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Sumnary .

The amounts of tosal and individual fatty acids present in
' Triglycerides (T.G,), Free Fatty acids (FFA), Diglycerides
(D.G.), Monoglycerides (M,G.) and Polar Lipids (P.L.) were
determined at various stages of dry sausage ripening using
a combination of thin layer and gas chromatography. Total
FFA increased from 1 to 5 % of total F.A., D.G. fatty acids
from 0.5 to 4 %, whereas T.G, fatty acids showed a corres-
ponding decrease, The rate of liberation of F.F.A. was in
the order 18:2 > 18:1 > 18:0 > 1630 while M.G. and D,G,
were enriched in 16:0., These results suggest specificity
of 1lipolysis

Résumé,

La quantité d'acides gras totaux et individuels dans les
Triglycérides (T.G,), acides gras libres (F.F.A,), digly-
cérides (D.G.), Monoglycérides (M,G.) et lipides polaires
(P.L.) a été déterminée au cours de la maturation du
sgpucisson sec, en utilisant une combinaison de chromato-
graphie sur couche mince et en phase gazeuse, Les F,F,A,
augmentaient de 1 & 5 % des acides gras totaux, les acides
gras des D,G, de 0.5 & 4 %, tandis que les acides gras

des T.G. diminuaient en proportion., La vitesse de 1libé-
ration des F,F.A. suivait l'ordre 18:2 > 18:1 > 18:0 >
16:0, tandis due les D.G., et les M.G, étaient enrichis en
16:0, Ces résultats indiquent une lipolyse spécifique.
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en und einzeln Fettsduren in Triglyzeride (T.G.)
freien Fettséduren (FFA), Diglyzeride (D.G.), Monolyzeride
(M.G,) und polairen Lipide wurden bestimmt, wihrend der
Herstellung und Aufbewahrung von schnellreifenden Rohwurst,
ittels einer Kombination von Dunnschicht und Gaschromato-
graphie., F,F.A, Konzentration erhdhte von 1 bim 5 % der
ot

alen Fettsgduren, und die D.G, Fettséuren von 0.5 bis 4%.
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nahmen im gleichen Verhdaltenis ab, Die
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Geschwindigkeit der Lipolyse nahm ab in die Ordnung 18:2 >
18:1 > 18:0 > 1630 wahrend man ftir die D,G, und M,.Gj
eine Bereicherung von 16:0 nachwiesen konnte, Diese

esultate suggerieren eine spezifische Lipolyse,
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Zusammenfassung

Die totalen und einzeln Fettséuren in Triglyzeride (T.G.)
freien Fettsduren (FFA), Diglyzeride (D.G.), Monolyzeride
(M.G.) und polairen Lipide wurden bestimmt, wihrend der

ind Aufbewahrung von schnellreifenden Rohwurst,
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mittels einer Kombination von Dunnschicht und Gaschromato-
aphi Konzentration erhdhte von 1 bim 5 % der

en, und die D,G, Fetts@duren von 0.5 bis 4%,
G. nahmen im gleichen Verhaltenis ab, Di
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der Lipolyse nahm ab in die Ordnung 18:2
18:1 > 18:0 > 16:0 wéhrend man fur die D.G, und M,.Gj
g von 16:0 nachwiesen konnte, Diese

ate suggerieren eine spezifische Lipolyse,
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Introduction,

In recent years, an extensive literature demonstrating
lipolysis during dry sausage ripening has accumulated,
Maillet and Henry (1960) stated that the free fatty acid
(FFA) content may reach values up to 5 = 7 % in the
finished product. Values between 1 and 7 % were reported
by Stanculescu et al (1970) (Wurziger and Ristow, (1966)
Ten Cate (1960) Terplan (1969) Duda (1966), Mihalyi and
Kérmendy (1967), Canteni et al (1967 b) and Wahlroos and
Niinivaara (1969).

Eviden€e indiwssmcating selective liberation of unsatura-
ted fatty scids has been occasionally reported (Duda,
1966) (Wahlroos and Niinivaara, 1969). In these studies
however, determination of total FFA is by titration of a
1lipid extract while individual FFA are identified by Gas
chromatography after extraction of FFA alkali salts with
aqueous or ethanolic alkali. This method can cause arte-
factual generation of FFA by hydrolysis of esters (Mein-
ertz, 1971) (Laurell, 1957), while alkaline extracis are
| selectively enriched in short-chain and unsaturated fatty
acids (Stoll, 1972) (Demeyer and Hoozes, unpublished

results).

3 In this paper, we report a systematic study of lipolysis
during dry sausage ripening, using a combination of thin-
layer and gas chromatography to quantitate individual
lipid classes,

Materisls and Methods,

Preparation of sausages 3

Two batches of ten sausages each were prepared by a

local butcher, according to usual practice (composition

as shown in table 1). They were kept atl partial vacuum

and 23°C for 5 days (batch A) or 3 days (batch B), trans-
ferred to a room at 22°C and 90-95 % R.H. untill the 8 th
day, after which temp. was decreased to 19° C and R.H. %o
85 - 9B % until the 12D day. They were then kept at 18° C

and 75 % R.H. until the end of the axperiment,

i0
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Table 1. Composition fof sausage mixture,

Cooled, deboned and chopped pork 3 kg
Cooled, deboned and chopped beef 4 kg
Cooled and chopped lard 3 kg
Salt (NaCl) 25 g
Coloring salts (KNO3 . NaNOz) 2 g
Sugars T 8
Soy protein concentrate 8 g
Smoke concentrate l g
Spices 3.5 8
Polyphosphates lg
1

A commercial preparation, containing oligosaccharides
with small amounts of ascorbic acid, glucono-delta-
lacton and salt was used, In batch A, 5 gbf glucose
was added to 7 g of the preparation.

A ssusage was transported to the laboratory at different
stages of the ripening period, the dasing removed and the
sample ground in a meat grinder before analysis.

Anglytical Methods:

Samples were analyzed for Dry Matter (D.M.), crude pro-
and crude fat by conventional methods.

nation of thin layer and gas chromatography as described
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and an average molecular weight of 91,

For batch A, total carbonyl compounds were also isolated
as 2.4 - Dinitrophenylhydrazones (DNP-hydrazones) as
described by Hansen and Keeney (1970). The concentra-
tion of carbonyl compounds was calculated using a mean
molar absorption of 22,500

Results and Discussion.

Fig. 1 shows a 15 to 20 % increase in D.!l, content during
the ripening process. Average values for crude protein
content in D.,M, were 27.8 = 1.0 % (mean = S. E.y 40 deter-
minations on 8 dlfLerent stages in the ripening process)
for batch A and 34.6 = 0.2 % for batch B (35 determinations
on 7 different stages),

Crude fat content was determined for batch A, and found

to be higher than the total fatty acid content as deter-
mined on the lipid extract using margaric aeid as I.S,

(Table 2)

This d#iscrepancy is obviomsly, at least partly due to the
presence of glycerol and lipids containing no fatty acids
such as cholesterol in the drude fat. Fatty acid distri-
bution in lipid classes, is expressed ak % of the total
obtained by addition., These data, for various stages

of the ripening process, are presented in fig., 2.

It is clear that a continuous decrease in triglyceride
fatty acids during ripening occurs, with corresponding
increases in FFA, diglycerides and, less outspoken, mono-
glycerides, Polar lipid fatty acids only decrease later
in the ripening prodess, At the end of this process,

FFA represent approximately 5 % of the total fatty acids
prasent in the sausage, or less than 2 % in the sausage,
No difference was observed between the two batches,
althxough Micrococci counts tended to be higher in batch A
(De Ketelaere et al, 1973).
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Fige 1 Increase in Dry Matter content (#D.M.) with time.
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Table 2, Crude fat content and total fatty acids in dry
sausages of batch A (g/100 g of D.M.)

Stage of 0 5 8 12 19 27 33 40 Mean value
+

el S.K:Jo

Ripening (days)
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Crude fat 63.2 60.5 63.2 68.9 65.8 64.1 63.7 67.1

1+

Total fatty 5hed 56.7 54.6 49.4 53.7 51.2 46.4 58.1 52.6= 1.3

aclids
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Fig. 2 Changes in fatty

acid distribution over lipid classes

(%) during the ripening process.
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Microcoi are generally accepted to be the major group
1

of microorgenisms responsible for 1i¢olysis in dry sausage
(Cantoni et al, 1967 a) (Nurmi and Niinivaara, 1964),

but evidence is avgalab
Lactobacilli (Coretti, 1965) (O
]

t
Lipases are known to hydrolyze p
o)

le for production of lipases by
erholm et al, 1968),

eferentially the outer

-

tions is attacked., It is known,

fatty acids of a triglyceride molecule (Alford et al,

1971). Tye accumulation of Diglycerides, together with

FFA, suggests that preferentially one of the outer posi-
-

t pig fat triglyce-
rides show qbarticular fatty acid distribution pattern,
most of the stearic acid (ca 60 %) being present at po-
sition 1, palmitic acid (60 - 80 %) at position 2, and
octadecenoic acids (50 - 60 %) at position 3 (Brocker-
hoff, 1966), If the lipases specifically attack position
1 or position 3 bound acids, the fastest rate of lipo-
lysis should be observed, either for stearic,acid or for
octadecenoic acids. The % distribution over the lipid
classes of total palmitic, stearic, oleic and linoleic acid
present was caXulated for all samples and showed that lino-
leic acid was liberated into the FFA fraction at a faster
rate than all other acids. Rate of lipolysis decreased in
¢ palmitic acid., (Fig. 3)
As the moleciilar weights of these acids only differ

the order linoleic 70leic steari

slightly these results clearly indicatle specificity of lipo-
lysis for position 3 of the triglycerides. The difference
observed for linoleic and oleic acids may be related to a
£ B .&‘P

specificity acid structure, 2s both positional

O

Ty
and structural specificity are known to occur in microbial

fi

lipases (Alford et al, 1971).

Diglycerides and monoglycerides are enriched in palmi-
y fatty acid composition,

sriod. (Table 3)

. 3
ompounds during the
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Table 3, Average fatty acid composition of lipid
classes in dry sausage (%)1.

Fatty Acid2 Triglycerides Diglycerides Monoglycerides
Batch A Batch B Batch A Batch B Batch A Batch B
: 16:0 25.8 24.9 29.5 25.3 J2.2 28.0
B
- 18:0 14,2 13.0 10,2 9.5 12,7 12.4
18:1 45.9 48.4 46.4 48.9 34.3 48.6
18:2 9.6 i 2, 9.2 8.4 7.0 6.6
: 4

Only major fatty acids are shown

‘ Shorthand notation gives number of carbogétdms: number of double bonds,
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Fig. 4. Changes in Carbonyl concentration during ripening,
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i

For batch A, results obtained using the benzidine reaction,
are lower than those obtained with DNP-hydrezine, in the
first week of the ripening period, indicating the presence
of a large proportion of ketone compounds, Later in the
ripening process, similar amounts are found using both
ethods. Tn both batches, carbonyls increase during the
first week of ripening, decrease after smoking and again
increase to final values of about 300 Wmoles/100 g of
D.M. or about 150 \moles/loo g of sausage. This is
somewhat lower than values reported by Langner (1972)s
16.7 to 143.4 mgfl00 g of sausage or 200 - 1400 V-moles/
100 g of sausage. The initial increase is probably due

to compounds formed in carbohydrate fermentation, most
intensive in this period, (De Ketelare et al, 1973) while
the increase in the last stages may be due to further
metabolism of lipid peroxides, as sugrested by Cerise

et al (1973). The decrease, observed after smoking, was

also reported by Langner et al (1970).
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