
formic acid, acetic acid, isooctane, chloroform= Junsei
Chemical(Tokyo, Japan)®]  A|FS, water= JT.
Baker(Phillipsburg, NJ, USA)9] A|&FS AM&-3lc) 2 9
9] sodium thiosulfate, pentahydrate, potassium iodides=
Samchung Chemical(Pyeongtaek, Korea)®] A|&F2 A8-3}%
t}. Soluble starchi= Daejung Chemical(Seoul, Korea)e] =
E5 A3 TE SPME manual holder, 65 pm divinylbenzene/
carboxen/polydimethylsiloxane(DVB/Carboxen/PDMS) SPME
fiber= Supelco(Bellefonte, PA, USA)2] #|&-& AFE-3}SI T

FEZg Z2t=0t-pIAErE 22 #AM(ICP-OES)
FEAY Zetznk-dxpd=d F33A(ICP-OES: Inductively

coupled plasma-optical emission spectrometer, Model ICP-
730 ES, Varian, Mulgrave, Australia)s A-8-3l] B¢ LA
TG A1 71 (MOE, 2009 wet Sdo] dAke] 74 €
2o g #A4S Fdsinh Fdol dAG g G
(3:7=HNO;:HCHE &33le] 105°ColA] 2 A7 &<t 71E
ste] &A1 & WY B A% HHE AR EHEAES
Az & vF A4 irds YA Mermut &
Cano, 2001; Yoon et al., 2001; Morshedian et al., 2005).

FIFHXR0IE 24(TEM)

32 23 1] Z(TEM: Transmission electron microscope,
Model Tecnai G2 T-20S, FEI Co., Hillsboro, OR, USA)<
0|3t AxH pp-Edo] Y=HAZAE &7]9] nlAl4x
& dFESIY. BEE A | tholofE = Zho] AEbE
ultramicrotome “*|(Model EM, UC6, Leica Microsystems
GmbH, Wetzlar, Germany)E ©|-&3}e] A -2]4 60 nm<]
FA R vhEste] FHlskl e, A Al 7EEH R 200kV
=2 243kt
He|M 22 2M(FT-IR)

2] EFA(FT-IR: Fourier transform infrared spec-
trometer, Model Nicolet 6700, Thermo Scientific, Waltham,
MA, USA)E AH&ste] o] Y=ydae] H77F a2zt
A e] #-8-7](functional groups)ell WA= FFS st
St} ATR(Attenuated total reflection) %4 2e] FT-IR S A}
&3l eH, 1450 mm F71¢] A 55 AREsle] F 252027 B
50°C), At A4 400-4,000 cm™ 9] = 3}4=(wavenumber)

MeloIA 23RS st
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Fig. 1. Schematic diagram of diaphragm diffusion cell used for
determining oxygen permeabilities.

’,\l—ﬁ:—,—ﬂm_(oxygen permeability)= 2 =-8HH (dia-
phragm diffusion analysis)& AMHE-3Fe] F 2520 2 40°C)
ANA 4 F A sk Aol AHEE AEA
(diaphragm diffusion cell)—: Yoo et al.(2012)2] ® Eﬁoﬂ
A=A e, ole] 7 F1g 1ol YreEp AT

gl

Alolo] =31 @ & (O-ring)?} W EZ(clamp)E AF&-3h] A
Asttt. 9% freylle AaE FYshr] flste] He
Z iR gE 7k 1A fdE O e, &
% feEdde 24 7Y, 248 7IANE AF 2 o
o 2dE 913 71A fdTE TR e

A g AL B2 fEH W S H%’\]ﬂ@"ﬂ
oF 1 AIZF &<k A A3] X183t %ﬂ% Wikl 1719
94 = stk 714l F9 ¥ AAE 20 B 40°CE
Z-d¥E QB9 WX SlaL, gas-tight synnge(Hamﬂton Co.,

as-

Reno, NV, USA)E o] &3] U A7k 7402 = &
2HolA 50 puLe] ZIAXEE AHF s A FHE 7]%%]/\1
g 2&g% k49 FEE TCD(Thermal conductivity
detector, Agilent Technologies Inc., Palo Alto, CA, USA)
7} A2E 7| A 220 E 28 Z(GC: Gas chromatograph,
Hewlett-Packard 7890, Agilent Technologies Inc., Santa
Clara, CA, USA)E ©|&3to S35t A4 58 54
Al = 60/80 packed column(3.0 mx2mm ID, Restek Co.,
Bellefonte, PA, USA)S AF&-3l51oH, QB9 2% = 60°C,

U (injector)?} HZE71(detector)®] == 77 180°CE

FAAZ. o] FF 7IA= FFoE §
Xl SF3AT

Aurgao g
al.,, 2012y ©]&3f

< 30 mL/min=

28] (Yoo et

x slope 1)

8710 AR hEfe] o

154 "8} 78 123

Q9] Ao A=FZE A (m?), P=HEAAUZ (1 atm =
101325 kPa), V, =512 $218e] £3(mL), V,=$% &
ol B3 (mL), =A17Ks), LA ES] F7l(m), slope=F}
AIZE o] taiA] EAIE A3 Er o] B B sk 2k
MM dojR= AHE7HS A 3] A (linear regression
analysis)ate] dojzl 71&715 omgtl ZE Aol A

G342 ZAAF() 0.95 o)/do] Ao

=Y

A B FFE AxE PP-FEo] YA EAE §7]9}
Zgol7t ¥FHA e R &7]0) A (100 mL)S
B3 AES FF 28 2212042 B 4042°0)0. 2 7]
WellA 8 F7F Aatint. Alge] 4 A717H0 7,
159,35, 55 2 87 )= F331
X|gf Aslobgd =4

Az¥ PP-Z¥ 0] WeH XA E 879 Jeo 17} ]
A & gz 871 AFE tiFfe] sk s
2FskE7H(peroxide value), &< ©]547Hconjugated dienoic
acid value) 2 OFJAI™ 7H(p-anisidine value)e] HI}Z =
skt

FAiteE7Hs AOCSH Cd 8-53(1996)00 2] Asle] =4
sttt AR 1goll S2REEF 2410 SFEHEREE:
Z24=2:3) 25 mLE ¥o] o], KI HXsHgH 1 mLe ¥
1E7F 2 E9ste] 102 FF Gl REgAIZ &

30mLE H7hste] 34 akaAt). o] &4 1% &

AA ko= 3o 0.01N Na,S,0, &0 Fajo]
1S TEHeR st AHASAL, o5 v 2l
2slE7HE AlLkersith

Peroxide value(meg/kg oil) = (S—B) X“Ij x 1,000
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9] 2eA] S=AR
(mL), N=0.01(Na,S,0,%] =2% F%) W=Ar82 43
FHerg oJrlgict.

FHo]ZA7H= AOCSH Cd 18-90(1980)0l 3] =

o A H(mL), B=FAE] 24P

AaAth A FE 100 mgS 25 mLe] o] AaLeho)] F&3l,
o]Z g olaZere g 10Hi(viv) A3 F UV/Vis
spectrophotometer® 233 nmo|A SHE=E SA3ITh &
FEE vk ol ojs) Folo| Atz Babstelnt.
. L 0.84 x Aps;
Conjugated dienoic acid value(%) = —————
be-K,

fle] AollA K=acid®] 53 % 7AI540.03), A,y=233 nm
N FFLE, b=cell®] Aol(em), =LTF A5 FAl(g)
£ ofu] st}

OMJAIH 7= AOCSH Ti 1a-64(1990)°] &Jste] =43}
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Lo 25mLel 0.25%(w/v) p-anisidine
Gl 1587 WHAIZ] -, Y oM FREE =

Sa1, e 4l Sla) ohARE A4ttt

op
2

25 x (1.2A,— A,)

p-Anisidine value(%) = W

91e] oA A=oFIAIT Alek} w33k
N FFE, A=A Aot wk-g-at7]
He] FHE, W=AE FA(g)E olm|gTh,
2L X|EtElE =&

Algel F8 A AWstES IA A FEH
(SPME: solid phase microextraction)&2 F&3I3th L5
B g7)0) WEEFEZZ benzothiazole(1,000 ppm (V/v) in
&, d8e o
gz A
B4 33 &

=20

soybean oil) 0.2 uLS syringeS 53 H7}st
2 1 & 59 voltexing3tSith oS 80°C<]
45 & &<+ WXAIA headspace W 3T

o=
3} 3 SPME fiberES 2.8 mm =ZA|H A|59] 3]4kA]

EZR st

=i

A= 224 =AYk DVB/Carboxen/PDMS fiber

o =
of &xd 3uky EFE GC(Agilent 6890, Agilent
Technology, Palo Alto, CA, USA)-MS(5975A, Hewlett-

Packard Co., Palo Alto, CA, USA)| 2] &A%} 2
Ao 2= DB-SMS(GB0mx0.25 um  id. x 025 um  film
thickness, J&W Scientific, Folsom, CA, USA)ZHZ, °|&
g ES AREIeH, F52 0.8 mL/ming A5,
AHEBEIATE. GC 2
B2 40°ColAM 627 FAAZ F, 4C/min®] &%
76°C7HA] 7 AI71AL 76°CollA] 82°C7HAl= 2°C/min®] <5
T2, 82°CollA 120°C7HA1 & 4°C/min®] &=, 82°Col|A]
200°C7HA1E &Cmine] =2 S7MZ %, 200°ClA 10
E7F FAA AT FU T-(injector)9} 7 Z 7] (detector) transfer
lined] =% ZFz} 250°Ce} 260°C ©] QS ™, mass scan
range= 35-550am.u., ionization energy= 70eVolAl EI
(electron ionization) ¥-2lof 23| AoH
SPME fiberell &4 3|2 A AkslEEo| &3
A Ao F947] Fi0 Y dFE dae WA
cryo-focusingH = %|-8-5ke] 250°Col|A 527+ A8t
st 7+ EA AitstEe]l 42 mass spectral
database(Wiley 7n, Hewlett-Packard, Palo Alto, CA, USA,
1995) 2 n-alkane$} Kovat indexZ ©]-&3F Rl(retention
indices)#t= Frarste] ®lw A =k wEgh, 7F 3

>

152 F¢Y Aloll= splitless modeE

o 12

e

45t -

2%

Table 1. Composition of clay nanoparticles determined by ICP-
OES.

Composition (%, w/w)

Al B Ca Fe K Mg
0.099 0.001 40.733 0.102 0.109 0.935
Mn Na P S Si Zn
0.015 2.808 0.002 0.007 0.159 0.001
A ¥HAbslEo] A %2 GC-MS total ion chromatogram “§<]
W F 2352 (1,000 ppm (v/v), benzothiazole, 0.2 uL)¢] 3
AH A (peak area)} T8 F YA A itstEe] M aHA S
H|aste] gk o2 F-3k3

SZISE

2 3 3] o] de] REEAF S Bl it AAFAES
&3 o™, SPSS program(SPSS Inc., Chicago, IL,
USA)9| Student’s t-testE ©]-83F] p<0.052] 530
A AEE 7S vwskic) 3 89 vHEAY S F5ke] 3
o T8 348 AgitstE ¢ AsleE S4sisen,
SPSS program2 ©]-8-3}¢] FAHEA(ANOVA: analysis of
varianceys TSI, 2 Aol wet tSH A
Duncan’s multiple range testE ©]-&3}] p <0.052] F2l4
TollA AHEH S skt

W=

ER Nk
(0] LE=QIXF =4

AHEE Z9o] YRS ICP-OESE #2413k A3} Al
B, Ca, Fe, K, Mg, Mn, Na, P, S, Si, Zn 5 129 94
7} AZEATKTable 1). 53] CaZt 40.733%% =Y A<
TS olFL e, 2 B0 % Na # Sie] 7+t
2.808 F 0.159%= T35 U RIS |2 7H

2 AFolA ARE Ego] YeiAks dubE o R AREH
= Sio] FAEQ B g Ribo] E(Davidovic et al., 2011)¢}
= 02 248 28 dog Rl

LI-AZXE 87| oM+

YA ZAE o b= o] Sl F¥o] Yxirte] &z
= TEMO] &3 Aoz d&#A Uth(Jung & Chang,
2007; Monticelli et al., 2007). 34 &S € st =4
St PP-Z¥ 0] U EAE £7]9] TEM AIS 717} Fig,
2(a) 2 2(b)°ll YERNATE Y=HEZAE ARRIGA 2
AEo] FEHY =T, ol& PPoll EYE Fdlo] =UAt
£ YERT Fig. 2014 & 5 %ol 273 °F 80 nme]
o] W=giakEo] PP & Wel #datA atE o 9l
< Rl

oo aly o
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Fig. 2. TEM micrographs of (a) PP-clay nanocomposite container
and (b) neat PP container.

FT-IR 24

A z¥ PP-2#o] Y=HIAE 718} E¢ 0|7} £33
A & tEF PP €719 FTIR 2T EHS 747} Fig, 3
ol JeRQIth RE A4 PPS T4 et T (CH,=
CH-CH)E #e]A #3 #4381 & o 345+ C-H, CH,
2 CH,ol A¥A v=a7t A A tH(Mishra et al.,
2001; Abdel, 2005). U] 7FA] 2HEY ¥ Z#o] Y=g
28] H7tet AAlgle] FL e ok e s FHelM 5
ol 9271 #FHA=], AQR,949 cm™)eF B(2,917 em™) -
2ol A= 2k CH @t CH,71¢] assymmetric stretching®], C
2,866cm™)eF D(1456em”) H2oME z7H CH79
symmetric stretching>} scissoring®], E(1,375 ecm™)2} F (1,303
cm™) F-Zo A= CH,719] symmetric scissoring>} wagging®l|
o3k F7E vEsten, 53] F F22 v xR e
Wb 2 9]e] G(1,166 cm™), H(972 cm™) 2 1(841 cm™)2]
1AM = PP helix structureE WY shE ¥35 0
4 A THMishra et al., 2001; Abdel, 2005). & 2=HEH
oA vehd =9] Bt FY st glo] Y=

=
. — =
Q14 H7b7} ppe] 24§71 S JFS FA 2ot

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-?)

Fig. 3. FT-IR spectra of PP-clay nanocomposite container and
neat PP container. Solid lines: neat PP container, dotted lines:
PP-clay nanocomposite container.

t AL oujait 7 exdA F 2uEe] 9= 4w
X

7
Fol= Gulmine et al.(2002)2] AFoA BHE npe} 7o)

2, 279 A% 1.046x10%0 4 1.411x10° mL/m's-Pa®
2zt STl tHFig. 4). 2= mHE AT AEe] STk
257t Skl weh 71A EAbe-so] s A2 At
Aree] S A AT A A 2 W 7R T
L7t 57k YRbA Rl 714 ko] & -85k th(Park et
al,, 2005). 20 % 40°CollA] Y= XA E 87|17} th2F1
o} Yo ALEREE BE, o)E Y nie} 7o)
Zdo] Y=gAte] A7pt PP 1EA T2 W 714 057

I PP-clay nanocomposite container
1.4 4| C=3 Neat PP container 1

L

0.8

0.6

Oxygen permeability
(mL/m-s-Pax10%)

0.4

0.0 T T
20 40
Temperature (°C)

Fig. 4. Oxygen permeability of PP-clay nanocomposite container
and neat PP at 20 and 40°C.
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22 Z7HA £700] Az 332 E S due A4S Ze®Z B t(Yu et al, 2006). tHETE A 3 F3H
B3k SR ARt G37) 40°Col BT A S0l 100 megkge ZHSIAOU, YHIAE £7)=
20°Col A 23] WA Yehon, o] AkAhe] Ag- o] & A 5FRF F -] 100 megkgol =g o] ZEEH
ToAe] Bake-Fo] YAl ot a3E BIdE v 40°CANE Y EAE £7)7F 2R 44717 Akst

2 =g)7] W&ol o7 AztET A A5E el o] o] fX1E Aoz AdE)
1R SEE7HPOV) &4 ZOHO|ZAL HCDA-value) 244
ZAUHE EE83te] 20 2 40°ColA A Zg T2 20 2 40°Ce AFHE dlFFe] FdolFAitrre] Wel=

28 E7HE Fig. S(a)oll YERA BReb 7o), -] 4k Fig. 5(b)oll VERA A3 7o), A7 7)7ke] Aol wet
skE7he 271 3.100 meg/kg oilolA 20°CellA A7 8 =2 EE AP FoF R Frtstith. T olairie
MR A% 717k0] F7ehel| et U HEAE 8719 79 A FaAS kst ETRe] Aot fAFSE IS JERH L
6.167 meg/kg oilZ, HZT-2] 7% 20.333 meg/kg oilZ 3 S, o]= Moon et al.(2005)2] A-tollA Hig uje} 7+
bttt A 5 FAMA URHEAE §719F R o] FHo|FAIe} HibslEvE vt A Hlthe
W Alge] #atstEve A F7FHA oy, tixT Baeh AASIATE 7] AlRe] FHolFA RS 0.276%°]
7t AR 5 F T Aak Frrsted A% 8 Ak Ui A Rem, A 20°CAA A 1F2HE A 8 FARHA
E grRg §o¥02 24 SAHHAJG AF 227t AF 7)7ke] S wEt URHIEAE 7] F5
40°CE Folgol ue} Al F9 absletd e A A 0.282% oA 0.366%=Z, T2 745 0.286%°14 0.491%
Ak, o] ZANME YeAEZAE &7|7F tlzFH 4 2 SISt AR 1 F3] Y=H EAE 79} v+

sl o] Al oE 2 Zo2 YERTE 40°CellA = el AQl kel 7F vepA] edtot, tizte] 749 A
NFfo #FAEE7E 27] 3.100megkg ol FE AR A 1 FARE A 3FAA FAH5] F7rele] A
8 FAMA U=AZAE £7]9] 79 140333 megkg oil, 3 FRFol thET(1.035%)4 VeAZAE 87](0.351%)
xTo] A5 150.167 megkg oilZ F7FeFATh A Huh folHo2 FA Jehdth A 3 T3} o] Foll=
1 20 Y=HEAE &7]¢ dx2te F40 2ol =H13EX] 87)9] FHo|Fibrbrt A dssted, A% 5F

YehtA] ko, tixTo] A5 A% 1 FaHH A% Aol WA EAE &7] W A 8E] FHlFA7H1.121%)7F
3FAMA] FA3] SVl A 3 Fabo 83.667 meghkg TIERT(1.354%)%} H2dk ol TSI ol Y
oil2 AFFH(KFDA, 2012)014 A 3t= HAAES] & EAE &77F dEx7 Bt tiFf2 Aksh H848S oA
AFeE7E 715290 60 meg/kg oilS ZFASIH O, Y 717F fAA = Ao AZET).

AE &7](5.167 megkg oi)Eth FoF oz =A el

otk A% 3572 olfoe UY=AXAE &7 FikskE OfA|EIZHp-AV) 24

7Vt 3A s, A% 5 Fak] YeAXAE £7] o EAS gelste] 20 9 40°Cel] AR o e
N g2 F4keE7H102.333 megkg oil)oF HET W A1E oFUAIUZFE Fig 5(c)ol vebd ule} 7ho], 7] tiFf
o] 3kalE7H(127.333 megkg oil)2he] Xpo]7F ST oA 81.25001% 0.1, 20°CA A A 1 FAFoA A
AH o2 FARHE S FikstEe] AN S olF A4y 8 FAE A7l S| wEt 20°C Y=AXAE &
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Table 2. Major volatile compounds identified in soybean oil stored in PP-clay nanocomposite container and neat PP container at 20°C.

Relative peak area (mean+SD)

No. RI*® Compounds 0 " 1 weeks 3 weeks 5 weeks 8 weeks ID®
wee NC*¢ PP NC PP NC PP NC PP
1 721 pentanal 0.173£0.228ab " 0.197+0.027bc ~ 0.200+£0.014de  0.231£0.015cde  0.246+0.026cde  0.269+£0.019ef  0.299+0.043f  0.207+0.001bc  0.147+0.027a A
2 810 hexanal 0.565+0.238bc 0.536+0.089bc  0.562+0.184de  0.706+0.011cd  0.741+0.108cd  0.811+0.075de  0.923+0.182¢  0.405+0.008a  0.278+0.057ab A
3 857 (E)-2-hexenal 0.025+0.218b 0.033+0.005cde  0.035+0.005de  0.035+0.003cde  0.038+0.006e 0.031+0.001cd  0.038+0.003¢  0.030+£0.000bc  0.019+0.004a A
4 956 (E)-2-heptenal 0.308+0.224b 0.355+0.041bc 0.345+0.034c  0.368%0.036bc 0.399+0.037¢ 0.336+0.025bc ~ 0.398+0.036c  0.319£0.040b  0.163+0.051a B
5 979 1-octen-3-ol 0.044+0.232b 0.057+0.015¢ 0.061+0.010d 0.073+0.005a 0.091+0.010a 0.000+0.000b  0.000£0.000a  0.000£0.000b  0.000+0.000a A
6 990 2-pentylfuran 0.065+0.243a 0.075+0.010ab ~ 0.074+0.024ab  0.120+0.002cd ~ 0.117+0.011cd ~ 0.131£0.018de  0.150£0.032¢  0.058+0.003a  0.052+0.006a A
7 1004 octanal 0.034+0.257a 0.056+0.010b 0.062+0.008bc  0.068+0.002bcd  0.059+0.002bc 0.118+0.011e ~ 0.129+0.017¢  0.080+0.003cd  0.072+0.012d A
8 1011 (E,E)-24-heptadienal 0.102+0.270cd 0.106+0.021cd 0.120+0.010e ~ 0.125+0.011de 0.144£0.017¢ 0.075+0.002b  0.101£0.008bc  0.085+0.008bc  0.036+0.012a B
9 1058 (E)-2-octenal 0.120+0.293a 0.223+0.037b 0.219+0.026b 0.228+0.019b 0.243+0.040b 0.251+0.013b  0.362+0.021c ~ 0.132+0.006a  0.113+0.028a A
10 1104 nonanal 0.088+0.324a 0.148+0.025b 0.166+0.028b 0.165+0.008b 0.165+0.032b 0.263+0.024c  0.289+0.041c  0.184+0.003b  0.157+0.025b A
11 1160 (E)-2-nonenal 0.022+0.362a 0.042+0.004b 0.046+0.004b 0.040+0.005b 0.037+0.005b 0.060+0.004c  0.067£0.011c ~ 0.059£0.001c  0.045+£0.008b A
12 1250 (2)-2-decenal 0.119+0.368a 0.201+0.002bc ~ 0.216+0.039bc  0.232+0.006¢cd 0.194+0.028b 0.343+0.027¢  0.347+£0.027¢  0.250+0.004d  0.176+£0.029b A
13 1297 (E,Z)-2,4-decadienal  0.786+0.063¢ 0.750+0.113de 0.720+0.152¢  0.771+0.027de 0.836+0.101¢ 0.555+0.048bc  0.660+0.054cd  0.456+0.014b  0.254+0.062a B
# Retention indices were determined using n-paraffins C,-C,, as external standards
® Average of relative peak areas to that of internal standard (n=3)+SD
¢ NC, PP-caly nanocomposite container
4PP, Neat polypropylene container
¢ Identification : A, mass spectrum and retention index were consistent with those of an authentic standard; B, mass spectrum was consistent with that of Wiley 7n mass spectral database (Agilent)
There are significant differences (p<0.05) among soybean oil using Duncan’s multiple comparison test between the samples having a different letter in a row
Table 3. Major volatile compounds identified in soybean oil stored in PP-clay nanocomposite container and neat PP container at 40°C
Relative peak area (mean+SD) °
No. RI? Compounds 0 " 1 weeks 3 weeks 5 weeks 8 weeks ID¢
wee NC*© pPp¢ NC PP NC PP NC PP
1 721 pentanal 0.173£0.228a"  0.202+0.013a 0.214£0.024ab ~ 0.232+0.002ab  0.281£0.012c¢  0.280+0.005¢ ~ 0.237+0.004bc  0.490+0.044d  0.331+0.04%¢ A
2 810 hexanal 0.565+0.238a 0.570+0.044a 0.575£0.019a  0.648+0.001ab  0.707+0.113b  0.823+0.020c  0.636+0.021ab  2.002+0.001d  1.941+£0.062d A
3 857 (E)-2-hexenal 0.025+0.218a 0.034+0.001b 0.035+0.001b 0.034+0.006b  0.037+0.004b  0.037+0.005b 0.034+0.006b  0.054+0.009¢c  0.041£0.001b A
4 956 (E)-2-heptenal 0.308+0.224a 0.353+0.021a 0.371+0.035a 0.35240.049a  0.413+£0.041a  0.410+0.028a 0.325+0.002a  0.715+0.167¢  0.556+0.119b B
5 979 1-octen-3-ol 0.044+0.232b 0.057+0.005b 0.062+0.001¢ 0.084+0.007d  0.087+0.008d  0.000+0.000a 0.000+0.000a  0.000+0.000a  0.000+0.000a A
6 990 2-pentylfuran 0.065£0.243a  0.076+0.002ab ~ 0.072+0.005ab  0.097+0.013¢  0.091+0.011bc ~ 0.119+£0.006d  0.108+0.011cd  0.138+0.017¢  0.143+0.012¢ A
7 1004 octanal 0.034+0.257a 0.061+0.006b 0.063+0.003b 0.064+0.013b  0.063+£0.002b  0.145+0.011e 0.104£0.003¢c ~ 0.151+0.008¢  0.133+£0.001 A
8 1011 (E,E)-2,4-heptadienal 0.102+0.270ab  0.113£0.010abc ~ 0.1274+0.006bc ~ 0.130+0.022bc  0.145+0.006c  0.136+0.012bc ~ 0.089+0.006a  0.383+0.041le 0.182+0.014d B
9 1058 (E)-2-octenal 0.120+0.293a 0.224+0.000a 0.222+0.006a 0.22040.024a  0.202+0.008a  0.398+0.086b 0.205+0.003a  0.990+0.138d  0.619+0.000c A
10 1104 nonanal 0.088+0.324a 0.156+0.011b 0.166+0.003b 0.182+0.046b  0.168+0.015b  0.296+0.007d 0.243+£0.007c ~ 0.311£0.024d  0.292+0.007d A
11 1160 (E)-2-nonenal 0.0224+0.362a 0.043+0.001¢ 0.047+0.001¢ 0.025+0.005a  0.034+0.002b  0.058+0.001d 0.058+0.004d  0.063+0.008d  0.061+£0.000d B
12 1250 (Z)-2-decenal 0.119+£0.368a  0.199+0.011bc 0.221£0.008¢ 0.1724£0.014b  0.218+0.025¢  0.279+0.001d 0.300£0.009d  0.293+£0.008d  0.301+0.043d A
13 1297 (E,Z)-2,4-decadienal  0.786+0.063cd  0.742+0.042cd  0.725+0.009bcd  0.709+0.064bcd  0.808+0.128d  0.648+0.119abc ~ 0.539+0.014a  0.600+0.000ab  0.533+£0.086a B

* Retention indices were determined using n-paraffins C,-C,, as external standards
® Average of relative peak areas to that of internal standard (n=3)+SD
¢ NC, PP-caly nanocomposite container

4PP, Neat polypropylene container

¢ Identification : A, mass spectrum and retention index were consistent with those of an authentic standard; B, mass spectrum was consistent with that of Wiley 7n mass spectral database (Agilent)

"There are significant differences (p<0.05) among soybean oil using Duncan’s multiple comparison test between the samples having a different letter in a row
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