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Effect of an Oil-Water Fryer on Quality Properties of Deep Frying Oil Used for Chicken

Jong—-Youn Son'" and Kun-0Og Katng2

'"Dept. of Food and Biotechnology & Institute of Food Industry and Biotechnology,

Hankyong National University, Gyeonggido 456-749, Korea

*Dept. of Nutrition and Culinary Science Hankyong Hankyong National University, Gyeonggido 456-749, Korea

Abstract

This study was investigated the effect of an oil-water fryer on quality properties of deep frying oil used for chicken. The acid and

conjugated dienoic acid values of frying oil using an oil-water fryer were lower than those using a deep fat fryer, whereas the iodine value

of frying oil using an oil-water fryer was higher than that using a deep fat fryer. The peroxide values of frying oil did not increase with

frying number, Frying oil with an oil-water fryer had lower palmitic acid, stearic acid and oleic acid, and higher linoleic and linolenic acid

contents than those with a deep fat fryer. The contents of trans-fatty acids in frying oil using a deep fat fryer and oil-water fryer after frying

110 chickens were 0.75% and 0.47%, respectively. The benzopyrene contents of frying oil using a deep fat fryer and an oil-water fryer after

frying 110 chickens were 2.20 and 1.01 ug/kg, respectively.
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wg A2 13 34 Fo gUAske €I]le] He Bl
A Hrans  faty  acid)olub Y Bl wixvldl
(benzolalpyrene)®] AJAdell thsk #Alo] o}z QJtH(Yoon
TH % 2011, Gil BI?} Rho JH 2007). Ahn MS %(20082)2 4
Zo A=y A8HE HAUFE AT 0, EA2A T
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Fig. 1. Schematic diagram of the oil-water fryer,
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(1) heating pipe, (2) filtering net, (3)oil vessel, (4) temperature
controller, (5) oil layer, (6) fryer body, (7) neck part, (8) oil
exhaust valve, (9) water exhaust valve, (10) water layer, (11)
water vessel
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et eths 98 A 2222717 FAE deep fa
fryer(HA}, Korea)®} oil-water fryer(e-clean Inc, Korea)ol| ¥|7
o AEHM =AM FzdC 9E A4 dFH 26 LS
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Table 1. Gas Chromtograph operating conditions for fatty acid analysis

Instrument Agilent 689N (Agilent Technologies INC,
Santa Clara, California, USA)
Column SP-2560 (100 m x 0.2 um x 0.25 nm)
Detector Flame Ionization Detector (FID)
Carrier gas N; (1 mL/min)
Oven temp. 180C
Injector temp. 250C
Detector temp. 280C




5. Benzopyrene &2t X

D BHARY 22

45 AlFE 10 g& AZSFAL n-hexane 100 mLo] o] &
Az 7| 7|3l N N-dimethylformamide-water(9:1, v/v)
50 mLE Yol &80l 4e F AAEY
N,N-dimethylformamide-waterd®S tf2 ZEHZw7[(Mol] =4
t}. n-HexaneZo| N N-dimethylformamide-water 25 mLA-& 3
3 99} o] 23] WFEEle] NN- dimethylformamide-waterZ
< 9o BAZAmr|1i)dl] Gt 7]l 1% sodium sulfate
£ 100 mLE 43 n-hexane 50 mLE ¥ EE0] & &
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T 9o} 2o 28 WHESIS] nhexaneZFS ¢o FEAZu)r)
el gatdet. o7lell & 40 mAe Wi EEo] e ¥
A5t B =& vge 22ZS 23] ¥HEEFYTE. n-Hexane
%% anhydrous sodium sulfate® ¥-& AHAR|E ALg5te] &
ol @ F 40T ofshe] 4890l AUl oF 2 mLz

52390},
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2) Benzopyrene %59 A=

A3 A) 71 Sep-Pak  Florisil cartridgeoﬂ Alggas
mL/mine &£52 718t ©]oJA  n-hexane 10 mLe9}
n-hexane/dichloromethane(3:1, v/v) 8 mLE |ZFA|A AL
40C olate] FEFA ATt st EE B § ARE
< acetonitriled]] =] AL 1.0 mLE 3t o]E 045 #m
membrane filter2 o3t AL A|dRAoZ YT AL
A 10 #LE FFHE7I7F WAEE HPLC(Agilent Technologies,
1200 Series, Germany)ol| FU3}aL, acetonitrile-water(80:20,
w/w) EGEE o]FFOR o] 1 m/min®] HEE HE
7] 4719 294 nm, FFIF 404 nmollA] 33] ¥HES}S] 2
25}tk o]u] benzopyrene®] & ofzfe] Aoz AAakslH
o &, AFFAAAN  dolxl BEFEAH} UWHIEFEER
(3-methylcholanthrene) 9] 3] o] 3l HWAH]|A/ALIS YEL
2 3la FFEAY FEE XFOR 3o HAFTAS FA3)
I NGl AU ASAM/ASAMISIE Y& thylate] wlz
e s=E ALlsh

Ao AlEEe] WzTEl =R

SAS(Statistical Analysis System) 7] Package(SAS. Institute,
Inc. 1990)& AR&ste] zbzhe] £4 dlolHE A £43k3l
o™, Duncan TFHY 715(Duncan's multiple range test)2 2!
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Deep fat fryer @ oil-water fryerE o]-83le] S FHAHS
we) HAfS LEWBE 233 AoHrg 2), deep far fyer
2 R As, HHES 971 A9 2% 170tceN HA=S
Yy 18 3 158CE AStEYon, sBE Ay T 2r]exe]
170Cd =23tk ol#dk AF= oli-water friyer2 X1 7
Sz H=E 2xWIE HYom, deep fat fryer9}
oil-water fryer®] 97 zlole Qe AoE  Yehith
(p<0.05).
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Fig. 2. Changes in temperature of the frying oil
during chicken frying by deep fat fryer
and oil-water fryer, Values are
mean=+SD(n=3).

“values with different superscript on the same line graph

are significantly different (p<0.05) by Duncan's multiple
test,

2. AMJHacid value)2| 3}
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(Fig. 3), 0, 30, 60, 90 % 1107}2] §71 o] HAH< 27}
+ deep fat fryer2 FZ1 7%, 242} 0.03, 0.34, 1.20, 2.01 &
2270100 oil-water fryer2 ¥|Z1 A%, 22} 0.03, 0.23,
061, 1.06 % 1110153k, o] Azl EHAAS] Ak H
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Fig. 3. Changes of acid value of the frying oil during
chicken frying by deep fat fryer and oil-water

fryer. Values are mean=*SD(n=3).

““Values with different superscript on the same line graph are
significantly different (p¢0.05) by Duncan's multiple test,

W A1 g Tl FRE FEAEE STl
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(Osawa CC & 2007). FAE FeATe FA9f 2AFitst
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AE 17AbIA 28Ake] Eo] whAlue} EafgFo] v 2
otz EY M (acrolein)o] AP F3 F4F A=2E e
e, daxe] At Yol Erk(lee JKOF Yoon KS 2011),

ole} - Aol o3 TAHe] At FHAfolM LA

k= A7I7F HAAE FAEo] Frld Y JFs Foh
(Kim DH, 2010). ¥ A3AAMEZ deep fat fryer2 & 607}

£ H1 F, 7P dske 2ol et

3L, oil-water fryer2 FZ1 A= & 1100kg] FHZ 39
= 7PE s @ HolAl eskth

AR Foll AE&R7E L2olAM A& =Fdel w7t
FRIAG T, Adsteh e o] sehkgo] dojuhal, o
m AE Aol FRAESC] HAFe] WAdS THE
34271tk (Paul 9} Mittal GS 1997). 3}, HHE
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upet H|5/39] wiglycerideZ} 3 o] 1 FheFo] FHAstal tf
2 F49BAZe) Fgol Z/1THWhie PJ 1991). S8k
52 7t FRksel o3 ARE FEAt Al Akt
&, 7Rl o8 e mueZEAgtels, tolZelAEt
olE, FEAM FoE A0l Jlth(Farhoosh R}
Tavassoli-Kafrani MH 2011). Choi ES?} Gil BG(2011)+ =&
Azete], A7UA 2 =Yg dFAE 7227 H35S we
% SsgEY] S S8 A, A7 17.58%, 13.45%
g 16.60%%, 7k 2.12%9 Hl8] FolHoer F7kskdka
a3t

kA oil-water fiyer2 F71 B%-, HHAHA Tl A=
HARAZIG HAHe Bl o8] AdEE FAEEAEC]
35 & HEoZ o5l deep fat fiyerel B3] HARL
27k Aedshs Ao Als €,

3. 22 EJKiodine value)o| 43}

Q7R H&FAY] BEXIES FAGH HEE, BX
SR el BErE f9TUte EoRltkNaz S
2005). wEhd FHFe 2errte] Ay spdatsle] ofd
BxshAte] oleddtel AR Hife EXswrt o
oS ofmgit.
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Fig. 4. Changes of iodine value of frying oil during

chicken frying by deep fat fryer and oil—water

fryer. Values are mean+SD (n=3).

““Values with different superscript on the same line graph are
significantly different (p¢0.05) by Duncan's multiple test,

HA3 e 2 7o g0yl HelE s A
(Fig. 4), 0, 30, 60, 90 Z 110m}g] EZl Z¢o gorrh=
deep fat fryer2 ®|Z1 7%, Z}Z 12836, 123.39, 118.92,
113,13 % 112,062 YERF O W, ocil-water fiyer2 F71 A%,



Z¥7v 12836, 124.95, 12151, 117.31 % 116,782 el
Aol A FE AL vl FASF S u}
3k o ™, oil-water fryer2 ¥|Z1 7%, deep fat fryer
AeEtk eorvte At A2 Aog et oE

H2HE deep fat fiyerol|A e FHAF7F oil-water fryerd]

g9tk Feisiel Aol Bhe A < 5

= 2 T MR

N 1o T O
Am,
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4, T2 Hperoxide valug)Q| g3}

HA3lgo] we HAfY FitstErte] Walks SAg 4
FHFig. 5), 0, 30, 60, 90 = 110mtE] H7 Fo] FAHsETH=
deep fat friyer2 EZ1 A, Z+Z+ 0.10, 2.45, 3.18, 2.68 %
2,972 YEREo™ oil-water fryer2 FZ A%, 22 0.10,
3.22, 2,41, 2,50 B 2512 YEEt ol AFA HE A
of HistETHE FASIgol FUskel wet dEH S
Ho|R] IO deep fat fryer @ oil-water friyer2 HZ1 A
FoME 1 AolE HolA st olelgt A= AEFA
o At F AAE daRibslER] HAkstEo] o)A bikskE
2 i H, ojgjg HitshEe] fallv TR R 255
tlg we] dojupy] wiEo® AZEET Son JY 5(1998)2
A Folxe HidskEe] Rai&Ert THEstEo] Ak

shzo] A ¥a vk2 L Ertal 3hle
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Fig. 5. Changes of peroxide value of frying oil during
chicken frying by deep fat fryer and oil-water

fryer. Values are mean+SD (n=3),
“Values with different superscript on the same line graph are
significantly different (p€0.05) by Duncan's multiple test,

5, 2H0|SA7Hconjugated dienoic acid value)Q| s}

3o w2 FHfe FdolFibte WHals A
A3Fig. 6), 0, 30, 60, 90  1107}e] FZ Fo] FHol|F4t
7h= deep fat fryer2 FZ1 A%, 42 0.15, 0.30, 0.47, 0.61
g 0702 Yepth olE ARolA FdolFibl= conte

o| Zz| EMo|| st Oil-water fryere] 51t 447

HA WA SR8 2w 98How 7k

glovk, conhz] H71 o FHEE 1 F71Fol tha gashe

Aow etk Ablel ulas) ¥ ), sovke] {7 F
Xl

2 ez,

FAE TARL YE elEdl, dEaw Fo oA
o Fbael oldl QelEdow o ehgR el 2
Fom WRET: 49 4G @ AR Aol F
QHk2-o] = dimerization @ polymerization® 2 o] whH$-
o ofs FEA7E FAEt. FHA B st oA
HAHE free radicalodl] oJFIME FAFHAN FAo|FAFTS
7 f A RAES O fA 2R oS AT Hd=-
A B71EEE(Diels-Alder addition reaction)S F3)A4 F2 A
AEe Aoz 48 Atk (Choe ESF Min DB 2007).

weh & AgelN conkel H71 olF FololEibrlel Z
o] Fad A BAIFAE 1 FARAT] F
S BAgste], AHoR Folgarte] F7FE0] Fha
3 Fog FotEr)

3 oil-water fryer2 0, 30, 60, 90 ¥ 110v}2] FZI F9
FdolFa7h= 27t 0.15, 0.29, 0.42, 050 E 0.512, deep
fat fryer2 571 A$ETE ©e Fdo|FAE BT
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Fig. 6. Changes of conjugated dienoic acid value of
frying oil during chicken frying by deep fat
fryer and oil-water fryer. Values are
mean=SD (n=3).

““Values with different superscript on the same line graph are

significantly different (p{0.05) by Duncan's multiple test,

1472 A{Eof tHz}

£
gRusrel BE Hifel Ane waE 248 A%
(Table 2), L #t(H%)L deep fat fryer & oil-water fryer2 F
S B HASG7E S wet Fade A%
& B3ou, deep fat fiyere] B, FaFo] ¢ 2 AL
Uehgth a (@A E)E deep fat fryer2 FHZ S
GrER F A pAsgent 2 F Bk
Hyow, oil-water fiyer2 FZ1 A$ A&FHoR FU)
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Table 2, Changes of color of frying oil during chicken frying by deep fat fryer and oil-water fryer

Number of chicken frying

Sample
0 30 60 90 110
aA bB - B dB eB
o 31.57+0.011) 31.0740.01 28.75+0.01 26.72%0,01 26.18+0.02
Frying oil o oF dE bE aE
b deen fut © 0.48+0.02 0.91%0,02 -0.20%0,01 1.78%0.02 2.08+0.02
by deep fat fryer . a b
Y deep ot i 1.77+0,01% 6.17£0,01 11.69+0.01° 11174002 11.2140,02
o 31,57+0,01" 31.19+0.01™ 30324001 29.45+0,00™ 29 42+0,00°
Frying oil aC CE eF dF bE
b obaer § a 0.48+0.02 0.6320.02 1.47+0.03 -0.68+0.02 -0,440,00
DY O1l-water er el _ (] b - al
Y & b 1.77+0,01" 5.5740.01" 9.99+0,02" 10.34%0.02" 10,510.00™

Y Values are mean+SD (n=3)

““Values with different superscript within a same row are significantly different (p¢0.05) by Duncan's multiple test
Values with different superscript within a same column are significantly different (p¢0.05) by Duncan's multiple test

e Holzl okgkth bFEME)E deep fat fryer W
oil-water fryer2 ¥|71 73-¢ ESFoA F357F Z7)std| o}
g A S718E9eH, deep fat fryere] A9 U &2 Ao
Uelgth AAHdez E u, deep fat fryer®t oil-water fryer
wrold ezl H71 ol Axe] wa, S8 bgkel Wk
=l bt @gked, ol aorlel, sorkel §171 F. 4%
SlsbiAlo] olsh ol Ato] elshe Ao AtmE,

7. X|dhih ZMO| B3|
B 1iomke] HR1 Fof HRe] Atz Wske 54
3} ZAI(Table 3), deep fat fryer & oil-water fryero|A ¥71

AT EFA EXstAAR gEdiias2)d gsalt
(18:3)9] Freke FhAshlar, Esh APkl Fv ELH16:0)3
ZHoF24H18:0) e AUHor ket ole FHAH
A Fol A/ AGuAIRA Hav] ¢teg FHEI,
Har)e] EspAe] & o] oo FAH Fo= ZHu
QEA F7I7IHS AAE 240] vk AoE AlsEr o
b garle] Al 2L FulEKpalmitic acid) 24.89%,
2sBl|o} 2 Ak(stearic acid) 6.08%, 2#|2Foleic acid) 42.93%, @
=92 linoleic acid) 14.81%, 2]&@Aklinolenic acid) 0.79%
o2 FAEe] Ath(Young HTYF Choi HJ. 2003).

JHox B3 oil-water fryer2 FZ1 7-$, deep fat
fiyer2 F7 Aol w3 ExspRbAke] ko] =al Al
Aoz FofALte] Fefo] v Ao R UERITH Deep fat
fryer W oil-water fryerol|l o] F 7o EX3AHAE] ek
& A7t 76.65% E 79.32%F, oil-water friyer2 ¥ A7}
oF 36 A% O Hkonl, Fugstel dcle] S TaA
Ako] dteko. ZbZh 22 60% 2 20.22%E, oil-water fryer® ¥ 71
A7 oF 2.4% A w2 Zlog et 53], dFAW
akel glEdlatas2)d 2lEdlihis3)e A9, oil-water fryer
2 E3Z1 A7} deep fat fryer2 F|Z 730 B3] °F 5.2%
AE w2 TS v

Deep fat fryer= B 71 A9} oil-water fryer= 7 As
EXSAGA ESAARe] v&l useE A7 339 ¥
3.92%ck.

2 fo

A F e A3 A A28H Al4%7(2012)

Table 3, Fatty acid composition of frying oil by chicken in deep
fat fryer and oil-water fryer after 110 of chicken frying

Fatty acid Soybean oil frying oil Fr?fmg ol
by deep fat fryer by oil-water fryer
C14:0 0.0840,00° 0.4510.09" 0.27+0.00"
C16:0 10,58+0.02° 15.0810.06" 13584002
C16:1 0.10+0,00° 2.1240,02° 1.5120.00”
C18:0 4.03£0.01° 5.19+0,04° 4874001°
C181 25.28+0.01° 30.03+0.17" 28274002
C18:2 51.3440,04" 39 4510.35° 43.88+0,04"
183 5.61+0.01° 4.1840,05° 4930,01"
€200 0.35+0,01° 0.3240.00" 0.34+0,01°
C20:1 0.1940,00° 0.2510,01" 0.24+0.00"
Cl8:1t nd 0.25%0.02" 0.1620.01"
182 0.6620.00" 0.5020.01" 031£0.01°
STFA” 0.660.00" 0.75+0.03" 0.47+0,02¢
SSFA” 16.0820.04” 22,600 41" 20.22+0,03"
SUSFA” 83 260, 04° 76.65+0.43° 79.3240,03”

" Total trans fatty acid (g/100 g FA)=CI8:lt
(g/100 g FA),
Sum of saturated fatty acids

(g/100 g FA) + C18:2t

2)

¥ Sum of unsaturated fatty acids

Values are mean®SD (n=3). ““Values with different superscript within a
same row are significantly different (p¢0.05) by Duncan's multiple
test
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Ko

Egf AX|EF Hirans fatty acid)@

EdzAbe 28] G-I HshiAlz FolA
AREAY, AFel B A Fols A, A8
Ne5g slag o, demst ANl 271, s
Arrgow EdAALe] FHFe] 7Kgt An MS 5
20082, Ahn MS & 2008b)

EW@2AH2RS IDL(low density lipoprotein) & d|2~H| &2
Z7MA7]13L, HDL(high density lipoprotein) ZE|2H &S A
AL QIAle] FAZA dFE VA= AR delA
glth(Surth JH 2009, Jang JRZ} Lim SY. 2008).

1o ox,



Aol 2000dnE EdaA 2 Gl
o FEEE AE 7 EdaA o

M, 4E F Sl gl oo
}¥tH(Yoon TH % 2011). WHOIAME 3}
oAl F1AERs Aol 1w} Al 9
S, EdAA HAE 20 Seld A 9Tl
25% wopxly. . EfR APgate] kol 0.5 g/100 g
oldlel AES EdaAE Az AFem WS
(Park HS} Kim M 2007).

£ A4 1ovke] HEA Fof AR ER=AAE
9] stk =A% A3} deep fat fryer2 FHAH A 0.75%,
oil-water fryer® 7A-$ 0.47%2 YER}, oil-water fiyer2 &
FZ 7%, deep fat fryer®] 7o HFH 40% FE EdWM2A]
WAke] ghko]l vt Zlo ' JEhdThFig. 7). & Ahn MS
5(2008b)= W5 170T A 1AIRE, 3AIRE 2 7A1RE 7FE
T EdxAbe] Sk wislE A%k A, Z2b7F 0.43, 0.58
go0.61%010em, 210 ZHEE Fe= A 0.55%,
0.84, 1.01%% e}, FALE 2555 4 9 EWA
22 Fheko] FUskGitkaL ate, FARE 170CHA] 3
A B AT Ak AFE B AF 5 B2
AAE ER=AAE A7 Jhol=gRIQl swell Hlwd uf,
deep fat fryer9} oil-water fryeroll A 110m}2] & H¥HZ F¢
e EdaAte] e Ame] abole AR, BF
A 2 FFE FA B& o= AlRHT)
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Fig. 7. Contents of trans fatty acid of frying oil by deep

fat fryer and oil-water fryer after 110 of chicken

frying. Values are mean=+SD (n=3),
“PValues with different superscript on the bars are significantly different
(p€0.05) by Duncan's multiple test,

9. Benzopyrene2| gtk

o ehlakEek3l 4= 2 (polycyclic aromatic hydrocarbons;
PAHs)= 27l o)de] wilAdlale] +25 7k sHHEEA, oF
o welEdz 7P & 47 benzopyrened Aol ¢
HH AglEo] 548 Uehlle 222, 7] =% A d9Y,
Ak, wEeh, At e 5 AT ¢ Stk

P

ol 2

Mol thst Oil-water fryere] &3t 449

il
Am

=)
(=18

2F 9 benzopyrene> 7Ze} A o 7HEHH, w2
2ZoXe] gAY F7le ZFHA S Bo] AdEHe A
oF 4#HA YrhKim 1S+ Ahn MS 1994, Cho HK % 2011,
Kim HY®} Song DS 2008)

SEvEME SeBS, VR, 718, NS, ST
N Beol gGRAggel Al A48 AL benzopyrene
FFE 2.0 pgkg o3l SANSAFE & 1 HEEFY A
5.0 pg/kg oJ3tE TFAIBFIL UTHKFDA, 2010),

2 AdolA 110vte] HEA Fo| 3] benzopyrene]
sheFe =A%k AF(Fig. 8), deep fat fiyere] A% 220 g
g/kg, oil-water fryer® 7% 1.61 pg/kg® YERY}, oil-water
fryer2 FZ1 S, deep fat fryer2 FZ1 g v
benzopyrene®| ko] oF 27 AL we o Yehyith
(Fig. 6).
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Fig. 8. Contents of benzopyrene of frying oil by deep
fat fryer and oil-water fryer after 110 of
chicken frying. Values are mean+SD (n=3).

“Values different superscript on the bars are significantly different

(p<0.05) by Duncan's multiple test,

V. 2% U ZE

B AFo|A = oil-water fryerS o|-83le] WFEAH o2 HE
A0E W HPR%A hE Rdee BA ushE dnEo
2 da] AFREI Qe deep fat fryerd} W]i, EA5HITH
Oil-water fryerollX] o] #7120 27} 9 FHo|F47 k= deep
fat fryer® T} SEQICE WHA oil-water fryerollA o] F o &
QEINE deep fat frvertit} gk, IAkEHEANE HARS
o W AdEZHC F7IE Holx] YT} Oil-water fryerolA]
o] 74 deep fat fryerd] B|E] Fu|EAN, Agolzal U
Zyrte] Fheko]l A, ARl gt elsdlite]
3]
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