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ABSTRACT  
 
Objective of this work was to evaluate the protective effect of vitamin E on the cooked ham. Ninety-six pigs (LW X L 
X P), forty-eight barrows and forty-eight gilts were divided in four randomized blocks. Each block received four 
treatments: a control diet, diets formulated with 100 mg, with 200 mg and with 400 mg of vitamin E/kg diet. The 
average cholesterol values in cooked ham  were 46.53 ± 0.47 mg/100g. However, a reduction of 30% was observed 
in samples of supplemented diets with 400 mg of vitamin E/kg. During shelf-life of the cooked ham was observed a 
reduction in the cholesterol levels, with the associated production of cholesterol oxides. The cholesterol oxides 
observed were: cholesta-4,6-dien-3-one; 20α-hydroxycolesterol; 24-hydroxycholesterol, and 25-hidroxycholesterol. 
Supplementation of 200 mg of vitamin E/kg or more maintained the cholesterol oxides values below 10 µg/g during 
the 116 days before slaughter. 
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INTRODUCTION  
 
Food oxidation affects the quality and the safety of 
the human diet by generating compounds with 
biological activities that can adversely affect 
health. Unsaturated lipids are particularly 
susceptible to oxidation, and the mechanism has 
been throroughly studied and well documented in 
the literature. Lipid oxidation is responsible for the 
quality deterioration of muscle foods and results in 
the formation of lipid hydroperoxides which  
decompose into secondary products such as 
aldehydes, alcohols, ketones, and short-chain 
carboxylic acids (Kubow, 1990). Cholesterol is 
also prone to oxidation, producing a wide variety 

of cholestrol oxides, termed oxysterols. 
Cholesterol oxidation may proceed by the same 
mechanisms described for lipid oxidation or can be 
initiated by free radicals generated during the lipid 
oxidation (Finoccchiaro and Richardson, 1983). 
Oxidized lipids and cholesterol oxides are 
implicated in the enhancement of atherosclerosis 
(Kumar and Singhal, 1991). Oxysterols are well 
absorbed from the diet and are transferred into 
cholesterol-rich lipoproteins such as very low 
density lipoproteins, low density lipoproteins 
(LDL), and chylomicrons (Guardiola et al., 1996). 
Oxysterols have been detected in LDL and in the 
atheromatous plaque (Hubbard et al., 1989). They 
can modify cell membrane fluidity and 
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permeability and inhibit cholesterol biosynthesis 
by suppressing hydroxy methyl glutaryl-CoA 
reductase activity. They also may cause 
cytotoxicity, angiotoxicity, mutagenicity and even 
carcinogenicity (Kandutsch and Chen, 1978; 
Smith, 1987). 
The meat industry storage and processing 
procedures affect lipid and cholesterol oxidation. 
Heat treatment has negative effects on cellular 
structure, inactivates enzymes, releases oxygen 
from oxymyoglobin, creating in this way the 
conditions for hydrogen peroxide production. 
Cooking, especially at low temperatures for long 
time, has also the effect of releasing iron ions from 
heme groups. Shredding, mincing and mixing 
disrupt muscle structure and, in this way, increase 
the surface exposed to oxygen and other oxidation 
catalysts. Sodium chloride has pro-oxidant effects 
(Kanner, 1994) strengthen the effect of iron ions 
by moving them from prosthetic groups, so that 
they are available for oxidative catalysis. 
One way to increase the oxidative stability of 
lipids and cholesterol in foods is to increase the 
amount of natural antioxidants such as α-
tocoppherol (vitamin E) or β-carotene in the diet. 
Feeding diets supplemented with vitamin E 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 (Engeseth et 
al., 1993).  
 
 
MATERIALS AND METHODS 
 
Ninety six crossbred pigs (LW X L X P), forty 
eight barrows and forty eight gilts, with in average 
initial weight of 24 kg were individually penned. 
A randomized, complete block design with four 
treatments and four blocks was utilized, with 
initial weight serving as the blocking factor. The 
animal blocks were small (17 to 20 kg), medium 
small (21 to 24 kg), medium (25 to 28 kg) and big 
(29 to 31 kg). Within each block, pigs were 
randomly alloted to one of the four treatments 
groups, each treatment consisted of six pigs (three 
barrows and three gilts). The four treatments were 
a control diet containing no supplementary vitamin 
E, diet formulated to contain 100 mg of vitamin 
E/kg diet, 200 mg of vitamin E/kg diet and 400 mg 
of vitamin E/kg diet. The feeding trial was divided 
into a growing period and a finishing period. The 
diets were supplemented with vitamin E in the 

form of α-tocopherol (Rovimix 50%®, Hoffmann-
LaRoche, Nutley, NJ – USA). Pigs were provided 
ad libitum access to the feed and were housed in 
an environmentally controlled barn. The following 
phases were considered in the experiment: 
growing phase (65 at 123 days) and finish phase 
(124 at 182 days), totalize 116 days before of the 
slaughter. 
At the completion of the feeding period, pigs were 
weighed and feed was removed approximately 12 
h before slaughter. The average weight of the pigs 
was around 110 kg, which were slaughtered at a 
commercial slaughterhouse. After a 24 h chilling 
period, the biceps femoris muscles were removed 
from the carcass to produce the cooked hams 
(from the medium group and of the four 
treatments, 16 pigs). Before processing the cooked 
hams, samples of biceps femoris were taken from 
each ham and stored at -20ºC prior to analysis. 
The cooked  hams were produced in industrial 
unit. Hams were deboned and membranes, 
tendons, fatty tissue, and rind removed. The brine 
was evenly distributed over the ham muscles with 
a Retus Inject-O-Mat type multineedle brine 
injection. The cooked ham was manufactured with 
64.4% of the ham without bone and 35.6% of the 
brine. The composition of the brine (in % v/v) was 
salt (4.78%), sodium eritorbate (0.13%), mono-
sodium glutamate (0.30%), maltodextrin (5.48%), 
phosphate (2.44%), nitrate/nitrite (2.14%), 
carageenan (1.52%), protein isolate (4.48%), sugar 
(2.39%), cochineal dye (0.03%) and water 
(76.31%). For distribution of the curing 
ingredients throughout the entire product, each 
ham was tumbled for 40 min, and stored for 12 h 
at 2ºC. The following day, the hams were tumbled 
again for 40 min, stuffed into polyethelene film 
and vacuum pressed, and heated in bath at 62ºC 
for 30 min. The cooked hams were stored at 5ºC 
for analysis for two months.  
Slices of biceps femoris were thawed and 
homogenated with blender. The extration and 
determination of total lipids were undertaken 
according to the method of Folch et al. (1957). 
Cholesterol oxides, cholesterol and total lipids 
were determined from the same extract of meat 
and cooked ham. Cholesterol and cholesterol 
oxides were determined simultaneously by high 
performance liquid chromatography according to 
method of Sander et al. (1989), modified by 
Baggio and Bragagnolo (2000). The following 
stages were carried out: lipid extraction, cold 
saponification and extration of unsaponificable 
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material. A Schimadzu Liquid Chromatograph 
equipped with binary system LAD 10, M10A 
detector and autosampler with a 20 µL loop was 
used to apply the samples. Separations were 
achieved with a normal-phase 5 µm Nova Pack 
CNHP column (300 x 3.9 mm i.d.), and Hypersil 
BDSCN with guard column (7.5 x 4.6 mm, 5 µm). 
The eluent flow rate through the chromatographic 
column was 1.0 mL/min. The column was 
equilibrated with a mobile phase consisting of 
96% hexane and 4% isopropanol (vol/vol) and at 
32°C of the temperature. The method was 
validated in terms of recovery, repeatability, 
detection limit and quantification limit (De Bruin 
et al., 1998). The cholesterol and cholesterol 
oxides were identified by the retention times 
compared with those of standards, spiking and the 
UV spectra (200 to 400 nm), helped by Class-LC 
10 software. The peak purity was ascertained by 
the UV spectra and confirmed by GC-MS. The 
identity of separated molecules was confirmed 
with a Hewlett Packard chromatograph 6890 
equipped with a mass selector MSHP 5973. The 
interface temperature was 320°C and electron 
impact ionisation at an energy of 70 eV. 
Chromatography was run with a fused silica 
capillary column (30 x 0.255 mm, 0.25 µm) with 
helium as carrier gas at a pressure of 10 psi and 
flow rate of 0.7 mL/min. The interface temperature 
was 320°C and electron impact ionisation at an 
energy of 70 eV. Injector line temperature was 
290°C and column temperature was programmed 
began at 110°C/2 min; 235°C/5 min at 40°C/min; 
310°C/5 min at 1°C/min.The cholesterol (Merck-
German) and oxides cholesterol (Sigma Chemical 
Company and Steraloids Inc.-USA) standards and 
the samples were derivatized according Schamrr et 
al. (1996). The cholesterol and cholesterol oxides 
of ham and cooked ham were analysed in the same 
way descripted above at 0, 30 and 60 days of 
storage. 
The statistical signicance of the difference 
between the cholesterol leves in biceps femoris 
muscle and cooked ham was determinad by 
ANOVA. Significance of the difference between 
means was determined by Tukey test. Statistical 
analysis of the cholesterol and cholesterol oxides 
from cooked ham between treatments and sex 
during 60 days period (0, 30 and 60 days) was 
tested in a split-plot design (Gomes, 1985). Single-
degree-of-freedom, orthogonal contrasts were 
done when significant (P < 0.05) effects of 
treatments were observed. All data were analyzed 

using the General Linear Model procedure of SAS 
(1999). Two barrows and two gilts by treatments 
and by pens was drawing lots, at random, 
represented the replication. The tests of the 
multiple comparision were performed by Tukey (P 
< 0.05). The panel for analysis of variavel desing 
was: 
 

Source of Variation Degree of Freedom 
Treatments (T) (4 - 1) = 3 
Sex (S) (2 – 1) = 1 
T x S(a) (3 x 1) = 3  
Time (t) (3 – 1) = 2 
T x t (3 x 2) = 6 
Residue (b) (47 – 15) = 32 
Total  (48 – 1) = 47 

 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the average cholesterol contents in 
samples of ham, according to ANOVA results of 
Table 2. As the vitamin E levels in the diet were 
increased, a reduction in cholesterol contents 
occured approximately, reaching 30% in the levels 
of supplementation of 400 mg of vitamin E/kg 
diet. Between the sexes significant difference were 
observed (P < 0.05), with the barrows samples 
presenting average of 41.46 ± 0.42 mg/100 g, 
superior to the gilts of 38.16 ± 0.40 µg/100 g. 
There is not information on the reduction in the 
cholesterol levels in swines with the vitamin E 
ingestion in literature. However, Diéber-
Rotheneder et al. (1991) had observed a reduction 
in the lipoprotein levels of low density (LDL) in 
human plasma, when they received vitamin E via 
oral. In experiment in vitro, Shige et al. (1998) 
had observed a reduction in LDL contents, in 
culture of cells J774 (macrophages), that presented 
concentration of 50 µmol of vitamin E. As LDL is 
part of the cholesterol, its reduction will imply in a 
reduction in total cholesterol contents, as observed 
in the present research.  
During the cooked ham processing a significant 
reduction (P < 0.05) in cholesterol contents 
occurred, in all the treatments and sexes (Table 3). 
The reduction in cholesterol contents occurred 
probably due to the mass increase of the ham with 
the injection of the cure solution. 
Table 4 shows the ANOVA of cholesterol contents 
of cooked ham, during the period of storage, 
indicating significant difference (P < 0.05) in all 
the analyzed causes of variation. During this 
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period of storage, a decrease in cholesterol 
contents occurred (Fig. 1) in cooked ham, but 
more evident in treatment 1 (control), reducing to 
at the same time that increase the levels of vitamin 
E in the diet. The treatment 4 remained practically 

constant with supplementation levels of 400 mg of 
vitamin E/kg diet. An important observed 
correlation (r = 0.70) was between cholesterol 
contents of cooked ham (Y) and the treatments (x), 
with the linear regression: Y = 38.495 – 0.022x.

 
Table 1 - Effect of the Different Treatments on the Levels Cholesterol of Hama 

Treatment (mg of vitamin E/kg diet) Cholesterol levels (mg/100g) 
11 46.53 ± 0.47a 

100 41.65 ± 0.42b 

200 37.73 ± 0.38c 

400 33.33 ± 0.33d 

aMeans obtained among the three repetitions and the sexes. 
Different letters in the same column are significantly different (P ≤ 0.05). 
 
 
 
Table 2 - Analysis of Variance (ANOVA) for Ham Cholesterol Levels. 

SV DF SS MS F P 
Treatment 3 379.28 126.42 786.08 0.0001 
Sex 1 43.62 43.62 271.26 0.0001 
Residue(a) 11 1.77 0.16   
Total 15 424.67    

R2 = 0.9958                                                                                   CV(%) = 1.007 
 
 
 
Table 3 - Treatment, Sex and Processing Effects on Ham Cholesterol Levels and Cooked Hama 

Cholesterol levels (mg/100 g ) Treatment 
(mg vit. E/kg diet) 

Sexb 

Ham Cooked ham 
CV(%) c 

M 48.61a 45.05b 1.78 11 
F 44.45a 40.86b 1.51 
M 43.03a 41.38b 1.82 100 
F 40.26a 38.27b 1.64 
M 39.30a 37.00b 2.04 200 
F 36.16a 33.83b 2.32 
M 34.89a 31.45b 2.17 400 
F 31.77a 28.75b 2.54 

aMeans obtained among three repetitions. 
bM = barrow               F = gilts 
cCV(%) = Coeficient of variation 
Different letters in the same row are significantly diferent (P < 0.05). 
 
 
 
Table 4 - Analysis of Variance (ANOVA) for Cooked Ham Levels, during the Shelf-Life (60 days) 

SV DF SS MS F P 
Treatments 3 500.58 166.86 1376.39 0.0001 
Sex 1 109.38 109.38 902.29 0.0001 
Treat x Sex(a) 3 7.21 2.40 19.82 0.001 
Time 2 263.96 131.98 1088.69 0.0001 
Treat x Time 6 244.46 40.74 336.08 0.0001 
Residue(b) 32 3.88 0.12   
Total 47 1,129.47    

R2 = 0.9965                                                             CV(%)= 1.004  
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The reduction in cholesterol contents during the 
storage of cooked ham (Fig. 1), clearly observed in 
treatments 1 and 2, was followed by the increase 
in cholesterol oxide contents (Fig. 2), confirming 

their origin. At zero time storage cholesterol 
oxides was not observed in the samples of cooked 
ham (Fig. 2). Park and Addis (1987) and Monahan 
et al. (1992) also found similar results.  

 

 
Figure 1 - Effect on the Cholesterol Levels of Cooked Ham, during the Shelf-Lifea. 

a Means obtained on true repetitions and two sexes (barrows and gilts). 
 
 
 

 
Figure 2 - Effect on the Total of Cholesterol Oxides (µg/g) from Cooked Ham, during the Shelf-Lifea. 

a Means obtained on true repetions and two sexes (barrows and gilts) 
 
 
During the 60 days storage, a substantial increase 
in the cholesterol oxide total in the samples of 
cooked ham of treatments 1 and 2 occurred      
(Fig. 2). This was mainly due to the presence of 
24-hydroxycholesterol, in concentrations varying 
34.15 ± 1.48 to 60.11 ± 2.61 µg/g. Also, 25-

hydroxycholesterol was found in the samples of 
treatments 1 and 2, although in small 
concentrations, varying from 4.18 ± 0.13 to 6.33 ± 
0.19 µg/g. In the samples  of treatment 3, cholesta-
4,6-dien-3-ona were found in the concentrations 
varying from 2.66 ± 0.07 to 3.22 ± 0.08 µg/g, and 
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20α-hydroxycholesterol in the concentrations 
varying from 2.60 ± 0.08 to 2.99 ± 0.09 µg/g, 
presenting a similar behavior to treatment 2 with 
30 days of storage. No cholesterol oxide was 
observed (Fig. 2) in the treatment 4 samples. 
In the samples of ham and cooked ham at time 
zero (initial) storage, cholesterol oxides was not 
detected in the treatments or sex (Fig. 2). With 30 
days of storage cholesterol oxides was found in the 
samples of cooked ham (treatments 1 and 2). The 
cholesterol oxides were cholesta-4,6-dien-3-ona 
(dieno) in concentrations varying from 2.56 ± 0.08 
to 4.18 ± 0.11 µg/g; and 20 α-hydro-cholesterol 
(20A-OH), in concentrations varying from 2.22 ± 
0.07 to 3.15 ± 0.11 µg/g (Fig. 2). The main 
cholesterol oxides found in foods are 25- 
hydroxycholesterol, cholestan-3β-α-6β-triol, 5,6α-
epoxycholesterol, 5,6β-epoxycholesterol, 7-keto-
cholesterol, and cholesta-4,6-dien-3ona 
(Finocchiaro and Richardson, 1983). Sander et al. 
(1989), analyzing samples of lyophilized turkey, 
found the following cholesterol oxides: 5,6β-
epoxycholesterol (8 µg/g), 5,6α-epoxycholesterol 
(21 µg/g), 7β-hydroxycholesterol (18 µg/g) and 7-
ketocholesterol (20 µg/g). In storage bovine meat 
at 10 ºC, during 30, 60 and 90 days, 11.91, 12.26 
and 13.88 µg/g of 7-ketocholesterol, were found 
respectively (Penazzi et al., 1995). Engeseth et al. 
(1993), varying the temperature of storage of the 
veal meat, had observed the following 
concentrations for 7-ketocholesterol: 10.44 and 
12.29 µg/g at 4ºC; 13.00 and 15.60 µg/g at 10ºC; 
on the third and sixth day, respectively.  
In swine meat 7α-hydroxycholesterol, 7β-
hydroxycholesterol, α-epoxycholesterol, β-
epoxycholesterol and 7-ketocholesterol, in 
concentrations varying from 0.55 to 3.85 µg/g; 
and in salami samples: 7α-hydroxycholesterol; 7β-
hydroxylesterol; 20α-hydroxycholesterol, α-
epoxycholesterol; β-epoxycholesterol and 7-
ketocholesterol; in concentrations varying of 0.38 
to 2.21 µg/g were found (Lake and Scholes, 1997). 
Rowe et al. (1997) observed average 47.39 ± 3.24 
µg/100g cholesterol content in swine ham, which 
were very close levels to those observed in the 
present work, despite using different methodology 
of analysis and cooking of samples in boiling fat. 
On the other hand, they observed superior average 
for cooked ham of 111.07 ± 28.02 µg/100g. As the 
cooked ham samples were obtained randomly in 
the ordinary market, this difference was 
predictable due to probable use of different types 

of fat, not only in the qualitative but also in the 
quantitative aspect during processing. 
Novelli et al. (1998), analyzing salami Milano and 
mortadella samples observed great variation in 
cholesterol contents and cholesterol oxides. In 
salami Milano samples, the cholesterol contents 
varied from 34.29 to 119.01 µg/100 g, and in the 
mortadella from 52.11 to 138.14 µg/100 g. The 
cholesterol oxides found in the samples were 7β-
hydroxycholesterol, 5,6 α-epoxycholesterol, 7-
ketocholesterol and 25-hydroxycholesterol, with 
values varying from 0.42 to 15.82 µg/g. 
7α-hydroxycholesterol, 7β-hydroxycholesterol and 
7-ketocholesterol were not found in ham and 
cooked ham samples analyzed in the present work. 
This apparently contradicted the hypothesis of 
Teng et al. (1973) that the first oxides formed by 
the cholesterol auto-oxidation were 7α, 7β-
hydroxycholesterol and 7-ketocholesterol. 
Korahani et al. (1982) suggested that the presence 
of fatty acid such as C18:0 and C18:1 inhibited the 
cholesterol oxidation. Nawar et al. (1991) 
observed that during the heating of cholesterol at 
180 ºC for 1 h in lysine presence reduced the 
concentration of 7-ketocholesterol from 9.2 to 0.6 
µg/g (93.5%), decreased the formation of 7α and 
7β-hydroxycholesterol and increased 
concentration of cholesta-4,6-dien-3-ona from 0.6 
to 4.2 µg/g (85.7%), when compared to the 
heating with no lysine.  
The diet supplied to swines was rich in lysine, 
which was incorporated to the muscle, and was not 
destroyed during the cooked ham processing. 
Probably that was the cause for not finding 7-
ketocholesterol and 7α, 7β-hydroxycholesterol, 
which were below the detection limit, and 
cholesta-4,6-dien-3-ona was identified.  
The cholesterol oxide cholesta-4,6-dien-3-ona has 
been observed in different food products, such as 
butter (Roderbourg and Kudzl-Savoie, 1979): 
bovine and swine fat (Ryan et al., 1981; Chen et 
al., 1994), eggs (Penock et al., 1962), milk powder 
(Flanagan et al., 1975; Chan et al., 1993), bovine 
meat (Vajdi and Nawar, 1979; Hwang and 
Maerker, 1993), swine meat (Hwang and Maerker, 
1993), and fish (Adachi et al., 1996), with values 
varying from 0.36 to 5.9 µg/g, depending on the 
processing and storage. The cholesterol oxide 20 
α-hydroxycholesterol was reported in butter and 
eggs (Pie et al., 1991), swine and bovine meat (Pie 
et al., 1991; Schmarr et al., 1996), salami and 
parmesan cheese (Schmarr et al., 1996) in 
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concentrations varying from 0.14 to 10.88 µg/g. 
25-hydroxycholesterol is considered as the most 
cytotoxic of cholesterol oxides, therefore, it 
inhibits the activity of 3-hydroxy-3-
methylglutanyl-coenzyme A-reductase (HMG-
CoA), leading to the reduction of the endogenous 
synthesis of the cholesterol (Addis, 1989; Kubow, 
1990; Kumar and Singhal, 1991). It was found in 
swine meat and poultry (Finocchiaro and 
Richardson, 1983), in Milano salami and 
mortadella (Novelli et al., 1998) in concentrations 
varying from 0.42 to 15.82 µg/g. The cholesterol 
and 24-hydroxycholesterol were confirmed in the 
GC-MS, but it was not possible to confirm about 
the other cholesterol oxides. 
References on 24-hydroxycholesterol in foods 
have not been found, however, its presence in 
cooked ham samples were confirmed in HPLC and 
GC-MS, with 97% probability. On the other hand, 
the confirmation of the dieno, the 20α-OH and the 
25-OH in the GC-MS was not possible, probably 
due to the low concentrations and mainly to 
inappropriate chromatographic conditions 
employed.  
The references on GC-MS presented more 
convenient chromatographic conditions, as of 
injection of the sample at 30 ºC, kept during 1 
minute and rising up to 140-280 ºC at a rate of 
10ºC/minute (Chen et al., 1994). Less polar 
columns such as the DB-1 (Addis, 1986; Nawar et 
al., 1991; Monahan et al., 1992; Chan et al., 1993; 
Salin et al., 1995), the DB-5 (Hwang and Maerker, 
1993; Schmarr et al., 1996; Lake and Scholes, 
1997), or the CB-5 (Pie et al., 1991), in place of 
the HP-SMS used here were employed. 
Considering all the stages to determine the 
cholesterol and its oxides, the following averages 
were observed: recovery 90.96%; detection limit 
0.56 µg/g; quantification limit 1.86 µg/g and 
coefficient of variation 0.64% (probability level of 
94 to 97%). Anyway, 90.96% recovery in the 
present work was superior to 78 % cited by Baggio 
and Bragagnolo (2000), and close to 93 % 
observed by Nielsen et al. (1995). The detection 
limit (0.56 µg/g) was close to the 0.38 µg/g 
observed by Csallany et al. (1989) and Baggio and 
Bragagnolo (2000), but inferior to the 1.00 µg/g 
described by Rose-Salin et al. (1995). The 
precision of the analytical method was very good, 
presenting a 0.64% coefficient of variation (CV). 
Rose-Salin et al. (1995) considered good 

precision, when CV present values between 0.5 
and 1.2%. 
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RESUMO 
 
O objetivo deste trabalho foi avaliar o efeito 
protetor da vitamina E no presunto cozido. 
Noventa e seis suínos (LW X L X P), 48 machos 
castrados e 48 fêmeas foram divididos 
aleatoriamente em 4 blocos. Cada bloco recebeu 4 
tratamentos: dieta controle, dietas formuladas com 
100 mg, com 200 mg e com 400 mg de vitamina 
E/kg de ração. O período de fornecimento da dieta 
foi de 116 dias antes do abate, quando os suínos 
atingiram uma média de peso de 110 kg. O 
presunto cozido foi produzido em um frigorífico, e 
estocado a 5,0 ± 0,2°C para as análises químicas. 
Análise de colesterol e óxidos de colesterol foram 
feitas em amostras de presunto cozido com 0, 30 e 
60 dias de armazenamento. O colesterol e os 
óxidos de colesterol foram determinados por 
cromatografia líquida. A média para os níveis de 
colesterol foi de 46,53 ± 0,47 mg/100g. Entretanto, 
foi observada uma redução de 30% nos níveis de 
colesterol das amostras que receberam 
suplementação de 400 mg de vitamina E/kg. 
Durante o armazenamento do presunto cozido foi 
observado uma redução nos níveis de colesterol, 
associada a um aumento nos níveis de óxido de 
colesterol. Os óxidos de colesterol observados 
foram: cholesta-4,6-dien-3-one; 20α-
hydroxycolesterol; 24-hydroxycholesterol e 25-
hidroxycholesterol. Níveis de suplementação de 
200 mg de vitamina E/kg ou mais, fornecidos 
durante 116 dias antes do abate, mantiveram os 
teores de óxidos de colesterol abaixo de 10 µg/g. 
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