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Abstract. Development of flavour in food, and in meat food is a very complex process,
that involves a number of chemical reactions on lipid and proteins. Lipid oxidation does
not involve fatty acids only, but sterols as well, in meat foods this happens on choles-
terol, mainly.
Cholesterol oxides (COPs) are extensively studied because of their cytotoxic activity
and they are a risk factor for consumers health.
In this paper, COPs were measured in longissimus dorsi, subcutaneous, intramuscular
fat and lean meat volatile compounds of the same samples were also analysed.
Results highlighted the presence of COPs, mainly 7-keto cholesterol: average concen-
trations were 0,6 mg/kg in muscle and 0,9 mg/kg in fat. Data are in good agreement
with those already published for other kinds of hams.
The volatile fraction too was analysed on the same samples, and results demonstated
that aldehydes and ketones, were present as in Parma ham, but unlike Spanish ham.

Key-words. Raw ham, lipid oxidation, volatile compouds, GC-MS analysis.

Introduction. Development of aroma
in meat foodstuff products is a com-
plicated process involving mecha-
nisms not yet explained because of
the high number of reactions in-
volved.

Generally, typical aroma com-

pounds arise from chemical reac-
tions, such as Maillard, Strecker
degradation and others.

The lipid fraction can undergo ox-
idative rancidity that on one hand is
useful for the development of typical
aromas, but on the other, has as side
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and sometimes main effects, the for-
mation and accumulation of poten-
tially toxic products. Carbonylic
compounds responsible for flavour
(but also off-flavours), originate from
fatty acid hydroperoxide, however al-
so compounds other than fatty acids
can meet the same fate and accumu-
late then oxidized products, among
these particularly studied are prod-
ucts of cholesterol oxidation (COPs).

The first evidence of the toxiticy
of COPs was in 1976, thanks to Tay-
or and Lee’s work. These authors fed
rabbits with purified and oxidized
cholesterol and showed that it caused
derious damage to arteries, angiotox-
icity and arteriosclerosis. The prod-
ucts “incriminated” were triol and
25-hydroxy-cholesterol. 

Other COPs, important toxicologi-
caly were identified and are: 5a6a-
epoxy 5b6b-epoxy 7a hydroxyl and 7b
hydroxyl 7-keto and 3,5-dien7-one
cholesterol.Actually more tha 80 dif-
ferent COPs have been reported in lit-
erature. In figure 1 formulas of some of
these compounds are reproduced.

Materials and methods. On the basis of
research work in the literature, we eval-
uated raw ham oxidation as follow:
– At slaughter, in the group of pigs

from which the haunch is collect-
ed, samples of muscle longissimus
dorsi and subcutanaeus and inter-
muscolar fat and of lean meat
were obtained for analysis of ox-
idative status (cholesterol oxides,
volatile substances profile).

– Analysis of the volatile fraction of
the product using Head Space

Solid Phase Micro Extraction
(HS-SPME) analysis by gas chro-
matography coupled with mass
spectrometry.

– Analysis of oxidation compounds
of cholesterol by extraction of the
lipid fraction, separation of the
unsaponifiable fraction, purifica-
tion, derivatization and gas-chro-
matographic analysis coupled
with mass spectrometry as the
scheme reported in Figure 2.
A preliminary investigation was

carried out on samples obtained from
the market, with the aim of verifying
the presence of COPs particularly in
sliced ham preserved in the light.

We applied coordinated chro-
matographic techniques such as solid
phase extraction (SPE), capillary gas-
chromatography (CGC) coupled
with mass spectrometer (GCMS).
The research developed measured
the concentration of the following
compounds: 7-hydroxy-cholesterol,
7-keto-cholesterol, 3,5,6 triol-choles-
terol, 5-6epoxy-cholesterol.

For each compound we achieved
identification by GC-MS, recovery,
and analytical repeatability, were
evaluated and procedures were opti-
mized within this frame.

Because of poor homogeneity of
the sample, a number of problems af-
fected repeatability of measurements,
this problem was solved by carrying
out replicated measurements which
results were then averaged. Sampling
was carried out on lean and fat Analy-
sis of the volatile fraction was carried
out by HS-SPME, according to the
scheme reported in Figure 3.
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Figure 2. Scheme of analytical protocol used for determination of cholesterol oxides.
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Figure 1. Structural formula of some COPs: A cholesterol, B 7 keto, C e D 7 hydroxy, E e F
5,6 epoxy, G 3,5,6 triol, H 4 hydroxy, J 6 keto, K 6 hydroxycolestane.

 analisi dal
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Results: COPs. In Tables 1-5 are re-
ported histograms for COPs (micro-
gram/kg of sample) both lean and fat-
ty portions.

On the whole, as was somewhat
expected, the data obtained show
COPs concentration highter, in par-
ticular 7-ketocholesterol, in the fatty

Figure 3. Analytical protocol used for volatile fraction analysis.
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Table 2.
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Table 4.
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fraction of tissue, in comparison to
the lean fraction.

Concentration of COPs are re-
ported in the literature from 1 to
5mg/kg in raw ham and from 0,5 to 2
mg/kg in pork meat. Samples studied
in this work, show a value of 7-keto-
cholesterol ranging from 0,6 to 0,9
mg/kg and total COPs value from 1,4
to 1,2 mg/kg as shown in figure 4.

Future research will verify if cor-
relations exist between COP level
found in this phase and peculiar char-
acteristics of the seasoned product.

Results: Volatile fraction. In this first
phase we optimized the analytical
method, on the basis of an experi-
mental protocol reported in figure 3.
We tested different conditions partic-
ularly as regards sampling in relation
to mincing or not of the sample, the
relation weight of the sample vs vol-
ume of the vial, time of the sample
balancing in the vial, time of expo-
sure of the fiber in the head space.
The method so optimized will be ap-

plied in the second part of the re-
search on seasoned products. In this
first phase we used the method on
samples of ham obtained from the
marked in order to verify the situa-
tion in the product purchased by con-
sumers. In Figures 5 and 6 are repre-
sented the plots of a freshly sliced
ham and one with a higher level of
oxidation.

The composition points out an in-
crease in carbonyl compounds (alde-
hydes) bound with oxidation of fatty
acids. Besides the evidence of the
oxidative level, the aromatic com-
pound profile has been associated
with typology of the product. A pre-
liminary investigation of data ob-
tained seems to show for San
Daniele a substantial preponderance
of aldehydes and ketones as was al-
ready revealed in Parma ham and
unlike Spanish ham.

Conclusions. The SPME technique
coupled with mass spectrometry
highlight volatile compounds present

Figure 4. Average content of COPs analyzed.
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in San Daniele ham individualizing
aldehydes responsible unpleasant
odours that indicate decay of prod-
uct. Measuring oxidation products of

cholesterol in raw materials showed
low values, a finding that enter the
range of those published in the litera-
ture for products of the same type.

Figure 6. GLC-MS trace of the head space of a raw ham following oxidation.

Figure 5. GLC-MS trace of the head space of a raw fresh ham.

Dry cured ham sample

Dry cured ham submited to
the forced oxidation
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