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Abstract

Changes in the contents of volatile aldehydes due to lipid oxidation in soybean oil during the deep-fat frying of
fried squid rings were determined using solid phase micro-extraction (SPME) and gas chromatography-mass spec-
trometry (GC-MS). A total of 16 aldehydes such as pentanal, hexanal, heptanal, (Z) or (E)-2-heptenal, octanal,
(E,E)-2,4-heptadienal, (E)-2-dodecenal, nonanal, (E)-2-nonenal, decanal, (E,E)-2,4-nonadienal, 4-oxononanal, (Z) or
(E)-2-decenal, undecanal, (E,E)-2,4-decadienal, and 2-undecenal were identified in the soybean oil during frying pro-
cess in mass food service. The relative contents of five aldehydes such as pentanal, hexanal, (Z) or (E)-2-heptenal,
(E,E)-2,4-heptadienal, and (E,E)-2,4-nonadienal were significantly increased in the frying oil used over 3 times.
Also, there were significant differences in the relative contents of the seven aldehydes such as (E)-2-dodecenal, nan-
anal, (E)-2-nonenal, 4-oxononanal, (Z) or (E)-2-decenal, (E,E)-2,4-decadienal, and 2-undecenal between control and

used soybean oil.
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Ao AFEE e Al 5 T LA AlEE
ARSI oH, FAANER EAF 2017 (1 kg/PAC)S AHE-
33, LAF tHE5-(18 L/ICAN) 5 LE AHgste 13 %3
7t gEE F REHE FE BEFS] SLE g FS B
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0 AE YA ZF 43] 20kg(eF 200 1)) 2T H
om, 180°CollA 57+ HAxE AT HA7]= ZH
d22d AFe] A7) §77](860*490%910 mm, Woosung
INC. LTD., Seoul, Korea)& A3t =0, =244 2 %}

A A= A7 7Hs
ST HARS tlFf 202 2838t 7+ H4
ZPE(F1, F2, F3, FHZ F A+ 5w F24Hss =
A=
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Sk

2Ly LBIER F&

e A s ER/e LA Al FZH (solid
phase microextraction: SPME)2.2 %3}, SPME manual
holder, 65 um divinylbenzene/carboxen/polydimethylsiloxane(DVB/
CAR/PDMS) SPME fiber= Supelco A} (Bellefonte, PA, USA)
9] A|ES A3 T Headspace vial(Agilent Technology, Palo
alto, CA, USA) A& 5g3 WHETZEZZ benzothiazole
[10ppm (v/v) in soybean oil] 10 uL& Z7}3k ¥ cap
(Agilent Technology, Palo alto, CA, USA)2.Z &3}
30% &<t voltexing 3} th. headspace W 3 £
HEY S flal viale 90°Ce] 7oA 30 FF WA

=

3t 3 SPME fiberES 5 mm =EA|A A|59] 3)4kA

3} -

3|ar omjs|l=Ro| 22| U 2A
FE¥ 324 LES|=FE HS-SPME/GC-MSE %7

A EFELS GC(Agilent 6890, Agilent Technology, Palo
alto, CA, USA)-MS(5973N, Hewlett-Packard Co., Palo Alto,

CA, USA) F971250°C)oll A 587+ F-AA A 238kt
IO BE= DB-SMSBOmMx025mm  1.d.x025um  film

thickness, J&W Scientific, Folsom, CA, USA) ZH &, o5
FoRe AFS AMEsIR e, 52 1.0 mL/min® = 3}
AL A5 FY Ao+ splitless modeS AFE-3}
GC 22 40°CollM 5&7F FAIAR F, 4£C/ming] S22
S7HAA 250°Col A 57 FAIA AT T4 (injector)2t A
Z 7| (detector) transfer line®] &%=+ 77 250°Ce} 260°CE
31992 ™, mass scan range= 35-550 m/z, ionization energy
70 eVl A El(Electron ionization) ¥4 o2 EAs}i Tt zt
g Lus| =72 542 mass spectral database(Wiley
7n, Hewlett-Packard, Palo Alto, CA, USA, 1995) % n-
alkane?} Kovat indexE ©]-&3le] 4F&3H RI(Retention
indices)& 7122 3ste] A = ATHZhang et al., 2010,
Lin & Blank, 2003). 34 €dls| =79 A& GC-MS
total ion chromatogram ‘3¢ WHEEFTEZZ A}8H
benzothiazole[10 ppm (v/v) in soybean oil, 10 pL]e] 3=
& (peak area)’} 3| LU =F/9] AW S v W s}
of At &K (relative peak area)S-= T3S T}

SAHXE
SPSS program(SPSS Inc., Chicago, IL, USA)S ©]|-&3}

Table 1. Odor descriptions and odor threshold values of aldehydes in soybean oil used as frying oil.

No. Components Odror descriptions Odor threshold values (ug/kg, in oil) References"”
1 pentanal woody, bitter, oily 240 a,b
2 hexanal green-sweet, greem apple, grassy 75-300 a,b,c,d
3 heptanal oily, fatty, woody 500 a,b
4 (Z) or (E)-2-heptenal oxidised, tallowy, pungent 5 a,b
5 octanal fatty, sharp 320 a,b
6 (E,E)-2,4-heptadienal fatty, rancid 3620 a,b
7 (E)-2-dodecenal - - -
8 nonanal fatty, waxy, pungent 150 a,b
9 (E)-2-nonenal green, fatty, paper-like 4.5-900 b, c
10 decanal penetrating, sweet, waxy 650 a,b
11 (E,E)-2,4-nonadienal soapy, penetrating 2500 a,b
12 4-oxononanal - - -
13 (Z) or (E)-2-decenal painty, fishy, fatty 10 a, b
14 undecanal waxy, floral, citrus 10 e
15 (E,E)-2,4-decadienal strong, fatty, deep fried 10-2150 ab,c
16 2-undecenal fatty, tallowy - fg

" a: Morales et al., 2005; b: Kalua et al., 2007; c: Reiners and Grosch, 1998; d: Aparicio and Luna, 2002; e: Tamura et al., 1999; f: Kochhar, 1993; g:

Meijboom, 1964



DA FAxE AR diFRel F dells|l=R wist 409

F2HE 2 (ANOVA: Analysis of Variance)S =3 3% o1,
thH| WA Q] Duncan’s multiple range testS ©]-&-3}]
p<0.05¢] FEolA 7} A 87 FAA Fo8S AT
2oty

2 AN HAAFE AFE U 78 g o
H S| =2+ % 16 7F[pentanal, hexanal, heptanal, (Z) or
(E)-2-heptenal, octanal, (E,E)-2,4-heptadienal, (E)-2-dodecenal,
(E)-2-nonenal, decanal, (E,E)-2,4-nonadienal, 4-
oxononanal, (Z) or (E)-2-decenal, (E,E)-2,4-
decadienal, 2-undecenal]7} A& %0H, 0|59 7] EAF
718 oA T2+ AX 3k Table 13} 2o}, dytdo=z
A LfA A HFHo 7 FX E3 o]F(off-flavor) A

nonanal,
undecanal,

o =2A U =R AFEIL Y2 (Snyder et al,
1988), =2 A% F8 LUS|=FEA pentanal,

hexanal, 2-hexenal, 2-heptenal, 2,4-heptadienal, 2-octenal,
2-decenal, 2,4-decadienal 5] H ¥ H} L 1}(Selke et
al,, 1987) g H3 x2] A1) AA L8| =7 st
gk A= mEe AAolth A9 A A% -

Ze A& Slepo] wel SPME-GC/
FTHe L8| =F WSS Bl
Bz sl o, 7] mARE AJEek wHE ARE-3 F A
Atolol| A o] 2 ¢l dHs|=f o wstE #Ed + 3
Atk 7] A Al Zo A= hexanal, heptanal, octanal,
nonanal, decanal, (Z) or (E)-2-decenal, undecanal, (E,E)-
2,4-decadienal, 2-undecenal 5 F& YH|3|= 9 7FA| 7} &
FAZEHAoU, 2 9 77 dHlsles HAEEA B8
THTable 2). ©l= PIARE thFfolAE oln] o7 437t
g Elo] olellx frefgt I =FE] &7 AP E o0
ASS 9ustt}y. &3] pentanal, hexanal, (Z) or (E)-2-
heptenal, (E,E)-2,4-heptadienal, (E,E)-2,4-nonadienal & 35
7] GHlsl == HAARE Sl 3 3] o dellA feHow
S 71899 2™, (E)-2-dodecenal, nananal, (E)-2-nonenal, 4-
oxononanal, (Z) or (E)-2-decenal, (E,E)-2,4-decadienal, 2-
undecenal & 7 74 LHIS| == ol vlE] HAAE
35 1 SR o4 AolE mIo} 1 F AU
7ol & FoA F7h= {1tk 2 9] heptanal, octanal,
decanal, undecanal 59 ¢H 3= xR 2 A 719
o2 W7t WA SHA] ATH(Table 2, o5 p<0.05)
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L= 24-heptadienal 5°] T8 A%
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hydroperoxideZ 58 A<= ACE BRI E I TH(Chun
and Kim, 1991b). °]& LH3|=t 52 23 A=}

Table 2. Relative contents of aldehydes identified in soybean oil used as frying oil.

ch F1 F2 F4
No. RI Components >
mean sd mean sd mean sd mean sd mean sd
1 <900 pentanal = - 0.18ab” 0.07 0.18ab  0.07 0.27b 0.14 0.29b 0.13
2 <900 hexanal 0.11a 0.06 0.55ab 025 0.73ab  0.42 0.93b 0.45 0.95b 0.51
3 907 heptanal 0.02a 0.00 0.09ab  0.04 0.10b 0.03 0.13b 0.07 0.10ab  0.04
4 964 (Z) or (E)-2-heptenal - - 029ab  0.09 0.35ab  0.10 0.47b 0.13 0.65b 0.39
5 1009 octanal 0.09a 0.05  0.66¢ 0.18 0.49bc  0.13 0.61c 0.19 0.31ab 0.10
6 1021 (E,E)-2,4-heptadienal - - 0.13a 0.02 0.16a 0.05 0.34b 0.07 0.40b 0.20
7 1065 (E)-2-dodecenal - - 0.32a 0.16 0.27a 0.07 0.43a 0.15 0.33a 0.17
g8 1111 nonanal 0.13a 0.06 0.71b 0.25 0.65b 0.16 0.94b 0.39 0.57b 0.20
9 1167 (E)-2-nonenal - - 0.11a 0.06 0.09a 0.03 0.14a 0.04 0.10a 0.03
10 1212 decanal 0.05a 0.01 0.09a 0.03 0.07a 0.02 0.12a 0.05 0.07a 0.03
11 1224 (E,E)-2,4-nonadienal - - - - - - 0.12a 0.04 0.10a 0.03
12 1255 4-oxononanal - - 0.09a 0.03 0.09a 0.02 0.12a 0.03 0.08a 0.02
13 1269 (Z) or (E)-2-decenal 0.07a 0.01 0.58b 0.18 0.58b 0.07 0.76b 0.26 0.55b 0.22
14 1314 undecanal 0.03a 0.01 0.07ab  0.02 0.07ab  0.01 0.10b 0.03 0.05a 0.02
15 1326 (E,E)-2,4-decadienal 0.08a 0.02  2.12b 0.43 2.70b 0.45 3.41b 0.87 3.75b 1.62
16 1371 2-undecenal 0.08a 0.03  0.56b 0.16 0.58b 0.07 0.73b 0.22 0.53b 0.18

D C: control; F1: frying oil used 1 time; F2: frying oil used 2 times; F3: frying oil used 3 times; F4: frying oil used 4 times

? Average of relative peak areas to that of internal standard (n=3)+standard deviation

% _: not detected

Y Mean values with the same letter in a row are not significantly different at p<0.05
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Fig. 1. Changes of major volatile components identified in
soybean oil used as frying oil.

F49 ¥stE S8 5te 7Iee =2 AT $hom(Ullrich
and Grosch, 1987, Steenson et al, 2002; Fox and
Stachowiak, 2007), pentanal3} hexanal®] e Al7) 3}
ArstE 7L Bls) A Al o] AFAA Aol O w2 A
HAAAE e o] tiFfe F4 AE FEOE o]& 7}
Sattte 972 %71 AoH(Chun and Kim, 1991a). A&}
o] (Z) or (E)-2-heptenal®] 73-$- pentanal®} hexanal®] H]
wate] AgFo] A YA, il A o] AXFko] 5 pg/kg
O OE& drs|=of Hlsl driHo R mg v A3k
< AU AsH, $AFH, A=54 dA 53 22 oA
EXNS ] U E & (Morales et al., 2005; Kalua et al., 2007),
A FoRE HFHOE F FFES v 7ol dnkar
Az® E} W3, (EE)-2,4-heptadienal, (E,E)-2,4-decadienal-&
DlEastel ASlERE Ay Elo] A3 AlF ] s

AE e = 3 AES Z(Chun and Kim, 1991a;
Yang et al., 2005), f+X2] £2 A3l FQ AA=E B
v} 2AvkSelke and Frankel, 1987; Lee et al., 1998). &
3] 24-decadiena19] sl-ak_o_ AA| Ao A ARE =
TFH HE FA FH Aot & FAAAE vE
= gH3=2 RIFEE JAtHMin, 1983; Warner and

)

&

. 7‘47@_{_,: .

opgn] - 1A

Frankel, 1985). YWF 2 F pentanal, hexanal 5°] & &
ToA FE AFEE AW ] AHEQ] A W, 24-
decadienal 52 =& 2% oA &3 23 x5 H3)
229l Ao E B350l YrKChun and Kim, 1991(b)). ©]
of mat Ao X AMEEHE HARFY FH VT EA
2.4-decadienals I H3E FQ7t o}, o] A==
F71H o2 A3ty 28 = HA] ethanal, hexanal, butenal,
2-heptenal, 2-octenal, benzaldehyde, glyoxal, trans-2-buten-
1,4-dial 59 o2 L3 =& A3} (Matthews et al.,
1971), $o] Hat 4 + = 7hFeAe] UeBRE A
® EAEA ALETH FAF AR 27] DA AN A
T Aor AlgEn & AT v 2] Sl &
7holl wel GHslE F Y dRe R Uk AR
(E,E)-2,4-decadienal 24 %27} 4 3] M3 Hol wrz} w|A}
& o] 450 oo ' HEFA o =R FHgo] Sl
FA18] 2 2} 4bslE S AEEA WA A,
&3] dusl =/ E8Ee S ayd 2E &84 g
ik 2 FEdite 2R Y fEiEe 78 I dus|=
o] A FEE s Hd 31 Sl ot o
o] FAA L PHS & F JoH, o] I &
S|= S 7|F R gt FAFEAY AR F4
& 52 &8 ¢ Utk 53] & Aot o] &
AolHA AlF x7] Al FA¢] FEAS WEETEA 3
A US| ERE AE & 5 ST

1]

oF
=

s AHA AFe SHAFHANA HF
1 WFfola waee Hud QHs=R

% ze)7h gl wk dyshe o
e R B P =R [ S e o LA
solid phase mlcro-extractlon(SPME)J% gas chromatography-
mass  spectrometry(GC-MS)S  ©|-&3t] A =HFloH
pentanal, hexanal, heptanal, (E)-2-heptenal, octanal, (E,E)-
24-heptadienal, (E)-2-dodecenal, (E)-2-nonenal,
decanal, (E,E)-2,4-nonadienal, 2-decenal,
undecanal, (E,E)-2,4-decadienal, 2-undecenal 5 % 16 7}4] 43
EEol A&HA. txad VAR tiFfolrs 9 71A
AEET] &% HAEEH NS W, pentanal, hexanal, (Z) or
(E)-2-heptenal, (E,E)-2,4-heptadienal, (E,E)-2,4-nonadienal &
57K LHls|=e FHAARE 85 33] o] dellA felHoR
S 718k 3L, (E)-2-dodecenal, nananal, (E)-2-nonenal, 4-
oxononanal, (Z) or (E)-2-decenal, (E,E)-2,4-decadienal, 2-
undecenal 5 7 7FA] dH|s|=& iRl Hls| FAALE
g 1 oMY {94 2olE BAou 2 & FHAS

u%

nonanal,
4-oxononanal,
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