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Abstract

The oxidative stability of cholesterol in tallow heated at different frying temperatures (130°C, 150°C, and 180°C) was
studied by identifying cholesterol oxides by thin layer chromatography(TLC). And fatty acid compositions in tallow
heated were also measured and compared with cholesterol oxides. Unsaturated fatty acid contents slightly decreased as
the heating time increased, whereas saturated fatty acid contents increased. This phenomenon became excessive

especially by heating to higher temperature. It was found that RF value and spot color of the nonsaponifiable lipids

from tallow heated on TLC analysis accorded with the synthetic cholesterol oxides in this experiment. Four kinds of

cholesterol oxides were detected in tallow heated for 24 hours at three different temperatures. The oxides were

identified as 7- o -hydroxycholesterol, 7- 8 -hydroxycholesterol, 7-ketocholesterol and cholesterol epoxide. It was found

that there was a little difference in oxidative pattern of cholesterol between several heating temperatures.
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Table 1. Effect of heating time on the fatty acid
compositions in tallow heated at 130T
Faty Heating time (hows)
aid* 0 4 48 M % 120 4 18 192 26 240
Saturated
10 02 o1 01 01 01 01 01 o1 01 ol of
40 33 33 34 35 35 35 37 35 35 34 34
150 13 14 14 14 14 14 14 14 14 14 14
160 259 259 262 262 260 262 266 268 268 269 269
180 151 151 152 153 152 153 155 158 158 159 158
20€0 01 01 01 01 01 01 01 01 O°f af 0l
Total 459 459 464 466 463 466 475 417 417 418 417

Monounsaturated

161 62 65 64 63 65 65 64 63 62 66 66
18:1 432 432 432 432 434 432 426 425 426 423 46
Total 494 497 496 495 499 497 490 488 488 489 492

Polyunsaturated
182 35 32 31 30 29 29 27 21 27 26 25
183 12 12 09 09 09 08 08 08 08 07 06
Total 47 44 40 39 38 37 35 35 35 33 31
* Expressed as weight percent and calculated from peak

areas of the gas-liquid chromatograms. Fatty acids are
expressed as number of carbon : number of double bonds.
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Table 2. Effect of heating time on the faty acid
Lomporsmons in tallow heated ‘II 150(

Fdlt)’ o H@AIUR,‘{ tm (hour») B
wid 0 M 8 T % 10 M 8 1
Satwaed o

2002 02 02 01 02 02 02 02 02 02 02
40 33 33 33 33 35 33 33 34 34 34 34
156 13 14 14 14 14 4 14 14 14 14 14
160 259 260 265 208 274 268 273 215 277 280 284
180 IS0 154 153 150 150 187 153 157 158 161 163
W0 0L 02 02 06 6t ol 0 0f ol 01 ol
Tol 459 4635 469 469 477 475 476 83 486 492 498

Monoursaturased

1 61 6f 62 61 63 B3 62 63 63 02 62
181 432 427 425 429 920 24 07 022 RO MY 415
Towd 494 489 487 490 483 487 489 485 483 48] 477

Polvimsaturated
182035 34 33 31 30 28 26 24 22 19 17
83 12 12 1 10 10 10 09 08 09 08 08
Twd 47 46 44 41 40 38 35 32 31 27 3

v
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* Bxpressed as weight percent and calewated Bom peak
arcas of the gas-liquid chromatosrams. Fatty acids are
expressed as number of carbon @ number of double bopds.

Table 3. Bffect of heating time on the fatty acid
composmons in rallow htated at 180(

Fatty . - Heating time (hours

wd 0 M 8 M % 0 14 18 192 26 M

12002 02 02 03 02 02 03 03 03 03 03
40 33 33 33 35 35 36 36 37 37 37 37
50 13 14 14 14 14 14 14 14 14 14 14
160 259 263 267 223 282 279 283 288 288 290 98
180 15) IS0 156 149 154 156 159 161 162 166 169
200 01 01 0 or 0L 61 Qb ol oL 01 o
Tol 459 463 473 415 439 488 496 504 05 SLi 52

Monounsaturated

Gl 62 62 63 63 60 62 63 62 62 62 62
1B 432 431 426 427 420 421 44 09 409 45 397
Toil 494 483 489 490 480 483 477 470 470 467 459

Polyunsaturated
182 35 34 30 27 24 023 21 19 18 17 14
183 1210 08 08 07 06 06 06 06 05 035
Toml 47 744 318 35 3 29 27 13 4 12

T Bxpressed as weight pereent and caleulated from peak
arcas of the gas-liquid chromatograms. Fatty acids are
cxpressed as number of carbon © number of double honds.
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Fig. 1. Thin-layer chromatogram of the synthetic cholesterol
oxides and the nonsaponifiable lipids from some
(allow samples used in this experiment.
1. Te-Hydroxyeholesterol
2, z;a‘ Hydroxvcholesterol

. T-Ketocholesteral

. Cholestero! cpoxide

. Cholesterol

. Lanosterol

. Fresh tallow

.9 and 100 Tallow heated for 240 hours at 1307,

H0T and 180°C. respectively.
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Table 4. Identification of cholesterol oxides isolated
from tallow heated samples on TLC analysis

Rt Sport color* Tentative 1dmmy Marks
1.00 Solvent front
090  Beige- brown Lanosterof A
0.80 Magenta Cholesterol B
0.69 Yellow Unidentified C
0.60 Cholesterol epoxide D
0.56 Brown 7-Ketocholesterol ** E
043 Blue 7 B -Hydroxycholesterol F
Q. 34 Blue 7a —Hydmxycho(es(erol G
(olm appeared after spraying with 50% H.S0, and

heating for 10 min at 1207
" T-Ketocholesterol was detected
wavegength UV lamp.

at 264 nm with short
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Fig. 2. Thin-layer chromatogram of the nonsaponifiabie lipids
from tallow heated at 130°C.
A~G : see the legend of Table 4
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Fig. 3. Thindayer chromatogram of the nonsaponifiable lipids

from tallow heated at [50T.
A~G : see the legend of Table 4
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Fig. 4. Thin-layer chromatogram of the nonsaponifiable lipids
from tallow at 180°C.
A-G 1 see the legend of Table 4

~342—



TLCE ol &3 7tdeA%

Fig. 4% A#Z 180ToNA 240417 7gsle 55t
W) 240 7i0keh BT ABERY FE evHES
TLCo} &jsta) ¥2)3 mRulE 1Yo}

48A17F 7198 T cholesterol epoxide’} T¢I
o, T2A12F 7}EE Foll= 74 -hydroxycholesterol 3} 7-
2 -hydroxycholesterol 0| EH 1‘211 1447417 7idgt 5
ol = 7-ketocholesterol 0| Aed), oy Aue=
130T 2} 150T oA 7}@8}%—— o] Zeg s 2ehE
o HyEAs Tk Folrt e ¥ 4 YA £F
180T 7HEEEE ARE ol & AskEol 7}d
Alztel Aol whe} ohd ARG 7he 24042050
= 2381 thad zhaste Al

webd FY2EE ekl A4 dEde 150N
7 A YeEhdew 180T = 2318 150T oM
o AN ehdth old ARe HReEAN 2ex
Fo JIRT FEV dolvp) Wi Aer F3¥
o olepdR Avk= GLCA 3 Fg2EHE 3}E-9
£ 2 Ao B3 F5(199 Rudx ARt

2 AP AlgdM TICHo 2 SRIF FYAHE 4
2 o)dellM A5e uke} o] 7 q-hydroxycholesterol,
7- B -hydroxycholesterol, 7-ketocholesterol % cholesterot
epoxided] 4779 on], o]E 47}A| Y 2HE HalEe
7HEE ot JHEAIR ) met A= A
o] Alolghe oF 4 9l9ch

oldut ¢& B Ao dus A4 $A4& 180 +

[Lh:‘ olfl

ERi

2CANA S0l 8ATH 30047 S Fhalshe Sobe) 2
dovle SsEe B AU} 2 WYoE TLCH o
atod §4, X% Ryan 30259 229 viad 2 o
AFAD. B PRAZH DR SS Ryow
ZAE B FEAHE A3ES TLCY 23ld Ha)3
Chicoye 5(26)% X482 &L HEE FPsor 2
e § gAsHE kR TLCO| ofelo] B4, &

3%+ Luby
ek

=35 5 ':(1727)4 Axpote @ YA]stn

2 <

HEFAF TAxHE BSIEE A7) 98
o} 130, 150 2 180Cr71E & xdA YAAZ 7Ha3kg
S aj ngQ‘— zt = ZHAEHE NFYPES TLCY)

A 240 WEE 243

slgbe} w2l - Helsha,

Aok

A 2L 7bdA o] Anete] ulel linoleicd
linolenic acidg2] X3} Aphibe F7by 7h4 3wk
E 3R upake) z‘g} % PN e A , ole

gt W3le 7pd
35H29 ukxg;} él
o AAFE #4Y ﬁl‘iiq “‘ﬂ TLCF o2 &9
¥ EHsHE e 7-8
-hydroxycholesterol, 7-ketocholesterol 3 cholesterol epoxide
o] 47tA o, ol 47k FTH2HE VL2 THE
TES HEAY el sy RS 2 AP

Folge ¢ 4 sisich

7- a -hydroxycholesterol,

ZHAR| 2
B dre 1999 FRAGuAN A8 gded
] A g 28 drAFzA old A=Yk
HpPs
L. Fritsch, C.W. (1981) Measurments of frying fat
deterioration. : A brief review. J Am. Oil Chem. Soc.,
58, 272-274
2. Artman, N.R. (1969) The chemical and biological

properties of heated and oxidized fats. Adv. Lipid
Res., 7, 245-330

339 T 01 Aoldt HAzP 4z 7}
AR A, FAEAEFESIA, 8,
331-337

4. Perkins, E.G. and Van Akkeren, L.A. (1965) Heated
fats. IV. Chemical changes in fats subjected to deep
fat frying processes; Cottonseed oil. J. Am. Oil Chem.
Soc., 42, 782-785

5. Alexander, J.C. (1978) Biological effects due
changes in fats during heating. J. Am. Oil Chem. Soc.,
55, 711-717

6. Fecley, RM,, Criner, P. E. and Watt, B. K. (1972)
Cholesterol content of foods. J. Am. Diet. Assoc., 61,

to

—343—



10.

12

13.

14.

16.

17.

. Horvath, C.

FHEARTEEN

134-140

. Smith, L.L. (1981) Cholesterol Autoxidation. Plenum

Press, New-York, p. 125-197

. Smith, L.L., Matthews, W.S., Price, J.C., Bachmann,

RC. and Reynolds, B. (1967) Thin-layer chromatographic
examination of cholesterol autoxidation. J. Chromat., 27,
187-205

(1966) Quantitative determination of
cholesterol in autoxidation mixtures by
chromatography. J. Chromat., 22, 52-59
Fioriti, JA. and Sims, RJ. (1967) Autoxidation
products from cholesterol. J. Am. Oil Chem. Soc., 44,
221224

thin-layer

. Chicoye, E., Powrie, W.D. and Fermema, O. (1968)

Isolation and characterization of cholesterol-583, 64
-oxide from an aerated
cholesterol. Lipids, 3, 335-340
Peng, SK., Taylor, C.B., Tham, P., Werthessen, N. T.
and Mikkelson, B. (1978) Effect of auto oxidation
products from cholesterol on aortic smooth muscle
cells. Arch. Pathol Lab. Med., 102, 57-61

Tokuyasu, K., Imai, H, Taura, S., Cho, BH §. and
Kummerow, F. A. (1980) Aortic lesion in nonlaying

aqueous despersion of

hens with endogenous hyperlipidemia. Arch.  Pathol.
Lab. Med., 104, 41-45

Smith, L.L. , Smart, V.B,, and Ansari, G.A.S. (1979)
Mutagenic cholesterol preparations. Mutation Res., 68,
23-30

. Bischoff, F. (1963) Carcinogenesis through cholesterol

and derivatives. Progr. Exp. Tumor Res., 3, 412-444
Finocchiaro, E.T., lee, K. and Richardson, T. (1984)
Identification and quantification of cholesterol oxides
in grated cheese and bleached butteroil. J. Am. Oil
Chem. Soc., 61, 877-883

A, FFE, AEA (1990) AFold A A
A MEZRE J4" FE2eHE AshEe] ¢
slg}, ShrAEAehal A, 22, 767-773

/

] A8@ A35 (2001)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Tasi, L.S. and Hudson, C.A. (1985) Cholesterol oxides
in commercial dry egg products
Food Sci., 50, 229-231

FrE, AES, AEA (19) A2 EAA tEE
AT e 2HE AFAAE, AFAIHEA G
3] A, 9(4), 199-203
olAY, A, WMEH
2ZHE A3tEd 2
40, 529-538

Morrison, WR. and Smith. LM. (1964) Preparation of
fatty acid methyl esters and dimethylacetals from
lipids with boron fluoride-methanol. J. Lipid Res., 5,
600-608

Itoh, T., Tamura, T. and Matsumoto, T.

. Quantification. J.

. o153t (1998) AFel Fd
A, 54,

wl
=

(1973)
Methylsterol compositions of 19 vegetable oils. J. Am.
Oil Chem. Soc., 50, 300-303

Luby, JM.,, Gray, JI , Harte, BR. and Ryan, T.C.
(1986) Photooxidation of cholesterol in butter. J. Food
Sci., 51, 904-910

Smith, L.L. and Price, J.C. (1967) Detection of
7-ketocholesterol in oxidized sterol preparations. J.
Chromat., 26, 509-511

Ryan, T.C, Gray, J1. and Morton, LD. (1981)
Oxidation of cholesterol in heated tallow. J. Sci. Food
Agric., 32, 305-308

Chicoye, E., Powrie, W.D. and Frnnema. O. (1968)
Photoxidation of cholesterol in spray-dried egg yolk
upon irradiation. J. Food. Sci., 51, 581-587

Luby, J.H, Gray, J1. and Harte, BR. (1986) Effects
of packaging and light source on oxidative stability of
cholesterol in butter. J. Food Sci., 51, 908-913

—344—

G4 2001 59 259))



