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Background

The meat industrial storage and processing procedures affect lipid and cholesterol oxidation. Heat treatment, shredding, mincing, storing
and sodium chloride addition are available for oxidative catalysis (Kanner, 1994). Cholesterol oxidation may proceed by the same mechanisms
for lipid oxidation, producing a wide variety of cholesterol oxide (Kim & Nawar, 1994). Dietary oxysterols may substantially increase
the atherogenicity of lipoproteins and the oxidation of triglyceride-rich lipoprotein (Vine et al.,1998). They also may cause cytotoxicity,
angiotoxicity, mutagenicity and even carcinogenicity (Smith, 1987). One way to increase the oxidative stability of lipids and cholesterol in food
IS to increase the amount of natural antioxidants such as o-tocoppherol (vitamin E) or B-carotene in the diet. Feeding diets supplemented with
Vitamin E applied to animals like chickens, cows, and pigs resulted in vitamin accumulation in the animal muscle and better oxidative stability
under prooxidative condition such as storage and cooking (DeWine & Dirinck, 1997).

Objectives
Demonstrate the protective effect of feeding diets supplemented with vitamin E on cholesterol oxides in the cooked ham, an important
Processed meat consumed all over the world.

Methods

Sixteen crossbred pigs (L.W X L P), eight barrows and eight gilts were randomly alloted to one of the four treatment groups: 1) control
diet containing no supplementary vitamin E, 2) diet formulated to contain 100 mg of vitamin E/kg diet, 3) 200 mg of vitamin E/kg diet, 4)
400 mg of vitamin E/kg diet. The diets were supplemented with vitamin E in the form of a-tocopherol (Rovimix 50%®, Hoffmann-LaRoche,
Nutley, NJ — USA). The feeding period was completed in 116 days, and, then, the pigs were immediately slaughtered. After the chilling
Period, the biceps femoris muscles were removed from the carcass to produce the cooked hams. Before the cooked ham processing, the biceps
Jemoris samples were taken and stored at -20°C for the analysis. The cooked ham was produced in an industrial unit, and were stored at at 5°C
during 2 months to be analysed. The biceps femoris samples were thawed and homogenated with blender. The extration and determination of
‘(_)lal lipids were undertaken according to Folch, Less and Stanley’s method (1957). The cholesterol and cholesterol oxide were determined
Simultaneously by High Performance Liquid Chromatography according to Sander et al method (1989) modified by Baggio and Bragagnolo
(2000). The cholesterol and cholesterol oxides of cooked ham were analysed the same way described above at 0, 30 and 60 storing days. The
Statistical signicance of the difference between the cholesterol levels in biceps femoris muscle and cooked ham was determinad by ANOVA.
The difference significance among the averages was determined by Tukey test. The statistical analysis of the cholesterol and cholesterol oxides
from cooked ham among the treatments and sex during 60 days period (0, 30 and 60 days) was tested in a split-plot design (Gomes, 1985). All
data were analyzed using the General Linear Model procedure of SAS(1999).

Results and Discussions
As the vitamin E levels in the diet were increased, a reduction in cholesterol contents occurred, reaching 30% in the supplementation levels
°f400 mg of vitamin E/kg diet. As far as we know information on the reduction of the cholesterol levels in swines with the vitamin E ingestion
as not been found in literature until the present. A significant difference (P < 0.05) among the sexes were observed, with the barrows samples
Presenting an average of 41.46 + 0.42 mg/100 g, superior to the ones of the gilts, that is, 38.16 + 0.40 mg/100g. The differences observed in
the cholesterol levels among the barrows and gilts can be attributed to the hormone factors (Wenk et al., 1980), since the animals had received
L € same diet and had had the same treatment. Rowe et al. (1997) observed the average 47.39 + 3.24 mg/100g for the cholesterol content in
SWine ham. Therefore, they are levels very close to those observed in the present work, despite the use of different analysis methodology, and
the Sample submission to cook in boiling. Baggio and Bragagnolo (2000) using the same methodology of this study observed the following
Cholesterol contents: 46.0 + 5.0; 35.0 £ 2.0; 27.0 £ 3.0 e 81.0 £ 6.0 mg/100g in the turkey’s wing, thigh, chest and skin, respectively. The
'Ch(_)leslerol levels observed for the turkey’s wing are close to those obtained in the ham control samples. During the cooked ham processing
fi Significant reduction (P < 0.05) in cholesterol contents occurred, in all the treatments and sexes, comparing the results obtained in the ham
d"d_cooked ham, immediately after the processing. We suppose that this relative reduction is probably due to the ham mass increase with
Stsr?njectiqn of the cure sglution, since in zero tin.le storage cholesterol oxide.s were not observed i'n the 'samples of cooked ham. Durir}g the
P lt]:g penoq. a decrc"ase in -cholesterol conlen.ts 1n' C()i)}.(ed ham occurred (Flgure .1), but more evident in tre.atment 1 (control), reducing to
Cleartl same time Fhat increasing the levels ofﬂvntamm E in thcv diet. Thf: reduction in ch.olcsterol contents during the storage of'cooke.d ham,
She )’ observed in treatments 1 and 2, was to!lowed by.the increase in gl]olesterol 0x1de_ contents (Exgure 2); con‘ﬁrang lhelrﬂ origin. The
e esterol levels for lreatmenl 4 sAamplfes‘ r.emamed practically C()nst@I with supplementation le'vels of 400 mg of vitamin E/kg teed: In ham
ChOIZ(?Oked ha'm samples, in zero [lm? (initial) storage, cholesterol oxides had not been detected in the tr'catments or sex. After 30 sto_rmg days
‘estero] oxides had been detected in the cooked ham samples (treatments 1 and 2). The cholesterol oxide found was cholesta-4,6-dien-3-one
F:TTO), in concentrations varying from 2.?6 + 0.08 to 4:18 + 0.11 pg/g; anq 2Q (x-hydr(.)xycholestcrol (20R-OH), in concentrations varying
- 122 +0.07 to 3.15 £ 0.11 pg/g. Durmg the §0 storing days, a substantial increase in the total cholesterol oxide, in the‘ cooked sumples
varwo llFalmen[s 1 and 2, occurred. This increase is mainly due to the presence of 24-ketocholeslerol (cholest-5-en-24-one), in conceqtratmns
COnCeng 1‘r(_)m 34.15 * 1148 to 60.11 + 2.61 pg/g. Also, 25-hydroxycholesterol was found in 1rea.tmems 1 and 2 sample.s, however, in sr}lall
Varyinn,lrduons' varying from 4.18 £ 0.13 to 6.33 + 0.19 pg/g. In treatment 3 :samples cholestaj4,6—d1en.—3—one was detected in the concentrations
Dresen%- from 2.66 * ().07 to 3.22 + 0.08 pg/g, apd 20cx—hy$iroxycholeslerol in the concentrations varylng.from 2.60 + 0.08 to 2.99 + 0.09 pg/g,
ot o (lmg a behavior similar tf) trgalmem 2 W.llh ?.>0 storing days. No cholesterql oxide \Yas observed in the Freatmem 4 salnples, M;)nzlhax]
Vi.ta 9_92) also observed a s.xgmhcanl reduction in gholesterol oxide conleqts, in the swine m.eat samples with supplemem'atlop.pf .«.OO‘ mg
rodUCTn E/kg, whe'n stored in colq place after cooking. The'choleslerol c‘)x.lde cholesla»4.6—dw¢3—one has been observed in different topd
Valyeg \ Su_ch as bovine and swine fat (Chen .et al., 1994); bov1r}e meat (Vajdi & Nawar, 1979), chngken meat (Hwang & Maerker, 1993), with
$ Varying from 0.36 to 5.9 pg/g, depending on the processing and storage. The cholesterol oxide 20 a-hydroxycholesterol was reported
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in swine and bovine meat (Pie et al., 1991), salami and parmesan cheese (Schmarr et al., 1983), in concentrations varying from 0.14 to 10.88
ug/g. Considering the turkey meat, the cholesta-4,6-dien-3-one and 20 a-hydroxycholesterol were also detected in concentrations from 0.33
£0.03 to 7.65 + 0.87 pg/g in the samples obtained in the market (Baggio & Bragagnolo, 2000). 25-hydroxycholesterol is considered the most
cytotoxic cholesterol oxide, it was found in swine meat and poultry (Finochiaro & Richardson, 1983), in Milano salami and mortadella (Novelli
et al., 1998), in concentrations varying from 0.42 to 15.82 pg/g. References on 24-ketocholesterol in food have not been found, however, their
presence in cooked ham samples were confirmed in HPLC and GC-MS, with 97% probability.

Conclusion

Levels of 400 mg of vitamin E/kg feed supplied during 116 days before slaughtering reduces 30% of cholesterol in ham samples. The same
feeding period, 200 mg supplemented levels of vitamin E/kg feed or more maintained the total cholesterol oxide values below 10 pg/g (superior
limit for health) in the cooked ham during 60 cold storing days.

References

1. Baggio, S. and Bragagnolo, N. (2000) Validagdo da Metodologia para Determinagio Simultinea, por CLAE, de Colesterol e Oxidos de Colesterol em Carne
de Peru, Congresso Brasileiro de Ciéncia e Tecnologia de Alimentos, 18., Fortaleza. Anais... Fortaleza : SBCTA, 1 CD-ROM.

2. Chen, Y.C., Chiu, C.P. and Chen, B.H. (1994) Determination of Cholesterol Oxides in Heated Lard by Liquid Chromatography, Food Chem. 50, 53-58.

3. De Winne, A.D. and Dirinck, P. (1997) Studies on Vitamin E and Meat Quality. 3. Effect of Feeding High Vitamin E Levels to pigs on the Sensory and Keeping
Quality of Cooked Ham, J. Agric. Food Chem. 4, 4309-4317.

4. Finocchiaro, E.J. and Richardson, J. (1983) Sterol Oxides in Foodstuffs: a Rewiew, J. Food Prot. 46,917.

5. Folch, J., Less, M. and Stanley, S.A. (1957) A Simple Method for the Isolation and Purification of Total Lipids from Animal Tissues, J. Biol. Chem. 226,
497.

6. Gomes, F.G. (1985) Curso de Estatistica Experimental, 11nd edn., pp. 151-174, Livraria Nobel S.A., Piracicaba, Sio Paulo.

7. Hwang, K.T. and Maerker, G. (1993). Determination of-6-Ketocholestanol in Unirradiated and Irradiated Chicken Meats, J. Am. Oil Chem. Soc. 70(8), 789-
792.

8. Kanner, J. (1994) Oxidative Processes in Meat and Meat Products: Quality Implications, Meat Sci. 36, 169-189
9. Kim, K.K. and Nawar, W.W. (1993) Parameters Influencing Cholesterol Oxidation, Lipids 28, 917.

10. Monhan, EJ., Gray, J.I,, Booren, A.M., Miller, E.R., Buckley, D.J., Morrissey, P.A. and Gomaa, E.A. (1992) Influence of Dietary Treatment of Lipid and
Cholesterol Oxidation in Pork, J. Agric. Food Chem. 40, 1310-1315.

11. Novelli, E., Zanardi, E., Ghiretti, G.P., Campanini, G., Dazzi, G., Madarena, G. and Chizzolini, R. (1998) Lipid and Cholesterol Oxidation in Frozen Stored
Pork, Salame Milano and Mortadella, Meat Sci. 48(1/2), 29-40.

12. Pie, J.E., Spahis, K. and Seillan, C. (1991) Cholesterol Oxidation in Meat Products during Cooking and Frozen Storage, J. Agric. Food Chem. 39, 250-254.

13. Rowe, A., Bertoni, S.A., Pereira, P.L., Matsuhita, M. and Souza, N.E. (1997) Colesterol em Carnes Bovinas, Suinas, Frangos e Derivados de Carnes
Comercializados em Maringd, Parand, Brasil, Archivos Latinoamericanos de Nutricion 47(3), 282-284.

14. Sander, B.D., Addis, P.B., Park, S.W. and Smith, D.E. (1989) Quantification of Cholesterol Oxidation Products in a Variety of Foods, J. Food Prot. 52, 109.
15. SAS (1999) Statistical Analyses System, Instituto SAS, Cary, NC, USA.

16. Schmarr, H.G., Gross, H.B. and Shibamoto, T. (1996) Analysis of Polar Cholesterol Oxidation Products: Evaluation of a New Method Involving
Transesterification Solid Phase Extraction, and Gas Chromatography, J. Agric. Food Chem. 44, 512-517.

17. Smith, L.L. (1987) Cholesterol Autoxidation, Chem. Physis. Lipids 44, 87.
18. Vajdi, M. and Nawar, W.W. (1979) Identification of Radiolytic Compounds from Beef, J. Am. Oil Chem. Soc. 56, 611-615.

19. Vine, D.F., Mamo, J.C.L., Beilin, L.J., Mori, T.A. and Croft, K.D. (1998) Dietary Oxysterols are Incorporated in Plasma Triglyceride-Rich Lipoproteins,
Increase their Susceptibility to Oxidation and Increase Aortic Cholesterol Concentration of Rabbits, J. of Lipid Res. 39, 1995-2004.

20. Wenk, C, Pfinter, H.P. and Bickel, H. (1980) Energetic Aspects of Feed Conversion in Growing Pigs, Livestock Prod. Sci. 7, 483-495.

45 b 70
k=
= %
S o] S 50
E 5 20
E 7 230
§ 35 E i
Z o 10
3 30 B —3
O =210 4 : —
25 4 v . 0 dias 30 dias 60 dias
0 30 60 Time of storage (days)
Time (days)
I:.—Comrolc —h— 100 mg ——200 mg —l— 400 mg
Figure 1. Vitamin E effects on cholesterol Figure 2. Vitamin E effects on oxysterols
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