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BACKGROUND

Lipid oxidation products, and a few cholesterol oxides (COPs) in particular, are considered atherogenic agents and appear to have
mutagenic, carcinogenic and cytotoxic properties. Human subjects can absorb oxysterols from food sources and COPs appear to be
able to replace cholesterol molecules in membranes, perturbing permeability, stability and other membrane properties (Emanuel e /.,
1991; Guardiola et al., 1996).

The research which has been undertaken aimed at improving the nutritional quality of pork through changes of the pigs’ diets. The
composition of deposit fat has been modified increasing the amount of oleic acid in the feeds and the diet has been supplemented with
two levels of vitamin E.

METHODS ;

A group of 84 pigs was divided in 4 subgroups of which one, 12 animals, was the control (Diet 1), one group , 24 animals, received 2
diet enriched with 6% sunflower oil (78% oleic acid) (Diet 2) and two groups, 24 animals each, were raised on a diet with 6%
sunflower oil supplemented with 100 ppm a-tocopheryl acetate for one group (Diet 3) and with 200 ppm o-tocopheryl acetate for
the other (Diet 4). All animals were kept on experimental diets for about 6 months. Lipid oxidation analyses were carried out o8
chops, raw and cooked, on salame Milano, produced with shoulders, ham trimmings and bellies, and on the hams processed as Parm4
hams. The determinations of thiobarbituric reactive substances (TBARS), total cholesterol, cholesterol oxides (COPs) and vitamin E
content were carried out as described by Zanardi et al. (1998).

RESULTS AND DISCUSSION

Vitamin E (Table 1) data were expressed on a dry matter basis without NaCl to avoid the distorting effects of moisture and NaC}
contents. Values increased in all dietary groups compared with controls. A remarkable increase has taken place with diet 2, with 0
but without vitamin E supplementation, where the vitamin content was more than twice that of control. Vitamin contents of the
groups supplemented with vit.E were higher than groups 1 and 2 and the 200mg vit.E supplemented group had a vitamin content
about three times higher than control. In most cases the content of vitamin E was not significantly different between the group$
supplemented with 100 and 200 ppm o-tocopheryl acetate. Vitamin content of processed products was variable and not directly
related with fat content. The latter was about 3% in chops, 30% in salame and 6% in ham. Vitamin E contents, therefore, shoul
have been higher in salame and hams, in order, compared with chops. Whereas ham content of vitamin E can be considered more 0f
less in line with fat content, it would appear that vitamin values of salame are lower than expected. The finding could suggest that
salame processing technology has caused a significant consumption of the vitamin. The data, reported below, on oxidation (TBARS
and oxysterols) seem to confirm the hypothesis.

TBARS measurements (Table 2) have not shown significant differences between the diets in samples analysed immediately aftef
cutting. Exposure to fluorescent light, whether in the presence of oxygen (chops) or under vacuum (hams) produced higher an
significantly different malonaldehyde values in the samples of the control group compared to the other groups. No differences weré
observed among the oil supplemented groups (Diets 2, 3 and 4) which could be related to vitamin E supplementation. Similar results
were obtained with cholesterol oxides content (Tables 3, 4, 5). The oxides regularly found in all samples were 5,60(-epoxycholestef01
and 7ketocholesterol; 7B-hydroxycholesterol has not been found in all samples, especially in chops, while 20a-hydroxycholester0]v
25-hydroxycholesterol and triol have never been detected. The percentage of oxidised cholesterol varied from 0.12 to 0.04
Differences between dietary groups were not significant due to considerable variation among samples. There appeared to be a clea!
tendency, though, for values gradually decreasing from the control group to the one supplemented with 200 ppm vitamin E, mor®
evident in salame Milano than in hams and cooked chops. The observation appear to confirm TBARS values, higher in salame than i?
chops and hams and would also be in line with what has been remarked about vitamin content in salame, lower than expected.

The results substantially agree with what is known from the literature. Asghar et al. (1991) observed a reduction of TBARS values
during refrigerated storage of chops frozen and thawed with vitamin E contents of 0.5, 2.6 and 4.7 ppm. Monahan et al. (19928)’
with pigs supplemented with up to 200 ppm vitamin E from 30 kg to 98 kg, observed a significant reduction of TBARS values f’f
chops frozen for 4 months, thawed and exposed under refrigeration for 8 days. Pie ef al. (1991) studied oxidation of cholesterol I
beef, veal and pork, fresh, 3 months frozen and cooked. On the whole, the percentage of oxysterols to cholesterol varied on averag®
from 0.3 to 0.8% and the most dangerous ones, cholestanetriol and 25-hydroxycholesterol, were either absent or present at very 10W
amounts. Zubillaga e Maerker (1991) observed three oxysterols, namely 7-keto, 5,60-epoxy and 5,6B-epoxy, in fresh meat (Ve"l’
pork, beef) and chicken with pork containing the lowest amounts of oxides, the three of them summing up to about 100 ppb-
Monahan ez al. (1992b) observed three oxysterols, namely 5,60-epoxy-, 7-keto- and 7B-hydroxycholesterol in cooked ground p0fk'
On the whole it would appear that in normal conditions vitamin E content of control diet fed animals would be sufficient to protect fat
from oxidation but, if conditions of oxidative stress come in, higher vitamin contents would be needed to keep oxidation uﬂ‘_i"‘r
control. It seems, moreover, that there might be room for reduction in cholesterol oxidation if the tendency towards lower oxidatio®
levels in high vitamin E meats observed in the present study were confirmed by further investigations.

REFERENCES

Asghar A., Gray J.I, Booren A.M., Gomaa E.A., Abouzied M.M., Miller E.R. and Buckley D.J. (1991) Journal of the Scienceé of
Food and Agriculture, 57, 31-41. Buckley D.J., Morrissey P.A. and Gray J.I. (1995) Journal of Animal Science, 73, 3122-31'30'
Emanuel H.A., Hassel C.A., Addis P.B., Bergmann S.D. and Zavoral J.H. (1991) Journal of Food Science, 56, 843-847. Guardiol?
F., Codony R., Addis P.B., Rafecas M.and Boatella J. (1996). Food Chemistry and Toxicology, 34, 193-211. Monahan F.J., Asgh?
A., Gray J.I, Buckley D.J. and Morrissey P.A. (1992a) Proceedings of the. 38th International Congress of Meat Science and
Technology, Clermont Ferrand, France, 543-546. Monahan F.J., Gray J.I., Boreen A.M., Miller E.R., Buckley D.J., Morrissey p.A
and Gomaa E.A. (1992b) Journal of Agricultural and Food Chemistry, 40, 1310-1315. Pie J.E., Spahis K. and Seillan C. (199‘]?
Journal of Agricultural and Food Chemistry, 39, 250-254. Zanardi E., Novellli E., Nanni N., Ghiretti G.P., Delbono G., Camp3Illlll

630

444 ICoMST 1998




G, Dazzi G., Madarena G. and Chizzolini R. (1998) Meat Science, in press. Zubillaga M.P.and Maerker G. (1991) Journal of Food

Science, 56, 1194-1196.

AKNOWLEDGEMENTS: Research financed by the European Commission (Contract AIR-CT94-1577, “Dietox”).

TABLE 1. Vitamin E content (mg/kg on dry matter for chops, mg/kg on dry matter and no NaCl for salame Milano and ham) (Mean

Standard Deviation). Different superscripts stand for significant differences at the Scheffé’s test (P<0.05)

DIET 1 2 3 4

CHOPS - RAW 5.18+0.69° 12.31+2.23" 15.48+2.36° 16.87+2.81°
CHOPS - COOKED 5.91+0.96° 13.3742.03° 17.06+2.26° 18.64+2.25°
SALAME MILANO 6.45+0.71° 13.57+1.82° 16.73+2.23% 19.6542.06
Ham 5.98+1.48° 14.17+2.72° 18.73+1.98° 19.4143.55°

TABLE 2. TBARS (mg MDA/kg) (MeantStandard Deviation). Different superscripts stand for significant differences at the

Scheffé’s test (P<0.05)

DIET 1 2 3 4
CHOPS - RAW 0.1140.03 0.10+0.03 0.1040.03 0.1240.06
CHOps . RAW - 0.47+0.22° 0.3140.16® 0.2440.11° 0.3510.20™
EXPOSED 7 DAYS

CHOPS - COOKED 0.0740.04 0.0610.02 0.0540.02 0.0440.02
CHOPS- COOKED - 0.9440.18° 0.5640.18° 0.5540.08" 0.4340.07°
EXPOSED 7 DAYS

SALAME MILANO 0.4010.12 0.28+0.10 0.2740.13 0.2440.07
HAm 0.1840.03 0.1540.02 0.16+0.04 0.1540.03
HAM - UNDER VAC. 0.29+0.03° 0.2340.03" 0.2440.03° 0.2340.03°

EXPOSED 90 DAYS

TABLE 3. Cholesterol (mg/100g) and cholesterol oxides (1g/g) content in cooked chops (MeantStandard Deviation) (N.D.= Not

Ctected, *= only one sample).

DIET 1 2 3 4

CHOLESTEROL 71.8+13.3 77.645.2 74.3+13.1 74.4+7.3

’B-OHCHOLES. N.D. 0.03* 0.0240.01 0.02*

3,60-EPOXYCHOL. 0.5040.12 0.310.16 0.3240.10 0.2440.06

b/‘KETOCHOL. 0.3040.19 0.2940.12 0.2040.10 0.1840.16
o CHOL-OXIDISED 0.11 0.11 0.07 0.06

TABLE 4. Cholesterol (mg/100g) and cholesterol oxides (j1g/g) content in salame Milano (MeanzStandard Deviation).

DIgT 1 2 3 4

CHOLESTEROL 110.548.9 97.247.5 96.8+4.6 94.8+4.7

B-OHCHOLES. 0.5620.84 0.2240.33 0.10+0.08 0.1140.06

%,60-EPOXYCHOL. 0.2340.21 0.1440.11 0.10+0.09 0.1940.17

O/‘KETOCHOL. 0.5240.71 0.2340.39 0.19+0.23 0.1240.08
% CHOL-OXIDISED 0.12 0.06 0.04 0.04

TABLE 5. Cholesterol (mg/100g) and cholesterol oxides (1ng/g) content in Parma ham (Mean+Standard Deviation).

DI 1 2 3 4

CHOLESTEROL 76.4+7.4 61.649.2 72.2411.7 74.6%13.6

’B-OHCHOLES. 0.2140.14 0.1840.33 0.1740.33 0.1340.06

7’6<X-EPOXYCHOL. 0.3140.16 0.2540.17 0.1540.11 0.1740.12

O/‘KETOCHOL. 0.3240.18 0.2240.15 0.1840.14 0.2340.12
* CHOL-OXIDISED 0.11 0.10 0.07 0.07
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