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Abstract

This study investigated the oxidative stability of oils when dough was fried under a lower pressure than the ambient
atmosphere. The pressure during the frying process was controlled at measures of 760, 560, 360 or 160 mmHg. The oil
containing the dough was heated at 180°C for 48 hours. Rancidity values, including acid value, peroxide value, fatty acid
analysis, color changes, and browning of oil samples, were measured every 8 hours. As the frying process continued at
all 4 pressure levels, the acid values (AV) increased. However, compared to the other pressure levels, the increase in AV
was the least at 160 mmHg. In addition, the peroxide value at 160 mmHg was only 0.81 meq/kg compared to 1.52 meq/kg
at 760 mmHg. For all pressure levels, stearic acid, oleic acid, w-6 linolenic acid were increased, while linoleic acid and
@ -3 linolenic acid were decreased. In terms of color, a-values representing redness were decreased, whereas b-values were
increased as the frying proceeded. These results revealed that the oxidation of frying oil was decreased under reduced
pressure condition. Thus, the usage of frying oil may be extended, owing to less oxidative concerns. This leads to a lower
cost to the manufacturer, and furthermore, helps the environment by reducing industrial wastes.
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FolAIE ARRK760 mmHgol A o] Fol AT Qe HA xe
42 RO GUAH 560,360 3 160 mkigol 4
A 2% B A% N4 A% ARl n)E A% 5
39 geom ST FASC 3 A6 mlly 2
(560, 360 9 160 mmHg) AJefollA 22 FHF-9 =5
I80£5C2 GAAZ] 7, HANES SUs 2702 ThSol
A 8Nz BA o aAstEA F7E fiskd olF A=
Z acid value(AV), peroxide value(POV), X|HHAF A W3} A
% 2 9 2 ws JEg 2yste] Aekat 7HetolA
Hagol At} gL vl maher

—

HE U
1. M=
H79L gigutEo| A 201246 390l T8t tlF-(CIA|
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Table 1. Composition of dough for frying

Ingredients Condition of ingredients
Fry powder (g) 70
Water (m{) 40
Mixing time (min) 3
Total dough weight (g) 100

S ged - oldF

2. Al

el AT 4 = AFAZR7|(SW-900, Sangwoo, Korea)
ool 200TC7HR] &&= ZZHo] 7153t AX|(HSD150, Misung
scientific, Korea)E F-2F5te] H7-G-2 thH8-Z Oil bath(15x12)
grell Wi 180 C+5CollA 715 149 10%0f] afF3t= 100
¢ HUNES sA 7okt mASEA Ak

3. AL EH

A7} 2L 7k 9 (760, 560, 360, 160 mmHg)Z 7]
z3] 8AIZHO, 8, 16, 24, 32, 40, 48A]7Hu}c} *
ABE o835ttt

A7H= AOCSH(1990)0] ©J5te] Al& 1~3 g¥& ﬂﬁ“ 250
me AZFEEA T Yot AV SHARE AMEEF S
A& 100 mée] f-fi(diethyl ether:ethanol=1:1, v/v)& 73t &
Z351ed 0.1 N KOHZ 74515t} ZA|2R2 1% phenolphthalein
EHE AN, T3 Ao 2HE 4FE A4bstgit
(Lee & Lee 2009).

(Vi—Vy) x5611 xF

S
Vi ZA139] 0.1 N KOH &H9] ZAAH|ZHml)
Vo: A9 0.1 N KOH &99] 27 4] =H(me)
F: 0.1 N KOH &9} 7}
S: A= AHKg)

Acid value =

4. IpEEI £

TAESHE7} =% (peroxide value. POV)-2 Z} 2]H(760, 560,
360, 160 mmHg)Z F|7 Z8] 8A|7HO, 8, 16, 24, 32, 40, 48A4]
Zhket AT 718 AR olgehach FatekEsbe
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ZtATof AAFH3te] POVE SAHARR 3O, acetic
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S: A& HFHg)
F: NayS,0; &9 &7}
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AHPAE B2zt ok H(760, 560, 360, 160 mmHg) 2 5|
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S ARE o]-§sHHI ACACH(1995)& AHESHAH:. &, Al
= 20 mgS 3l 30 ml cap tubeo] H7}skal, ISE<H 200
ZA7Fst 5 0.5 N NaOH-methanol(95%) &9 3 mE 7}st &
TS 2o wukstgith I o 252 85T &4 108 F
ok 7hest ¥ sl A U BEel 28 B AR
o, &7]9 14% BF; Methanol 98- 3 m{ F7}3}aL thA
85CE FAA1Z] water batho| A 10& 53t 723t & 23]
A2 wj7}A] PzEA| Tk Saturated NaCl -2 5 m{2} iso octane
3 S 7hste] £ 9 Easte] A5 NS sodium sulfate7}
Solgl AlgH] $7 YRS Fsho] GC HAE sanple
vialol] HOPA GC 2414 A 22 o833tk Gas chromatography
(Agilent 7890 GC, FID, Agilent Technologies, Santa Clara, CA,
USA)E o]&sto] EAstth oluf AR3E Ao 2424
2 Table 2¢} 7t}

=X
=

ML 1%
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6.

Az 2. 7k (760, 560, 360, 160 mmHg)E 7 =

8AIZHO, 8, 16, 24, 32, 40, 48X 7hyute} A& 71 2-S AME
)]

Table 2. Conditions for fatty acid analysis by GC-FID

Items Conditions
Instrument Agilent 7890
Column Supelco SP™-2560

(100 mx 0.25 mmx 0.2 zm)

Detector FID(Flame Ionization Detector)
Split ratio 50:1
Injector temperature 225C
Detector temperature 285C

100C for 4 min
3C/min to 240C
240C for 17 min

Oven temperature

Injection volume |7

Carrier gas, Flow rate He, 1 m{/min

ek F7 o) Abwf Histe] wjA= FF 17

ZNE 22 7+ eFE (760, 560, 360, 160 mmHg)= %
7] z2] 8AIZHO, 8, 16, 24, 32, 40, 48A]7hHutt} KT A=
£ AH&SHAT

ZN == BSe Al(Genesys 10-S, Thermo Fisher Scientific
Inc. Waltham, USA)E o]83}a] 420 nmol|A] ZFEE 33] gt
& S35t Hg o= YeElich

8. SHANZ

E A # 8] SPSS &4 package program (statistical package
social science, version 12.0)& ©]-&3lo] EAFEA(ANOVA)E
AABHH L, BE AP 33 W SAsto] FAgow #
Alstg e, AEl+ 7+e] 8242 Duncan's multiple range
test(p<0.05)2 skl £4 F7stH

Zaot 2 o

1. &9 &3

$=39 FE(760, 560, 360, 160 mmHg)oll waba] F7] Al
HEE R HERAR AE ST Ae Fig 13 2
ok 2 Aol AR 27] A A8FA19] A7k 0.0924,
760 mmHgQl 79 8, 16, 24, 32, 40 W 48A]7F F2t §71 &
AFT 279 FHHR] A7k= 22 028, 047, 0.66, 0.83,
1.03 % 128& Ho] &0 2 J7lete FEe HE3
t}. ¥hE, 160 mmHg ¢HElol| A1 9] 8, 16, 24, 32, 40 @ 48X|7F
¢ 1 F AR [AY A 47016, 021, 022,
0.28, 0.37 @ 0.40& Uel} A7t &8 oz ZrlabA|vl,
ol 760 mmHge} B|wshH &3] HrjA F7ithe Ae
& 4 YUtk ol AAFHAT #& WSk §7 A3 §A
7t ST S A 271 27|EG A& s STt
sto] At} ®ste] JFE vtk AFHSon 5 1998; Park

1.6 —-@— 760 mmHg
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160 mmHg

Acid value(mg of KOH/g of oil)

0 8 16 24 32 40 48 56
Time(hr)

Fig. 1. Changes of acid values of frying oils for 48 hr.
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A2 T A, AR BikEo] AAE B ohe} g5}
o} ghldo] WL AEEL 120C ol4F L&A x2jst
A A1 /A2 4 e adlos ARt BT
(Lee & Park 2010)2} 3 AHATIOIE SA1% ATHE BT

2. (=T EH

=229 ¢12(760, 560, 360, 160 mmHg) $]71 A7kl whahA]
AFE ASFA= HIeE7HE S4T A= Fig 29 2
ok &2 A olA AR 27] 3 8RR BEET R
0.33 meg/kgo] 1.2 H, 760 mmHgel 7% 8, 16, 24, 32, 40 ¥
ABAIZE B FHZ = AT FARY BEEVNE 4
0.63, 0.71, 0.79, 0.95, 1.22 & 1.52 meg/kg2. 2 32A17F 7 =
g & 543] F7Ihs A3 UE Itk 160 mmHg =9
Al 8, 16, 24, 32, 40 9 48A|ZF Bk HZ1 B9 FAFoll gt
HABHET= Z42E 043, 047, 0.50, 0.54, 0.73 2 0.81 meg/kg
o2 IMskE77E S7HsHRT o= 760 mmHg FElolA &
A% disE Aot vlas] Hek wf Fof 50% Y= 2
FAE Bk gutFos AERAE LA 7HEsh=
I F BtsHE7HY Weke 7HE vheol wet BHekETH
7t S7Fste7E thAl Fashs B3 Hol=d], ol vl A
Ao A= FH 1Y FolA A=Y FAEE
EAGA B8l S=k 7153} Hol dAikEkEo] SAHA| &
7] gZel 27]0ll= FtskEo] A H o F7tstthrt Azt
3] wet Eafjo] adhe Aoz BustriSon
1998). 12} & AelAs T4itEHE7 FH3 22 ARt
2 F s St S7MEeS ItskETEe] Helt St
shth7h gashs A3 UEtlAl= &3t &, 2 A A
o] &3t AIRF W HHE Slaof il dikEkE 4
Eafloll et 7HEEE S mIAA] E2 AL ARE

14| —®— 760 mmHg
—&— 560 mmHg
—— 360 mmHg
121 —a— 160 mmHg

Peroxide value (meg/kg oil)

0.2

0.0k . . . . . .
0 8 16 24 32 40 48 56
Time(hr)

Fig. 2. Changes of peroxide values of frying oils for 48 hr.
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T A=(760, 560, 360, 160 mmHg)ol| whehA] 4 Al
HEE QFT AGHA 9 XA 240 HIlE ST 2
TH= Table 33 2ok &, FAFE ARES 27] HH59 A
HEAL 248 B EAHCige) 10.97%, AEIOF2AKCiso) 4.00%, 2
HAKCis.1) 24.36%, =2 4AHCis2) 51.16% H BEAXKCis:3)
5.85%°]tt. 760 mmHg FE oA 3 =223 & A &
2l gt XA 2492 AHof2A o] 8AIZ ) A 484177t
A A7to] ZHTgholl whet 4.13~4.39%2 F7Vet= A U
BRI AL, AL T3 24.68~25.88%2 SUFSIHATE 2 X
o]& Ut A= &ttt v 2lEalitat glsdik e
7} 3)9] ALl ZHZE 50.73~48.70%, 5.68~4.65%2 7FAd}t
= A YediQi) dhdof gsdii ezt 602 043~
0512 tha F718H%nh 560 mmHg & oflA] F7 223 7
So= AH|OF2AF 4.03~4.18%, 2FHAF 24.48~25.11%, &)=
ALK L= 7} 6) 0.50~0.92%2 F7FetlaL, 2lseitat 2
EAAH QW 7} 3)L 22} 50.96~49.61%, 5.59~4.10%= 7Ha
3hict. 360 mmHg oA 7 23 9= A ot24k
o] Z7] 4.04%°) A 48A17F B2t FHZ HFE 4.16%, &3
A} 24.61 ~25.02%, B =TWAH W7} 6) 0.50~1.05%2 Z7}5}
FaL, Fegita sAli ezt 3)2 22 51.32~49.58%,
5.59~3.78%=2 7+A3tAth 3k 160 mmHg oA 7
28 F FHHFY B¢ LHOIEAF 4.02~4.13%, &H4k
24.41~24.85%, lsHAAH W7} 6)& 0.45~0.58% =715+
3, FEgaT gEdA w7}t 3)e 22 51.11~50.39%,
573~5.12%=2 AT B Aol AlAsE 422 EFH
2 ZHRAL] RS 0.537%2 760, 560, 360, 160 mmHgol Al
8AIZE H2 & AT FAY EWA A FF2 242
0.56, 0.62, 0.61, 0.56%= A1 §-x2] EHA ZHHire] 3
ZF 0.54%Xth Z718HE AT 760 mmHg2} 160 mmHg 2] ¢+
oA FHH 2T FAY Fe= S7F Zo] Wth BAZF
7] & YT $x 9 AL 0.73, 1.20, 144, 0.72%= 760
mmHg % 160 mmHg oA F7 223 3¢, Fd =2
SAIZHY Zapet vl HokE o & o7t gles & 4+
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GEoA FA 2] A ERA A R R F7ME
BE, Aago] g A4 Fr B3 34 g AoE
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APES & = Ak

A=
==
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Table 3. Change of the major fatty acid composition in frying oils for 48 hr

Atmospheric Time Fatty acids (%)
pressure level
(mmHg) (hr) 18:0 18:1(n-9)c 18:2t(n-6) 18:2(n-6)c 18:3(n-6) 18:3(n-3)

0 4.00 2436 0.54 51.16 043 5.85
760 413 24.68 0.56 50.73 043 5.68
560 4.03 2448 0.62 50.96 0.50 5.59
360 8 4.02 24.46 0.61 51.00 0.50 5.59
160 4.02 2441 0.56 5111 0.45 5.73
760 4.08 24.69 0.31 50.95 0.44 5.63
560 4.07 24.64 0.77 50.66 0.65 5.16
360 16 441 2548 0.70 49.67 0.53 482
160 4.02 24.46 0.59 51.01 0.46 5.65
760 4.10 2475 0.61 50.63 0.46 5.48
560 4.09 24.74 0.95 5042 0.76 476
360 A 448 25.65 0.88 49.08 0.68 434
160 4.05 2455 0.62 50.85 047 5.51
760 412 24.90 0.65 5038 0.50 5.29
560 “ 441 2557 101 49.12 0.75 421
360 4.10 2474 1.07 50.16 0.87 446
160 4,07 24.65 0.65 50.66 0.54 5.38
760 418 25.12 0.71 50.00 0.53 5.12
560 457 25.99 1.09 48.49 0.78 3.89
360 0 413 24.87 129 49.84 0.99 4.06
160 4.09 2474 0.68 50.53 0.56 5.24
760 439 25.88 0.73 48.70 0.51 4.65
560 418 25.11 1.20 49,61 0.92 410
360 8 416 25.02 1.44 49.58 1.05 3.78
160 413 24.85 0.72 5039 0.58 5.12

9 z]0] Mw W3l Table 49} 2t} M=

L3t SAIZE H3 28] 3--(1~29.002

223 A-HL-31.0) 2 /A QL Aol & vEh
AA =S Yetl= aghd] 39 F3 A1z A
760 mmHgol| A= 0.37, 160 mmHg 2o A= 0272 el
1, 560 mmHgol| A= 0.18, 360 mmHg ¢FE A= 0272
Ehdth B2 283 0187} 0272 W 7S e &
3], 760 mmHg ol A= 40 9 48A7F F3 28] A agh2
ZHzF —0.15 @ —0.542 YERET, 560 mmHg A= 16
AIZE 3 —0.12, 48A17F HY & —0.66= FA5HA A
Sh= A3 UEr It 360 mmHg 2ol A= 48417 F 3
283t aghe —0.7302 8, 16, 24X 77 = agho] 560
mmHg 2 o} E9kx|ul 3241 7HEE = 560 mmHg9] aZhEch o
o] ZasEs AFS Uehith 160 mmHgo| A= aglo]

Fastg oy, o2 gEERT B2 A Hold gyth
FA TS YERE bk 760 mmHgSl 7% 1.33, 1.56, 2.03,
2.50, 3.41, 49008 7FEX|7F0] 27132 bgto] 2718t
t} 560 mmHg %42} <] 8AIZE Aol A= ThE S0l B3|
bgtol 1.812 7 #=9kat, A7te] Ha=F bglo] F7}st
L AL YeERYQth 360 mmHgo A= 1.72, 2.20, 3.36, 448
2 560 mmHge]| B|3f| 27 7rAshs A3 Holthrl 40417t
HEL 7012 560 mmHgRE T Z715t= A%S 2 160
mmHgo| A& 27|15 E o2 gERT 7 W2 X3
1202 YeR AT, o2 G853 v R AZte] A
ol met S7kehe A% Bt ols AAFAS vhEst
o H21 43, L, agte 3% 437 S7HEE 534
o] AA} FrAdhe AT BRI, bk IA FUHEE AF
< R 4th= Kim $(2006)1} Lim 5(1993)¢] A Az} 2
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Table 4. Change of color values of frying oils for 48 hr

Atmospheric

pressure level T(Ll?)e L a b
(mmHg)
760 30.774021°  037+0.04°  1.3320.16°
560 q 30.83£0.09°  0.18£0.02°  1.81+0.16"
360 30.99+0.04*  0.27+0.01°  1.72+0.11°
160 30.5940.65°  0.46+0.10°  1.20+0.14°
760 30.56£0.08°  0.25£0.04°  1.56+0.06°
560 6 30.66£0.02° —0.1240.06°  2.76+0.23"
360 30.83+0.06°  0.11£0.03°  2.20+0.05°
160 30.38+0.67° 041004  1.15+0.21¢
760 30.55£0.12°  0.12+0.04°  2.03+0.02°
560 30.53+0.04° —0.3240.02¢  4.45+0.03°
360 # 30.6740.20° —0.24+0.05°  3.36+0.30°
160 29.94+0.92°  0.42+0.03°  1.22+0.06°
760 30.05£0.90°  0.06£0.02°  2.50+0.15°
560 30.43+0.16° —0.37+0.03°  4.54+0.14°
360 32 30.30£0.08"° —0.38£0.01°  4.48+0.11°
160 30.83£0.11°  0.37£0.06"  1.43+0.09°
760 30.48+0.07° —0.15£0.06°  3.41+0.35°
560 20 29.90+0.51° —0.54+0.10°  5.18+0.66°
360 30.04£0.02° —0.69+0.04°  7.01£0.20°
160 30.2140.84°  0.28+0.06*  1.62+0.14¢
760 29.88+0.46" —0.54+0.06°  4.90+0.13°
560 48 30.04+0.17° —0.66+0.05°  5.35+0.28°
360 29.75£0.16° —0.73£0.02°  6.76£0.25"
160 31.1740.07°  0.33£0.03*  2.10+0.16"

5 LM £F

2 42(760, 560, 360, 160 mmHg)ol| wekA F3 A
PEE QT AERA dNE USk= Fig 33 2t F
A AEfA1e] 7] M EE 024013t 760 mmHg & o
A1 8, 16, 24, 32, 40, 48A1ZF F7 =2 & AFT FHA 74
ZA == 742F 0.30, 044, 0.58, 0.65, 0.89, 1.292] ZHS vreby)
HA R ARre] AR A&H o2 FUlee B
Bk 560 mmHgo| A= AlZke] Aokl meh 242f 0.33,
0.60, 0.97, 1.10, 1.41, 1.702 8A|ZF7kA] = 760 mmHge} H] S
o g YERRAIEL 1647 o] SR E= 53 S7tehe
2 & 4 A 360 mmHgo M= AlZto] Zagtel wet 2}
7} 0.25, 045, 0.75, 1.16, 1.93, 1.912 24A|Zk7kA] = 560 mmHg
Hop W2 S7HE BEAIRE 3247H7E 560 mmHgH S}

T

SERE L R

He7 - oldF

[ed

25

— @ — 760 mmHg
—&— 560 mmHg
360 mmHg
160 mmHg

2.0

Browning degree

Time(hr)

Fig. 3. Change of browning degree of frying oils for 48 hr.

sh TS UEhiEA 40417 EE 560 mmHgRth -2
2718 Bk B3], 40Xl AL 138 FEo] Kol B 1}
B 2Let 160 mmbgi A|7ro] Zukatol net 212} 032, 038,
042, 0.53, 0.65, 0.70°.2 vFeh} ¥ &g £ 714 we 27}
BT F&alA BHAETL Z75HE 0 TIAE e
AEWT 2 2718 Holxt Usith AY A vl 7K
¥ 2% 57 A7ko] ZojA4E Frlels TS myon,
160 mmHge] ZAEE 7 e 2718 ReArhKim 5 2008).
ol9} 2 AThs M azke] Wstel PA7} 9l Ao B

2 <%

T 2z 9kE(760, 560, 360, 160 mmHg)o] w}
o] Absetg Aol mx= FRFoll diste] A5t
Aol A= (760 mmHg) 9 ZHH(560 mmHg, 360
mmHg, 160 mmHg) Aol FAFE AT 2=(180C0)=
FAIBEL, 8AIZF 7HE 0 2 FNrS-S wA|sHEA AFH T F
HARE o] &sto] A A Aefol o2 FH/-9 Al 3
T=Z acid value(AV), peroxide value(POV) H X|HFAF &7 A
T, ZAHEE B4 GotEgith A7 A, vl oY 2R
FH 9 Alzto] S7HEE fA1Y A7 ®3F ST 48
Azt F7 & FTE F-A19 A7l A= 760, 560, 360, 160
mmHg Z}z} 128, 1.58, 1.34, 04022 160 mmHg7} T2 ¢
=1} vty A5 goA STkt AL ¢ 5 Atk
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