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Physiochemical Properties of Repeated Deep-frying Oil and Odor Pattern Analysis
by Electronic Nose System
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Abstract

Chemical characteristics of soybean oil after deep-frying with potato sticks (200 g, 10% w/w of soybean oil) were
studied according to the 34 deep-frying times. After consecutive 34 deep-frying, total polyunsaturated FA contents was
gradually decreased while the total saturated FA and frans FA were increased. Acid value and peroxide value were
increased while iodine value decreased, respectively. The Hunter L’ value decreased while each a and b" value were
gradually increased. Electronic nose equipped with 12 metal oxide sensors was used for the discrimination of odor pattern
of frying oils against the times of deep-frying. The proportions of 1st and 2nd principal component analysis showed
75.97% and 21.23%, respectively. While 6 among total 12 sensors well responded to discrimination of odor in the repeated
frying oils, suggesting that the odor pattern of each oil after deep-frying would be discriminated against fresh soybean
oil, especially after 14 times. From the results, electronic nose could differentiate the degree of quality deterioration of

the repeated deep-frying oils.
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Table 1. Changes in fatty acid (FA) composition of frying
oils after deep-frying with a soybean oil and potato sticks
for 34 reusing times (Unit: area%)

No. of deep-frying

Fatty acid
0th 4th 14th  24th  34th
Cuao 0.1£0.1° 0.1£0.1° 0.10.1° 0.1+0.1° 0.1+0.1°
Ciso 10.8+0.1° 10.9+0.1* 11.1+0.1° 11.4£0.1° 11.7+0.1°
Ciso 42+0.1° 4.4+0.1° 4.9+0.1° 5.420.1° 59+0.1°
Ciga 23.2+0.1¢ 23.3+0.1¢ 24.940.1° 25.9+0.1° 26.8+0.5"
Cisa 53.940.1° 52.7+0.1° 49.9+0.1° 46.2+0.1° 43.0+0.1°
Ciss 6.240.1° 6.1£0.1° 5.7+0.1° 5.1:0.1° 4.6+0.1°
Ca00 04%0.1° 04+0.1° 04+0.1° 04x0.1* 0.5:0.1°
Caon 0.6£0.1° 0.6£0.1° 0.6+0.1> 0.5+0.1° 0.5+0.1°
Cisar nd®  0.7£0.1 1.7£0.1° 42+0.1° 59405°
02+0.1° 0.1+0.1° 0.3+0.1° 0.5:0.1°

Cigar nd’

Cisar 0.6£0.1° 0.6+0.1° 0.620.1° 0.5+0.1° 0.520.1°

Unsaturated 83.8+0.1° 82.8+0.1° 81.2+0.1° 77.6+0.1¢ 75.1£0.6°

Saturated  15.60.1° 15.8+0.1¢ 16.5+0.1° 17.3+0.1° 18.120.1*

o] el WBE X3 A gate) A%
el o Apte) 3

* Values are means of duplicate.

T means trans fatty acid.

nd : not detected. :

*"® Values with different superscript letters within the same row
are significantly different by Duncan's multiple range test (p<
0.05).
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Fig. 1. Changes in the sum of unsaturated, saturated, and
trans fatty acid content (from up to down) in repeated frying
oils during deep-frying with a soybean oil and potato stocks.
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Fig. 2. Changes in the chemical properties of repeated
frying oils during deep-frying with a soybean oil and potato
stocks.

A: Acid values of frying oils, B: Peroxide values of frying
oils, C: Saponification values of frying oils, D: Iodine
values of frying oils.

~® Values with different superscripts are significantly different
by Duncan's multiple range test (p<0.05).
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Fig. 3. Changes in the Hunter L*, a*, and b values of
repeated frying oils during deep-frying with a soybean oil
and potato stocks.

A71D AR o8 S4% ARzl 4@ W) A 721

A2FA R el 7)dee 21.23%E YERIQTE 27 giF
FHO3) N 43] AALE7EA] HA 7t S7HETE AllF
3% #tol negative FhollA] positive Fto 2 olFdh= BFE
BR 43178 14371 = H4 A5 F7lel wet AF
A8 Zkol negative akollA] positive Lo 2 o} Edte A%E
YePRQITE vhe] 143 2R 343]7k2] A S 7
¥ H3 7t S7VEFS A 159 ghol positive g1l A]
negative ZE2.2 o) Bale AL HolAA A 254% o]
W3} aske ATE YeAR.

$9, B4 27 golnl MM 22w fo3 Fo| B
< 91 MANOVAO| A F-glo] 3482 Jehlin 0ol 25
Wilks' lamda(0.001)7} Z+ 1571e] A 241 ¥] e p<0.0001
2 A g=gen SNKe 3] p<0.05oX HARE 2t
932 HZ3I9 ). Fig. 594} 2] non polar volatiles (SY/
¢CT, P10/1)2} organic solvent(T30/1, PA2), fluoride & chlo-
ride(P40/1) Z food aroma & volatile(T70/2), 3 67§ AA2]
AN HUR AL ol BE A Hol g 8
At

3] A3tz oAl Si7fe) B7] HElo] B B4t
F95E 27) dhAst 2] Bole A 8T+ 3
slem 53 517 143) ol%e] HAfe] ) ADE 4317}
Aol 2] ez Bels] 7RE AFE el Ao ¥
N e ARkEE B4 Alge] iAo B,
Wgnn BAgoR, WAnE olesl At Asel o
2 9749 B2 Ash AE oIS o) gebd B4
wol vla] wmH S & 5 e Ao AR,

Discrimination Index 70

" ngan

S T i e P

& 0pso- et ¢

o [ ; “‘»3\“

& # { 7& RN

E 6‘040 & H Y

[u] i x‘

c ™= f( S |

B oo — Rt \ ’5

=] % £

=% £y g

. R \\»

5 o Lo

- I T I - A

O . oy sgrvger i

g 0o L ] z‘ﬂ*‘}ﬁ

g <IN
,a"r'_'_'— ,Kf*" 7

ha] - O0FH .

5 2040 e

8 K\"w-.-. '::.f: ponmin i -

[¥2)

0.050
012 010 08 006 004 002 000 002 004 008 008

First principal component score (75.97%)

Fig. 4. Principal component analysis (PCA) of odor diffe-
rences among repeated frying oils (Oth, 4th, 14th, 24th, and
34th) analyzed by the electronic nose.



722 A - Ao} - o]71d FolAlo} RAES e
01 5 1 ¥ [ | L) 1] ] i E 3 13
, ; .
B o
0.10 4th b
14th g
24th z
0.05 4 | Il 34h ;
4

d33aa

aaaaa aaaaa 3

o

[

o
i

Aroma intensity

-0.05

-0.10 i 3 1 i i

P by

A [l i i X i,

SYAG SYIG SYIAA SYIGh SYIQCTI SYigCT T3oN

P10t P12 P40 TTQ2  PA2

Array of sensors

Fig. 5. Aroma intensities (AR/Rq) of repeated frying oils (Oth, 4th, 14th, 24th, and 34th) acquired by the electronic nose.
D AR/R, is the sensor response change from reading at starting on acquisition.
% Values of each sensor were expressed as the means of 5 replicates.
"¢ Values with different superscript letters within the same sensors are significantly different by MANOVA (p<0.05).

29 3l A8

22 934 ERE AFESS W 2EE 31 o)
® 5 Adms 248 A0Re) $4 A% =S F
dhel sheby B whEn v melgich AW 24 B4 A
7}, 7] NEH03))2] F2 Ak 24 L linoleic acid(53.9
area%) <} oleic acid(23.2 area%), palmitic acid(10.8 area%) &
o2 AXE 158 FAR ) B 2N E AXehe Fa
ARE FARBIATE % 343] HA A A BTt
F7Vol uhet & Bt AEate] e 2] g Ff(03])
BT} oF 104% ZasE AEgE 2l v, & ¥} AHt
o] FE %F 164% S7IHE A BT F ERA A
abo] 3l WBlE 0.6 area%(03])olA] 6.8 area%(343) 2 &
o4l 27} AL JrhigITh Ake 248 ol £RE HE
43 97 34 3 A StEQn Beslel A4S, 5
A A7t SVEEE foHoR I T
94 Y 2ol 247 Mak YEAe|H) B Ao BY
9o}, Q= 517 2% F7ie) et welHoz 2t
2abe A% 2ok 17 A8 19l me} L'ghe 7+
28ke W, a g3 b e IR AdAks ¥ A, §
5ol ALl e A At AEE A58 5 e A
o2 AlgHEglen, 83 3471 71842 non polar volatiles
(SY/gCT, P10/1), organic solvent(T30/1, PA2), fluoride &
chloride(P40/1), food aroma & volatile(T70/2) A e] 7+
7k #e1HQ AolB HolWA AAH APR T AH
ol 27) YEfet PEHE Aoz HAHUTh

ZAre 2

e}

—_

Aol oI ATA] YRE 28A BK2I A
5| wekon, ole] ZAbEYUL,

]

o

sl

Ho

Alonso L, Fraga MJ, Juarez M (2000) Determination of trans
fatty acids and fatty acid profiles in margarines marketed
in Spain. J Am Qil Chem Soc 77: 131-13.

AOCS (1990) Official methods and recommended practices of
the American Oil Chemists' Society 4th ed. American Oil
Chemists' Society, Chicago IL USA. Ca 3a-63, Cd 8-53,
Cd-3-25, Cd 1-25.

Han KY, Kim JH, Noh BS (2001) Identification of the vo-
latile compounds of irradiated meat by using electronic nose.
Food Sci Biotechnol 10: 668-672.

Intelligent Electronic Nose (1998) Fox user manual. 2nd ed.
Alpha MOS. SA France.

Kim JH, Noh BS (1999) Detection of irradiation treatment for
red peppers by an electronic nose using conducting poly-
mer sensors. Food Sci Biotechnol 8: 207-209.

Lee JY, Lee HG, Song ES (2000) Effects of reusing times on
the oxidative stability of frying fat for frozen battered pork.
J Korean Soc Food Sci Nutr 29: 231-234.

Lee KT, Park SM, Hwang YG, Kang OJ (1994) Relationship



16(6): 717~723 (2006)

between physical and chemical properties of frying vege-
table oils. J Korean Soc Food Nutr 23: 654-659.

Noh BS, Ko JW (1997) Discrimination of the habitat for agri-
cultural products by using electronic nose. Food Eng Prog
1: 103-106.

SAS (2000) SAS/STAT user’s guide. Release 8.01. Statistical
analysis systems institute Inc. Cary NC USA.

Shin HS (1996) Physicochemical changes and problems of
deep frying oil during deep-frying. Korean J Soc Food
Cookery Sci 2: 73-82.

Shin JA, Lee KT (2003) The identification of blended sesame

oils by electronic nose. Korean J Food Sci Technol 35:
648-652.

Shin JA, Lee KT (2004) Lipase-catalyzed synthesis of struc-
tured lipids with capric and conjugated linoleic acid in a

AN S gl olsern BT Axzel o

3

Ol

e
0

¥7] e 723

stirred-batch type reactor. J Korean Soc Food Sci Nutr 33:
1175-1179.

Son JY, Chung MS, Ahn MS (1998) The changes of physico-
chemical properties of the frying oils during potato and
chicken frying. Korean J Soc Food Sci 14: 177-180.

Song YS, Jang MS (2002) Physicochemical properties of used
frying oil in food service establishments. Korean J Soc
Food Cookery Sci 18: 345-347.

Yang YM, Han KY, Noh BS (2000) Analysis of lipid oxi-
dation of soybean oil using the portable electronic nose.
Food Sci Biotechnol 9: 146-150.

Yang YM, Hong HK (1999) Prediction of freshness for milk
by the portable electronic nose. Food Eng Prog 3: 45-50.

20063 99¥ 42 A< 20061 1Y 279 A=)



