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Abstract

Oxidation of oils during processing and subsequent storing decreases quality and produce oxidative
products which cause various diseases. Therefore, use of antioxidants is drawn attention. One of the
innovations in food packaging technology is active packaging in which an antioxidant is
incorporated into the package. This kind of package increases shelf life of food without direct
addition of antioxidant to the food as a result of gradual releasing of antioxidant from package to
food surface and reducing compounds formed by the oxidation. In the current study, BHT with 0.01
and 0.02 % and 0.37 and 1.7 % concentration were added to pure soy bean oil and polyethylene
bottles, respectively. They were put in oven set at 40 °C up to 2 months and their physicochemical
properties were tested every 15 days. Results showed that BHT concentration in oil containing
antioxidant decreased during storage due to oxidation but it was observed that BHT in oil without
antioxidant were in contact with active packages increased by migration over time. BHT in package
delayed the oxidation better than BHT in oil significantly. Generally, the use of active packaging
containing synthetic antioxidant instead of direct addition of antioxidant to oil can be suggested.
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1. Butylatedhydroxyanisole
2. Butylatedhydroxytoluene
3. Tert-butyl hydroquinone
4. Gallate esters
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3. High density polyethylene
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1. Active packages
2. Low density polyethylene
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1. Blower former
2. High pressure liquid chromatography
3. Thimble
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2. Flame ionization detector
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1.Gas chromatography


http://www.google.com/url?sa=t&rct=j&q=fid%20detector&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFlame_ionization_detector&ei=aD7qUfXwBoWrqAHc64CoDA&usg=AFQjCNE7rScC43Sv8LXJZ9MkZ4J7gDk7Jw&bvm=bv.49478099,d.aWM
http://www.google.com/url?sa=t&rct=j&q=fid%20detector&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFlame_ionization_detector&ei=aD7qUfXwBoWrqAHc64CoDA&usg=AFQjCNE7rScC43Sv8LXJZ9MkZ4J7gDk7Jw&bvm=bv.49478099,d.aWM

WAY o /Y 0jlos YW il / olie mlio (slayimg}y & i

w9 S e Swd old YA

sa g S e g5 o8 BHT (lhae il 8 5 Gy S 05
OialD8 G2 55 53 sl BT lhae le) Hase 4 Ll
O o G S BHT o jalge saias olis o< @bl
B slachle u (P<-/-0) sl Sae o ls ol
Oley @ L ad sualie 80 S ooalpe oS!
330 0% -l b (alS G o Glas) (BT Gl
Gt oY ol la e 5o BHT (e cand 8 51 G
300 o0 ol s al o 2 Wers 5 YVer i
Olose cuads 595 0 5ol @ @0V S
09 Ol o saey &l (g 2 YN0 VY ]
£ oY slaslas 5o G 5o BHT (e ool b
O5s b BHT.cowu) aisls (ual€ JA0 o /A sgaa 4
Jslse Sa € €5 K oYY /Yo (g/mol) I <ise
235 Ly 815 oo 953 L8 caale il 4y ol
13l sad Ll olie sule bawg Sl L s sud
Olis olidad fuigas (Yoo OLKes 5 Silay)
Sl o goiin blS oo (2138 e oS il eals
ool 5 wyls olie sole & w3 GlaaSI T
o ot 1 coales () G 5 (2138 sule alis
OV 7Y LS 05 oo saaliie «S shilen Lol S
el ol by ol sud (58 o5 L 25 Lo
G 53 9550 O 5euS) b g5 03155 o GluS) ]
00 09 S LSS Ly Gy S slas b
1l sad woad YU gles Lo @l b Lo

(Yo OllKan 5 Siiliuy)
L ol Lo sala gaalllhe o suel s @ =
saaliio 4S us (Y1 +) OlKan 5 S50, — bl S
cbalz) LDPE i 51 Jyo8 S sl ooalee WS
slalos 5o @03 G2, @ (Gaa mB/g & 5 Y- sla
ohalK g sag /Ve dia VY cue o Y- °C
S el IS A S G ald e Je s S sl
© OhuasSh (BT soales Gl Om asase S

29 oSSl Gad WSl s © WS e 2

B

EE]
]

-5 2 4 6 8 1 12 1 16 1 2 2 |

BHT Hluascas! S3THPLC af S gile g 55 4 gad Y i
o9y 09

Sylal il
sad upA bl JlS pob LB Lo oliule)]
aos Ol soliicl b la suls Julad 5 w3aS 5 le)y Lo
EXCEL 15 ax b Lajlagas acy 5 SAS 15
LSD (255 4 58 oSile demlio (5057 .28 S ol
o ,u A0 Glisabl ma 5o (Ol Fae ol Jslas)

b alasl

g g b
BHT sulds (5,480 jladl

b o315 B2es o9 BHT luis olhee v Jgua
Olose wal 55 5 Gy wass o Glas golaslal sle g0
Ohunsl (BT ggla G, €Y 5 ) Llas ,o BHT
Gl QLIS wa e /oY o /0 ) e BHT oma
il GBalS T Glaee solaolsl (b 5a 5 ol Lase
b oos oRao o9 BHT (pald glhee Gk
oo bl 3BT Lulil s ass 787 Dhsan gl
oy ole S5 5 GlaneSI BT olpee (alS 48 2 o5
T P I I P R R PP PV P
S50 BHT (aal€ Jals cucal il alS oS
Bl 6 b BHT o il 5y 5o ol
9 e GumelaaS] 5l Jola ladSudl,; (ialal
¢ ¥ slaslas o ol €dls winld ol 51 oS la
- oo saaliie cacal st L) €hes 4 OlasuSI BT o



YAV

by 595 ol 3 ST (T gl (6o b s iy 3

o290 Dlass BHT plasSl ol 70701 ula s ) slas
LYY gola i ¥ las BHT Sl nl 74/-Y la
OluaSI BT AY gola dan & Ll BHT ok 3

BHT

5 O5eeSl GuSly Jyoae LaasSly g ua
ol dase Ho oS alais plal 52 Con slaad
SLS 3 Gl Gloae Guy gl (oo JSAS G snlaanS)
s guae an 4 LET e Sule) B b oo Gl 33l
Oels sud Ll daye o)y GueellSE G
3 a8l 5158 lge 5 sud 43a3 Gie i 4 SLS S
OBAlS w5y sae gl sl i eSSBS, S
O 280 o LIS il (Ve r0 &5 5 susged) wbies
e ol Lagle) g gaae Hu JHES Gl 5 Lajlas
e o Jem Dso o9 sl e saalie (P<-/0Y) 55l
B sl saay s Hlle YL 4 anlSly S
G (Mood) caslyla 1) aaaSlyy sae 3L JIS
a1 sae 29, oo BHT 5 s ;o BHT 5 3
Aline glackle o Gl by wsle 1, g5isS
asay (P<:/20) sols e ol ey, o BHT
BHT YL clale fugs ls Judo 0 ¥ las 5 aylo
Lol 0 5 €la o pmaalincS) 5] el Gl i
6ol Sre oules G o BHT o lite slackle
G o BHT ol slajlas (S b 4 aiiils
sse (PSJY) ols e IR L (6 5 T L)
53 BHT (s slajles € oo 38 wauSly
2208 ddo & Blgee 5wl Gals (Y 5 Y) ofu
Salla 5o wsl B2y, 4 Gew 3 BHT Gas ol
dl o ol boos o2ss o8 BHT gl
e st GlS G palsna
S @l (Vo)) OLKea 5 55 (505
S sad il Glaes B5T gsla LDPE ai
senie Gaalln cale (oIS 5o s sa (usae
SIS osb 4 ais S 6,8 okl 1 wnSly sue ek
GoSadiny jse 4 ol (o 5o Sl (lhae

S deels W sladlanl, gaalal sl 4 gle)

il G5 O saeslases)

Ly Gf 9y 59 (p! 2 2) BHT @iy o320 - Jgua
¥e°C lea yu s,la il ols g b ya

pladbey plemdsn WS ow obes
oles
V/YAoC bp/. 1. C ay..B \
bys/so.B byo/Vo.B ay. .A v
ayy - -BC by/AV-C . v
asy/q. A bya .. .A . s

Ol (e ol Sk S ke 5ak S S B goa chuay 5
el o Jlaia) whais o

oI e ol Sl St 5ad S50 By O 58 53
el o Jlaia) whais o

O soY slas BHT plasaSl T 74143 sls 2 g5 ) Slass
LoI¥Y sl o Llas BHT ool 317/ Y ssla
OlaneSI BT VY sl e A Slas BHT s T
BHT

REVRPS RERRTS

L S sugm /00) Ligw 0255 waasSly oae
S ke ¥ OON AS) Lsa GRos aeeSly gl
il clilbe (Bess aSHLS Lo O3Sl Y
ol 5o sl s (Yoo SLSas 5 sisela)
Lol Gl sosmm Ss5 g 5 Jea oo B L €50
(Y JSih) el a8l nalS Tan

4 10.000 -

;;q 3.000 - ——control
, -1
> % 6.000

3 5

:t’ o«.d 4.000

Yy g —3

= 4 2.000 a

2 sa/( 4

‘1 0.000 = T T T : !

pe. 0 15 30 45 60 75

(Sooloke

99 O3St (Y19 (S (shas) was] Ol s Y S
ologs b 59 Alide (slajlasi ju (g, (OE9y poSHLS
¥ 0C slea yu (s ylaylanl



WAY o /Y 0jlos YW il / olie mlio (slayimg}y & i

w9 5 g0, Siwd old YAA

Al s slacdale .ol 618 K2g2 e 5, 5 Gaw o
K2s2s wiyls aae oplas (P<-/-0) e, 50 BHT
o9 (dw cble L BHT (o) ¥ [las ol
adilbiee V las ) S cad 5wy 5 Jea slads
51 it sl i 5o BHT &5l slaciilz Lol
(P<-/-0) Lls e GMEAI L s Lo BHT sl
ailea «S @iy 29, o BHT @ s s 38 Koz
BHT a1 anoum Jalo 0 0l 85 co wunSl s ue
25 BHT i s s sl i & i 3
sud Al §selansl s 4 Ole) (b 5 ooy

ol

8.000
== control
6.000 -
J}/’\/% !
: = s
= &l ” "
5 4.000 =
——— 3
2.000
4
0.000

0 15 30 45 60 75

(Sled)olas
Alids slalasi ju € 94 Kozz (sl ol puads —¥ Jsud
Fr °C (slon yu s ,layladl ole gu b yu
020 Y las BHT plasasl mT 7074 ssla o255 ) Ll
LYV ssls Gew ¥ olas BHT olaas) 7 70/-7 sola
SaseSIBT VY gsla G £ Llas BHT lassl ul
BHT

Q‘_)\SA.A K] S:s:\.‘.a.uJ .Lu.uJS 45 Ls:ﬁf;;: JJ

OlaseSI ] LDPE als 4 as alaal (Ye--)
wlal al o @ Ve 5 Y Gloae 4 Josd S slall
o9 Skl sl G gaad gl sl e T 31 5
GLAU| &3 (5‘):5 A:)‘..Ct‘ L\ s °C s YA GLALA..\
):\ASC.AB.‘.E:L‘AJ:\ALALAJGALA:JJMW‘)JAGJJJA
“log Lo 1) el Galy i Kos ‘Q\A:‘.‘.ASIGLT
- BT e el el e & seehina€I YU (sla

rysem 0 olalllas UL B sle § 51 ans 5 45l Gaul3al
Lt 5o wasSly G il a8
Ol BT g G 5 S3S oSl BT g5la
cral el 5 Sl BT Jlas e ool ol su g
o9 sl @l Sse Gamslannl wul 8 (o S WS
OlSas 5 Sl —HLINk bug S Ada3 b
Y/oA (s sl el SESY L alé 51 ad aladl (Y+11)
SorlanSl ol 55 s JoASHET wa
o Soge oSl da s € sles Hu s G2 )
oled b oo Laslas (6l asaslyy Olhae o S 5158
oa ol Al s 5 Gl adolial wi, Ll
ald b el 5o shisw 0200 Oueralarast oluly
Shaline &l GlascI BT & g 5 Olases BT (5l
Al saalie Yo c—‘a-a.u 9
b geld cu pd

S LaseSln o JSaS 5 O sl (b 5o
L lpene o g9 oS gl e Con slan
Dok oo JoSa3 G0 sla W sase Gl Jal
€l Komp pdsels coses sla, i€l 51 S
ot 8 dadl Cda bl aaie o) 59 ol 3 Gloae
oldl boaas oo plE S sl YYY £ge Jsb Lo
Oled (b oo LagT GhalLT uis 5 w5 0a
9 ) whiee Ol paaie ool o Oliee
slogs b 5o goure sbag) g8 Ol (Yoro K3
e s e Do oo s aalls cduldl W, ol
ol 48l il 380 5L 58 T 5 a5 oA T Glie
(8 )
Sl o bl B @ wlge gl s (hals
SeoS obSH o gl pus Gusa ol
olas Gas (YN OSan 5 gl gasmy) adls JsSse
Ol (S osli lagle); psanse Hu JHES gl 5 La
50009 Y Sd G e b osd e saalin (P<-/-Y)

BHT 5 el o 15 K232 05V JU3S 4 gad conds

1.Conjugated diene systems



]

v

YAR

by 595 ol 3 ST (T gl (6o b s iy 3

09 Cnld wyen S L) witiia g 1S s
sagans o basles ol (g solaslal sl g0 (b
(VEVYY=V/EV1) L e, sl sad (o Slae
slaslas LosB 5 (Vo0 ollKan 5 i sola) s L3
Wl salas plis gl e oples KaGLE 5 Y oY o
L Genss ot GlanslBl) slas g cnlnb

1.4760
1.4755
y 1.4750
114745
1.4740
1.4735 g4 4
14730 +—

0 15 30 45 60 75

== control

(3ssloles
slajlass go gy Cusd cnpd O pudd —0Jsd
Fo °C slaa ya (s,laksl ole gu b o Alide
OE oY olas BHT flaacSI ol 7741 ol ey ) Llass
LYV sla G ¥ Slas BHT plasst ol 7:/-Y sl
OluelI BT W gsla G 6 Ll BHT glaws) ol
BHT

o Slassl cus i
Sollal Gliee b sho 595 50 Lise G255 Oloee
(Y doaa) wols clslle b 255 sl sad 3,18
S dols b aS jghilan (Vo0 ol,1Saa 5 15 gola)
slaasl Jsd 550 Lo sololine o slas aas o lis GC
el Yliial 5 opd o saalie Lajles Gu Lo csn
sl AL sias HLiS €S 30 Eald s
(F Jsan) adb o poud g0 (nl 0uiiS anls ol 0o
CLIE gs 501y sard Gl 51 Y+ 8 Yl o oB ST
b 08 O el el (e 55 5 wo s A 5 /8
gy ol cble gu aduly 1,8 dallbo o) g0 sle g
o laslas G 3l Lol suls (2alS 1 & saealaecS)

OselasasSl 51 oSl 5 Slain 586 las)
L oals ol Sl dao0 1 glos o Ll awples sl
6oSsla Ol 5l Gl 5 il Hu S clile
sAle Qupelannsl 5 poa Selooasd puso @l S
2ol SlaseSI BT 55l LDPE dicus 5 & salles
5l aade O (59 Oloae sy s Gusae 5l sl
saaliie o) (59 9 oplile (ualSy il ad 8
ol S a s ol paase clag) g9 5o GEalS cile a
5 Bsdee 1l B o saeulinsSl gl dalse 53 Y sl Lo
058 b pladsSlpe 4 S wols Bl 5 ol
o3 asase JSe0 ol L B akay 8a S ISl
sladies Ha goade O (59 Oloae wias (2SI od S
SRS ) e BB sk 4 plasS BT gl
3 s o) Sl sus GlaaSl BT (n G
(YN oK
VIEVYE Sais 595 o0 Lisw G, ol (o s
09 Lsaw e, o lulia) el e b 4SS s
cdsllas (VEVIY=V/EVLH) ol Sibiles 4as0 Yo slos
L Ggas golad Ho (Yero olKaa 5 wisola) cuily
AL L5 (S sk 4 e S0 B ol i pa
JS) ol nls (oS Sl (2alS g, T 5 aa
Oy Sl s 5o S Bely G spalannS (0
28 Sl 5 5 glasy S usay Sooub 4 osdige
ok Ol wasee G381 eld cuse (JsSIse
o8 cnelidl e e b Sifee cula oyl
Gl Ly wBl Gl afiee daly ofs)
ghdl e oor b e 5 G aalas
8599 LAl Ho dads (e 4 wsd LIS e g5
st se saaliie i€ i 5o phalS (gLl
09 JoES ey bjles G wias e plis s
saalie (P<-/4V) ol pae oslis Lagle)y psanse
O (OupelanasSl Qoo 4 S dpad wpd (oo

b‘.\:\‘).a.é 6“)‘..\ L&JLA&ZJM‘J ‘JC_.\.A.A.\S.A.:Z!%‘).A.A



WAY o /Y 0jlos YW il / olie mlio (slayimg}y & i w5 IS g0y pls YA

¥ 0C lou ya syl kil ols gu b yo Alids (sLajlasi ju 5 9 0y el HBALL & puads —Y Jgaa
¢ Llass ¥ oolas Y oolas \ olass JAK 590 S0 el
ARYARNY ARTARNY ARVARNY ARTARNY ARVARNY . el Kaally

ARVANAS ARVANRA VV/EVY VAL VV/AAY Y.
ARVARYA VV/EVA ARVEARY ARVERA VV/Yed -

£/ E/ENN E/ENN E/ENN E/ENN . Al S,
£/yYva ¢/ene E/ENE EIEAY ¢AY Y-

¢/ee E/EAY ¢/EM ¢/ee ¢AvyY 1.

AAZARRY AAVARN Y/ AAVARN AAVARN . RV U Y]
YY/YYY YY/EVA YY/ete YY/VoA YY/-AY Y-

YY/eoA YY/eey YY/AL- AATATA YY/ea -

oY/ANY oY/ANY oY/ANY oY/ANY oY/ANY . acol S gl
oy/et- oY/ovv oY/eYo OY/\A+ oY/YVe A\

oY/\\Y oY/YVY oY/Yy oY/YYa oY/o\A .

o/1Y o/AY\ o/Y o/ o/AY\ . aeal Sl gl
o/oVe o/coy o/oYa 0/0AA o/YVe Y.
o/\eY o/ey YEINY o/e\ o/\Yo .

OlaneSI BT 7Y (sl i ¥ Hlast BHT GlancSI 33174/ Y sola 5295 ¥ slass BHT glaweSl BT 7743 sl 25, Hlas
BHT olawegI s/ ssls G ¢ ,las BHT

ol o ey s Slae Glols weans VY S S dauiy
oble g sus o2y, 5o BHT € cus o sunlinns) b o9 S s plis GlaS (pl olg
L ools e Al 2 gy oo BHT s /0y -0t o3 BHT plasasl ol olsee ool gled
G e Ol el €81 wemyo +/+Y okl Sl € Gl Gl s sladion b Lulss s sl
BT 0aS ol paanw duds @ 1, Jlad slagga ol G5 4 s 3 Olansl BT e osales iy
OspeslaasSl 5l Jeola olaS 5 ald 5 (ualS 5 plases) 9 held s Sl sae I S aslas el
0o & OlunSI BT Al o< dlal gla 4 GOl S AN im0 Y macs Ho el (s
S olghdng Sl sae 4 da s bowl sols Glis JHIS G b

ouldicul v, 40 c.}l;u
AOCS, 2004. Official Methods andRecommended Practices of the AOCS, 5™ ed. Champaign, Illinois.
Arcoleo G, Indovina M, Varvara G, Lanza C and Mazzaglia A, 2009. Improving olive oil shelf life with
lemon essential oil. Chemical Engineering Transactions 17: 849-854.

Camo J, Beltrdn JA and Roncalés P, 2008. Extension of the display life of lamb with an antioxidant active
packaging. Meat Science 80: 1086-1091.

Goli SAH, Sahri MM and Kadivar M, 2008. Enzymatic interesterification of structured lipids containing
conjugated linoleic acid with palm stearin for possible margarine production. European Journal of Lipid
Science and Technology 110: 1102-1108.

Graciano-Verdugo AZ, Soto-Valdez H, Peralta E, Cruz-Zarate P, Islas-Rubio AR, Sanchez-Valdes S,
Sanchez-Escalante A, Gonzalez-Méndez N and Gonzélez-Rios H, 2010. Migration of [alpha]-tocopherol


http://www.google.com/url?sa=t&rct=j&q=eur.%20j.%20lipid%20sci.%20technol.&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wiley-vch.de%2Fcontents%2Fjc_2114%2Findex.html&ei=Cb70UbGHFOas4ATU74GoCA&usg=AFQjCNEsaMq55reVoI7Cyz_SEx6NVWsusA&bvm=bv.49784469,d.bGE
http://www.google.com/url?sa=t&rct=j&q=eur.%20j.%20lipid%20sci.%20technol.&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wiley-vch.de%2Fcontents%2Fjc_2114%2Findex.html&ei=Cb70UbGHFOas4ATU74GoCA&usg=AFQjCNEsaMq55reVoI7Cyz_SEx6NVWsusA&bvm=bv.49784469,d.bGE

vay by 595 ol 3 ST (T gl (6o b s iy 3

from LDPE films to corn oil and its effect on the oxidative stability. Food Research International 43:
1073-1078.

Hammond EG, Johnson LA, Su C, Wang T and White PJ, 2005. Soybean oil. Pp. 577-672. In: Shahidi F
(ed). Bailey's Industrial Oil and Fat Products. John Wiley and Sons, New Jersey.

Hra$ AR, Hadolin M ,Knez Z and Bauman D, 2000. Comparison of antioxidative and synergistic effects of
rosemary extract with a-tocopherol, ascorbyl palmitate and citric acid in sunflower oil. Food Chemistry
71: 229-233.

Lacoste A, Schaich KM, Zumbrunnen D and Yam KL, 2005. Advancing controlled release packaging
through smart blending. Packaging Technology and Science 18: 77-87.

Lee YS, Shin HS, Han JK, Lee M and Giacin JR, 2004. Effectiveness of antioxidant-impregnated film in
retarding lipid oxidation. Journal of the Science of Food and Agriculture 84: 993-1000.

Manzanarez-Lopez F, Soto-Valdez H, Auras R and Peralta E, 2011. Release of alpha-Tocopherol from Poly
(lactic acid) films, and its effect on the oxidative stability of soybean oil. Journal of Food Engineering
104: 508-517.

Moore M, Han I, Acton J, Ogale A, Barmore C and Dawson P, 2003. Effects of antioxidants in polyethylene
film on fresh beef color. Journal of Food Science 68: 99-104.

Nerin C, Tovar L, Djenane D, Camo J, Salafranca J, Beltrdn JA and Roncalés P, 2006. Stabilization of beef
meat by a new active packaging containing natural antioxidants. Journal of Agricultural and Food
Chemistry 54: 7840-7846.

Nerin C, Tovar L and Salafranca J, 2008. Behaviour of a new antioxidant active film versus oxidizablemodel
compounds. Journal of Food Engineering 84: 313-320.

Olmedo RH, Asensio C, Nepote V, Mestrallet MG and Grosso NR, 2009. Chemical and sensory stability of
fried-salted peanuts flavored with oregano essential oil and olive oil. Journal of the Science of Food and
Agriculture 89: 2128-2136.

Pereira de Abreu D, Losada PP, Maroto J and Cruz J, 2010. Evaluation of the effectiveness of a new active
packaging film containing natural antioxidants (from barley husks) that retard lipid damage in frozen
Atlantic salmon ( Salmo salar L.). Food Research International 43: 1277-1282.

Shahidi F and Zhong Y, 2005. Lipid oxidation: measurment methods. Pp. 357-386. In: Shahidi F (ed).
Bailey's industrial oil and fat products. John Wiley and Sons, New Jersey.

Tawfik M and Huyghebaert A, 1999. Interaction of packaging materials and vegetable oils: oil stability.
Food Chemistry 64: 451-459.

Van Aardt M, Duncan SE, Marcy JE, Long TE, O'Keefe SF and Sims SR, 2007. Release of antioxidants
from poly (lactide-co-glycolide) films into dry milk products and food simulating liquids. International
Journal of Food Science and Technology 42: 1327-1337.

Wessling C, Nielsen T and Giacin JR, 2001. Antioxidant ability of BHT-and a-tocopherol-impregnated
LDPE film in packaging of oatmeal. Journal of the Science of Food and Agriculture 81: 194-201.

Wessling C, Nielsen T and Leufven A, 2000. The influence of alpha-tocopherol concentration on the
stability of linoleic acid and the properties of low-density polyethylene .Packaging Technology and
Science 13: 19-28.

Yam KL, Takhistov PT and Miltz J, 2005. Intelligent packaging: concepts and applications. Journal of Food
Science 70: 1-10.



