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RESUMEN

Efecto del tipo de elaboracion (artesanal o industrial)
sobre el contenido en acidos grasos totales y libres a lo lar-
go de la maduracién del “Chorizo de cebolla”.

El chorizo de cebolla es un embutido tradicional elaborado en
el noroeste de Espafia. En cuatro partidas fabricadas por procedi-
mientos artesanales y 4 elaboradas industrialmente se determin6
a lo largo de la maduracién los contenidos en &cidos grasos tota-
lesy libres, tomando en cada partida muestras de masa antes de
embutir (O dias) y de chorizo a los 2, 7, 14, 21, 28 y 42 dias de
maduracion. El perfil de acidos grasos totales de los dos tipos de
embutidos coincide basicamente con el encontrado por otros auto-
res en grasa de cerdo. Sin embargo, ambos tipos de chorizo (arte-
sanal e industrial) difirieron significativamente (p < 0.05) en el
porcentaje de 4cidos grasos totales saturados e insaturados. Los
chorizos elaborados artesanalmente presentaron porcentajes de
acidos grasos saturados significativamente superiores a los encon-
trados en los chorizos industriales.

El contenido en &cidos grasos libres totales experiment6 a lo
largo de la maduracion un incremento significativo (p<0.05) desde
valores medios de 459 + 243 mg/100 g de grasa en la masa hasta
3687 + 1670 mg/100 g de grasa en chorizo de 42 dias, en los cho-
rizos artesanales, y desde 560 + 317 mg/100 g de grasa hasta
5157 + 3673 mg/100 g en los industriales. Debido a la gran varia-
bilidad entre las diferentes partidas, no se encontraron diferencias
estadisticamente significativas en los contenidos en acidos gra-
sos libres totales entre ambos tipos de chorizo, aunque al final de
la maduracion el contenido medio fue 1.4 veces superior en los
chorizos industriales. En ambos tipos de chorizo, los 4cidos gra-
sos libres mayoritarios al final de la maduracioén fueron, por este
orden, el oleico, linoleico y palmitico, cuya suma represent6 en
ambos casos el 83% de los &acidos grasos libres totales.

PALABRAS-CLAVE: Acidos grasos libres — Acidos grasos
totales - Chorizo de cebolla - Embutidos crudos-curados - Lipo-
lisis - Maduracion.

SUMMARY

Total and free fatty acids content during the ripening
of artisan and industrially manufactured “Chorizo de ce-
bolla”.

“Chorizo de cebolla” is a traditional sausage made in the north
west of Spain. In four batches manufactured by artisanal methods
and 4 manufactured by industrial ones the contents of total and
free fatty acids were assessed throughout ripening, taking from
every batch samples of the mass before stuffing (0 days) and of
the sausage after 2, 7, 14, 21, 28 and 42 days of ripening. The
profile of total fatty acids of the two types of sausage basically
coincide with that found by other authors in pork fat. However, both
types of sausage (artisanal and industrial) differ significantly (p <
0.05) in the percentage of totally saturated and unsaturated fatty

acids. The artisanal manufactured sausages showed percentages
of saturated fatty acids significantly superior to those found in
industrial sausages.

The content of total free fatty acids underwent throughout
ripening a significant increase (p < 0.05) from average values of
459 + 243 mg/100 g of fat in the mass up to 3687 + 1670 mg/100
g of fat in the sausage of 42 days in the artisanal sausage, and
from 560 + 317 mg/100 g of fat up to 5157 + 3673 mg/100 g in the
industrial ones. Owing to the great variation between the different
batches, significant differences were not found in the contents of
total free fatty acids between both types of sausages, though at
the end of ripening the average content was 1.4 times superior in
the industrial sausages. In both types of sausages, the main free
fatty acids at the end of ripening were, in this order, oleic, linoleic
and palmitic, whose addition represented 83% of total free fatty
acids.

KEY-WORDS: Chorizo de cebolla - Free fatty acids — Lipolysis
- Raw-cured sausages - Ripening - Total fatty acids.

1. INTRODUCTION

Salting and dehydration processes are
presumably the oldest ways of preserving foods.
Probably men initially started drying large pieces of
meat in the open air and later verified that the use of
salt, added to dehydration, increased the usable life of
the meat pieces and even improved their aroma. Later
they substantiated that cutting the meat into smaller
pieces, salting them and putting them in animal tripe
remarkably increased their preservability and improved
their organoleptic characteristics. Lore about this type
of meat products is very ancient, a type of sausage was
already manufactured in China 2500 years ago
(Leistner and Dressel, 1986), and sausages were
consumed in abundance by Babylonians, Greeks
and Romans (Pederson, 1971).

This preserving technology has been maintained
and diversified. It exist a great number of national
and regional varieties of sausages nowadays.

Spain is in the fourth place as far as the production
of meat products is concerned in the European Union,
coming after Germany, Italy and France. Of the 917
915 tons of meat products manufacture in Spain in
1999, 157 000 corresponded to raw-cured sausages
(MAPA, 2000).

The final characteristics of raw-cured sausages
as far as the appearance, taste and aroma are
concerned, the same as to their preservability and
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safety, are a consequence of a complex united of
physico-chemical, biochemical and microbiological
modifications that take place during the
fermentation-ripening. Without detracting from the
importance of dehydration, the changes in
physico-chemical parameters such as pH or Aw, and
the degradative phenomena of proteins, the
degradation of lipids is probably the biochemical
phenomenon most relevant during ripening of
sausages, because their influence on the
organoleptic characteristics of the final product
(Cantoni et al., 1966; Demeyer et al., 1974). Lipids
undergo a series of transformations during sausage
ripening which include hydrolytic processes,
releasing of fatty acids (those of short chain
intervene in a direct way in the development of the
aroma), and oxidation of these fatty acids with the
formation of peroxides and volatile compounds which
contribute to the aroma of the final product. Lipolysis
in sausages starts during fermentation (Nagy et al.,
1989; Roncalés et al., 1991; Santamaria et al., 1992)
and progresses in a more or less uniform way during
all the ripening stage (Langner, 1969; Johansson et
al., 1994).

“Chorizo de cebolla” is a raw-cured sausage
which is manufactured, as much in an artisanal way
as an industrial one, in Galicia (NW of Spain). It is
included in the “Spanish Catalogue of sausages and
cured hams” (MAPA, 1983) and has reached a really
important volumes of production which has been
increasing all the time during the last years. Studies
carried out until now on this sausage only concern
the microbiological changes that take place during
the manufacture (Garcia Fontan et al., 1998) and the
determination of the indexes of the characterization
of the fat during the manufacture (Salgado et al.,
1999) and in the end product (Rodriguez et al.,
2001). At present, data do not exist on the rest of
biochemical changes which take place throughout
the manufacturing process.

The aim of this article is the study of the contents in
total and free fatty acids throughout the manufacture of
“Chorizo de cebolla”, as well as to establish the

Table |

Chromatographic conditions used in the
identification and quantification of the fatty acids

Temperature o~ Temperature Holding time  Passed time
ramps Clminute °c) (minutes) (minutes)
Initial 50 1.00 1.00

Ramp 1 10 150 1.00 12.00
Ramp 2 12 180 0.00 14.50
Ramp 3 2 188 6.00 24.50
Ramp 4 2 220 2.00 42.50

Ramp 5 20 260 0.00 44.50
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incidence which the type of manufacture (artisanal or
industrial) has on these contents. This work is
included in a broader research project whose object
is the study of the biochemical and microbiological
modifications which take place during manufacture
of this sausage.

2. MATERIALS AND METHODS

2.1. Manufacture of the sausages and taking
of samples

To carry out this study eight batches of “Chorizo
de cebolla” were made, four by artisanal means in
private houses and the other four in pork meat
industries.

In the industrial batches, the ingredients used in
the composition of the mass (approximately per 150
kg) were on average: dewlap, 70 kg; bacon, 40 kg;
sweet paprika, 2.5 kg; spicy paprika, 0.5 kg; salt, 3 kg;
garlic, 1.5 kg; marjoram, 0.075 kg; onion (cebolla), 30
kg; supplement BELL n° 2 C from Laboratorios La
Campana (Chirivella, Valencia, Spain), 2.25 kg. The
supplement contained dehydrated skim milk, sugars,
disodium diphosphate, soya proteins, salt, dextrin,
sodium nitrite, potassium nitrate, sodium citrate, and
red cochineal as colorant.

In the artisanal batches, the ingredients used
(also approximately per 150 kg of mass) were on
average: dewlap, 50 kg; bacon, 20 kg; cooked skin,
25 kg; lung, 17 kg; sweet paprika, 2.5 kg; spicy
paprika, 0.5 kg; salt, 3 kg; garlic, 1.5 kg; marjoram,
0.1 kg; onion, 10 kg; pumpkin, 20 kg.

Meat was triturated, minced with spices and
additives and was left to stand during for
approximately 24 hours refrigerated (around 5 °C).
After this period it was mixed with the onion and
pumpkin, which were triturated apart, and the
resulting mass was stuffed in pork rectum tripe.

After being stuffed, the sausages were smoked
for 5 days with oak and birch wood. After this, in the
industrial manufacture they were transfered to a
drying room where they stayed for the rest of the
ripening process at 11 °C and 70% of relative
humidity. In the artisanal manufacture, after smoking,
the sausages were transfered to cool and ventilated
rooms, where they stayed for the rest of the ripening
process.

From each of the batches, samples of the mass
before stuffing (0O days) and from the sausages after
2,7,14, 21, 28, and 42 days of ripening were taken.

The samples were transfered to the laboratory
where, after taking off the tripe, they were minced
and triturated until a uniform mass was obtained. To
preserve them adequately, they were kept inside
airtight containers at a temperature of -80°C until the
time for the analysis.
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Evolution of the content of the different fatty acids (expressed as % of the total fatty acids)
during the manufacture of "Chorizo de cebolla" made by artisanal methods
(means + standard deviations of four batches)

Ripening time (days)

0 2 7 14 21 28 42
10 0.11+0.01* 0.11+0.01° 0.11+0.01° 0.10+0.01* 0.10+0.01* 0.12+0.01° 0.10+0.07°
12 0.10+0.01° 0.10+0.00° 0.10+0.01° 0.10+0.00* 0.10+0.01* 0.11+0.01* 0.10+0.01°
1.25+0.16* 1.18+0.01° 1.17+0.12*° 1.18+0.01° 1.18+0.01° 1.25+0.01° 1.17+0.14"

o
N

C

C

C

C 23.37+0.60° 22.85+0.64° 22.51+0.68"
C 13.08+0.51° 13.86+0.76™* 13.01+1.59™
Cy 0.51+0.06° 0.50+0.04  0.62+0.06"
C

C

C

C

C

S

o
>

o
®

. 1.91+0.06° 1.66+0.12** 1.76+0.39%*
45.95+2.16" 44.10+2.08" 46.20+8.44°
13.23+1.66° 14.94+2.07*° 13.81+2.30"
0.48+0.14° 0.63+0.18"  0.69+0.21°
wa 0.02£0.03°  0.06+0.08"  0.03+0.07"
38.42+0.82" 38.60+1.39* 37.52+2.11%*
MU  47.86+2.18" 45.76+1.98** 47.96+2.96*
PU  13.73+1.71" 15.644#2.19° 14.53+2.43"°
U 61.59+0.82° 60.90+2.21** 62.49+2.06™*
S/U  0.62+0.02"° 0.63%0.04°  0.60+0.05°

22.80+0.96° 22.79+0.87* 23.28+0.75" 22.20+0.78"
13.65+1.49** 13.66+1.55" 14.20+1.08* 13.03+1.66"
0.52+0.06"
1.70+0.15™  1.72+0.20° 1.70+0.19%*  1.82+0.34°
44.11+2.18" 43.83+2.10° 43.27+0.50° 45.13+2.07"
15.09+2.14* 15.47+1.78° 15.06+1.69" 15.41+0.94°
0.70+0.20°
0.04+0.08°
38.32+2.47** 38.35+2.45" 39.32+1.77** 37.00+2.29°
45.82+2.20** 45.55+2.15% 44.97+0.34** 46.95+2.36"
15.83+2.26° 16.1+#1.75* 15.72+1.82° 16.05+0.58"
61.61+2.44°* 61.65+2.45° 60.68+1.77* 62.99+2.29°
0.63+0.07°

0.52+0.05°  0.35+0.20° 0.39+0.27°

0.60+0.15°  0.66+0.18" 0.64+0.38"
0.03+0.07* - -

0.62+0.06"°  0.65+0.05" 0.59+0.06"

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty

acids; S/U: values of ratio saturated/unsaturated fatty acids.

a Means within the same row not followed by the same letter differ significantly (p < 0.05).
* Values which resulted significantly different (p < 0.05) on comparing the sausages made by artisanal methods with tose made by industrial

methods in this sampling point.

2.2. Analytical methods

The fat of the samples was extracted following the
procedure described by Folch et al. (1957).

In order to determine the total fatty acids, for the
formation of methyl esters of the fatty acids which
form part of the glycerids and phospholipids the
method of transesterification of Shehata et al. (1970)
was used.

The free fatty acids were separated from the
triglycerides in columns of polypropylene with filling
NH.-aminopropyl following the procedure described
by Antequera et al. (1994).

For the methylation of the free fatty acids the
procedure described by Shehata et al. (1970) with
some modifications was used. Immediately after
separation from the triglycerides, 2 mL of a solution
H,S04:CH;0OH [1:1, (v/v)] was added to the extract.
The mixture was strongly shaken and the free fatty
acid methyl esters extraction was carried out using 2
mL of hexane consecutive twice. The organic phase
was separated and dehydrated using Na,SO,

anhydre. This phase was filtered and evaporated with
nitrogen gas. Finally, the dried extract obtained was
melted in 2 mL of hexane.

The identification and quantification of the total
and free fatty acids was carried out by gas
chromatography techniques, using a chromatograph
Hewlett Packard 6890 Series Gc System (Hewlett
Packard, Palo Alto, CA, USA) equipped with a
Hewlett Packard 7683 Series Injector and a Hewlett
Packard 5973 Mass Selective Detector. The
chromatographic conditions used are described in
Table I.

The separation of the different fatal acids was
carried out in a Supelco Omegawax™ 250 Fused
Silica Capillary Column; 30 m; 25 mm ID; 0.25 pm
film thickness (Supelco Park, Bellefonte, PA, USA).

Solutions of a concentration of 500 ppm in hexane
of the methyl esters of the following fatty acids:
caproic (C6), caprilic (C8), capric (C10), lauric
(C12), myristic (C14), palmitic (C16), palmitoleic
(C16:1), stearic (C18), oleic (C18:1), linoleic (C18:2),
linolenic (C18:3), arachidic (C20) and arachidonic
(C20:4) were prepared as patterns. Fatty acids were
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Table IlI
Evolution of the content of the different fatty acids (expressed as % of the total fatty acids)
during the manufacture of "Chorizo de cebolla" made by industrial methods
(means + standard deviations of four batches)

Ripening time (days)

0 2 7

14 21 28 42

0.11+0.02° 0.11+0.02° 0.11+0.01°
0.10+0.02° 0.10£0.02* 0.10+0.01°
1.20+0.16" 1.23+0.14" 1.23+0.14°
21.88+1.83" 21.98+1.89° 21.90+1.03"
11.15+1.45* 10.97+1.79° 11.00+1.07°
0.62+0.28" 0.55+0.31° 0.52+0.26"
2.15+0.36° 2.16+0.29° 2.21+0.13°
49.16+4.47° 49.08+3.73" 48.30+3.36"
13.05+2.41% 12.84+1.90° 13.90+2.15°
0.58+0.17° 0.58+0.20° 0.74+0.08°

o
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o
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N
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nu 0O 00 00000000

35.11+3.13" 34.99+3.40° 34.85+2.02°
MU 51.31+4.16° 51.24+3.56" 50.52+3.27°
PU 13.64+2.39" 13.42+1.95% 14.64+2.17°
U 64.95+3.20° 64.66+2.84° 65.16+2.02°
S/U 0.62+0.07° 0.63+0.08" 0.65+0.05°

0.10+0.02°
0.11+0.01°
1.22+0.18"
21.57+#1.37° 21.70+£1.06* 21.82+1.10° 21.56+1.51°
11.08+1.43% 11.34+1.22° 11.50+1.36° 11.24+1.57°
0.53+0.27°
2.14+0.33"
48.8045.12* 48.04+3.35" 48.17+3.90" 48.46+4.29°
13.774£3.06° 14.00+2.52" 13.78+2.74° 13.87+2.92°
0.64+0.09"
0.03+0.06" - -
34.65+2.73* 35.07+2.27* 35.31+2.38" 34.86+3.03"
50.95+4.81" 50.21+3.37° 50.26+3.80" 50.56+4.04"
14.45+3.10° 14.46+2.2° 14.45+2.82° 14.61+3.01°
65.39+2.78° 64.68+2.16" 64.71+2.38° 65.17+3.03"
0.63+0.06"

0.10+0.01° 0.10+0.02° 0.10+0.02°
0.10+0.01° 0.10£0.01* 0.10+0.01°
1.25+0.12" 1.19+0.12° 1.18+0.14°

0.59+0.29°
2.17+0.07*

0.59+0.27°
2.09+0.13°

0.66+0.21°
2.10+0.29°

0.71+0.06° 0.66+0.09° 0.70+0.10°

0.04+ 0.04*

0.62+0.05° 0.65+0.06° 0.59+0.08"

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty

acids; S/U: values of ratio saturated/unsaturated fatty acids.

a Means within the same row not followed by the same letter differ significantly (p < 0.05).

purchased from Sigma Chemical Co. (Saint Louis,
MO, USA).

For the quantification of the different fatty acids,
using external standards, calibration graphs were
prepared using different concentrations of each
methyl ester.

All the samples and patterns were injected at
least in duplicate. Repeatability tests were done,
injecting a pattern and a sample consecutively six
times a day, and a reproductibility test, injecting the
patter and the sample twice a day for three days, in
the same experimental conditions. Significant
differences (p < 0.05) between the results in both
tests were not found.

2.3. Statistic analysis

For the comparison of the different parameters
studied throughout the ripening period and between
the artisanal and industrial procedures, a variance
analysis (ANOVA) was carried out with an interval of
reliability of 95% (p<0.05) using the computer
program Statistica® 5.1 for Windows (Statsoft Inc.,
Tulsa, OK, USA).

3. RESULTS AND DISCUSSION
3.1. Total fatty acids

Tables Il and 11l show the evolution of the total
fatty acids (expressed as %) during the ripening of
“Chorizo de cebolla” batches made by artisanal and
industrial methods, respectively. High standard
deviation values were observed in each sampling
point both in artisanal and industrial sausages. This
great variability between the batches of a same
manufacture type may be due to the different
geographical origin and to the different composition
of the fat used in the manufacture of the different
batches.

The values, expressed as percentage, of the
different fatty acids constitutive of glycerides and
phospholypids of the fat in the ‘chorizo de ceboll&’
stayed practically constant throughout the whole
ripening process. The main identified fatty acids in
both types of sausages were in decreasing order of
concentration: oleic acid, palmitic acid, linoleic acid,
stearic acid and palmitoleic acid. This profile
coincides basically with that found by other authors



Evolution of the content of the different free fatty acids (expressed as mg/100 g of fat) during the manufacture of “Chorizo de
artisanal methods (means tstandard deviations of four batches).

Table IV

cebolla” made by

Ripening time (Days)

0 2 7 14 21 28 42
Cy 1.09£0.31° 1.91+0.80° 2.0520.54° 2.37£0.87* 2.96+1.55% 4.31+1.50° 4.49+2.11°
C, 1.66+0.54° 2.32+0.89° 2.44%0.72° 2.63£0.60™ 2.96£1.76% 6.09+3.55™ 7.04+5.06°
Cy, 5.86+1.92° 10.18+4.05% 13.20£4.57% 18.01£8.02" 21.35+12.38" 34.01+12.34% 48.42+24.39°
C 81.37458.97° 140.66x78.21° 231.17+145.08" 328.43+221.54" 354.33+281.84% 496.48+291.68” 806.89+542.55°
C, 42.96229.53° 78.44+45.32% 142.1883.77* 223.79+153.59%° 228.20+184.42%° 330.99+262.99* 388.45£285.77°
Cp 1.75%2.02° 4.58+3.10° 9.89+4.16% 14.12+5.6™°0 19.84+12.73" 27.14%10.63" 32.38+17.47°
Con 9.5614.33° 15.50+7.00° 20.91+9.38° 30.64£19.26° 40.21+28.65 50.37+23.34° 59.35+29.01%*
Cion 169.28+104.56° 294.29+120.81° 490.83+194.77* 637.22+165.26" 824.90+500.50* 1028.03+347.68" 1285.24+449.42"
Cies 140.24+60.57° 273.13+154.52% 394.26+271.00™ 385.81+236.98™° 722.35+441.59™ 861.43344.52% 983.12+349.56°
Cys 5.85+1.71° 13.448.12° 26.52+24.27% 32.67+21.89* 44.86+26.02" 56.21+22.30" 65.30+£28.07°
Coos 0.210.31° 1.31+0.86° 3.62+£3.02% 3.682.74% 5.11+3.50% 6.69+2.08" 7.22+2.46"
SFFA 459.83+243.06° 835.76+384.13" 1337.07+618.43% 1679.37£718.47"" 2266.17+1466.17™ 2901.75+1262.62" 3687.9+1670.01°
S 134.69+90.14° 238.09+128.85" 400.93+237.30° 589.35+388.63" 629.64+494.22" 899.02+612.37% 1287.67+821.64"
MU 178.84+108.16" 309.79+127.72% 511.74+203.24% 667.86+180.97 864.21+529.04% 1078.4+370.57 1344.59+495.85"
PU 146.3£62.02° 287.88+162.51* 424.4+298.10° 422.16+260.95™ 772.32+467.47™ 924.33+365.39% 1055.64+379.27°
u 325.14+156.00° 597.67+283.35° 936.14+454.30™ 1090.02+393.47% 1636.53+984.21%" 2002.73+706.48" 2400.23+873.13°
S/iU 0.410.11° 0.40%0.14° 0.43+0.19° 0.54%0.20° 0.380.09° 0.45+0.15" 0.54£0.16°

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty acids; S/U: values of ratio saturated/unsaturated fatty acids.

*! Means within the same row not followed by the same letter differ significantly (p < 0.05).

* Values which resulted significantly different (p < 0.05) on comparing the sausages made by artisanal methods with tose made by industrial methods in this sampling point.
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Table V

Evolution of the content of the different free fatty acids (expressed as mg/100 g of fat) during the manufacture of
“Chorizo de cebolla” made by industrial (means +standard deviations of four batches).

Ripening time (days)

0 2 7 14 21 28 42
C, 1.28+0.76° 1.59+0.97° 2.02+1.1% 1.70£1.07* 1.93+0.86™ 3.80+2.14" 5.91+3.50°
C, 3.04+1.96° 2.03+0.83° 2.61+1.09” 2.56+1.48% 3.12+1.47% 5.96+3.11" 7.31+4.96°
C. 8.20+5.31° 8.97+5.76™ 13.25+11.03" 16.31+10.08" 20.42+13.69% 48.38+35.08" 81.08+89.76°
C 97.31+55.19° 113.34+65.06° 146.34+99.5° 181.53+93.85° 243.82+149.53° 584.94+432.66° 743.71+605.03°
Cs 49.71+30.91° 66.18+46.73° 106.18+77.13" 115.80+55.32% 138.29+70.92% 383.42+213.57" 501.17+304.75°
C, 0.44+0.19° 0.49+0.18° 1.80+2.39° 10.84+6.03" 11.91+6.60° 37.63+29.84° 42.67+26.41°
Ci. 12.94+9.74° 16.77+12.88" 40.43%55.92° 27.04£20.94% 35.43+25.94" 80.94+67.04™ 128.77+120.15°
Ciu 221.04+146.61° 275.43+151.92° 396.61+253.54° 538.99+333.87° 687.66+451.94° 1600.68+1164.61° 2127.10+1475.69°
Ci. 160.23+68.16° 196.15+85.45° 303.68+166.66" 354.49+133.42° 471.13+222.86" 1065.54+612.26" 1414.55+508.01°
(O 6.10+1.87° 9.85+2.14° 12.19+7.71° 19.98+10.30° 33.74+16.31° 85.85+42.89" 89.94+34.46"
Cou 0.05+0.03" 0.06+0.02° 1.85+2.22* 2.74+2.33* 6.27+4.12" 10.16+6.55% 14.64+8.37°
>FFA 560.34+317.28° 690.86+362.64" 1026.96+657.16" 1270.98+640.54° 1653.72+957.58° 3917.3+2588.97" 5157.09+3673.69"
S 159.98+92.63" 192.6+118.12° 270.42+224.12* 328.74+166.67% 419.49+239.67% 1064.13+679.66" 1381.85+1279.14°
MU 233.98+156.33° 292.2+164.61° 437.04+297.91° 566.03+354.62° 723.09+479.50° 1681.62+1231.58" 2255.87+1505.79"
PU 166.38+69.78° 206.06+86.60° 317.72+165.45° 376.21+144.08° 511.14+243.23° 1161.55+658.22° 1519.13+609.13°
U 400.36+224.72° 498.26+245.36° 754.76+421.22° 942.24+473.73° 1234.23+719.39° 2843.17+1869.88" 3775.14+1921.04°
S/IU 0.40+0.03° 0.39+0.05° 0.36+0.09° 0.35+0.01° 0.34+0.00° 0.38+0.03° 0.36+0.06°
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S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty acids; S/U: ratio values saturated/unsaturated fatty
acids.

* Means within the same row not followed by the same letter differ significantly (p < 0.05).
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Evolution of the content of the different free fatty acids (expressed as % of the total free fatty acids)

Table VI

during the manufacture of "Chorizo de cebolla" made by artisanal methods
(means + standard deviations of four batches).

Ripening time (days)

0 2 7 14 21 28 42
C, 024:011° 023+017° 015+0.08° 0.14:004° 013%0.06° 0.15+0.03° 0.12+0.03°
C, 03740.23" 028+022° 0.18+0.10° 0.16+0.03" 0.14%0.02° 021+0.12°  0.19+0.09°
C, 1274039 1214034 099+031° 107+025" 094%0.27°  117+0.15°  1.31+0.64°
C, 1765:399° 16.83+4.41° 17.29+473° 1956+459" 1564+259° 17.1042.76° 21.88+6.22°
C,  934#217° 939+254° 10.63+2.94° 1333+2.80° 10.07+1.75° 11.414346° 10.54+3.36"
C,  038:0.34 055:0.28" 0.74:0.36° 0.85:0.34" 0.88:0.25"  0.940.22"  0.88:0.26"
C..  20810.48" 18740.15™ 15620.28™ 182+0.37"  17740.24° 175+0.26°  161:0.21°
C,, 3681%614° 35214373" 3671+501° 37.98+8.37° 36.40+3.73" 3543:3.88° 34.85+4.17°
C,, 3050+10.68° 326849.71° 2949+924° 2697+0.64" 3187+6.14° 29.694547° 26.66+2.95"
C,, 126£054° 162+054° 198+0.99" 195+1.18" 198+0.91° 195+0.61°  1.77+0.19°
C,. 005:0.04° 016+0.08° 0.27+0.14° 0.22+0.16° 023:0.18" 0.23+0.09°  0.20+0.05°
s 2933+7.26° 28.05+7.91° 2998+0.15" 3510+4.93° 27.78+4.93" 30.99+6.73" 34.91+9.54°
MU  38.89+6.18° 37.06+3.80° 38.274507° 39.73+8.12" 38.17+3.48" 37.16:4.07° 36.46+4.20°
PU  3182+11.76" 34.45:10.05" 31.74+10.09° 28.63+10.66° 34.08+7.20" 3187+5.71° 28.63:3.42°
u 70714571  7151+7.48° 70.01+8.16" 68.36+8.71° 72.25+10.35' 69.04+6.07° 6509+7.12°
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S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty

acids.

a-¢c Means within the same row not followed by the same letter differ significantly (p < 0.05).
* Values which resulted significantly different (p < 0.05) on comparing the sausages made by artisanal methods with tose made by industrial

methods in this sampling point.

in pork fat (Cava et al., 1997; Garcia Regueiro and
Diaz, 1997; Davenel et al., 1999).

When compared both types of sausages,
significant difference (p<0.05) in the content of
monounsaturated and saturated acids were found.

The artisanal made sausages showed percentages
of saturated fatty acids of about 38%, palmitic acid and
stearic acid were in the majoritary being a percentage
of the total fatty acids about 23 and 13%, respectively.
In the unsaturated fatty acids, which represent about
61%, the monounsaturated were in the majoritary
with a value around 45%, especially the oleic acid
which represented about 44%.

The industrially manufactured sausages showed
percentages significantly lower of saturated fatty
acids, values around 35%, the palmitic (21%) and
the stearic (11%) acids being also in the majoritary
saturated fatty acids. Consequently, the content in
unsaturated fatty acids was significantly higher,
values around 65%, owing to the higher content of
oleic acid (48%) and palmitoleic acid (2%).

The contents in polyunsaturated fatty acids
(around 15% of the total) were similar in both types of

sausages, the linoleic being in the majoritary with
average values around 14%. The arachidonic acid
was the less abundant fatty acid, not being detected
in some sampling points both in the artisanal and
industrial batches.

Fat in pork is the most variable component in the
composition and depends on sex, dietary fat
composition, slaughtered weight, anatomical
location, backfat thickness, etc. (Wood et al., 1989;
Leszczynski et al., 1992; Lluch et al., 1993; Palanska
et al., 1993; Pfalzgraf et al., 1995; Scheeder et al.,
2000). The quantitative ratio between saturated and
unsaturated fatty acids determines the consistence
of the fats; the least consistent and softer fats
presented a higher content of oleic acid than the
harder ones which usually have a higher content of
stearic acid. This ratio between saturated and
unsaturated fatty acids also determine the sensibility
of the fat to the selfoxidative rancidity, the greater it is
the higher is the degree of unsaturation.

The difference we have observed in the content of
saturated and unsaturated fatty acids between both
types of sausages, could be explained by the
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Table VI
Evolution of the content of the different free fatty acids (expressed as % of the total free fatty acids)

during the manufacture of "Chorizo de cebolla" made by industrial methods
(means + standard deviations of four batches).

Grasas y Aceites

Ripening time (days)

0 2 7 14 21 28 42
C, 0.22+¢0.13°  0.23+0.13°  0.20£0.15" 0.14+0.06® 0.11x0.05°  0.11x0.03°  0.12+0.05°
C, 0.55+0.29°  0.29+0.09°  0.25+0.10°  0.19+0.04°  0.20£0.03°  0.15+0.04"  0.15+0.02°
C. 1.46+0.14°  1.3020.22°  1.29+0.13"°  1.28+0.21°  1.23+0.19°  1.24#0.16°  1.57+0.51°
C, 17.37t0.20° 16.41:0.87° 14.25:0.68° 14.27+0.51° 14.74+0.72° 14.97+1.66° 14.42:0.72°
C, 8.87+1.24°  9.58+2.02°  10.35#3.33"  9.10+0.38"  8.36+0.88°  9.81+1.37°  9.7241.15"
C, 0.08+0.02°  0.07#0.01°  0.17#0.57®  0.85+0.14®  0.72+0.07"  0.960.39"°  0.82+0.10°
C., 231:0.86" 243:098"  3.94+2.03" 212+1.01° 214+047°  2.07x0.67°  2.49:0.60
C,, 3044:7.08° 30.80:6.44° 38.62+t1.67° 4237+6.52° 4158+4.94° 40.97+2.99° 41.25:2.21°
C,, 28.60t8.76° 28.41:8.06° 2957+519° 27.86+7.08° 28.49+5.03° 27.27+43.72° 27.43:4.09°
C., 109:0.47°  137+0.94°  1.19+0.94° 157:0.59° 204+0.32°  2.200.81°  1.74%0.78
C,. 001:0.00° 001+0.00° 0.18:0.26° 021:0.17° 0.38:0.05°  0.2620.02°  0.28+0.10"
S 2855+1.32° 27.89+2.72° 26.51#3.76° 25.84+0.75° 2537+0.23° 27.23+1.61° 26.80+2.57°
MU  41.7747.94° 42.32+7.29° 42563.26° 44.49+7.26° 43.724550° 43.04+3.47° 43.74%2.78°
PU  29.69+9.20° 29.7848.94° 30.94+6.21° 29.66+7.51° 30.91+5.29° 29.73+4.46" 29.45#5.03"
U 71.4545.42°  72.11+4.72° 73.49+3.92° 74.154575" 74.63+3.93" 72.77+2.68"  73.2043.20°

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty acids; U: sum of unsaturated fatty

acids.

a-b Means within the same row not followed by the same letter differ significantly (p < 0.05).

different sources of the fat used in the manufacture of
these sausages. Pigs slaughtered for domestic
consumption are usually castrated to avoid the
problem of the “boar taint” and, as it is known, this
castration diminishes the degree of unsaturation of
fat (Njari et al., 1991; Lowe et al., 1992). Also, though
dewlap and bacon are fundamentally used in the
formulation of the mass of sausages, skin with
adhered subcutaneous fat is also used in the
artisanal manufacture; this subcutaneous fat,
fundamentally dorsal fat, is a hard fat and therefore
more saturated.

3.2. Free fatty acids

Tables IV and V show the evolution of the free
fatty acids (expressed as mg/100 g of fat) in the
batches of “Chorizo de cebolla” made by artisanal
and industrial methods, respectively. Tables VI and
VIl show the evolution of the free fatty acids
expressed as % of the total free fatty acids. As
occurred in the total fatty acid content, high standard
deviation values were observed in each sampling
point. This variability is due to the different degree of

lipolysis observed in the four different batches of
each manufacture type. This unequal degree of
lipolysis is a consequence of a different activity of the
microorganisms and enzymes which operate during
ripening.

The total free fatty acids content, expressed as
mg/100 g of fat, underwent throughout ripening a
progressive and significant increase (p < 0.05) from
average values of 459.83 + 243.06 in the mass (0O
days) to 3687.90 + 1670.01 after 42 days of ripening
in the artisanal manufactured sausages, and from
560.34 + 317.28 to 5157.09 + 3673.69 in the
industrially manufactured ones. The final values are
within the range described in the bibliography for
other sausages, the free fatty acids representing
between 1 and 7% of the total fat (Lois et al., 1987,
Nagy et al, 1989; Dominguez Fernandez and
Zumalacarregui Rodriguez, 1991; Montel et al.,
1993; Johansson et al., 1994).

Throughout the whole ripening process,
significant differences (p<0.05) were not found
among the total free fatty acids content, when both
types of sausages were compared in each sampling
point, owing to the great variability of the data found
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in the different batches corresponding to the same
type of manufacture.

However, the evolution followed by the total free
fatty acids content in one sausage and in another
one was very differentiated. In the artisanal
sausages, these increased gradually throughout the
ripening process, a increase well defined by a curve
of linear regression with a regression coefficient of
0.987. In the industrial sausages the evolution
showed two very defined tendencies: in the first 21
days of ripening the contents increased gradually but
less than in the artisanal sausages, a increase well
defined by a curve of linear regression with a
coefficient of regression of 0.979; from thereon, the
increase was more pronounced and at the end of
ripening the average values found were 1.4 times
higher than those found in artisanal sausages.

The rates found for each of the free fatty acids
must be the balance between the release by
hydrolysis of the glycerides and phospholipids and
their oxidative degradation. During ripening of the
sausages, peroxides and carbonyls are formed from
the free fatty acids released, these oxidative
processes fundamentally affect the unsaturated
acids and in greater way the polyunsaturated ones
(Demeyer et al., 1974). The highest content in free
fatty acids showing in the sausages manufactured by
industrial methods seems to be owing to the more
intense lypoliysis in first place, but the existence of a
higher degradation by oxidation of the unsaturated
fatty acids in the sausages manufactured by
artisanal methods can also be of influence. When
compared the percentages of the different free fatty
acids in both types of sausages it can be seen that in
the industrial sausages the percentage of the
unsaturated free fatty acids stays practically constant
throughout the ripening process at a value of
73-74%. In the artisanal sausages, this percentage
decreases slightly after 21 days of ripening, a
decrease which coincides chronologically with the
increase in the values of the indexes of peroxides and
of the TBA (Salgado et al, 1999). The oxidative
phenomena seem to be more important in the artisanal
sausages than in the industrial ones, as indicated by
the higher indexes of peroxides and of the TBA showed
in the artisanal sausages (Salgado et al., 1999). The
lower severity of the oxidative phenomena in the
industrial sausages could be explained by their higher
content in nitrates and nitrites (added deliberately to the
mass, see material and methods section) which have a
pronounced antioxidant action (Watts, 1954; Cross and
Ziegler, 1965). The lower severity of the oxidative
processes in the industrial sausages when compared
with the artisanal ones has also been shown by other
authors (Dominguez Fernédndez and Zumalacarregui
Rodriguez, 1991).

Parallel to the increase of the total free fatty acids,
each of the individual free fatty acids also increased
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throughout the ripening process in both types of
sausages. Significant differences (p<0.05) in the
arachidonic and palmitoleic acids were found
between both types of sausages after 42 days of
ripening, with higher contents in the industrial
sausages. Though significant differences in the rest
of the fatty acids were not found, in general their
contents were also higher at the end of ripening in
the industrial sausages. The majoritary free fatty
acids at the end of ripening were of this order oleic,
linoleic and palmitic acids, which sum represented
more than 83% of the total free fatty acids in both
types of sausages. This profile of free fatty acids is
similar to that found in the bibliography for other
sausages (Nagy et al., 1989; Dominguez Fernandez
and Zumalacarregui Rodriguez, 1991; Montel et al.,
1993; Johansson et al., 1994).

Hydrolysis of the lipids has traditionally been
attributed above all to the activity of the microbial
lipases (Cantoni et al., 1966; Demeyer et al., 1973;
Palumbo and Smith, 1977; Nielsen et al., 1989;
Papon et al., 1990), though recent studies showed
the existence of an intense activity of the lipases of
the muscle and the adipose tissue (Garcia et al.,
1992; Montel et al., 1993; Molly et al., 1996, 1997,
Hierro et al, 1997). According to some studies
(Hierro et al., 1997) the lypolytic activity of the tissue
lipases could reach 70% of the total lypolytic activity.

The lipases which act in sausages, as much as
those of microbial origin as well as the
autochthonous of the tissues, are characterized for
the most part by their specificity of action, and
preferentially hydrolyze the external positions in the
triglyceride molecule, that is, sn1 and sn3 positions
(Alford et al., 1971). The triglycerides of pork fat show
a characteristic distribution of the fatty acids, in such
a way that the greater part of the stearic acid (around
60%) is found in the position snl of the glycerol, the
palmitic acid is esterified in the most part (60-80%) in
the position sn2 and about 50-60% of the
octadecanoic acids (oleic, linoleic and linolenic) are
found in the position sn3 (Brockerhoff, 1966).

The results obtained by us agree partially with the
information given by these authors. Comparing the
percentage values of the different individual fatty
acids, when expressed as % of the total fatty acids
and when expressed as % of the total free fatty
acids, it can be observed that the oleic acid was that
which was released in more quantities, while the
palmitic acid was found among those which was
released less intensely.
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