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Oxidative Stability of Hydrated Soybean Oil during Heating at High Temperature

Myong-Ae Kim

Department of Food and Nutrition, Dongduk Women's University, Sungbukgu, Seoul 136-714, Korea

Abstract

In this experiment, three samples of oils were used. These oils were hydrated soybean oil, pure soybean oil and regular
soybean oil. Oil was used after heating at 235-240°C every four hours term and total heating hours was 16 hours. The
physio-chemical analysis and sensory evaluation were performed on these oils. The hydrated soybean oil showed lower
acid, peroxide and carbonyl value than the other two oils (p <0.05 or p<0.001). The other two oils were more affected in
rancidity than the hydrated soybean oil. In color test, whereas L value lowed during the heating time, a and b value
increased during the heating time. The tendency of high L value and low b value in a long-time heating was more apparant
on the pure soybean oil and the regular soybean oil than on the hydrated soybean oil (p <0.05). In sensory evaluation, color
and rancidity order increased during the heating time. The hydrated soybean oil showed color and rancidity order than the
other two oils. In overall quality test, the pure and regular soybean oil that had been used for 12 and 16 hour were not
preferable. The hydrated soybean oil that had been used for 16 hour were not preferable. In sensory evaluation, the

hydrated soybean oil, the pure and regular soybean oil did not show a apparent difference, although the hydrated soybean

oil had a little better scores on the overall quality.
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A e] gej7h ArstEHA FASAR 5 fAE ol
g5t A% e 9 Ao fsf w2 wAalo] A7l
UTHOh 5 2004), o5 AlE-2 7FagollA {119 714
4 2pEAREE WSkl A% ol Al AFsAEE 28
o] 35402 R FHE0] AFHt(Lee 5 2000;
Lee = 2007). wjebA] AKS}2 uly| 9|3 BHT, BHA, TBHQ
T 22 FABHAIE A7l o (Dziezak 1986)
o] &9] 9ol A4 A|71=]] (Choe & Yang 1982; Farag
S 1989; Farag 5 1990; Hahm 5 1993) < FAISHA|
£ st = ATt QFE ST AEolle o st &
Zlo] &8-xlo] 9J=d|(Larson 1988; Liu & Xiao 1992;
Shin 1994; Kim & Cho 1998) 1504 #Hl4 &4 o]
=5 ol -7t wol E AL Qlok(Park 5 19915 Lee
1999; Cho & Ahn 1999; Cha 5 2000; Chung 5 2003;
Oh 5 2004; Woo 5 2005).
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2. TR A=zl Mz

BAGTE, dbeiTh, AGATHE 44 sl
240°C7} E)9lS W= Azko & slo] & 16A]7HS 7FAEk
on 235—24000_4 LEE §AF /E]'EHE AEE SA= 0,
4, 8, 12, 16AZtet 7FAR-A]oll A 50 mLA Fojujo] Al
gaioet,

3. LERel XRA 24
7t g AL BAS B EAsAe) Heke
EA519tE, &AL 7IA3 20tE 7819 (GC14B, Shimazu,
Japan)S ARESIH O B4 ZAL Induction temperature
170°C, Induction, time Omin, Prog rate 1/min, Final
temperature 205°C, Final time 10min, Injector 220°C,
Detector 240°C, Split ratio 100:1, Carrier gas 40 mL/
min®]|%13l capillary column< Supelcowax 100 m X
0.25 mmx0,2 pmE ARSI AMAF #7224 0,01 g
2 oJ48Io] Zo] 1,000 pg/mLr} E7) 513 REEE
2l triundecanoic acid methyl ester 0,01 g& o]A<E
ofl 0] 1,000 pg/mL7t B 3 F o] 27k 1: 1 &%
Sto] 212} 500 pg/mizk 5 So BEGUAOR Frh, A
A-goo] 2AMHLE vt Aok, A HA oF 25 mg =
o] FHof| Ads] Fokr WREEEY 1 mLE M7t
o]o] 0.5 N Hgh&A $4BREFEH 1.5 mLE 7hstal
W Bolge & 24| F74S €3 Bt olo] 100°C
heating blocko]|A4] oF 5—“,1— 7t 7183t} o]E WJzst 3 14%
EfZF o2 THEE-8d 92 mLE 71813l tir] AAE
Eolg> & SA “7’42 Hil Skl 100°ColA 304
7heRith, o]o] 30~40°= YZpsto] o]agthgol 1 mLE
7¥sto] AaE Eold & 542 Hal o] 2:oA 30x

7t AYs| A}, b ZA] 23 ASRIEEEN 5 mL

2 Bk AAE BolYe & FAS Wu At AL
o YR & pZoRNE BeE o]aS8E A §
Fuo| Y HAg Bolde § 2] AL gt 4%

of oS 1 mIE F712 Y 2ot e e
3 ol42uEe Ao ol aSuolst Tt of A
GEARIEROR el HAS Holye F B4 7t
A WESItH(Korea Food & Drug Administration,
2000),

4, MIHacid value) &3
AOCS HIH (AOCS. official method Cd 3a—63)2 -8
slol 2Astolrh, §4 AR 5 g2 olEH 100 mLE 7F5}
3] 838t 2 1%—phenolphthalein X A]SF
0.5 mLE 7}3t%] 0.05N-NaOHZE A3}t U

o Bgajo] 3027 4L HoE sttt
0.05 N—NaOHZ A& (mL) X Nx 56,10
AV(KOng/g)Z . a 277 (mL) .
W(g)
WAz

N=normality of NaOH

5. IIASH=E7Hperoxide value) &%

AOCS H'HH(AOCS, official method Cd 8—53)% &
slo] 23T, 4] A& 1 go] acetic acid : chloroform
(3:2) WS HO & _-T!;§]—_Q__Q___§Jr7kﬁ_9_ou 0.5 mILS 3
7kste] 187 £ o 574 30 mLE ¥l 0,01 N-
Nazs O 8H0= EJ ] A& 04017‘3' | 7bA] A4t of

& ARAMES 2-3E Wolmal & chAl A2 gsigict

(S—B)x Nx 1000

POV(meq/kg)=
q/Kkg e

S=sample?] ZAF
B=blank®] XX

N=normality of sodium thiosulfate soln

6. 7PE‘é'7}(carbonyl value) éo‘l
A& 0.05 g& test tubeo] Wil WAl 5 mLoj &9l &
0.05% 2,4—dinitrophenyl hydrazine ¥AY 5 mLe}
4.3% trichloroacetic acid 8 mLE 7}stt}, &&F $of
60“0«] e EolA 3057} e thy 32 EolA 4
3l 3 440 nmo||A &% 245 (Kim 2002).

7. Mg |X[9 Mz =

A& G419 MEE color and color difference meter
(CM—3500d, Minolta, Japan)”7]7|& ARE3}6] 10 mm
target cello]] A|EE Yil Hunter ZFS 53] 2435to] 3
waE Aok, ojuf ARESE EE W] L(FE), a(FM
%), bEME)ZRS 97.30, —0,09, —0.380|c},



8. AB 8X|9 Zs™rt

S S 2098 Aol A A B
FHLEE AABEE FHAIZ(Coo 5 2006) F HmA] o
a2 stoiad W5EAQ JHeE 7 7%:} Uet= 7ol 3
A& SHES St e RS BE ofgololn H
Qe IO BATES AU ABE ool A
(color), AH|# (rancidity), AZ3t A= (viscosity), FA|4]
9] 7]& % (overall quality)® dFich. 2z gHof tjgt E4
of e T8 AEHOLE o 7, 2t 6, ok 7}
th 5, WEo|th 4, oFh OFslr} 3, OFsf} 2, ol oksich
DOR, AAAQ 7|3 xE 7|5k 74 A= REES17] of
= Zoh 7, Agal] Euh 6, MBS ot £t 5, ARSH
7 W% Fo} 4, AH8eb] ok B4 ok 5, AME] 24
Syt 2, A of £ o 02 BAsket,

9. EAX2|u
E oLo] A AT F=AA e B3 Ayt EA RN
8 iila&‘d SAS(statistic analysis system)& ©]-835

o] P+, EAMEA] Duncan’s multiple range testS Al
AlBFATHSung 1991),

m., ZAx gl 22

. HER9| XAt EMZAD}
ZF gl 55-2] AaE B4 A= (Table 1)oflA] AJA|SHCE
AN et YRt EAR AL S 1.0%

ujgto]n] 7} ZHRAHEL] 2AJH]E-S H|SSIYILt, o]of H]E|

AN TG0 AL EMAAHAR] elaidic acid(C18:1)

o] ol 36.5%%2 A UERFLH AJAFQ Oleic

acid(C18:1) hg=Fo] 45 7%= EFGTE

l-_l

2. 7IELX|9] A7t =X Zq}
A7Me 7hdel] ot o] AblEE UEhfs A (Kim
2002)2 A FZAIZ ] wE 7HE {1 Y] AFEY Ak
(Table 2)9} Ut}
HANES2] 0, 4, 8, 12, 16A17FHH A7} ZAH A=

<Table 1> Fatty Acids Content of Various Soybean Oil

Content(%)
Fatty acids Pure Regular Hydrated
soybean oil soybean oil soybean oil
C18:1 trans <1.0 <1.0 36.5
Cl16 11.3 12.1 9.6
C18 4.4 4.2 5.3
C18:1 cis 21.9 22.4 45.7
C18:2 52.8 51.7 2.0
C18:3 7.5 7.8 0.1
C20 0.3 0.3 0.3
C22 0.3 0.2 0.3

I2IIE I & HEESRl AtsletEgol 2tet
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7] 0.05, 0.47, 1,12, 1.71, 2.73 mg/go]i Ll F&
Z+7+ 0,00, 0,44, 0.92, 1.43, 2.12 mg/go]Ac}. A3}t
F98+=77] 0.05, 0.31, 0.56, 0.89, 1,32 mg/gC & L}
ERgTh, 7FEARE] w2 AR, R 73@?“41
o 4PEE B A E Alelehd =% 3Z’rEH 7t
o iRl gl Alstoll dial] §-2l5kA(p<0.05) eFYRE
A Bk, 53] 7}"”\17P 16A17ke] A5 EH A
=G 2,73 mg/g, YNHRFS 2,12 mg/gCBA G T 4]
9] 471 71#A]¢1 3.0 mg/g (Oh & Choi 1995)°] Ak
stlo AR A7k 1.32 mg/gl 2 A tE iR
Hrp ARRb /o] ds] 2 A0 E Yebdth(p<0.001).
Kim(2006)> 237748 Wk F4o) st ti=4 3k
9] S & AtolA BA Rt AR TR A5t
F=09 A7 A 2t Hiag o Kwon &
Yum(1993)% AAFHA] et Ak F7-9 Akt
/do] SFickal Hugit
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<Table 2> Acid Value of Various Soybean Oil during Heating at
High Temperature (235-240°C)

Heating ~ Pure Regular Hydrated
time (hr) soybean oilsoybean oilsoybean oil
0 40.05 50.00 40.05 7.73%
"0.47 044 031  1029*

F-value

A?id V/‘*l)ue AL12 %092 P0.56  19.77%
mg'e 12 AL71 Bl43 €0.89  36.38%**
16 42.73 52.12 €1.32  175.60%**

*means with different letters within a column are significantly
different from each other at a=0.05 as determined by Duncan’s
multiple range test.
**means with different letters within a column are significantly
different from each other at a=0.01 as determined by Duncan’s
multiple range test.
***means with different letters within a column are significantly
different from each other at 0=0.001 as determined by Duncan’s
multiple range test.

<Table 3> Peroxide Value of Various Soybean Oil during Heating
at High Temperature (235-240°C)

Heating ~ Pure  Regular Hydrated

time (hr) soybean oilsoybean oilsoybean oil Pl
0 5.54 5.56 414 4.62™
Peroxide 4 410.10 49.69 56.38  16.88**
value 8 432 **13.01 1091 5.36*
(meq/kg) 12 422,64 72093  P14.03  23.35%**
16 "37.41  "3227  ©22.86  33.27%**

*means with different letters within a column are significantly
different from each other at 0=0.05 as determined by Duncan’s
multiple range test.
**means with different letters within a column are significantly
different from each other at a=0.01 as determined by Duncan’s
multiple range test.
***means with different letters within a column are significantly
different from each other at 0=0.001 as determined by Duncan’s
multiple range test.
NS: non-significant
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<Table 4> Carbonyl Value of Various Soybean Oil during Heating
at High Temperature (235-240°C)

<Table 5> Changes in Hunter's Color Values of Various Soybean
Oil during Heating at High Temperature (235-240°C)

Heating  Pure = Regular Hydrated Fval
time (hr) soybean oilsoybean oilsoybean oil * 'o ¢

oil Heating ~ Pure = Regular Hydrated

time (hr) soybean oilsoybean oilsoybean oil F-value

0 1.55 1.60 159 038"

Carbonyl 4 2.01 1.88 200 213"

value 8 252 2.36 221 2.61M
(meq/kg) 12 A328  *3.09 $2.58  27.86***

16 A4.14 43.85 8322 15.04%*

0 85.90°  84.01*  85.59° 2,728

4 75.15°  74.94>  77.08" 3.31%
L-value 8 864.68°  B63.47° %69.81° 9.18*

12 856.88¢  AB60.55¢ A62.45¢ 8.44*

**means with different letters within a column are significantly
different from each other at a=0.01 as determined by Duncan’s
multiple range test.
***means with different letters within a column are significantly
different from each other at a=0.001 as determined by Duncan’s
multiple range test.
NS: non-significant

3. 7tE|X|el npiAtEtEIF E™ ATt

(Table 3)= 7}AGAE 0-16A177HA] 4A|7ke] 7HAS
T BAsHETHE 5743 dato)t,

BAAHOR HANERE ZH2 5,54, 10,10, 14,32,
22.64, 37.41 meq/kg, URI)EG= 247} 556, 9.69,
13.01, 20.93, 32.27 meq/kg ©]23 AsIFEG= 717t
414, 6.38, 10,91, 14,03, 22.86 meq/kg2.& LFERGTE
AR o 2 Aot Yutt)FR-o] ST AR

H|52gt Aof| vls) A= diAE @A YepA] B3
74aHA] 16A17k0] |9k 9ol A3 FR-2] Ik
7t 22.86 meq/kgS &2 FA T AEQ] BAEET} 7|84
9] 40.0 meq/kg(Oh & Choi 1995)0] A3t AA ) Eo
o YutrhFRof Hlgl W HAEHE7HE HlTH(p<0.001),
ol AA7HE Ao AR, LdiF, s
FRolA 217 FAW o F717] AlRFEEA] 12*17J°l =%
< o] HANFR, LR FR, H3ER-o] ikskErt
5 A% A% HIdF «l WASHEE7EE Wkt
Kim(2006)2] A<} fARE Aato] gt

4, J1ERX|Ql FtELHIL E™ A}

77} S AT= (Table 4)2} 74T},

FAY A AlFo] AtulshH dAEES AA B F
Fo] 7tRY e A4S (Yun 5 2002). 0, 4, 8,
12, 16X 7h D 7F S A= AN F77F 22
1.55, 2.01, 2,52, 3.28, 4.14 meq/kg, L¥H}F&7} 2+
7F 1.60, 1.88, 2.36, 3.09, 3.85 meq/kgo|3 o Z3}Ic)
Zow 71741 59, 2.00, 2.21, 2.58, 3.22 meq/kgl.2 U}
1357 4= S A= P B o 1 ] S el o) = g I SPN P e o
= A= ol F9AQl zfo]7} GIdloLt 12417 ool A=
A Fa7 oS diRaEt @2 7tRYVEE Bk
(p<0.001),

16 B51.09¢  B53.88¢ #59.43¢  15.09*
F-value 74.19%*  41.37%* 50.07%*
0 3.88¢ 4.24¢ 3.89° 1.24%
4 13.51°  14.59° 11.91° 2.09%
a-value 8 24.48° 25.32°  21.44* 1.93™

2 26.89% 2673  24.80° 2.52N8
6 29.97°  28.46°  26.38 217N

F-value 14.26%  11.39%  8.78%*
23274 2533%  20.48° 3.39N

0
4 A4.48°  M42.87° 3564 12.33*
b-value 8 A50.14%  449.52% B4 31° 7.91*
12 54.61°  56.08% 50.92° 3.01M
16 462,75 *B59.19*  B5589*  10.87*
F-value 33.07%%  8.41%  39.44%*

L; degree of lightness (white+100<>0 black), a: degree of redness
(brled )+100<—> -80 green), b: degree of yellowness (yellow +70<> -80
ue
*means with different letters within a column are significantly
different from each other at =0.05 as determined by Duncan’s
multiple range test.
**means with different letters within a column are significanty
different from each other at a=0.01 as determined by Duncan’s
multiple range test.
NS: non-significant

5. 71ERXI9] M= EZHZAD}

(Table 5)+= L4 7FEH
|35t ZHet Aot

A& A= 25 0AIZE ol s oh& AT A&t
oAl Lgko]l RA et 7t Alzko] AojRle] wet o
< olefet BEFE o=l (p<0.01) 8AIZE o) E = A3t

o Lgke]l o2 diFRel v =A dEwt
(p€0.01), OJAL H= Almato] 7HdabgollA o] o) Fe
ﬁx]ﬂ} 7:l§].1:H _4 721 A= 7:16ko] 1:46L0 oP _/,\_ OIq‘

agl-2 M5 OAIZE Almtol vlsl] 7HE Al7to] Z 01%3‘01]
et EobA= AEFE H3lom(p{0.05) #X]F e %
A, e, AT i=2 445 fﬂﬂ Ao}
AR Fofak= Sl

bt Al R ZtdA 2] whet EolRl= AFE HAlo
H(p<0.05 E+= p<0.01) A& o2 At FFHct= 3
A2t et =72 bgko]l =UtHp<0.05),

THH O Hol 7gAgro] LojdpE o FA|AL agh
3t bgre] wotsltl aghS AlQlshH ol A4 3t

$A0) Hg MEAZ of
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<Table 6> Sensory evaluation of Various Soybean Oil during Heat-
ing at High Temperature (235-240°C)

Hydrated

Pure  Regular

oil Deep frying

time (hr) soybean oilsoybean oilsoybean oil Bl
0 4.05¢ 4.35° 4.15¢ 1.17%
4 A5.55°  A5350 B4 95 4.02%
Color 8 46700 %670 B5.75 5.69*
12 6.55° 6.75 6.35° 241N
16 6.75 6.65 6.45° 2.19N
F-value 4.11% 4.81% 9.81%*
0 3.15¢ 3.05¢ 3.10° 1.09N
4 4.65" 475 4.35 2.17°8
Rancidity 8 45450 A505°  B465° 614
12 6.05° 5.95° 5.65° 2.52N8
16 585 %605 5550 4.99*
F-value 5.45% 5.88% 4.72%
0 A4.55¢ M60° 395" 435
4 5.45% 525" 535 1.77%
Viscosity 8 85.05*  45.90°  A5.65°  4.61*
12 6.10° 5.95* 5.90* 1.94N8
16 5.75° 5.70® 5.55 2.01N
F-value 3.59% 4.46%* 3.04*
0 5.45° 5.50° 5.40" 2.28N
1 4 AB445b  B4osb  A4g5h 403*
Ovelf.a 8 430°  435°  44S* 139N
quality 12 B3.05° 295  *4.05°  6.48*
16 2.85¢ 3.15° 2,954 274N
F-value 4.85% 6.01% 7.19%%*

*means with different letters within a column are significantly
different from each other at 0.=0.05 as determined by Duncan’s
multiple range test.
**means with different letters within a column are significantly
different from each other at 0=0.01 as determined by Duncan’s
multiple range test.
NS: non-significant
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<Table 7> Pearson’s correlation coefficients between chemical and sensory and mechanical characteristics of Various Soybean Oil during

Heating at High Temperature (235-240°C)

Chemical Mechanical Sensory
Characteristics Acid value Beorfals - Canlboiyl IL a b Color  Rancidity Viscosity OVCI:SLU
value value quality

Chemical

Acid value 1.000

Peroxide value 0.933*  1.000

Carbonyl value 0.757*  0.779*  1.000
Mechanical

L -0.958*  -0.815*  -0.736* 1.000

a 0.711%* 0.478 0.617*  -0.834* 1.000

b 0.629* 0.572* 0.481 -0.613* 0.696* 1.000
Sensory

Color 0.566* 0.679* 0.494 -0.517* 0.399 0.404 1.000

Rancidity 0.688* 0.475 0.462 -0.549* 0.442 0.518%* 0.694* 1.000

Viscosity 0.179 0.351 0.208 -0.133 0.198 0.211 0.457 0.436 1.000

Overall quality -0.421 0.513* 0.388 0.554*  -0.333 -0.429 -0.529*  -0.490 -0.237 1.000

*means with different letters within a column are significantly different from each other at =0.05 as determined by Duncan’s multiple range

test.
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oA QA S Aoz BABR ARl 7B
A ASIER7E THE iR T 2 B e
ob AR, SR, AR 7o) HdAel 3

ol 27 e 3ole,

Yot M Y 2 B
AT AMBAE (Table THE AAIHATE,
blet shtskes), 7l dzbe AR 4362 e
H3th(p<0.05),

ME Aol A Lkt agh, bghe 22 R(R)9] A

£ UERAL agld bk A2 Ao AuEAE HAH
(p<0.05).

7} SN e *LJJHQP Qo) A, A4

Al 7| koh= Fo) AHHAIE HATH(p0.05).

A Y s G e
O] AHTAZE Ao agh> A7} 7HEE 7Rl bk
Abskok IUSHEY} 2124 o) JUIAZ 1] disel]
\34- I;H AH}}_7}- x]oﬁzl S o 2= 01041:]—(p<0 05). E3F L
e st A 9 A ZgATel o] A
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