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A Study on the Mutagenicity of Thermally Oxidized Safflower Oil
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Dept. of Food Science and Nutritfon, Sungsfin Wornern's University, Secw! 136-745, Korea

Abstract

Deep—{at [rying is a common cooking practice. There has been considerable concern regarding the
mutagenic and carcinogenic potential of thermally oxidized oils. Studies on deep—fried foods so far have
revealed not much on the mutagenicity of the oils in the [oods. Therefore, in the presenl study, it was
attempted to investigale the mutagenicity of the thermally oxidized safflower oil. Qil was healed in a
home-fryer at a lemperature of 180+ 3"C for 48 hours. (il samples were taken at 0, 8, 16, 24, 32, 40, and
48 hours of heating, respectively. Each sample was used to study ilhe changes in peroxide value (POV),
acid value (AV), iodine value IV}, conjugated dienoic acid (CI?A) content, 9%, and {atty acid composilion.
Another series of samples were fractionated into non—polar and polar [ractions by column chromatography.
The mulagenicily of the samples taken [rom the thermally oxidized oils, as well as the non-polar and
polar fracltions of ihe thermally oxidized oils, was investigaled with the Ames test. The Ames test was
carried out with and without metabelic activation. Baclerial tester strains used in the present study were
the hislidine anxotrophic strains of Salmonella typhimurinm TA100, TA1535 and TA102 were used Jor
the detection of base pair mutations, and TA98 and TAIL537 [or frame shilt mutalions. Each series ol
samples was dissolved in tetrahydrofuran {inhibitor—[ree) and tesled at doses ranging {from 0.05 o 5 mg/
plate. None of the oil samples taken during the 48 hour oxidation period showed any mutagenic activity.
This was the case, even after the activation with S9 mix. Also, none ol the polar and non—polar fractions
showed any mutagenic activity on all the strains tested.
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Aoz AREG

aoff & e Fol| Al B FE &R A linoleie acid?} 70
9o A g5-gle] 4l §] o W17hgh E3) 45 71E AkEkA 7
Al 7l akalE Ealfo) r)M FEE S 2 v

BA L 7] Eo) o] AbREEE £uleld 1methyl sulfoxide
(DMSO) th4) A1 557 7| Ames testel ¥ & ubgsl=
E letrahydrofiran! THF, inhibitor-free)(14)el =4 Ames
test (Salmonella typhimurium reversion assay) = 4|

shsie.
ME W

S ERCIPLY

F3q= sakEtA 7 A 7R A 2 7S Sigma Chem-
ical Co. (USAYAH ¢l ste] Algsbyd o], §29] 414

= Ay $18) AHEE AR 2F JunselAHJapan)
3 SgAYL Algelt

Ames testA] A EFR]2 84 slE o AF-FF THF (No.
27, 038-5)% Sigma Chemical Co. (USAYlA, 75 & aF
Agdda]EY L Lo g H4 35 A5 = DMSO
= Merck Chemical Co. {Germany) <A, Vogel-Bonner
# A glucose ¥H3 ) ghal &), top agar 2
2 uto = ] A8 5= A 9ES 7 agare Junseitl. bacto
agars Difce Lab, (USA)el 4], Oxod nutrient No. 2+
Unipath*HEngland) ol A, petri dishe Falcon#}{No.1029,
1003 15 mrn, steriie by ¥ —radiation, USA)ell A 48t
o] Alg3tgich

5-9 mix# T A% E 5-9 fraction (Lyocphilized
Aroclor 1251-induced male SD rat liver)<2 Onental yveast
AHLot No 98082800, Japan)<lA] 2#]9] v}& A2k
Simga Chemical Co. (USA) ¥ Junser*}(Japan)ell A =
45Tk

) putrient broth

Al o

Ames test°ﬂ AL 2Bl R Salmonella typhim-
urtn e = FxalZ ﬁ.l( rame shift) He|FF4l
TA9S 4 TAI%B?—L]- A 7] 2|5 ¥ (base-pair substituent)
#o]FFql TAIOD, TA153G E 1025 SF 54 7 4o
A Bk wkal Maron@ Ames2] T (15) ¢ w2l histidine
874, crystal vielet ZFA, UV 24 ampiailline =
= letracycline W4, A4 B2 wo]4 F2]

Tglo]ele] e 47 121

FH8 T2} 50 g ol 180£3°Ce| F A 714 48
A7} Eqb shed AbEpA 7Rl e 84 7kebe) # 8o shatb
B 7 Hperoxide value, POV), k7 acid value, AV), &
2.E7Huodine value, IV), 3 o] S4kgk2f (conjugated di-
enoic acid content, 26), A W4k 240 W2 i =g
=3 atqrt. o)d FarEErHe AOCS W (16) 22 4
7hsb 2 =rbe A ERAEA A H 7182, TY
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Waltking ¥ Wessels(21)2] Wb o mpe} 54 2 W=
A Ealg 2el3) 3(Fig 1) TLCE £ 5 galsle]or
2 272 ol Table 17} 2gh)

Sample 25 o

| Dissolving 1 solvent ™ I
|
Eluting into column packaged with slurry
of 25 g silica gel & 80 mL solveni 1"
|
T 1
| Eluimg with 150 mL solvent 1 r—l

1.

‘ | Fraction 1 {non—polar {raction)

| Eluting with 150 mL solvent 2Y ‘
\

| Fraction 2 (polar fraction} |

T

Evaporating

| Calculation (%) ’

Fig. 1. Scheme for separalion of the polar and non—polar
[ractlons in thermally oxidized oils.
Splvent 1: petroneum benzene . diethvl ether 187 £ 13, v/
USalvent 2 sdiethyl cther.

Table 1. Operating conditions of thin-layer chromalography
Silica gel plate  0.25 mm thuclk

Develop solvent Pelroleum ether * diethy] ether ! acetfic
acid (70 30 2, v/v)

10% molybdalophaospheric acid in
alcohol

120~—130°C

Spray reagent

Healing temp
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E ol gl Ay [-39] 9 A g [+59]22 A
Aetedn)h = 2% AlE el 0.2M phosphate buller
saline{pH 7.4} 0.5 mLON AL 344 o] 4 2 S-9 mix 0.5

mL), 7} A1 8.2 42k ghA fdl o5 ), 2 T 104
Zhllakd 01 mL=E el 71 A 3 F 37°CH] rotary
water hathel] 4] 2087} ofu)ul oF5F & 10%2] stndine/
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¢ ¥ minimal glucose agar plateel| Ewala], 37°Cel| A
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ileast significance difference) Py

Table 2. Profiles of the concentrations ol positive conlrol

in each strain (ug/plate)
Strains -59 Concentralion +359 Concentralion
TA 598 2-AF 0.1 2-AA 0.5
TA 100 2-AF 0.01 2-AA 1.0
TA 1535 SA 0.5 2-AA 2.0
TA 1537 9-AA 80.0 3-AA 2.0
TA 102 MMC 200 2-AA 10.0

2-AF: 2- Aminofluorene, SA. Sodium azide, 9-AA" 9-Armin-
oacridine, 2-AA’ 2-Ammoanthracene, MMC. Mitomycin C.
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Table 3. Physico—chemical changes of safflower oil ther—
mally oxidized at 1802 3°C for 48 hours

Hearting L Y . CDA
time POV AV v 3
(hrs) contenl

Q 281+02 021£005 1462%+42 093003
g 227X05 028+003 1426431 205001
16 21903 0368X=002 1373=16 276X0.04
24 174207 046001 1321+£1.3 343=001
32 182=03 0545000 1242249 354+002
40 29204 065002 1170432 403001
48 194%£01 071=003 113237 409+001

POV Perexide value (meg./kg.oil).

DAY, Acid value

*IV' Todine value

“CDA content: Conjugated ciencic acid content {(23),
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Table 4. Changes of fatty acid composition of safflower
o1l thermally oxidized at 180%3°C for 48 hours

£E-52) 5

Heating Faily ands
bme (us) Ciwg Cime Cwi Cw:  Ciz CurCuo

0 693 268 1331 7658 -t 1105

3 744 288 1449 7518 - 10.11
16 788 306 1528 7378 - 9.36
24 854 330 1617 7198 - 843
32 93 358 1713 6994 - 749
10 1031 38 1821 8763 - 656
48 1132 436 1951 6478 - 0,70

"Not detected

Non-polar hacton  DPolar fraclion

kg 2. Thin layer chromatogram of pelar and non-polar
fraction of the salllower oil thermally oxidized at
1801 3°C for 48 hours.

Table 5. Changcs of percent weight of non—polar and polar
compaonunds of safflower secd oils thermally ox-
idized at 180 L3"C for 48 hours (% by weight}

Healing time (hurs)

fracions 0% 16 4w a0 B

Mon-polar
Polar 641 1290 2515 3190 4576 3750 6600

9359 8710 7485 6810 5424 4250 3301

ol 414 Fa AT 123

FrHElE =5Re| oo 24

E 552 18030l A 4842 Bt 7l ka4 7w
b & 2 Fated AR [-90]= o Al 5y
[+50]e 2 S do]dalS &4 Ashe chg Table
g7} zhe] RE FFollA o] &40] vieha] ekt
PHp<005) o] B o5 g) o]z d-ehe ol A]sbo](22,
26-28), 58] Gastel B(26)& 82 Al 82 180°Coll A]
24217t Sk 7P 4kEA 2] F DMSOe] o] Bodwe]dd
Me Al dx, Bl Falf-9) o] BEFws) Wlg

EE Aol R BE el i) A REEA wgtvhx
Bk v} gleh, old] E Aol M BB Fah5
2 Amos testehe] WHSA1E o] 7] 9|3 THFe] S 5

A¥lo| 4144 2alsly o} Fedwo]lA] e a4

gkl 3H9 Fong %232 7122 2k3k=! peanut aulell 4] &

Hie] #ade] el e} o]+ 7| B aflataxanel &) &

2 3 Zajela] 4bal)-F Al 2| &) 7)1"] C’]’H ;\11-]'»1—5!-
|5 Al

93:

lo ot o
s S

wh
it
5
e
|o
f
2
op
-,
rr
i,
l">'
ly‘:l'.
=
w
=
s
_\i‘
2,
v
-~
=
kL
iR

bR FEeE 34 L AT BRE ¥eln
& AAE [-5915 o AFFY Y [+50)2 2 Ednio)y
A& 247 Aohe w14 Table 77 80l 4] 8.4 v}2} o]
E TRl Baule] R4e] B oo

Hageman, 514} 04 ZF £} ghE 2125 =z 8=

S @ u A e e 2 BEEte] TAYT, TAL00, TAL(4
Z FEwe)gldE S dal 54 BReAd Beddlo)
sl4de] vpelho o], TAG? F52] A% 234 [-59]<4]
Zh ol wl sl A velydete 2 askglel )

2 ARAN 23535 A5 g st sl Bl =4
27 2] ghabo| F2 &) Zvlsle] 7l 483413} & l = 66.09
%ol o] 2 AL3tE =|abile] dbgkel - ooy Eef
wel AL vel)z] bl

e ok

7hEAkEkEl fAj 2] Ak el Eqiwie] g o) g
ol vl E5LH-5 180 3°Cella] 484] 2k Fof
} AlFlel A 0, 8,18, 24, 32, 40, 4841 7k §-2) F-=

1A BEE = g u}:w SH2 tjAl 2 =2 Sol-
monella vphimurium WoloF & T3] 5% (frame

shifiy WHeld54ql TAGR, TAIG37 ©7) 4] 3% (hase-

™
-

A
o34 A
9

. rb fUID



124

(308109 QOT)VV-E ‘Z0TV.L (SRl 02)VV-2 L8ETV.L
(/B 0OZ)DININ FOTV.L (RIS ORIV -6 USETV.L !

(aetd/in OZ)VY 2 GECTV.L ‘ORIA/A 0 V-2 ‘00IV.L ‘(3181d/81 50

MVY-7 ‘957 XM 5 Us Jo 2500 1]

(EPEL/BT GOYVES WSV L (@Ed/BE 10mdV-2 00TV.L (WA TO)AV 2 '86V.L UL 635 Tnoyis Ju 9:e3 U],
o o>d ‘son[eA [CIU02 SALEBIU WO JUSIRJIP &Emoﬁﬁﬁp

CPPCT 0181 ZLIITTOERC  BI6TCUE  PPEI4GW  99GTOL1  1901+0L1  GPOFE6c  BULITOIY  WrEl49T6 £l gl 26l (JOTIN05 SAE0]
959 Fole  0glFiSe  @le6 TPI+R ERCTLL | PEEFFI LGPFIEl 99CTall ZlgTer  E8E7Ee [onund BATEBaN

OEOFGLE  €8eT00C WiTil  1L072 B1eFLl TL040T 06GTLeT  BLATTIL WIF0r 98T 00

9F 97 G2 RLLFEE  000TOL  B1EF0I [L0+81  TFITEL GPRTF0E]  SETELOT (BTFIY  PEE+GE 0

GUBFS9Z 19 0TFFYG WIF00  £8276 ETTAT TL0TIT 99GFRET  BTEIEIT eIEF0r  ERETE €0 gr
ELEIFGBE  EUEI+ELE 7176 ZITR 2rE=Ll  WWIFEl BLUL+ZE1  ORBFOTT WIwer  CI3F6e I
19014918 RLEITYRE  GIE¥6 IFTE8 VIF2E  EBE+SI 06661 SBFFSIT E3EF6E  CHEIER g B
eel=aon | BLLTLIS TLOFOl 1108 000TLl TPIFll EFTEEl  ICFFHI Wi+er  eRerra 500

WLFEE  Z0TIFEE P T4El IT6 eTZFOT  PYEFHT SEPFIET  PEETELL YCPFlr  ERTTOE 10

0664002 9E9FEGE  ATGFIT TLOTF €38l £924El FerTREl  TWIESTT PP TE LLOTIE S0 oF

BP8TLLE  BOETTFO9T  LELEFFl TLOTOT ZlzTln TLOTA 99EFOLL  ETEYIL ERETE AlETE 1
ELTIFIBE  BIE+PpLe LOFEL LG FIZTST  BIGEST S6v+esl  FIEw0El PSETSF  C1ET6R g

9940 BLLTIW a6 7176 WIFLl  IWiFel 6y hel  0BBFELD FEFer 8T w00

YTl FSRTI0 TL0F6 eLEFL II0+81  EU2TPl TETIFEEl  BLLTET 0F8E ILOTSE 10

BLLTORZ  99TF00E  BIEFET  EIET6 AVEIANNNN A S A4 995=06L  UGFKIL £2EEEF  PGETER 0 %
T90TFS0E  BLULFVLE elgxel  alew8 FITT0E EYEEFI YUST6E]  IE TIFE2 PORFTF  PEPFGE I

FI6FE28  ELTITORG  000FST  TLOFEL 0ODEBL  TFI49I GYRTRAL  G9STEEl POEFOP  FER492 g

0500 PoeTEGC L0 MI48 £82+91  Gle¥Ool  GOGlTesl  BLLFVII (RET+EF AT 500

BIETO0C  9EHFGUE Akeds £8578 IL0FPT TL0TAT QUGFOCT  99ELETT PeyTOF  ZIETER ro

BY8FGLE  £RE+19C 5 I8 E8TTL LOFRT  WWIFE! 066+281  BIGFIIT VEPTE  LWE4GE 90 V.

EBETE0E  CBYTFLON WIFZl TV IF00 7151 EIETY 9eDFERl  GBVELIT PEFOr  ERETIE 1
IETIF206 95 SIT692 TLOFOT  2I8+31 IPI+06 ERETFST 9957821 9E9FoLl E¥ELFy  GIETOE g

BLLTVEZ  98YFE  eleFel  1L0TL VSEFLT  ElETEl BLLFIEl  berivll  p9eTly  CliTSG 500

6V8FLOE  OED4EVE TL0%8 00T ERETLT 7156 PZPF0El GRS ETZTEE  PEE4DE 0

99°G4+LLE  ELEITGE FI+01  E3EFL 7102 €88+l FGEFEET  OEOTSIT TIZTEr  E8ITEE 0 o1
GGITETE  BLEIFESE ETTTET P IF00 £OTFET TLOFPL TOOTFEEL  SLLFLIN Z13FEr  ERETE 1

0BBFGEE  TOTIFLIE I TL09 1L0+61  AIETSl BP8T9El  PSE4+08L  EIE408  S9ETOE 4

9E9FRG 20Tl F09C FIFIl 12072 14072 e QL 9FVEl  GUGTOTT ECTOY CHETLT 500

9EY+PIE  BIGTVE 1408 ERETE FIF0E W4T VEP+0ET 980T LI ZLZTTr 000472 T0

96PTOLZ  ELEITESE  POEWFED  EIGTOI 00 EUBTLL SGrFSET  GIBFPIT  PEETS  TLOT® 50 8

9e9+F162  066FC9%  E8TTEL  IKIFE WoFlz  TL0F9 99GTEEl  BLLESTT g8y WIFE T

BY8FL8,  BOBI+UE  ZITEKL  TLOFII EBETEL  EBEFYI QULFEl  IETIFEI POETTE  VERTES g

STFET  99CTE% 00070 EEE 6 L0+L1  elexal 9EGEET OROTYIL 8T SBTFER E

SyFole  GTTEW ILOFIT ETE78 32707 £9EFEl SPFEEl  99GFCIT viF9r  EreT%% 10

SEyFeo;  PYEITEG TPIT00 THTT8 wIEgl  £8ZTO0T FGETEET  BLLFOII VIFer  PIETIE 0 0
19017982  VEPFIS  JFIFS] BTEEOI €824+61  EIEwEl SrFEl  YEHFLIL €2+l PGETOE 1

066FEE  IELIFISE  JIVIFST  €8ETL elexle  E9YFS BLLFOV]  E0TIFIEL 995TOF  FEVFIT g

65+ 65— S+ 85— 65 + 65— G5+ 85— BS+ 65— (eymd/Bum) (s SuIm
QIVL LESTV.L GESTV.L 00TV, 88V.L UONPIURCY  FIIROT]

XIW GG JNOYNM PUE UM ]83) swy AQ [0 J2MO[IJes (D, 08]) POZIPIXo A[[EULIAY] JO SUOLENTISDU0D SNOMEA JO S09LK

9 swaldeinw Iy, g qe],



125

9 S[EL 9 I3y,
Go0>d ‘sAnjEa (00D DATIRERU WNI] JUSISIIP ApuedTmIsic

G3'L0Z+ 9988 L6 SSr F TR OZ9TFSBT 92 9TF60Z 814806 TETTFFSI LLOEFTOF  OLGRT LIS COCITEGE 949Gl FFIT ([OTHIOT IATISO]
IETIF0FE  PFEIZLIE ANIES N 0x0=FeT IFT701 100=F8 LTl EBE=90T TL0=EE 120392 [0110D SATIEBRN]
WrFFT9:  TET13-91C FGE=TI ale301 clexs 20+8 3LLFIET D96 L0T ERZIIL alc+9% S0°0
D665 992 06GTETE TECl 1,076 (AR Wits gea et 68 F 80T PEETEE F1FG o
JET 108 0B'6FReE TLOTET e8e=cl WwI+% Wist LOLTEET CFRTETI FTFLE Gl eF8e <0 3F
B96F08E 8L LFUEC FEEFET lZ0F0T EBax0t I ixd ILOF0ET I90TT60T AP TFGE L0008 1
L6FTFC6 0FGTFE8T 1L0F9T L4610 clExTwl 00+85 ¥ 1£851 1L 0F501 1P TxLE H00=T8 <
EBEFLEE d0eTT9le ¥T+6 EFETE 1L0=x86 wigL TFIF811 Gv's 907 99 GFEE VETFLE 500
BU6TRE bl 6=&82 TFITET TFTF0T Wi gy FI=§ HEOF8IT 06 6FSET Ioxce LBEFST 0
B9 5F 162 9EY+ T2 E8aT el cle+T11 EBEFET I¥Fixs 95CT+62T  99GITIED GleFEE AN G0 o
JEEFI8E OEaF 617 0001 wixe (ARESN al'g+6 FEFFELl BI6=ETT TLOFFE cleq 52 T
995186 066012 EBCTF FEEFal el x0T 1L0¥8 LOLFEET  [901=50T WYLTEE FaeF8e g
FIF09E TETTIF928 [ == JL0FE o8 IV TF4 BLULFRBIT 20214401 Vg ¥ e 17 T+42 50
81 6F T4E 95 F9TE L0701 s FGEFTI are= POELBIT 056601 000F9e CLETeE 10
FEFTL0E PETFFELE EBCTE Wi=6I cleF1I1 100+8 TFIFEeeT BFRFLIL POE+8E TLOF9 50 [
20L+TLE L0 L7057 e V=cl [AREu FEEFET 12076 BT GF6IT I20=02T LoTse st T
JEEFZRE  FTTIZERC ZleTel al'a+6l ESCTET IFTIFL BF8F8¢] 066F4ET AV TEER TL0L/E i
8L LFO5E GF'R T 982 EBZTOI CUEF1T AR U0'0=g TFT4811 BFEFETT FoF+1E TLOF92 400
GF8= 195 8L L4012 FSEFET Wi=Pl GFIT cl'e+4 89LTTRIT 06 65 80T 998 TLE L0008 [0
CHPITOSE S8 T ¥5En cl'exel slexll ﬂl.ﬁmﬁ 00'0FL COETFTET 8L L7 60T FLET6E 6l 6T A g0 Ve
BLLFEO,  T90TFVER Wixal g3 eFal aleTEeL PCETTT BLLFIVCT =1 Ed'GF8E EBTF63 T
¢l 6FE9%  IE'TTFEWS PEEFET ala+01 oH =) 17 1501 DL+52l BLL+IRT Fab+68 JLDFLY g
TFI+8ce  TETT+81Z ¢l oF8 TLO0FZT 1LOFET 7 T+6 OTIEL BFETLOT 0997 L8 AN 500
8963992 UB'6F LG e+ 11 Ir txEel TL0FET 00Fs 6F8F8ET  CLEITOFT 99°GTAY ERETH o
BLLTSSE  ZOEIFEET e8¢+ 01 [ANENU I#1+EL EREF4 LWETTFLET  99°G1 FCTT G 07 S5 PF 08 50 o1
€8 & F GG 8L LF6UT AReFEl RANE POETIT Wi=e ELCTFET] 8L L+ 20T oo.oﬂcm EETTLE 1
ELZ1F8% T90T7ZI8 FEETET JL038 era=1l LL0F8 TL0 L 08T 895 T80T TCFLE GlE+CE S
1L0FCke e 6T 60T [P T=FTT FIiF1t (AR 1L0%9 claFagl 056=Eel wm F¥e IFTx9e 500
SIS EFRC ¥LLAFTeE TL0+86 JL07F8 cl'eFel 00FG HLLTGET GPEFEIL L0578 IL0FLig 10
PG EFCFE 9EDF LT PEETFIT GO0F0T [P A ER TL0FL TE0L=LIT S+ 011 ooTses ¥ ¥ +20 2y =
LEBTEOD TETUF6EZ 000FET ala+tl PCEFET 0ooxs a¥ L2l SO0l FerF1F eleF1s T
ST FEFE 06 6FZen FeFTOT 71721 glcxal el e+01 1781 066=C01 Ot 9+SE [ N+mn 4
TETT+0Fe  VWETFFEE al'eF0T ERETTI 71F11 wiTs FSEFOAT T 1607 (ARt E3CTF L a00
B6IGFGEC  ELBTFLLE T71¥R LETFE cUeFET TL0%8 56 TOTT LA TLOT L I=xge el'E+82 10
6 8F L5 98 9+ 628 el'a=o WIFII TLOT0T eBTF0T GFYF L 99°GFETT cl'aFel ERET9E S0 0
056F6Pc ELTITGIZ [LOF0T mﬁ.m.‘.z 1LOFL [ARE 99G+E8l Vel =101 m.m FLE SErFOn T
9551 XIS ELEIFEER el'ZFET clexb e8EFET 000+2 99GFSET FEEXIET &7 063 VEETEE ]
GS+ 65 - 654+ 65— 65+ 65— 65+ GS - mm + Bs— (FRd/Bury (s oum
g0Iv.L LESTV L SLGTV.L 00Tv.L B6Y.L uonenueiney)  Buyesp
R G I00UITM PHR M 152) 50Uy Aq JI0 JAMOTRes (J,0T08]) PRZIPIXC A][BULAY) JO SUOROEI} fe[od—uou Jo ST99)J9 ommienu ay ], WAE[s):4 )



126

‘9 BEL 01 B,
coQ>d ‘SeNEA. [DU0D SATESRU WK JUSIRITIR AQUuedyIusis

OI65TFFFIe  2F OIEF9L5F 9TogFe08 1905061 SRPTFO8I  ELETFGOT SUET +619  EEECTLOG CLEIFOe TETIFLGE (IOLUOD SATISCT
S ALY 0C'9F7EE Ak groFel 120+E1 ZlZF6 GFeFoll 9E OFL0T gUeFvE FerFla [OIUCD RATIRAIN
LTI =4IE 99'GFEIT T71+6 140511 gle=x1l oleT 8L LFTFIT 897 L0T FGEFEL TW1+82 S0°C
BB LI FHIE BLULTERS AyESd) TF1F1T 1.L0%6 218 SLLF0ET  ILOF0ET Y6 V8 ERETLD 10
JFELT R LB Fele TL0x<l w148 JLO0F0T wiFd PTPI+ETL 000Fell L0 0F JGEF0E g0 8
RE LAY FGETEDG g1 2F1T (lraro LTETH TL0FL GFEFR0T SRt ERTFOE 2l'é+9¢ 1
OFEF00E FPETFEBE ala 01 cle=x11 L0501 by'e+6 080T EET  BLLTFRL EECFEL T1L0FGE G
989G+ L5e ¥¥ ETF5F0 Wizl Paex1T L00FY (A7 BV 8FLIT FOEF 001 C¥Ee+EE 140516 00
S6'v 088 95 ST + 854 LLZFFL EBET6 JL0+TT 00o*6 9eeTOEl  ELETFOIL EREFGE Woxte 6
BLLFEN 56 ¥ FE62 JL04+4T 14056 JF1TH TF1+0T ANES 104707 (ARG w108 g0 hig
96 BIE 6F 8F5LE greFel TFiFel JLOFL EBEx1I BT 6F0C1 BLLFPTT LREFEr EQETED 1
SEFIFRIE PITIESLE e8exll EREFRT L0406 E16¥6 JOPTTIRD FEEFRIVE LLETLF b8 C+ 9 S
9t 8= 89T 06 6FOFE TLOFTT FEFFOT TWiF8 P iFy SETFYIT 000801 TL0=Te V1508 SO0
ST Fele 86'F 7 0S¢ £8gEl WIi=s TL0F8 EHEFL A06Ix¥el T T+00T EYEFLiE Wixée [0
FEVTFORE LEOT e ElaF91 [L0F0 E8e=01 cre=a TLOF6IT 8LLFCLL TF T5-8% 1407038 50 [
9e9FeLe WL LB ERETVI TFIFEL Fatael TL0FTT 05'6+¢FT  BLE2IFIET JFOETFER PoEFCE T
LB6F8e WFITLE JPTFLT IF¥FT ZIZFETL Cl'ZFEl FOETFAET  BLLTEET JFT+6r E8¢ T4 5
ELET+280 TETTF che eleTh TL0=FEl Q0001 IT6 06 6.8l 171501 FSEF5E 1L0FT1¢ 500
TETTF197 ¥ PFE5C 00'0F6 120501 FeEFEl Wi=8 LOLUEFRET Se9xe0l JFerFav E¥e+cn 0
08 8FLLE ZOETFELL (AN VerTll 140+21 T1=0I S9ETFTIRT LTL04911 TL0FVE FGEFVE g0 ¥a
94T FEge e TT+2L LJPT+ET FGETOT oo ot TL0+TT S6TFLFT TLOFETT JLOETE TL0FTE 1
JPEL+FIE A0 LF89¢ D00 0T e1e=T1 FSEFEL ERETEL O9GTFHET . 99GFGET JatFek FEVFED g
BLLFOLE H9GF eSS (AN PSE4+CT TL0Fel w1F01 BLLFSET 06 6= F01 CEELFE 000+0z S00
S95TELT 06'6 FESE WI=6 EREFIT TL0FTT AR SETFFIl LULFTET SEF TRy PYEFVE e
ALFE9E 6V 8T 85 Jr1Fel fANES FANES: 1LOF6 99G6TOET 998 TR0T TL0F6E G377 F 62 v a1
BF'84-28¢ JovFaie 00036 FOEFTI LO00T8 FEEFTT 06'67SFT  BUBF5ET FSEFGE WiFLie 1
JETTTE08 BLULFO0E TwIF6 140581 ERETFII 15001 JL0FOF] E1EFEFT JEEFER 171F52 G
G9GFEDE 678+ 252 WIi=48 14036 WiF8 FSEFO0T gF 8Fell BE9F80T GIETEE Q00+ 02 S0°0
ERCTOYE 06'6FESn cIex0l FSEFTT S8 F0T e1g=F6 ¥eTFPIL BF8+601 Eri=ve PoET g 1o
8L LF65E BIBTLIE £8EF8 wo_ﬂHmH E8T+0T [L0+TT 98'9rEel  D6GFS0T TL0F1E 000=ca g0 8
0L3788 BY8F L1458 1L0+6 eres0 ereFel R AEI]! 90CF0Zl  BLLFPIL FOETLE [ANES VA I
Seorver IETIFELE EBEeT0l cl N.TE E8E Tl AYEad 9E0FxSer  TETIFBII e ERCFIT S
997650 RLLFVET (AR 12°0+01 JFIF6 AN ov 9+-¥21 BLLFL0T ERETEE gicxle SO0
BF 8F 1LE BOLT 992 el e+ WI+6 [ARESt] 1.0=8 U817l 61 6F801 [A RV TLOFEE o
TETT FE8e GFETFL52 gl'é+01 TWIFTl JO0FL g1eF01 BLLTOET  ELETIFLOT TLOFVE EBCFVC g0 0
FFET +63% OEGTELE TL0F6 £8CF01 W1+01 120+21 BFRTIET BOGFTTT ANESY eTETs T
60GIFS7  PPETTOED EIEF48 00 0F2al TLO0FEl 001 BP8FPET  PIFI04T FUEFRE ERCFLE g
65+ 65— 65+ 65— B85S+ 65— 65+ 65— 65+ 65— (oerd/auny (I own
C0lv.L LEHTV L SesdTvV.L 00TvY.L 85V.L UOTETUSCUOTy  BUTEIL]

X G INOIA PHR A 159 SaWy Af [0 Iomopies (D,6708T) PIzIpixo Aqeunisg} Jo

suoroely mod J0 $1091@ STUAHRINIT I T, g J[YEL



7 AkE}
pair substiluent) o) #F4 TAICD, TAIR3S 2 1022
ARg-ate] Ames testS =3l gt A= E]'v =} Zshek 180
=3Coll A 48417F 7hdAbsbe £51-5-9] sled A ybe]| wh
2 el B4E 2A8L w) A4 [-59] Y A
A1 33w [+59) _L__ro]])-] =i o] 24 o} 1A = 7] ekt
o} w3 7]_0-]/\ ﬂ

2lale] Fedflo] %_}"é i
AL sy [+59]
U]—C)l»lq

=2 l?—;ﬂi B
[-s9] 4 o
& v

358 F4 2
ZAjeledE
oA Eelnle

A8
124

[+]

ja

i

al

Al 1]

Fe -, o2 fglal gn AAEA ]
7], 1, 39 (1881)
Doll, R . The lessons of Lie . Keynore address io the
nuirition and cancer conlerence Comcer Res., 52, 2024
(19923
. Doll, R and Peto, .. The cause of cancer, Quaniitative
estimates of avoidable risks of cancer in the Umled
States today. J. Nat. Cancer Inst., 66, 1191-1308 (1981}
4. Sugimura, T. and Salo, S . Mutagens-carcinogens in
foods Cancer fles. 43, 2415-2421 (19833)
Pamukeu, AM and Price, JM. . Induction of intestmal
and urinary bladder neoplasms induced by feedmg hrack-
en fem {(preris aguiting) J. Nat. Can. Inst., A3, 275 (1959)
Nolen, G A.. Alexander. J.C and Artman, N.E . Long—
lerm rat feeding study with used Irying fals. J Nutr,
a3, 337-348 (1967)
Alexander, J.C * Chemical and biclogical properties ro—
laied to toxacity of heated {ats. J. Toxcol, Envron. Hedlth,
7, 125-138 (1981)
Kaumtz, I, Johnson, RE and Pegus. L A long-term
nuiritonal study with {resh and mildly oxicized vegetahle
and animal [ats, JAOQCS., 42. 770-774 (1965)
Tamaoka, 5, Urade, R, and Fito, M. : Mitochondrial [unc-
bon 1w rats 18 alfected by modificaton of membrane
phospholipids with dietary sardine oil J. Nutr, 118, 290~
206 (1984)
Chirston. R., Fernandez, Y , Camhon-Gros. C.. Periguel.
A, Deliour, P, Leger, C.L. and Mitjavila, 5 : The elfcct
of dietary essential fatly acid deficiency on the compo-
sition and properities of 1he liver microsomal membrane
of rals. J Nuir, 118, 1311-1318 (1988)
Donnelly, T.E, Birt, DF., Sitiler, R, Anderson, C.L, Cho,
M. and Julius, A D, Thelary fat regulaiion of the asso-
clation of protein kmase C activity wilh epidermal cell
membranes. Carcinogenesis, 8. 1867-1870 (1987)

2 Qe

ﬁ‘l-:r

16.

11

13

14.

16.

7. %

18

18.

23

30

L Lomanno, S5 and Nawar, W W.*

127

van Gaslel, A., Mathur, R., Roy, VV and Rukmin, C
- Ames mutagerucily tests of repeated heated edible oils.
Food Chem Texic, 22, 403-405 (1984)
Scheutwmlel-Rewch, M., Ingerowsks, G. and Stan, H.J.
: Unlersuchungen von (riterfelten aul mogliche mut-
agene wirkungen mt hlfe des Ames—tesis. i Lebens-
rutiRundsch, 76, 231 {1980)

Hageman, G, Kikken, F., Hoor T. and Klemnjans. J.* As-
sessment of mulagenic activily of repealedly used deep—
[rying [als. ATutation Research, 204, 595-604 (1938)

. Maron, D M, and Ames, B.IN . Revised melhods lor the

Salmonella mutagemcily test. Mutat Res., 113, 173-215
(1983)

AQCS  Official Methods and Recommended Practices
ﬂrd ed Cad 8-53, Am. O Chem. Soc, [lincts (1980}

= H)fﬁ'l"u s H/T\«FMI:]‘“IH;@ 4 1-83 (1984)
LHEHEHH TroTaE L A SRS, 2, 30 9 (1984)

AQCS ! Official Merhods and Recommended Practices
drd ed,, Ti-la-64. Am Ol Chem. Soc., Hinos (1950)
Lepage, G and Roy, CC . Dhrect transesterification of
classes of lipids i a one-slep reaction. f Limd Fes.,
27 114 (1986Y

. Walthing, A E and Wessels, H. * Chromatographic sep-

aration of polar and nonpolar components of frying 1ats.
JACAC. 64, 1328-1330 (1981)

Scheutwinlel-Reith, M., Ingerowsk:, G. and Stan, HJ.
- Wherobiclogical siudies mvestigating mutagencity of
deep Irying Tat (ractions and same of their components.
Lipids, 15, 815-832 (1980

Taylor, 5.1.., Berg, C.M , Shoptaugh, N.H. and Scoll, V.N.
. Lack of mutagens in deep-lat fried [oods obtained at
the retail level, Food Chern. Toxicol,, 20, 209-212 (1982)
Efleet of heating tem-
perature and time on the volatle cxadanve decempo-
sihion of Inolenate J Food Sci, 47. 744 (1982)

. Pamela. JW 1 Methods for measuring changes in decp—

fat [rying oils. Food Techel., A5, 75 (1991}

. Gastel, A Van, Malhur, I, Roy, V V. and Rukmim, C.

- Ames mutagemcily tesls of repeated heated edible oils
Food Chem. Toxic, 22, 403-405 (1984)

. Taylor, S.L. Berg, C.M, Shoptuugh, NH and Traisman,

E . Mulagen [ormation 1n deep—{at [ried foods as a
function of frying conditions JAQCS, 60, 376-580 (198%)
Fong, LYY, Ton, C.CT and Koonanuwatchaidet, P.

Mutagenicity of peanul ols and effect of repeated
ceokmg. Food Cosmel Toxicol, 18, 467-470 (1980}
dA9 . Linoleic acid®] Ede] 9 ghal &3] sk
w e Al Eed okl A apshe] =R (1994)
Yamaguchi. T. and Yamashita, ¥ . Mutagenic actvity
of automdized linolenic and Winolelc acid. Agric Biof
Cherr., A3, 2225-2226 (1979)

(1999 104 304 A=)



