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Abstract

In this study, the thermal oxidation of soybean oil (SBO) was investigated in the presence of 200 ppm of antioxidants,
namely, caffeic acid phenethyl ester (CAPE), caffeic acid (CA), ascorbyl palmitate (AP), and a-tocopherol (a-TO).
"H-NMR analysis shows that the addition of CAPE into SBO resulted in a smaller area of aldehydes peak as
compared with the addition of AP, CA, and a-tocopherol. Thus, the addition of CAPE could reduce the thermal
oxidation of SBO to some extent. The L* values (brightness) of SBO with CAPE, a-tocopherol, and AP were
significantly higher than that in the absence of antioxidants (blank) after 32 h of thermal oxidation, but AE of
the overall color change was not significantly different among these. During the thermal oxidation, the decrease
in the a- and y-tocopherol contents was greater than that in the S-tocopherol content. CA, the most polar antioxidant
used in this experiment, showed no significant effect on the loss of y-tocopherol as compared with CAPE and
AP. However, CAPE synthesized from CA was the most effective in retaining the tocopherol isomers during the
initial heating stage than any other antioxidants used herein.
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"H-NMR £4

Arg} A B9 aldehydesE 'H-NMR(BRUKER AVANCE
I 600, Bruker, Germany) = {213}tk 71 Atsle £
Al2(¢F 50 mg)= 700 pLe]| chloroform-d[purity 99.8%,
contain 0.1% tetramethylsilane (TMS)]9ll =<4 NMR
tube(5-mm diameter)°l] %7t} 'H-NMR 248 93 A
< 12335.5 Hz(spectral width), 16 rounds(scan number),
2.656 s(acquisition time)©| %1 T}, Chemical shifts(6)+= TMS
£ §=0 ppmo. & A% F 55319t} Aldehyde(n-alkenals,
4,5-epoxy-(E)-2-alkenals, (E,E)-2,4-alkadienals, and (E)-2-
alkenals) 2] signal> o] A 2] B H A4 3}H5(8-10)3 H]
Ao}
MEH

A Wsl 542 AAA|(Color Techno System Corp,
Tokyo, Japan)E ©]|-8-3t] =73} 2™, Hunter| 2] Hunter
units L*=[100(white), O(black)], a*=[+a(red), -a(green)],
b*=[+b(yellow), -b(blue)] & 7|22 3} t}. Calibration
Wl F(white standard)< ©]-8-3te] 4333t} Total color
difference(AE)E %7] SBOS 7|F o2 F3l3lon 2]

ozl s} .

Ay

AL=Lgmpie-Lstandara (+AL: means sample is lighter than
standard/-AL: means sample is darker than standard)
Aa=agmple-asandard (+Aa: means sample is redder than
standard/-Aa: means sample is greener than standard)
Ab=bgmple-Dstandard (+Ab: means sample is yellower than
standard/- Ab: means sample is bluer than standard)

AE= VAL Ad®+ AW

Tocopherol &4

1A 71 Atslel]l w2 EmdEe] 2 WHel 2 gag
< glst] S8l FFA =717 A2 E HPLC(G1311A,
Agilent Technologies, Germany)E- ©]-&-3}o] £431%1 11, &
FH ] FE& &ZAT HFEPE S o &3 Th1. =
o] AR 500 mgZ} 6% pyrogallol ethanol €< 10 mLE
A7Fekar 245 <t vortex 2 &3 & A A F3l8te] 103
%91 sonicationS 3t Th L ¥ 60% KOH £ 8 mL=
HA7belar w23 & 75C, 100 rpm shaking water
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8to] FZ-81)| hexane:ethyl acetate(85:15, vjv, 0.01% BHT)
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anhydrous sodium sulfate columns SHA|A FE-& | A3t
Atk o]& F 33 ¥HE 3 T 50 mL volumetric flaskol|
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Ak F AA4E o] 8ot SullE Hds] AA F 2.5 mL
9] hexane®l| %< 0.50 um syringe filter(Toyo Roshi Kaisha,
Ltd,, Japan)Z 2319 11, ©] & 20 WLE FY3Ie] HPLCZ
43519 AFEE columne LiChrospher® Diol 100
(Merck KGaA, 250x4 mm, 5 pm, Darmstadt, Germany)©| %1
31, detectore 1200 series & 37 Z7][fluorescence(ExA
=290 nm, EmA=330 nm), Agilent Technologies, Palo Alto,
CA, USA]S A&k 0] 5/+&  hexane:2-propanol
(99.4:0.6, V)& ZA g T 1 m/min®] &0 82 5823}
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Fig. 1. Enlargement of the intensity between -0.0001 and 0.002, and the region between 9.45 and 9.85 ppm of the ‘H-NMR spectra of
soybean oil (SBO) with different antioxidants, respectively, during thermal oxidation at 180C.

Signals: 1, (E)-2-alkenals; 2, (E,E)-2,4-alkadienals; 3, 4,5-epoxy-(E)-2-alkenals; 4, 4-hydroxy-(E)-2-alkenals; 5, (ZE)-2,4-alkadienals; 6, n-alkanals; 7, 4-oxoalkanals. CA, caffeic

acid; CAPE, caffeic acid phenethyl ester; a-TO, a-tocopherol; AP, ascorbyl —palmitate.
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Fig. 3. The degree of brightness (L*) in soybean oil (SBO) with
different antioxidants (200 ppm) during thermal oxidation at 180C.

Different letters (a-c) means significant difference (p<0.05) by Duncan’s multiple range
test.
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I APE F7gh SBOC| L3k oA o2 zto]l& HAlth
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Fig. 2. Visual observation of color in soybean oil (SBO) with different antioxidants (200 ppm) during thermal oxidation at 180C.

A-E represents the color change during oxidation at different reaction times.
A, oxidation reaction for 4 h; B, 8 h; C, 16 h; D, 24 h; E, 32 h.

Sequence of treatments (antioxidants) from the left to the right: blank, caffeic acid, caffeic acid phenethyl ester, a-tocopherol, and ascorbyl palmitate.
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= Btk 2417 7HE $F AHEE S E SellA] CA
9 CAPE= 717} 87, -899] g5 Ho|HA| Blank®th f2
Ao g2 Y9kl o-TOS APE Blank, CA 12|31 CAPEX.TH
= 92 atghE YT p<0.05)(Fig. 4). b 32 =55
LA S UeRAl H=d 7HEAIRe] Zojdas BE
Azl Az 748k thFig. 5). 719 Akskslr] Al
SBO(Blank)2] 7% 139] Zkol|A] 32417t 71E Tof| A= 74
MR AA 7V ol St R #ASIGE o BE
AlZelA FEleA gao g Wk Fy e AnE &
T AUTh 3242 7HE T kA7 A 7HE SBOOIA] bgk
£ 69.9(AP), a-TO(71.8), CA(72.04)2} CAPE(72.50)C. &
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Fig. 4. The degree of redness (a*) in soybean oil (SBO) with
different antioxidants (200 ppm) during thermal oxidation at 180°C.

Different letters (a-c) means significant difference (p<0.05) by Duncan’s multiple range
test.
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Fig. 5. The degree of yellowness (b*) in soybean oil (SBO) with
different antioxidant (200 ppm) during the thermal oxidation at 180°C.
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color difference)®] <41+ Blank > CA = CAPE = a-TO
> APo|Qlout M Z=7ke] oA xtol= §THp>0.05)
(Fig. 6). 718 Ak} frA]ol| A Ae] Wishe= dAjse] e
A8/ A-o] ’ste] ot ek A A E, 1Bl
carbonyl 22t AFslEEo] Fo dQlex oA Ut
(2,14,15). E3, A EFE FAd HA S 4 Fol= maillard
reaction®= 11213] & 4= Utk FA] ASlR2EE opy|H =
carbonyl7| ¢} 2] # . 2 H-H f2] == amino”] 7He] WHg-©
2 melanoidin? #-2 ZAMELZ A3 wfifolth
Totani 5(16)= 718 219 A WS}t 2] 24A|9] 7FE4
37t 78 dQleln, 1 fjel= 7t AkstE 7] Eolu
Ak a3 F3 A El A U ofn| Ao ® g d
amino-carbonyl 3}3t=o] 7]ofgtta Awsta glvh 12
2 ARdelx e 2Fe] Ao jlol fAIRE 7HE 7] v
o maillard W3- % op7|H & AWS7LE A 7] 81A]
goks Ao g Fdrh ¢, Chugl Luo(17)= 419
A} EFE A AT Hrle AF A8 849
7Fed o2 s 74 #4245 RUHY st 48]
&rhal AlASHA

70

—&— Blank ~ -4~ Caffeic acid
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— = Ascorbyl palmitate
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AE

30

Reaction time (h)

Fig. 6. The degree of the total color difference (AE) in soybean oil
(SBO) with different antioxidants (200 ppm) during thermal
oxidation at 180T.
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oflet ExH| &0 £42 op7lshH, ol& fA19] A
HARR olojA HAR AFe] f& 717} Al el
dFe wA F dvh19). wek B AFelAE sBO9)
7vg Aks} 2704 27k GAEEHAICA, CAPE, ¢-TO &
AP)°l o3t ExHE &4 A A =E B 716l tH(Table
). A3l AH&E SBO y > a > § w02 747} 191, 114,
2 14 ppm, ¥ 319 ppme] EFZFHES T3t o=
oY F EFY EFUE isomer T HuolA] yEFTHE

Table 1. Retention (%) of tocopherol isomers in soybean oil
(SBO) with different antioxidants (200 ppm) during thermal
oxidation at 180C

Retention of tocopherol isomer (%)”

Sample Heating time (h)

a-TO ¥-T0 §-TO
Initial 0 100 100 100
4 317 470 89.8
8 108 184 69.9
Blank 16 58 15 489
% - 6.1 397
k) - 51
4 410 322 830
8 177 185 60.7
CA 16 6.3 8.0 520
% 25 54 292
3 - 5.1
4 60.4 769 95.0
8 204 297 88.0
CAPE 16 69 86 548
24 54 55 359
3 52 49 -
4 439 (1212) 308 82.1
8 215 (59.1) 211 75.1
a-TO 16 42 (114) 107 59.1
24 30 82) 6.1 217
3 28 (17) 33
4 528 618 920
8 195 295 835
AP 16 24 89 534
% - 6.1 394
k) - 45

CA, caffeic acid; CAPE, caffeic acid phenethyl ester; a-TO, a-tocopherol; AP, ascorbyl

palmitate.

Tocopherol retention (%) = [(Initial SBO tocopherol content-tocopherol content of
each heating time) / initial SBO tocopherol content] x 100.

2a-TO(%) = [(Initial SBO tocopherol content + 200 ppm a-tocopherol)-(tocopherol
content of each heating time) / initial SBO tocopherol content] x 100.
Initially, SBO contains 114 ppm of ~a-tocopherol, 191 ppm of y-tocopherol, and
14 ppm of S-tocopherol.

o] gtaFo]l Mg wodthe Aol Zrh20). fA19 71
Atz dol| nhgl EF &S BE AlsolA F435M
A=, & Brhe o B v-EFT S0l T A
W7t 5ttt 539, 4 718 & tsAlE H o
g BE SBO9| «-EFHE & W3t Blank(F1HEHA
"7} SBO)Et} Q=] a-ETZH E2] 2HEE(retention)
< CAPE(604%) > AP(52.8%) > a-TO(43.9%) > CA(41.0%)
> Blank(31.7%)5=°1 %111, o] ¢} o] gitsiAl & H7tatsl
< 1w Blank}® .t} & 7HEE(retention)©] UEh = A=
8AIZE 71Y Fo A= H I tHTable 1). 53] a-TOE 200
ppme| a-EZFHEFS USR] W] tE A 5REET
= W2 F 314 ppme| -ERAEE FHEIL Ao,
4N7E 718 Fo] E=E-S CAPESH APEUE B9t 324]
2+ 71 FolME aTOSH CAPES A 913 Ym=] gHitslA]
A7 AEEANA -EZHEFS HESA 94%31, CAPE
(52%)°14 a-TOQ2.8%)HEtt +E&o] =3}t Gordon?t
Kourimska(21)ell W2 7 2EoA o-EFdEo] 7P
we] ATt atglon, sl o &EA < FlsiAl
o] EAle EFNEY 45 dAAZE F =T, 22
2] FZE°| ascorbyl palmitate] Al-g-0] ERFE2] &=
A E5E Y F Jvha stk vEIZEES o EFHE
Z2AZ2&S B} 447 71E Feo
AHE§-& CAPE(76.9%) > AP(61.8%) > Blank
(47.0%) > CA(322%) > a-TO(30.8%) <=°|l L, °o]F7}
g Esix = Zout CAS ¢-TO7} Blank 2o s W v E5
HE 2E&S eIt 28y 8AIZE 71 Fold e
CAPE(29.7%) > AP(29.5%) > a-TO(21.1%) > CA(18.5%)
> Blank(18.4%)%] <A Z y-EFHE FEES B,
o|F BE A5dA HAHQl A4E Kol 3247t 7t
d T 335.1%9 -EFZAE #FEE0] VERTHTable
1. 3, Aol AMg-H FgrksAE FolAl 71 polardt
AAL 71 Y= CAE v-EFT &9 &85 dAlst=
o] F5igh 8395 HolA] Rk o]2igt o= CAZ} it
s =AS] &S 7P ), CAZ} ESTEHT} 4}y
= &2t =27 w&olgl AAZAt} Reblova 5(22)2
871A2] #|=4H(gallic, gentisic, protocatechuic, syringic,
vanillic, ferulic, caffeic, 12] 1L sinapic acid) Z-olA] T}&
HEAFE T} free radical®] 47 %5°] 714 2 gallic acidS
A eje Yma] B Atsl g3 o EFVE &4
of el &5 &  glivty Husidty. 284 o=
200 ppm®] CAPE®} AP+ Z7| 7FEAIZIRI 44133 8A|1H
MM E EFZTE o] dAEY £4E dAT & Ao
16417k Fol| A= & FaFs PR ge Hoz A7y
™, 200 ppm - EFHE2] 7 71D s o] o-E AT
& e 3t 22 vt @ F itk 2Rl =
E7313 CAPE= ARl AMHEE T2 of" JiksAlE
th 27] 71EAI S EFHE o dAIEY] £4S AIsH
=d 7P & &3971 AdSdh

il
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o

o o]
I =

'H-NMR < ] &3t 2]9] 24} 2tslERo] @A W)
S A H S v, 200 ppme] CAPE 3 7}= AP, CA,
83 - EFHES U162 | 2t aldehydes peak®]
area”} 5518k A%, o= CAPES] M7} A9 714
AEE 4% B AT due AS oulgitta &
4= 9lth. CAPE, o-TO, 18] 3L AP A7}l A= blankX.T}
32712 7FEE FA A fFelA o R e LagkS Bl
wh, AR AR A WMsE el = AE(total color difference)
= A2 2ke] gk ate|7h AA] &tk 71E Aksh Al 4
£ EFAE o|gAEY IEES AHE A, & Hue
o B y-EF S A o] 1Fa Wsy) Zlom, Al
AR SIS FelA 7P S48 A 7R e
CAE CAPES} APHT} y-EF | Z9] 42 oA sl=d)
E21gt 5915 Koz Itk I3y CAPEE A g A&
H e ofd s EET 27] MR ESEE
ol AL £AE JA st M E At ATk
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