KOREAN J. FOOD SCI. TECHNOL. Vol. 44, No. 3, pp. 287~292 (2012)

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

o] ESMVIE st ¥ ETHE Bolie] 2ZoEM0 0IXls PE
Ao - 2 oG
SEELEREDLE

Effects of Light on Temperature Dependence of
Safflower Oil Oxidation and Tocopherol Degradation

Sunyeong Wang and Eunok Choe*

Department of Food and Nutrition, Inha University

Abstract Light effects on temperature dependence of safflower oil oxidation and tocopherol degradation were studied.
Safflower oil was oxidized at 20, 40, 60, or 80°C for 30, 30, 15, and 6 days, respectively, in the dark or under light. Oil
oxidation was evaluated with peroxide value (POV) and conjugated dienoic acid (CDA) value, and tocopherols were
monitored by HPLC. Safflower oil consisted of palmitic, stearic, oleic, and linoleic acids at 7.3, 2.0, 14.2, and 76.6%,
respectively, with tocopherols at 1157.1 mg/kg. Peroxide and CDA values of safflower oil increased while tocopherol
contents decreased with the oxidation time and temperature. Light increased and accelerated the oil oxidation and
tocopherol degradation. Temperature dependence of the oil oxidation and tocopherol degradation was higher in the dark
rather than under light. The results suggest that temperature control could be more essential in the dark rather than under

light with regard to the oxidative stability of safflower oil.

Keywords: light, temperature dependence, safflower oil, oxidation, tocopherols
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24 4ol me} LEslEyelt Ajolrt

e 5 9ok & A7
A Ho| A 2SS We s Yejl LEg Y
gate] 715 ASAIRN J1B] MRS Frlgoms 3
o EA} 715 Aol wolEge NAE T Avuga
olst A 7B Ao EAS: EINE] FFES B
GFoEm Wol o3 /1§ Aste LEelFyYs B Ashy
AAzAe ExH B JS Brlekch
ERT

Alsxiz o Al
23 715e U5 (Hamgyang, Korea)olld i3ke] Bt
28 glo] AFEE AME3INUTE HPLCE n-djata) oloj iz g
#&2 )T Baker*H(Phillipsburg, NJ, USA), 14% BF,-#&€-2, 7}
Ak, At 2252, E539E, Folin's Ciocaltau A|2F2 Sigma-
AldrichAKSt. Louis, MO, USA)2] AFo|th 2 9le] BE Ak
2 AFA oISt

fu

i

¢

i)

M=o | & M5}

3715 10g2 FH3 20mL Al EH (Supelco Inc., Belle-
fonte, PA, USA)ll ¥ X9} 1 FZ2 Y75 dds] 4 &

1,700 Lux®] 20, 40, 60, 80°C
Namyangju, Korea)oll Ztz} 30, 30, 15, 62 =<t #3alm A
Ao AR AlEHE WS apdetr] fEtd B HAE
HE 3Y2 29

&2 7|(Dathan Lab Tech Co.,
2ks}
£ &5
=3
AZo| 2N

TIP7IES] AR T1ES 14% BFUEEE o 2H|



288 =2 F SR Al 44 WAl 3 5 (2012)

2317 & o g 2ZE3e] spAARAE T Z(M600L;
Younglin, Seoul, Korea)s A&-3}] EASIG (7). 4 YL
Supelcowax 10 capillary column(30 mx0.53 mm, 1.0 um thickness;
Supelco Inc.)olUAL BFo|23} HAE7|7F T AR AT GCY
FUATF, 8, A&7 2exE 77 280, 230, 280°Colle™ &
2F SmL/min 52 ZHFAL, split ratio= 33:1010 . GC
ARutETRY] A 578 B A7 BF AR mEE Al
7+ A FHA G o]gste] FEAUTE

Zo 715 AERIEAd dE5S g s fE 71
Rancimat(Metrohm 743; Riverview, FL, USA)E ©]&3}o] 90,
100, 110°CollA 5788 F(8), oFllu--229] 2ol oJAsle] Z3}
A7159] Asakstel] gk &5t dURE F3HATH).

3715 EFAE TS p-Porasil™ ZH(3.9x300 mm,
10pm ID; Waters Co., Milford, MA, USA)°] #&Z#® HPLC
(9100; YounglinyE Ah&-3ted &HHz A =ZnkE 2183 HHigh
performance liquid chromatography, HPLC)2.Z -3}ATH6). 715
0.1 g2 n34F 1 mLol 9|3l polytetrafluoroethylene(PTFE) mem-
brane filter(0.2 mmx13 mm; National Scientific Co., Lawrenceville,
GA, USA) 2 o33+ & 20 uLE HPLCY| FYsen ik
olo] A2 7g o] 5318-91(99.8:0.2, vv)E& AMHE-SH] 2.0 mL/min
9 £x7 g2 AAT F3HE7](G1321A; Agilent Technologies,
Palo Alto, CA, USA)2] 32 excitation 290 nm, emission 330
mme |tk EXHE 548 2 AHE EF EAAEY HFE Al
7 ol 59 HEgAE o] &3t Aldstitt.

Aol 45t Hot

T3 7189 48l A=E AOCSH(10) Cd 8-833 Ti la-649
w2 AeHE 7 Hperoxide value, POV) 394 0] 54H(conjugated
dienoic acid, CDA) #+& ©]&3lo] H7sk

Xtzo| SAHXE

ARE EAANTE 2ZEY oI SAS/PC(SAS 9.1, SAS Insti-
tute Inc., Cary, NC, USA)S A&l om, XSS Haat &
THAR 30, 5% 2125l Duncan THEH IR
(Duncan’s multiple range test)Z} &]#E4S 33T
Zn o g
Es7|82| Xt =M 3l XISie REI(ZH

TIN5 | ELL ZEHolE2E it EEdlate] 747t
7284125, 1.99+0.56, 14.16+0.73, 76.57+1.53%%] H|&E FAE
o] dgler, o= v ARkl Axk(11)9F HIssITE Rancimat
2 F4% T3V Asaks f=717R 90, 100, 110°Ce)
A Z¥z; 794, 491, 225X 70 2 o &3} ule} o] &%) =7}
ol mEl AEAs fEr)7e Al SRS AE
28l FE717b Atel 20 BAE YEhlE olEY$-29 4,
log t=Ea/2.303R(1/T)+constant(t; =717}, Ea; 443} dUiA], R;
73R, T, A%y Fig 13 20H, o] 29] 71871 Eo/
2.303R(=3,798/h°’K)ZRE] 73+ S7|E AFs2tsle] &4} of
UAE 1738 keal/moleo] Rt o] 32 &3 7154 vl A=
o BRI S T4%)yE 7 7159 23.94 keal/mole(6)
B} Yol 337150 750 Hja] AsAste] Lxo)EA
o] ¥eo & & Utk A AUAITT F5E L gFEA 9
=2 Ao 4EA Uth(12). oA THVIES E715Y &
FA L Sk FARIA R, B XSRS FF9) 7159

1 -

y = 3798x - 9.5
7~ =09771

Log(induction period, h)

0 1 1 1 1 J

0.00260  0.00264  0.00268 0.00272 0.00276  0.00280

1/Temperature (°K)

Fig. 1. Arrhenius plot of the oxidation of safflower oil based on
Rancimat

273 Aololld IR 719AE Ao b Wang 5(6)°] A
Toll AHE 7159 EdE sete S 80.6 mgkeel e
U 2 AReM AR FINTIES e siee e
0.5 mgkgel Atk Z, ASPEAAQ]l ZejHE setEe] E37]
FEO 2715 9 Bl dfrEe] 7152 #4435t ouAE d
E=30E 7Fe3E WA 5 flh Wang 5(6)2> EXFIERT &
gulE shekeol 7159 27 AskE JAlsks F8 AspiA|
AzA 2gghe BAg uh 9l

0i2] 2 ZZoMel Es7|8e 4tst
Z3 78S 20, 40, 60, 80°ColA ZHzF 30, 30, 15, 697+ A
sFAS w7159 FEETHE Fig 29F o] BE 22olA
717ke] HojHle| wEt Srtstdth &, SN 7IEY HatslEst
£ 2k A 13.3120.02 megkge]d Aol W st JE|= 20°C
olA 30, 40°CollA 30Y, 60°ColA 159, 80°CollA] 62 AF3HA|
7 & 7z} 569, 1208, 91.3, 68.8 megkgl & Z718lth H3H
TU3 Akl 7|7 e X0t SUHEel wE 715 ikskE
717t F7¥ske] 40, 60, 80°CollA 397F AksIAIZl & 7]Ee] it
sE7= ZF2F 209, 41.2, 574 megkeolth. o2d & =7}
ol W2 TN7IEY FEETL FUhe 2R EE2E Ve
Ak A ol"AA JE LS AT F e FES
NUAE A FFT F JetlA 7198 "ol EA 3lolA
TIN7IES FitslETe Yol At 79 sl EopA, W
o] 75l F4tElE AAHS STMAHSS Sl = S
ot &, Yol Xekg 749 20°CellA 2097F, 40°CelA] 647Y, 60°C
oA 197}, 80°ColM 6417 B9t AR S W 7B HiEE
7V= Z¥z} 49.0, 31.1, 34.9, 32.0 meg/kgel Aot We] EA) sl
Ae Z¥z; 917, 582, 36.7, 32.7 meg/kgel Atk B 9] 71 B
Zpe] FAE olgn =Y Hedt dURAE FIFE 5 Uk 2
sN7IES sl & FdolFAtgke] st it 4tsl 717
P2 Fig. 390 UeERL, o= FitstErt

s} A FARBII. &, A7k Al SUHE &
7159 FHOIFAZS ST e, ol EAE u 7]
o] Fdo|FAEE U =Uh 99 AHEL e A
G 13,142 o] B& S8 &= S7PF 7159 AsE ST
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Fig. 2. Effects of temperature on peroxide value of safflower oil during oxidation in the dark and under light. 4, 20°C; H, 40°C; A,

60°C; X, 80°C
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Fig. 3. Effects of temperature on conjugated dienoic acid contents of safflower oil during oxidation in the dark and under light. ¢, 20°C;

M, 40°C; A, 60°C; X, 80°C
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Fe golo

|Z=AZHS Table 13 72o]

A7 2o AAAA (2 >0.80)2 EUT) 20, 40, 60, 80°Cell

N FE71Eel BakslEr) 27}

A< L
Eee 4

o] ek Aeol )

& "Wo] EAlske AdElelA 217k 255, 1.18, 1.16, 1.008]= e
g IEHETE F7F Gde X woHdSE Aasiith ¥

HolFahgke] Aolx viszgh A YERASH Velascoot
Dobarganes(15)7]' Bsk AXF 7159 Absle] digh Yol g3
2 257} FUKe ulet ZAasidith

T35 o] ke R 40, 60, 80°CollM ] TR o] it
sHE7t S7F See 200C00A 9] Al e ZH7t 2.6, 32, 52

Table 1. Light and temperature effects on the regression analysis between peroxide values (POV, meq/kg) or conjugated dienoic acid
(CDA) contents (%) of safflower oil and time during oxidation

Regression parameter”
Light Temgecril ture POV CDA contents
a b r a b s

20 1.433 17.46 0.944 0.016 0.541 0.804

N 40 3.661 12.63 0.995 0.044 0418 0.997
© 60 4.546 2742 0.956 0.053 0.649 0.938
80 7.443 29.43 0.872 0.121 0.695 0.891

20 3.658 19.14 0.982 0.037 0.491 0.987

v 40 4.319 27.93 0.961 0.053 0.564 0.985
e 60 5.276 27.81 0.955 0.075 0.630 0.965
80 7.543 28.51 0.889 0.162 0.643 0.945

YPOV or CDA contents=axoxidation time (days)+b, 7*=determination coefficient
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Table 2. Effects of light on regression equations between
peroxide values (POV, meq/kg) or conjugated dienoic acid
(CDA) contents (%) increasing rate and temperature (°C)
during oxidation of safflower oil

Regression parameter”
Light POV CDA contents
a b I a b 7
No 0.026 1.005 0.931 0.032  0.009 0942
Yes 0.012 2768 0966 0.024  0.021 0.956

Y0il oxidation rate based on POV or CDA contents=b ¢***idation temperature
r*=determination coefficient

=4 slollMde ZH 12, 14, 2. 1812 Wo] &
AN of W& AkslEEe] Ao|7} AU} g FoolF
2] A= AR Fo] k| of, Wlo] XkE AtE]ollA
40, 60, 80°CollX 9] 3R] FdolFAgt F7F SE= 20°C
oMol A Bs) Zzt 2.8, 3.3, 7.6, Ble] EA sl

uj o] o, Blo|
s

KR
Sk 5, o] A el AFAAIAE /1S $A
ARE

Hs 2 og;.ko] 21% Ziﬁi Azteict. E34)7)
5] Az} éE% Table 2914 He ulel 7Fo] 20, 40, 60, 80°C
oA Astewel e o AWIAS Holn(2>093) X4
FEHEE=b & HENZ wg i &, IREkETreL Foo)
Skl AT 3715 Absl: 49} T Afole] |5 §
ol A HH%W*"] ‘@S Yol xtE Aol E 22t 0.026,
0.032%/dr°C, W] &R 3tollA= 27t 0.012, 0.024%/dPCOIA
o} o]R& Hlo] xphE el Hlgl] FAkslolA 2=of mE 4t
k&) BlEE Fhol Wekes yEhH, Yol Exlste E4t

se] 735

TIN7IE Abske] 2EEAC] WkeS ot

e 27F 14, 20, 44NST. G Do FAAIZS A weA ASELE TS FUa R Do) ZAA
Table 3. Effects of light and temperature on tocopherol contents (mg/kg) of safflower oil during oxidation
Temperature Oxidation time Dark Light
O (days) a-tocopherol y-tocopherol Total a-tocopherol y-tocopherol Total
0 1150.82+10.20 6.22+0.44 1157.05£9.76 1150.82+10.20 6.22+0.44 1157.05£9.76
20 (100)" (100) (100) (100) (100) (100)
30 1106.56+14.39 5.16+0.32 1111.72+14.71 458.60+4.01 3.93+0.10 462.53+3.91
(96.2) (82.9) (96.1) (39.9) (63.2) (40.0)
0 1150.82+10.20 6.22+0.44 1157.05£9.76 1150.82+10.20 6.22+0.44 1157.05£9.76
(100) (100) (100) (100) (100) (100)
10 1061.67+29.76 5.36+0.66 1067.03+30.41 532.83+£23.99 3.39+0.28 536.23+23.71
92.3) (86.1) 92.2) (46.3) (54.5) (46.3)
40 20 921.70+63.28 4.81+0.47 926.51+62.81 160.45+1.98 1.41+£0.24 161.86+2.22
(80.1) (77.2) (80.1) (13.9) (22,65) (14.0)
661.34+42.50 4.61+0.14 665.95+42.64
30 (575) (74.0) (57.6) ND” ND ND
0 1150.82+10.20 6.22+0.44 1157.05£9.76 1150.82+10.20 6.22+0.44 1157.05£9.76
(100) (100) (100) (100) (100) (100)
3 1143.93+£29.41 5.38+0.73 1149.31+£30.14 882.70+£23.21 5.07+0.58 887.77+23.80
(99.4) (86.4) (99.3) (76.7) (81.5) (76.7)
60 7 988.17+17.84 4.37+0.55 992.54+17.29 683.06+12.19 3.70+0.33 686.77+12.52
(85.9) (70.2) (85.8) (59.4) (59.5) (59.4)
1 918.67+12.76 4.36+0.06 923.02+12.82 439.28+8.46 3.51+£0.49 442.79+7.97
(79.8) (70.0) (79.8) (38.2) (56.4) (38.3)
15 761.334+25.82 3.42+0.21 764.74+26.03 319.31+£8.07 2.80+0.39 322.1248.46
(66.2) (54.9) (66.1) (27.8) (45.1) (27.8)
0 1150.82+10.20 6.22+0.44 1157.05£9.76 1150.82+10.20 6.22+0.44 1157.05£9.76
(100) (100) (100) (100) (100) (100)
| 1079.56+0.05 5.56+1.15 1085.12+1.20 986.84+72.43 4.67+1.05 991.51+73.48
(93.8) (89.4) (93.8) (85.8) (74.9) (85.7)
20 5 999.26+13.61 5.27+0.34 1004.53+23.18 970.18+34.81 4.61£0.01 974.79+34.80
(86.8) (84.7) (86.8) (84.3) (74.1) (84.3)
4 810.90+13.61 4.41x1.24 815.30+12.38 698.90+6.24 3.06+0.7 701.95+6.94
(70.5) (70.8) (70.5) (60.7) (49.1) (60.7)
6 643.74+8.63 4.09+0.62 647.83+8.01 482.75+14.35 1.35+£0.42 484.10+£13.93
(55.9) (65.7) (56.0) (42.0) (21.8) (41.8)

URetention (%) based on the content of zero day
?Not detected
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Table 4. Effects of light and temperature on the regression
analysis between total tocopherol contents (mg/kg) and oxidation
time (days) during oxidation of safflower oil

3lo] L o]FA] 291

Table 5. Effects of light on the regression analysis between
tocopherol degradation rate (mg/kg/d) and oxidation temperature
(°C) during oxidation of safflower oil

Regression parameters" Regression parameters"
Light Tem;())erature g p Light ar p
)] a b 7 a b ”
20 -1.51 1157 1.000 No 0.063 0.660 0.921
N 40 -16.1 1196 0.946 Yes 0.025 13.7 0.985
o
60 -26.8 1191 0.963 DTocopherol degradation rate=b e idaion temperature =2 — Jetermination
80 -84.4 1167 0.999 coefficient
20 -23.2 1157 1.000 .
40 385 1041 0.933 715 C] AdstEE B 7180IM e EXHE JEFS v
Yes 60 553 1097 0.976 T+ =2 %7_7_74]_(#>0.93)i 7189 4kapr) 7o) wlEsled A
80 -110.0 1148 0.984 S tH(Table 4). S 7152 A8l 5 EXRHES] i =
o] EAjo o) Frkste] ol Ak Aejelx Absl 2=7t

DTotal tocopherol contents=axoxidation time+b, *=determination
coefticient

e ABANNA HS T AAAL T 5 Ak

EsM7|89| AEt & ETMES M)

LP71edE o-ERHET y-EXsE0] ZH2) 1150.82, 6.22
mgkgs =2 FHEol F EIHE IS 1157.04 mgkeol RE
H), 7185 Wo] xvE AR 20, 40, 60, 80°ColA zHz+ 30,
30, 15, 647 AN S W T ESE9 TS Table 33
o] Z+z} 11117, 666.0, 764.7, 647.8 mgkgl & ZAste] 27] 3
2ke] 7z} 96.1, 576, 66.1, 56.1% F=0]UT} oJAS F3HH 7]
sbslEl e F9F 710 Rl W EFEo] EeEHA
e H EFHE] 715 g AspgA] 2hgo] i
Aoz AAHY. EFHEL 759 A3 3 5 AAE
7% =Ft)Zel phenolic hydrogens Al 33l A2 EXE 2
ozE skslEs] go=H §A9 islE oAlste AshAA
2 Z83TH(16). T3 TUT L= 2 AE} AJ7keA] Wo] xjck
H AElol s SN 715 At o B o EF
LA S ATE F, 40, 60°CAIA ZH2F 30, 159 B3 Bk
Z7|Ee EFNHE FEFL 0, 322.0 mghkgo Z, Yol 2}
1 el 2] 666.0, 764.7 mgkgell Hls) #A3] 2dTt. o3
o] T2 Alg F EFFE] S Z/AHSS
P, Yol ofgt 7159 4tsl Srtel WE EFwEe] 4bst
F8-o] S77F olol] AR 7|3 E Aoz Azei)

32 oo ot
tlo tlo O

L
&
=
)

Mo >1'_,

o

o 1o rlo fL Y
O L rm

A=)
iy
oo

40, 60, 80°ColSlES o & EAdHES Ealld== 22t 16.1, 2628,
84.4 mg/kg/do] A o}, He| EA slollA= 22t 385, 553, 110.0
mg/kg/dol ATk, B3 o] A= 40, 60, 80°COlH EFHZo] &
&yt de] EAd o8 47 24, 2.1, 138 SHsI0eH,
EIHE Fafo gk We] FFo] 2x7) S wEr 24
P ougic)

37|59 4lel & EIHE Baldre 2
Blo] Y2 Table 59F Zom, EIHE Ll &
sl A5 vHs AL EZAE Feldn=b &), ]
g @k ol AgE AdHolA 0.063 mgkg/dr,Cir=
0.921), 2] &4 3lellME 0.025 mgke/dr C(>=0.985)°]1t}. ©]
AL T3R5 Atsl & EINE BolERe] 2EoEA 0
7159] AstelA el wiFyIR R el o3t FAtslo| Rt W
o] XtE AdejollA B E=%S-S s Bostyn 5(17)y H
Hrp 2ol BEFHE] Fald w9 F83 a0dS wel up

At

ESMI|5e Ll & ETWHE TEZD V|5 AEle| A

Table 614 Hi= vke} 7o) Zs7|E9] 28l Axe 715
EFHE AEFH 22 FAIAE BAY7>0.83). oA
s 7159 ststo] EEZHE0] wl$- S83% adYS ownjt
TS EFE FEH] e S IE 2tsl ARE UEk
= A vEded ] (e EZVE o] 2255
7159 A8l Aot EEg using EFHEe] Atshi] 2

obf 10

o

=

~

Table 6. Effects of light and temperature on the regression analysis between total tocopherol contents (mg/kg) and peroxide values
(POYV, meq/kg) or conjugated dienoic acid (CDA) contents (%) of safflower oil during oxidation

Regression parameters"
Light Temperature (°C) POV CDA contents
a b r a b 7

20 -0.963 1127.0 1.000 -0.0106 12.7 1.000

N 40 -0.382 463.3 0.937 -0.0048 6.0 0.972
© 60 -0.174 230.5 0.871 -0.0021 3.0 0.839
80 -0.095 134.4 0.859 -0.0016 24 0.901

20 -0.163 201.5 1.000 -0.0017 24 1.000

v 40 -0.125 160.7 0.991 -0.0015 2.2 0.997
s 60 -0.103 134.6 0.942 -0.0015 22 0.994
80 -0.076 110.8 0.890 -0.0017 2.5 0.976

YPOV or CDA contents=axtotal tocophrol contents+b, *=determination coefficient
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&5, duiste AshiA g A= Ehdit}, dlo] EAjg A
ol Hsl "ol xpgkd gejellA cagke] whow, AitstEnt
< 7)Fo g ol xekE AEjolME 20, 40, 60, 80°ColA 24zt
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