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Abstract

Four types of fermented sausages were prepared: two using Northern technology (Norway and Belgium) and two using Medi-
terranean technology (Belgium and Italy). Mediterranean sausages showed higher pH values and highest residual amounts of

myosin and actin. Free fatty acid concentrations re¯ected the nature of the raw material, rather than the ripening period. Italian
sausages contained the highest amounts of hexanal. Norwegian sausages contained the highest amounts of both free fatty acids and
free amino acids. Putrescine concentration could be related to initial contamination of raw materials. Mediterranean sausages were

characterised by a ``pop corn'' odour, identi®ed as 2-acetyl-1-pyrroline. Proteolytic activity of pork Triceps brachii was found to be
related to animal sex. Staphylococci and lactic acid bacteria were investigated. Leucine metabolism involving aldehyde production
was found to be strain speci®c and very sensitive to pH and the presence of nitrite. Bacteria showed anti-oxidant activity, enhanced

by the presence of manganese. Bacteriocin production by L. casei CTC 494 was studied and results incorporated into a mathema-
tical model. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The fermentation and drying of a comminuted mix-
ture of mainly meat, fat, salt and spices, stu�ed into a
casing is a traditional means of meat conservation. The
production technology allows for many but imprecise
variations, yielding a variety of di�erent ``fermented
sausages'', presenting a considerable challenge to stan-
dardisation and management of quality. Northern type

products contain beef and pork and are characterised by
relatively short ripening periods, up to about 3 weeks
and involving clearly separated fermentation and drying
periods. Rapid acidulation to ®nal pH values below 5
and smoking rather than drying ensure safety and shelf
life. Mediterranean type products are predominantly
pure pork products and involve longer ripening periods,
up to several months, often without clear separation
between fermentation and drying. Smoke is not applied
and acidulation to ®nal pH values above 5 is slower.
Shelf life is mainly determined by drying and lowered
water activity.
Several recent excellent reviews have underlined the

complexity of changes determining ¯avour and safety,
the major quality characteristics of these products
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(Dainty & Blom, 1992; Montel, Masson & Talon, 1998;
Verplaetse, 1994). Northern and Mediterranean pro-
ducts are each characterised by speci®c ¯avours and
safety risks and industry is obviously interested to
understand the control mechanisms a�ecting ¯avour
development and safety in both ``Mediterranean'' and
``Northern'' products: producing the former in the
shorter production periods of the latter is one aspect of
obvious economic interest. Therefore, the European
Research Project ``Control of bio¯avour and safety in
Northern and Mediterranean fermented meat products''
(FAIR CT97 3227) was initiated. The project was a
continuation of an earlier one (AAIR-CT94-1517), dur-
ing which the relative importance of endogenous and
microbial metabolism during sausage fermentation was
established and factors a�ecting microbial amine pro-
duction were investigated. The new project has three
main objectives or tasks:

1. Characterisation of raw materials and ®nished
products for Northern and Mediterranean fer-
mented sausages, prepared using well de®ned pro-
cessing technology. Characteristics are to be
evaluated for variability and di�erences related to
processing technology.

2. To elucidate pathways leading to desirable and
undesirable compounds in fermentedmeat products.

3. To improve quality, safety and process time of fer-
mented meat products in pilot-scale experiments.

The ®rst results of the project, related to tasks 1 and 2
are reported in this paper. As the elucidation of path-
ways is closely associated with the characterisation of
the raw materials meat, fat and bacteria, the latter will
mainly be dealt with under task 2. Results were
obtained using three experimental models mainly: sau-
sages prepared under well-de®ned conditions, aseptic
incubations of meat and fat and cultures of isolated
bacteria.

2. Materials and methods

2.1. Preparation of sausages

Four types of fermented sausages were prepared by
three partners of the project: two Mediterranean types
in Italy and Belgium (Belgium S), respectively and two
Northern types in Norway and Belgium (Belgium N),
respectively. Five batches of each type were prepared
between November 1998 and February 1999. Five sau-
sages of each batch were wrapped in aluminium foil,
vacuum packed, frozen, packed on dry ice and dis-
tributed by courier to the various partner laboratories
for analysis. For each type of sausage, detailed infor-
mation on processing technology is available. Sausages

mainly di�er, however, in size, the presence of beef
(Northern types), the use of fungi starters (Mediterra-
nean types), smoking (Northern types) and ripening
time (Table 1).

2.2. Aseptic meat incubations

AtGhent University, pork (M.Triceps brachii) and pork
back fat, obtained 24 h post-mortem from cooled pig
carcasses, were frozen and later aseptically sampled by
super®cial burning, followed by removal of surface cuts
using sterile knives. Samples were vacuum packed and
stored for exactly 4 months at ÿ18�C. The procedure
resulted in total bacterial counts below 103 CFU/g.
After thawing, samples were mixed with glucono-delta-
lactone (1%), colouring salt (3% of NaCl containing 0.6%
NaNO2) and an antibiotic cocktail (1000 U penicillin, 200
mg amphotericin B and 1 mg streptomycin sulphate) for
1 min in a sterilised mincer. Fifty g of the mixture was
then vacuum packed and incubated for 3 days at 25�C.

2.3. Incubation of isolated bacteria

In Theix, several species and strains of Staphylococci
and Lactobacilli were incubated in MC media (meat
extract 10g/l; yeast extract 5g/l; Na2HPO4 2g/l; NaCl 5
g/l; glucose 1g/l; agar 3g/l) at pH 6.0. After sterilisation,
either melted pork fat, oleic acid, linoleic acid or lino-
lenic acid was added (0.5 g/l). The media were emulsi-
®ed with an ultra Turrax T25 (100,000 rpm, 1 min)
distributed in small ¯asks, inoculated at approximately
106 cells/ml and incubated at 25�C for up to 20 days
(Talon, Walker & Montel, 1998). Cell suspensions of a
strain of S. carnosus 833 were incubated with l-leucine
(Larrouture, Masson, Talon & Montel, 1998). At the
university of Brussels, environmental e�ects on growth
and bacteriocin (sakacin K) production by Lactobacillus
sakei CTC 494 were studied in a computer controlled
laboratory fermentor containing 10 l of MRS broth as
described elsewhere (Leroy & De Vuyst 1999, in press).

2.4. Analyses

Fermented sausage samples were used for a large
number of analyses in the di�erent laboratories. As for
proximate composition, dry matter and crude protein
content were determined according to the methods ISO-
1442-1973 (E) and AOAC 24.038, respectively. Crude
fat determination (Soxhlet, diethyl ether extract) was
carried out according to the EU norm ISO 1444-1973.
The pH in the sausage was measured using a Knick
Portamess 654 pH metere with an Ingold LoT406-M6-
DXK-S7/25 electrode. Other kinds of analyses were
SDS-PAGE quanti®cation of meat polypeptides
(Claeys, Uytterhaegen, Buts & Demeyer, 1995), free
and peptide-bound a-NH2±N (based on Oddy, 1974),
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non-protein tryptophan (Messineo & Musarra, 1972),
acid lipase (Motilva, Toldra & Flores, 1992), cathepsin
D (based on Barret & Kirschke, 1981), collagen (ISO/
DIS 3496.2), acetate (Boehringer, 1995), lactate (Con-
way, 1957), ammonia (Conway, 1957), residual sugars
(Herbert, Philips & Strange, 1971), reversed phase high
performance liquid chromatography of an 80% v/v
ethanol non-protein N extract with peak identi®cation
by relative absorbances at 214, 254 and 280 nm and
molecular weight estimation using gel permeation chro-
matography; quantitative separation of biogenic amines
by reversed phase HPLC of dansyl derivatives (Eerola,
Hinkkanen, Lindfors & Hirvi, 1993); fatty acids and
lipid class composition by TLC (Molly, Demeyer,
Civera & Verplaetse, 1996); bacteriocin production
(Leroy & De Vuyst, 1999, in press); gas chromato-
graphy-olfactometry (GC-O) and aroma analysis by gas
chromatography-mass spectrometry (GC-MS) of
dynamic head space compounds collected on tenax
tubes (Stahnke, 1995); aldehydes by reversed phase
liquid chromatography as 2,4-dinitrophenyl hydrazones
(Reindl & Stan, 1982) and free amino acids by LC of o-
phtalaldehyde derivatives (BruÈ ckner, Wittner & Godel,
1991; Blankenship, Krivanek, Ackermann & Cardin,
1989); bacteriological counts (cfu); TBARS, cholesterol
and cholesterol oxides (Chizzolini, Zanardi & Dorigoni,
1999). Discrimination by electronic nose sensory analy-
sis (Eklov, Johannson, Windquist & LundstroÈ m, 1998)
was compared with classic sensory analyses (Matforsk
and Imperial Meat Products).

3. Results and discussion

Only a brief summary of a selection of the main
results can be presented. Detailed results are reported in
Individual and Consolidated Progress EU Reports,
whereas some of the work has been reported at con-
ferences (Harnie, Claeys, Raemaekers & Demeyer, 1998;
Lambregts, Raemaekers & Demeyer, 1998; Stahnke,

Sunesen & De Smedt, 1999; Talon, Walker et. al., 1998)
or published (Leroy & De Vuyst, 1999, in press; Talon,
Chastagnac, Vergnais, Montel & BerdagueÂ , 1998;
Talon, Walter, Chartier, BarrieÁ re & Montel, 1999).

3.1. Characterisation of dry fermented sausages

Analyses of the four types of sausage (®ve batches
each) are nearly complete and involve a whole series of
compounds. For presentation, results are grouped in four
classes:

1. proximate composition and biochemistry, the lat-
ter involving major end products or groups of end
products of carbohydrate, protein and lipid meta-
bolism;

2. peptides, free amino acids, free fatty acids and
aldehydes, considered to be desirable compounds;

3. amines and cholesterol oxides, considered to be
undesirable compounds and

4. ¯avour compounds, together with results of GC±O
and sensory analyses, as far as available.

For some results, data were subjected to statistical
analyses of variance, in order to separate within and
between batch variability.

3.1.1. Proximate composition and biochemistry
The data presented in Table 2 illustrate that Medi-

terranean technology produces sausages with higher pH
values, but not necessarily higher dry matter contents.
Besides length of drying period, di�erences in drying
rate must be involved. The clearly higher protein con-
tent of the Italian sausage is probably related to the use
of skimmed milk powder in its formulation. The di�er-
ences in protein content are not re¯ected in di�erent
collagen contents (between 3.8 and 4.8 g/100 g DM for
all types) and may be due to the use of di�erent meat
cuts. Values for pH are signi®cantly lower in Northern
type sausages, re¯ecting higher amounts of sugar added

Table 1

Main production parameters of the four types of dry fermented sausage

Parameter Norway Belgium N Belgium S Italian

Diameter (mm) 92 90 60 50±60

Weight 3 kg 1 kg 0.8 kg 0.5 kg

Meat species Pork/beef, 1/1 Pork/beef, 1/1 Pork only Pork only

Lean meat cuts Miscellaneous Pork shoulder + beef Shoulder Shoulder

Fat tissue Pork back fat Pork back fat Pork back fat Pork throat fat

Meat/fat ratio 2/1 2/1 2/1 2/1

LAB starter + + + +

Fungi starters ± ± + +

Particle size 1±2 mm 1±2 mm 1±2 mm 3.5 mm

Smoking + �a ± ±

Total ripening time 3 weeks 2 weeks 4 weeks 40 days

a Sausages were contaminated with smoke due to the use of production fermentation chambers (where smoking is normally carried out).
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and probably di�erent fermentation conditions. The
higher pH values are consistent with lower and higher
amounts of lactate and ammonia respectively (Demeyer,
Vandekerckhove & Moermans, 1979). A constant lac-
tate/acetate ratio is apparent (20.0 SD 0.8), suggesting a
similar heterofermentative fermentation in all types.
One would expect however that a di�erence in sau-

sage diameter would a�ect oxygen supply and thus fer-
mentation pattern (Demeyer, Verplaetse & Gistelinck,
1986). Acetate may also be derived from lipid oxidation.
The non-protein N fraction in total N is higher in
Mediterranean sausages, mainly because of the higher
ammonia contents and thus probably re¯ecting more
bacterial activity. Slight and non consistent di�erences
in free and peptide-bound a-NH2±N are apparent,
although clear di�erences were observed in myo®brillar
protein contents. For the latter, higher residual amounts
of myosin and actin were determined in the Mediterra-
nean sausages with lower amounts of some proteolytic
degradation products such as a 38 kDa fragment.
Interpretation of these combined data is di�cult how-
ever as results for peptide-bound a-NH2±N only cover
peptide molecular weights up to about 1000 Dalton,
whereas SDS-PAGE does not cover peptide molecular
weights below 10.000 Dalton. Di�erences seem to be

related to the higher values of pH and DM content in
Mediterranean types, and probably re¯ect pH and
water activity e�ects on muscle cathepsin D activity
(Lambregts et al., in preparation). Free fatty acid con-
tent was obviously determined by both length of ripen-
ing period and raw materials used. The latter may
explain the highest value found in Norwegian sausage.
Data for dry matter, proximate analysis and pH show
variation coe�cients below 10% and, for dry matter
content, below 5%. Variation coe�cients for the con-
centration of end products of biochemical changes
however exceed 15% and reach 35%. Variance was
mainly due to within batch variability for ammonia and
peptide nitrogen concentration (52±77% of variability)
except for the Norwegian sausages showing most of the
variability between batches (60±69 % of variability).
The latter may re¯ect variability in raw material char-
acteristics, rather than in process technology.

3.1.2. Desirable compounds
It is clear from Table 3, that the total lipid fraction of

the Belgian sausages was more unsaturated than the
Norwegian and the Italian sausages. Such di�erence
obviously re¯ects di�erences in the origin of the pork fat
used, in relation to both age and feeding of the animals.

Table 2

Proximate composition and end products of biochemical changes in Northern and Mediterranean types of sausagesa

Sausage typed Norwaye Belgium Ne Belgium Se Italye

Dry matter (%) 63 (3)bb 57 (4)d 67 (3)a 61 (2)c

pH 4.9 (1)a 4.8 (1)a 5.5 (2)b 5.7 (1)b

% in DM

Crude protein 28 (7)c 31 (7)b 28 (9)c 35 (8)b

Crude fat 57 (3) 61 (7) 61 (8) 46 (3)

NaCl 8.5 (4) 5.3 (12) 6.1 (11) 6.8 (3)

mmol/100g DM

Lactate 20 (16)b 21 (12)a 17 (17)c 17 (17)c

Acetate 0.94 (10)a 1.0 (14)a 0.86 (19)a,b 0.74 (11)b

Sugars 0.83 (18)b 0.56 (23)b 0.40 (18)c 9.3 (20)a

mg N/g N

Peptide a-NH2-N 25 (26)c 30 (13)a 27 (16)b 28 (17)b

Free a-NH2-N 37 (14)a 23 (10)c 37 (13)a 31 (9)b

Ammonia - N 6 (35)b 3 (22)c 10 (18)d 14 (12)a

�g BSAeq/mgCPc

Myosin (200 kDa) 14 (14)d 18 (30)b 25 (12)c 32 (25)a

HMM (150 kDa) 25 (16) 24 (21) 24 (8) 23 (26)

Actin (46 kDa) 31 (10)d 35 (14)b 39 (10)c 48 (21)a

38 kDa 17 (6)c 15 (7)b 15 (7)b 10 (10)a

mg/g TFAc

Free fatty acids 46 (11)b 27 (4)a 37 (11)b 37 (11)b

a See Table 1. Mean values of 25 determinations per type (5 batches and 5 sausages per batch). For acetate, SDS-PAGE electrophoresis and free

fatty acid determination (TLC) of Northern type sausages from Norway and Italy, only 1 sample per batch was used.
b 0=coe�cient of variation i.e. S.D. as % of the mean values.
c BSAeq=Bovine serum albumin equivalents determined by semi-quantitative SDS-PAGE; CP=crude protein; TFA=Total fatty acids.
d Belgium N and Belgium S indicate sausages produced in Belgium following Northern and Mediterranean technology, respectively.
e Di�erent letters indicate signi®cant di�erences (P<0.05) between columns.
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Comparison of the composition of the free fatty acid
fraction with that of the total lipids con®rms earlier
reports of speci®c release of (poly-)unsaturated fatty
acids. Muscle ®bre enzyme activity is probably involved
as suggested by the preferential hydrolysis of phospho-
lipids (Hierro, de la Hoz & OrdoÂ nÄ ez, 1997; Molly et al.,
1996; Navarro, Nadal, Izqujerdo & Flores, 1997).
Results for aldehyde analysis show considerable var-

iation: variation coe�cients for all sausage types are
between 50 and 100%. Nevertheless, Mediterranean
sausages obviously contain higher amounts of 6±10
carbon straight chain aldehydes, with an outspoken
di�erence for hexanal, a typical product of linoleic acid
oxidation (de Man, 1992). Octanal and nonanal are
oxidation products of oleic acid according to the same
author.
In accordance with the data in Table 2, the highest

free amino acid concentrations were found for the
Norwegian type sausage. In all sausages a strikingly
high concentration of free arginine is observed (for all

sausages: 27% S.D. 6% of total free amino acids) as well
as of free lysine (17% S.D. 2%). Similar concentrations
were reported earlier for arginine, but not for lysine
(Eerola et al., 1996). Some di�erences were observed for
the relative amounts of the individual amino acids. The
Norwegian sausage contained signi®cantly higher
amounts of alanine, whereas the amounts of tyrosine
re¯ect the presence of tyramine (Table 4). An 80% v/v
ethanol extract of the sausages allowed quanti®cation of
10 chromatography peaks mainly containing small pep-
tides (MW<500 D). The peak surface distribution was
type speci®c (Lambregts et al, 1998).

3.1.3. Undesirable compounds
Except for spermidine and spermine, data for amine

contents display considerable variability (Table 4). This
di�erence in variability probably re¯ects the natural
presence of the polyamines spermidine and spermine in
the meat and considerable environmental e�ects (pH,
temperature,...) on bacterial amine production (Bover-cid,
Schoppen, Izquierdo-Pulido & Videl-Carou, 1999). The
main amine found is tyramine (38.5±61.5 % of total
amines) and its concentration in the Mediterranean
sausages reaches the limits reported as unsafe by some
authors: 100±800 mg/kg of food (HernaÂ ndez-Jover,
Izquierdo-Pulido, Veciana-NogueÂ s, MarineÂ -Font &
Videl-Carou, 1997). Its formation is due to bacterial
decarboxylation of tyrosine and may be a re¯ection of
the presence of tyramine forming lactic acid bacteria

Table 3

Concentrations of desirable compounds in Northern and Mediterra-

nean types of sausagesa

Sausage type Norwayf Belgium Nf Belgium Sf Italyf

Fatty acidb

16:0 26.6bc 24.7a 24.2a 25.0

(19.4)d (18.5) (16.2) (17.7)

18:0 14.5b 12.7a 12.7a 12.6a

(10.0) (11.2) (8.9) (9.3)

18:1 42.0a,b 41.9a,b 41.3a 43.5b

(45.3) (44.5) (50.3) (48.2)

18:2 9.4a 13.2b 13.9b 11.9a,b

(13.4) (13.1) (13.6) (13.7)

18:3 0.9b 1.2c 1.2c 0.6a

(1.3) (2.3) (1.2) (0.3)

Aldehydese(�g/kg)
Hexanal 330 160 12,000 8000

Heptanal 25 17 360 160

Octanal 39 34 390 230

Nonanal 128 130 460 550

Decanal 77 140 69 120

Free amino acids (g/kg)e

Total 7.26 5.61 6.79 6.59

glutamic acid 0.83 0.70 0.68 0.52

arginine 1.75 1.27 1.81 2.35

alanine 0.75 0.37 0.38 0.39

tyrosine 0.14 0.11 0.07 0.04

cysteine 0.41 0.31 0.27 0.26

leucine 0.41 0.52 0.56 0.47

lysine 1.20 0.85 1.32 1.06

a See Tables 1 and 2.
b Shorthand notation for palmitic (16:0), stearic (18:0), oleic (18:1),

linoleic (18:2) and linolenic (18:3) acids.
c % w/w in total fatty acids.
d ( )=concentration in the corresponding free fatty acid fraction.
e Mean values of 5 samples/type.
f Di�erent letters indicate signi®cant di�erences (P<0.05) between

columns.

Table 4

Concentrations of undesirable compounds in Northern and Medi-

terranean types of sausagesa

Sausage type Norway Belgium N Belgium S Italy

Amines (�g/g)a

Tryptamine (38)b 14 18 56 24

Phenyl- 1 5 22 35

ethylamine

Putrescine (74) <1 28 100 2

Cadaverine (52) 1 <1 6 3

Histidine (60) 1 2 36 1

Tyramine (30) 17 70 160 160

Spermidine (13) <1 4 5 5

Spermine (9) 4 30 30 30

Cholesterol oxides 0.42 0.95 1.42 0.52

(mg/g) (19)b (13) (68) (48)

% Cholesterol oxidation 0.06 0.13 0.17 0.06

% 5,6�-epoxycholesterol 55 81 73 25

TBARSc (mg/kg) 0.154 0.077 0.106 0.333

2.382d 0.152 0.190 0.846

a See Table 1, mean values of ®ve batches per type.
b ( )=average variation coe�cient (%) over di�erent sausage types.
c TBARS=thiobarbituric acid reactive substances expressed as mg

malondialdehyde equivalents/kg.
d Values obtained after vacuum packed exposure at 4�C to ¯uorescent

light for 45 days.
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(Eerola, Maijala, Roig-SangueÂ s, Salminen & Hirvi,
1996) although both Lactobacillus and Enterococcus
were shown to produce tyramine (Montel et al., 1998).
As the contaminating meat ¯ora, such as enter-
obacteria, would mainly be involved in the production
of cadaverine and putrescine (Roig-SangueÂ s & Eerola,
1997), the presence of putrescine in both Belgian sau-
sages may be a re¯ection of the hygienic quality of the
raw materials used. Indeed, Enterobacteriaceae were
present on the Belgian raw materials, in contrast to the
other types (Montel, personal communication).
Results on lipid oxidation products reveal some

interesting di�erences: levels of cholesterol oxides are
higher in the Belgian sausages, both in absolute
amounts and relative proportion of cholesterol oxidised,
although they clearly show low levels for TBARS
values, in line with the widespread use of vitamin E in
the Belgian pig diet (60 ppm added) and in the Italian
pig diet (no vitamin E added at that time). Also, oxida-
tion patterns clearly di�er as 7-ketocholesterol is the
major oxidation product in the Italian sausage, in con-
trast to 5,6a-5,6-epoxycholesterol, the major end pro-
duct in the other types. It should be stressed that the
values found for cholesterol oxidation products are
about 100 times lower than those required for toxicity in
vivo with laboratory animals (BoÈ singer, Lut & Brandl,
1993), whereas the most toxic cholestanetriol and 25-
hydroxycholesterol could never be detected. Thiobarbi-
turic acid reactive substance (TBARS) concentrations
were always below the suggested threshold for the
appearance of rancidity o� ¯avours in fresh pork (0.5
mg MDA/kg; Lanari, Schaefer & Scheller, 1995). The
lowest concentrations were found in the Belgian sau-
sages. These also show more resistance to lipid oxida-
tion following exposure to ¯uorescent light. The striking
contradiction of low TBARS levels and high levels of
cholesterol oxides in Belgian sausages indicates the dif-
ferent oxidation susceptibility among cholesterol at one
side and unsaturated fatty acids at the other. Each
group may act di�erently under di�erent processing
conditions (raw materials, additives, mincing, tempera-
ture, oxygen pressure...).

3.1.4. Flavour compounds and sensory analyses
Flavour is a complex sensory reaction involving taste,

smell (odour) and texture of a product. Odour or aroma
is by far the most important component, because of the
high sensitivity of the nasal receptors for the numerous
volatile components released during chewing and inges-
tion. Flavour studies often involve analyses of volatile
compounds in a (dynamic) headspace by GC±MS
(Stahnke, 1995). Analyses after separation of volatile
compounds by (steam) destillation is claimed to be sub-
ject to lower variability (Dirinck, Van Opstaele & Van-
dendriessche, 1997; Schmidt & Berger, 1998).
Obviously, method of isolation a�ects the number and

relative proportion of the volatile compounds, but, in
general a major proportion is derived from fatty acid
oxidation and includes alkane, alkene, aldehyde, ketone
and carboxylic acid families, with low threshold values
for the last three. The dry sausage aroma is associated
with the dominance of 2-methyl ketones, whereas a rancid
aroma is associated with hexanal (Montel et al., 1998).
The branched-chain aldehydes 2- and/or 3-methylbu-

tanal are important components of the dry sausage
aroma (Stahnke, 1995). Bacterial metabolism of l-leu-
cine, mainly by Staphylococcus, and to a less extent by
Lactobacilli, is generally held responsible for the pro-
duction of 3-methyl butanal (BerdagueÂ , Monteil,
Montel & Talon, 1993; Masson, Hinrichsen, Talon &
Montel, 1999; Mùller, Hinrichsen, Andersen, 1998).
Ethyl esters of carboxylic acids are always present in

fermented meat products, have low sensory threshold
values and contribute a fruity note to the ¯avour. They
are both produced (Talon, Chastagnal et al., 1998) and
hydrolysed (Talon & Montel, 1997) by Staphylococcus.
Acids derived from carbohydrate fermentation induce

an acid taste (D-lactate) or aroma (acetic acid), whereas
diacetyl and acetoin, again associated with Staphylo-
coccus, impart a buttery ¯avour (Montel et al., 1998).
Although compounds derived from spices and smok-

ing (Northern types) dominated, compounds derived
from metabolism are important for the speci®c sausage
¯avour. Recently, Schmidt and Berger (1998) identi®ed
126 di�erent compounds from salami produced in
France, Italy, Spain and Germany. Most of the sensory
active compounds occurred in all sausages, but often in
very di�erent proportions. Diallyl disulphide and euge-
nol, compounds derived from garlic and nutmeg
respectively, had the highest odour activities, but were
followed by 3-methylbutanoic and acetic acid, end pro-
ducts of metabolism and/or oxidation.
The volatile compounds, isolated by dynamic head

space extraction of sausages, have been separated,
identi®ed and quanti®ed by GC-MS yielding 106 di�er-
ent structures in the sausages (Stahnke et al., 1999). The
experimental sausages were also used as reference
materials in a Eureka project. Table 5 presents a sample
of preliminary data and illustrates di�culties in inter-
pretation of apparent di�erences in the composition of
the volatile compounds derived from metabolism and/
or oxidation, both for di�erent sausages and di�erent
laboratories. Although data are often subject to enor-
mous variability (variation coe�cients between 50 and
100%) some tentative interpretation may be ventured:
lipid oxidation, re¯ected in hexanal concentration,
seems to be more important in Mediterranean sausages.
The same conclusion is valid for amino acid metabo-
lism, re¯ected in the presence of branched chain alde-
hydes and alcohols. The latter ®nding may be related to
the strong inhibitory e�ects of pH values below 5.4, the
presence of 0.01% nitrite and low temperature on the
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initial metabolism of leucine by Staphylococci (Larrou-
ture et al., 1998). Such conditions are indeed typical for
the Northern sausages. Relative amounts of aldehydes
and alcohols however are very variable. Catabolites
from microbial metabolism of isoleucine and valine,
such as 2-methyl-1-butanol and 2-methyl-1-propanol,
respectively, were found to characterise the four types of
sausages. However, both compounds were present in
higher ratios in Norwegian and in Belgian Mediterra-
nean type, compared to Italian and Belgian Northern
type of sausages.
Most ethyl esters are found in the Belgian Mediterra-

nean type. Acetic acid is absent in all analyses, yet
Northern types were characterised also by vinegar
odours, associated with acetic acid in static headspace
analysis by GC±O. The Northern types are char-
acterised by a higher proportion of the dairy type
metabolites acetoin and diacetyl. It is clear that more
detailed analyses of all data using e.g. PCA can be used
to specify ¯avour di�erences (Stahnke, 1995). Only lim-
ited amounts of nitrogen-containing compounds are
found in the volatiles, yet, extent of proteolysis as
re¯ected in non-protein N and free amino acid con-
centrations, is directly related to ¯avour evaluation
(Demeyer, 1992). The typical ¯avour of fermented sau-
sages containing a surface mould growth was found to
be proportional to the degree of proteolysis (LuÈ cke,
1999) and surface inoculation with mould strains were
found to enhance proteolysis, especially in sausages ®l-
led in natural casings (Toledo, Selgas, Cusa, OrdonÄ ez &
Garcia, 1997). Such ®ndings suggest that most of the
compounds carrying the characteristic aroma of fer-
mented meat are derived from the protein fraction of
the sausage. However, intensity of proteolysis may lib-
erate peptides a�ecting taste, rather than aroma (Nishi-
mura, Rhue, Okitani & Kato 1988). Also, the non-
protein nitrogen fraction will a�ect sausage pH
(Demeyer et al., 1979) and sausage pH may a�ect lib-
eration of aroma determining acid compounds during
chewing (Dainty & Blom, 1992) (Dirinck, personal

communication). It may also be instructive to remember
that amounts of extractable volatile compounds decrease
with ripening time (Viallon et al., 1996). In line with the
importance of mould protein metabolism, GC±O char-
acterised Mediterranean sausages by a ``pop corn''
odour note, identi®ed as 2-acetyl-1-pyrroline, possibly
originating from mould metabolism (Stahnke et al.,
1999). Diacetyl, acetic acid and hexanal were associated
with buttery, vinegar and green odour notes, respec-
tively. Sensory analyses have to be obtained from panels
trained in Mediterranean and Northern ¯avours both.
Such panel characterised the Norwegian sausages as
most acid and the Mediterranean types as most
``mature''. The panel only detected taste di�erences
between the Mediterranean types for the spice-related
descriptors ``pepper'' and ``spicy''. Response of semi-
conductor gas sensors to volatile compounds, without
analysis and separation has been proposed as a principle
for rapid and robust identi®cation of fermented sausages
as well other meat products and bacterial strains (EkloÈ v
et al., 1998; Vernat-Rossi, Garcia, Talon, Denoyer &
BerdagueÂ , 1996). Preliminary results indeed indicate that
the matrix of the responses of 16 sensors of an electronic
nose could be correlated with the matrix of the raw data of
sensory analyses: r2 =0.75±0.95 (Hagen & Holck, unpub-
lished data).

3.2. Characterisation of raw materials and bacteria

It is now clear that metabolism during dry sausage
ripening is a complex interaction between residual
enzyme activity of muscle and/or fat tissue and bacterial
and/or fungal metabolism. The former produces free
fatty acids, peptides and free amino acids as substrates
for the production of ¯avour and other compounds
throughmicrobial and non-biological reactions, the latter
mainly involving lipid oxidation (Demeyer, 1992;
Molly, Demeyer, Johansson, Raemackers, Gristelinck &
Greenen, 1997; Molly et al., 1996; Verplaetse, Gerard,
Buys & Demeyer, 1992).

Table 5

Volatile compounds representative of metabolism in dynamic headspace samples of Northern and Mediterranean types of sausages (mean values

only of 2±5 sausages)

Type/compound Norway Belgium N Belgium S Italy

(1)a (2)b (1) (2) (1) (2) (1) (2)

Hexanal 266 1104 123 2836 227 11568 263 4461

3-Me butanal 97 875 44 856 32 941 18 505

3-Me butanol 366 889 355 580 315 1015 188 561

2-Me butanal 34 183 7 198 7 225 14 181

2-Me butanol 91 0 22 0 47 0 17 0

Ethyl esters 247 82 221 0 82 625 100 0

Diacetyl+acetoin 4246 562 3052 311 681 167 503 1599

a As nmol 4-methyl, 2-pentanon/kg (Stahnke et al., 1999).
b ng/kg (Dirinck, personal communication).
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3.2.1. Muscle metabolic potential
Meat protease and lipase activities may be increased

by freezing and comminution, respectively. But muscle,
genetic and sex related di�erences in proteolytic and
lipolytic enzymes have been reported for pork (Armero,
Barbesa, TaldraÁ , Baselga & Pla, 1999; Flores, Alasnier,
Aristoy, Navaro, Gandemer & ToldraÁ , 1996), whereas
carcass conformation is known to a�ect muscle proteo-
lytic activity and thus beef tenderness (Uytterhaegen et
al., 1994). Similar di�erences may a�ect the rate of
substrate supply for bacterial metabolism and for lipid
oxidation during dry sausage ripening. We, therefore,
investigated the e�ect of carcass conformation and sex
on cathepsin D and acid lipase activity of a muscle and
its metabolism in aseptic conditions simulating the sau-
sage environment (Harnie et al., in preparation). Ten
barrows and 10 sow carcasses were used, with meat
percentages varying between 50 and 68%. Cathepsin D
and acid lipase activities showed variation coe�cients of
17 and 14%, respectively. The activities were related to
peptide and free fatty acid production respectively.
Cathepsin D activity was higher for sows than for bar-
rows (Fig. 1). Whether such di�erences are important in
sausage ripening remains to be established through
study of ¯avour development using di�erent meats.

3.2.2. E�ects of bacteria on leucine metabolism and on
lipid oxidation
In continuation of earlier work, Laroutture et al.

(1998) showed that all strains of Lactic acid bacteria
and Staphylococci that can be present in fermented meat
are able to catabolise leucine to 3-methyl butanoic acid.
Only Carnobacterium and some Staphylococci however
are able to produce 3-methyl-butanal, a ¯avour
compound with much lower threshold value (Mùller,
Hinrichsen & Andersen, 1998). The highest overall pro-
duction of leucine metabolites by Staphylococcus carno-
sus was observed in the absence of nitrate (Masson,
Hinrichsen, Talon & Montel, 1999).

Bacteria interfere with the oxidation of lipids and the
production of carbonyls (Smith & Alford, 1969). Bac-
terial lipases show very low activity under conditions
found in fermented sausages (Hierro et al., 1997; Ken-
neally, Leuschner & Arendt, 1998; Navarro et al., 1997)
and anti- or pro-oxidant activity is probably a more
important selection criterion for starter cultures than
lipolytic activity. The interaction of Staphylococci and
Lactobacilli often used as starter cultures with the oxi-
dation of free poly-unsaturated fatty acids was therefore
studied in pure culture (Talon & Walker et al., 1998). A
representative sample of results illustrates that no
strains had pro-oxidant activity. Several strains of Sta-
phylococci inhibit oxidation of linoleic acid but not of
linolenic acid (Table 6). In the presence of Mn (0.05 g/l)
in the medium S. xylosus and carnosus strongly inhibit
linolenic acid oxidation. Lactic acid bacteria had no
such e�ect in the absence of Mn. In the presence of Mn,
several species of Lactobacillus inhibited linoleic acid
oxidation. The antioxidant properties of Staphylococci
can be explained by their synthesis of cytosolic catalase
and Mn superoxide dismutase. With Lactobacillus,
scavenging of superoxide radicals is probably brought
about by high intracellular Mn concentrations.

3.2.3. Bacteriocin production
According to LuÈ cke (1999), the most important

mechanism to ensure microbial safety of fermented
sausages appears to be the production of lactic acid.
The e�ect of bacteriocins on the overall safety of meat
products is limited because of the resistance of Gram-
negative bacteria such as Escherichia coli to them, their
inactivation in the meat and the possibility of resistance
development in the target organisms. In fact, outbreaks
of cases of diarrhoea caused by E. coli 0157:H7 by con-
sumption of dry-cured salami have been laboratory
con®rmed and not all types of dry sausage types meet
criteria of pH and aw for safety (Lee & Stylliadis, 1996).
Nevertheless, although the growth potential of List.
monocytogenes in fermented sausage is low and no
report has been made of an outbreak of listeriosis asso-
ciated with the consumption of fermented meat pro-
ducts, bacteriocin±producing lactic acid bacteria could
be used to lower the level of this pathogen in fermented

Fig. 1. Cathepsin D activity (U/g) in M. triceps brachii in relation to

carcass meat percentage for barrows (&) and sows (^).

Table 6

E�ect of Staphylococci and Lactobacilli on free fatty acid oxidation

(mmol TBARS/g substrate)a

Sterile Control Staphylococcus sp. C. divergens L. sakei

C18:2 15.51 2.82 13.19 14.99

C18:2+Mn 17.68 12.94 6.28

C18:3 31.73 26.21

C18:3+Mn 15.41 4.39

a From Talon, Walker et al. (1998a).
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sausage by one or two log units, compared to non-bac-
teriocin producing lactic acid bacteria (Hugas, Garriga,
Aymerich & Montfort, 1995; LuÈ cke, 1999).
It was therefore judged worthwhile to investigate

environmental e�ects on L. sakei CTC 494, an isolate
from fermented sausage. It was found that the tem-
perature and pH conditions prevailing during the fer-
mentation stage of sausage ripening are optimal for
production of its bacteriocin sakacin K. The addition of
salt and, to a less extent, nitrite reduces speci®c bacter-
iocin production. Mn and lactic acid production have
stimulatory and inhibitory e�ects on cell growth
respectively. All results could be incorporated success-
fully into a mathematical model (Leroy & De Vuyst,
1999, in press).
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