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Introduction

During the past years, many studies have been made on differ-
ent varieties of dry sausages. The economical significance of
this very popular food fully justifies the efforts made by
scientists to acquire a better knowledge of the phenomena
which determine the quality of such products, in order to es-
tablish more effective processing controls. Numerous authors
have studied the various aspects of the manufacture of the
varieties of sausages consumed in their own COtMEry et E . dnt &
general way, the phenomena detected are of a certain similar-
ity as regards their aspects, the intensity of any one of the
factors perceived varies considerably according to the type of
sausage concerned.

We have made a complete study of the properties of the Italian
"Varzi" salami, including its physical, biochemical and micro-
biological aspects. We give here the main results concerning
the lipidic fraction relating essentially to the variations in
composition due to lipolytic activity and, in particular, the
esterase (splitting of fatty acids) and peroxydase activity
(formation of hydroperoxides) on the <« -methylene carbon of
the dienes.

Several authors have published the results of their work in
this field, namely CANTONI (1), DUDA (2), GIOLITTI (3) and
WAHLROOS (4).

Material and Method

Our investigations have been carried out on a "pure pork" va-
riety of salami, manufactured by the conventional Italian pro-=
cess. Aftert stuffinglof the sausage meat dm-natural casing,
the salami is maintained ag 21" C for 3 days, followed by a
ripening for 27 days at 12~ C. The initial weight of the piece
is about 1500 g, and the loss is of the order of 30 & after 30
days. The analyses have been performed on the initial mixture,
as well-as - after ' 1, 2, 4, 8; 15 and 30 days.

We have then stored the salami at 15° C Tor 30 dayss The final
analysis has been made at the end of that period, namely 60
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days after the beginning of processing.

Each Sampliﬁg has been operated as follows: 5 salami have been
selected on which a slice of 50 gr, carefully peeled, has been
cut, minced and homogenised. The lipids have been extracted
according to the diagram given in Figure 1, with a chloroform-
methanol mixture (2:1). This method allows to obtain neutral
lipids (free fatty acids, triglycerides, diglycerides and mono-
glycerides), unsaponifiable constituents and polar lipids
(phospholipids in particular).
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FIG.1 FAT EXTRACTION

The free fatty acids have been determined titrimetry: (59

Their composition has been determined by gas chromatography
after separation from the other lipidic constituents by chro-
matography on a KOH-isopropanol impregnated silicic ao s col=
umn, as described by McCARTHY (6), then methylation with the
methanol-sodium methylate mixture.

ok
K<

The development of the free fatty acids during the process has
been followed by gas chromatography on a DEGS polar column

: : eslle 6©
with temperature programmed between lOQ Hgfo N6 G/min
a2 o . . . C
and a flame ionisation detector at 300
At the end of the storacge pe 'od a more complete identifica-

tion of the "free fatty acids" fraction has been obtained by
oupled gas chromatography and mass spectrometry. We have used

a CARBOWAX 20 M column with a temperature between SOE avds 90
C &0 ( ~ !
(27 Ciming) and aninjector-temperature oL 200 HC % the o=

umn was coupled with an AEI MS 20 mass spectrometer. Moreover,
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we have applied direct injection of the sample on a high reso-
lution AEI MS 9 mass spectrometer; the data were computerized.

The peroxides have been determined by the ferrous salts colori-
metric method (7), more sensitive than the iodometric one.

Results

3.1. Free fatty acids

Figure 2 shows the evolution of free acidibty! inygramms ot
oleic acid per 100 g of fat. It is noted that it increases ra-
pidly up to the second day, and then, after an abrupt decrease
on the fourth day, dts ratefof development is resumed percep-
tibly and becomes stabilised as from the 15th day.

A
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FIG.2 EVOLUTION OF FREE ACIDITY AS OLEIC ACID

According) to-our experiments with other substrates (milk de-
rivatives), the final value obtained at the end of the storage
period, namely 2.25 g of oleic acid per 100 g of fat repre-
sents, in our opinion, a maximum value of free acidity com-
patible with an enzymatic actIvIty (85

An analysis by GLC of the composition of the "free fatty  acids"
fraction shows at first significant variations as regards the
fatty acids present in higher proportions at the initial stage,
namely the oleic and palmitic acids, whereas the stearic and
linoleic acids undergo slighter variations (Figure 3). The cor
siderable increase in oleic acid observed during the first 15
days is due to the specificityvofithe lipolytic attack on the

-

1l and 3 positions of the triglyceride, which are preferential -
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ly occupied by the oleic acid in animal fats. This observation
has also been made by WAELROOS (4). As from the 15th day, the
oleic acid content decreases to attain at the end of the stor-
agesber ieauld 2 soEsthevEeital s fatty aecids " Palmiticiacid foil-
lows the same evolution but to a somewhat lesser extent.
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FIG.3 EVOLUTION OF MAIN FREE FATTY ACIDS

As from the 15th day, we have noted the appearance of lipid
compounds not present in the initial fat:

s rewlvosthe shorts chaim -fatty acids  (C 10) (Figure 4), as
previously detected by CANTONI (l). The 25:§c1ds, which arise
from the degradation of the fatty acids initially present in
the pork fat, represent on the 15th day about 5 % of the to-
cals Eattysacids,

- secondly, we note the formation of three new compounds indi-
Gated dsle s G wand C (Pigure :4) . Theiri preportions in-
crease after t%e 15l dav to attain at the end of the stor-
age iperiodisvalues ranging from 9 to:l4d % oOf the total fatty
acids (Figure 5%

Two of these compounds have been identified by mass spectro-

metry. They are o -butenyl-B -keto-octanoic acid for Cy o and

oL , o¢ '-dimethyl-undecanoic acid or o -ethyl-undecanoic acid

Tor Cv.

The C peak has not been definitely identified but, according

to the gas chromatography retention time, it could be a meth-

ylated derivative of a C EaiEty aciel,

18
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At the end of the storage period, 20 liposoluble compounds
have been identified in the "free fatty acids" fraction, in
addition to the known acids of pork fat (lauric, myristic,pal-
mitiecy Stearic oleic and. lineoleic acids) +and “the previously
mentioned CX, Cy and CZ compounds, namely (Figure 6):

- aliphatic compounds with linear and ramified saturated
chains of the C, to C20 series, as well as some of their 2-
methyl derivatives,

- aliphatic compounds with di- and trienic unsaturated chains,

-~ a specific ketonic compounds.

These substances have a certain organoleptic influence, parti-
cularly the non volatile ketonic compounds.
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2-METHYL-5-(2#,6*~DIMETHYLHEPTYL)-CYCLOHEX-4-ENONE

FIG.6
LIPOSOLUBLE COMPOUNDS IDENTIFIED

LANGNER (9) in fact came to the same conclusion after having
also identified some of these compounds. HALVARSON (10) in a
comparative study of unsmoked and smoked sausage, had also ob-
served the increase in carbonyls with a chain above 6 carbons
in unsmoked sausage only, whereas those with a chain below 5
carbons remained remarkably constant. His theory to the effect
that this increase in higher carbonyls arises from the oxida-
tion of unsaturated fatty acids above C?G is confirmed here-

=
wiltcn.

2.0 Peroxidation

Figure 7 shows the development rate of the peroxides during
manufacture.
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FIG. 7 EVOLUTION OF THE PEROXIDES VALUE

It is surprising to note that the peroxides increase spectac-
ularly up to the 4th day, then remain shortly constant and
finally decrease below the initial value.

The increase corresponds to the keeping period at 2lO C where
the temperature is favourable for enzymatic activities and
microbial development. The decrease in the peroxides, which
begins as from the starting point of the ripening period (12O
C), is to be correlated with the formation of a series of com-
pounds, namely those identified in the "free Eatiy facids”
fraction and the interactions of the peroxides with proteins.

Some of these compounds have a strong influence on the taste
and aroma of salami, which develop mainly between the 8th and
15th day of processing, as shown by the organoleptic evalu-
ation of the sausages and their water extracts.

Conclusions

There are two distinct evolutionary stages in the lipid frac-
tions during processing.

The first is the formation of enzymatic degradation products
such as the free fatty acids, namely oleic acid. It starts on
the first day of manufacture and attains a maximum level after
5 cdays of ripening. During this period, it is noted that there
is also a significant increase in the peroxides value.

n
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During the second stage extending over the whole final period
of ripening, the products of the lipolytic attack are conver-
ted through oxidative reactions into various compounds. Among
them, there are short chain fatty acids and higher ramified
fatty acids containing carbonyl functions. The formation of
the latter is directly related to the decrease in the free
Fatty ‘acids,, "infparticllaroleic acids

The evaluation of the degree of ripening could not, in our
opinion, be made by simple measurement of the peroxides, or by
that of the total free acidity, as applied by DAVIDKOVA (11)
in the case of meat storage.

However, it seems from our results that the development of
oleic acid is closely linked with the degree of ripening, and
that the free oleic acid on initial free oleic acid ratio may
provide valuable indications during processing.
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