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Abstract

The metabolites from leucine degradation play a key role in sausage aroma. Leucine catabolism is particularly important in
Carnobacterium piscicola. The purpose of the study was to determine the effect of C. piscicola inoculation on the aroma of a sausage
model and on leucine catabolism. Sensory analysis and implantation of Carnobacterium were performed. Aromatic compound

production from 3H leucine added to the sausage model was measured by high-performance liquid chromatography. After 18 days
of ripening, the level of Carnobacterium species was 10-fold higher in sausages inoculated with C. piscicola than in the control
sausages. Addition of C. piscicola enhanced the development of sausage aroma. The leucine was 10% more degraded in the models

inoculated with C. piscicola. 3-Methyl butanoic acid was the main metabolite detected and the highest production of a-ketoisoca-
proic acid and hydroxy a-ketoisocaproic acid were detected in the sausage model inoculated with C. piscicola. # 2002 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

The consumers and the industry require safe, stable
and flavoursome fermented meat products (Lücke,
2000). The flavour is derived from the meat, the added
compounds (spices and carbohydrates) and the micro-
bial metabolism. The effect of a starter culture (mixture
of lactic acid bacteria and Micrococcaceae) on aroma
production has been studied in a model sausage. In the
model, the highest dry cured odour was associated with
Staphylococcus carnosus and Staphylococcus xylosus
and related with high production of 3-methyl butanal,
methyl ketones and ethyl esters (Montel, Talon, Berda-
gué, & Cantonnet, 1993). Sausages manufactured with
Staphylococcus xylosus had higher levels of esters than
control sausages and gave a typical sausage aroma
(Stahnke, 1994). A mixture of Lactobacillus curvatus

and Micrococcus gave ‘good’ texture and flavour to
Italian-type salami from ostrich meat (Böhme, Mellett,
Dicks, & Basson, 1996). Olesen and Stahnke (2000)
demonstrated that the presence of Candida utilis in a
model mince product increased the degradation of
branched-chain amino acids into volatile compounds
important for sausage aroma. It has been shown that 3-
methyl butanal, 3-methyl butanol and 3-methyl buta-
noic acid derived from leucine catabolism have a major
impact on the sensorial qualities of sausages (Schmidt &
Berger, 1998). The conversion of leucine to 3-methyl
butanal and the corresponding alcohol by Streptococcus
lactis var. maltigenes (renamed Carnobacterium pisci-
cola) was believed responsible for the malty flavour
produced in a milk culture (Sheldon, Lindsay, Libbey,
& Morgan, 1971). Larrouture, Ardaillon, Pepin, and
Montel (2000) have shown that the Carnobacterium pis-
cicola 545 strain produced in vitro high amount of 3-
methyl butanal and 3-methyl butanoic acid from leu-
cine. Thus, this strain was selected to determine the
effect of its inoculation on flavour and leucine degrada-
tion in a sausage model.
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2. Materials and methods

2.1. Strain and growth conditions

Carnobacterium piscicola strain 545 was grown at
30 �C in APT medium (All Purpose Tween, Merck,
Darmstadt, Germany). After 8 h of growth, cells were
centrifuged, washed twice with saline solution (8%
NaCl) and suspended in sterile, distilled water.

2.2. Sausage manufacturing

A model mince was manufactured with a formulation
of 72% pork shoulder, 28% pork streaky bacon the
following ingredients were added: 2.5% salt, 80 ppm
sodium nitrite, 120 ppm potassium nitrate, 0.4% glu-
cose, 0.2% saccharose, 0.03% ascorbic acid, 0.07%
black pepper, 0.03% white pepper and 0.01% garlic.
Two batches of model sausage were produced one with
and one without Carnobacterium piscicola by adding 106

living cells of Carnobacterium piscicola per gram of
sausage. Each batch was then divided into six parts and
30 mCi of 3H leucine (Amersham, Little Chalfont, UK)
were added to half of each part. Samples corresponding
to day 0 were frozen for analysis. The samples without
radioactive leucine were used for sensory analysis and to
follow the inoculated starter. The labelled samples were
used for leucine catabolism studies. Two grams of each
sample were stuffed into small plastic bags and incu-
bated at 24 �C for 72 h and then transferred to 15 �C till
the end of ripening. Samples were taken on the fifth and
the 18th day of ripening and frozen until analysis.
Experiments were repeated twice with the same model
mince.

2.3. Microbiological analysis

Two grams of sample, corresponding to 0, 5 and 18
days of ripening, were frozen and after thawing were
homogenised in sterile distilled water with a stomacher.
From the suspension, decimal dilutions in saline solu-
tion (8% NaCl) were prepared and spread on APT-agar
plates. Plates were incubated for 48 h at 30 �C. Total
plate count was expressed as colony forming units per
gram of sausage (cfu/g)

2.4. Implantation of Carnobacterium

The implantation of Carnobacterium was checked by
colony hybridisation in the non-radioactive samples.
Colonies from APT-agar plates were transferred on
Hybond N+membranes and the membranes placed on a
paper pad saturated with 2�salt sodium citrate (SSC)
(300 mM NaCl, 3 mM sodium citrate), 5% SDS and
heated in a microwave oven (650 W) for 1 min. The
membranes were washed in 2� SSC for 5 min and dried

at 80 �C for 30 min. They were hybridised with two oli-
gonucleotide probes EUB338, the universal probe for
Eubacteria (Amann, Krumholz, & Stahl, 1990) and
CB1, a specific probe for Carnobacterium genus (Nissen,
Holck, & Dainty, 1994). The oligonucleotide probes
were synthesised and labelled with digoxygenin (Dig) at
the 30 end by MWG-Biotech (Courtaboeuf, France).
Hybridisation was performed at 40 �C according to
Nissen et al. (1994) in Dig Easy Hyb (Roche, Mannheim,
Germany) containing 6 pmoles of Dig labelled probe. The
hybridised probes were detected by the Dig luminescent
detection kit (Roche). The implantation of Carnobacterium
was expressed as a percentage of the colonies hybridising
with the CB1 probe to those hybridising with the EUB338
probe.

2.5. Sensory analysis

To determine differences between samples prepared
with or without Carnobacterium piscicola, triangular
tests were performed at 5 and 18 days of ripening. An
untrained panel of 15 members was requested to find the
odd sample among 3: a duplicate one and an unique one.
The procedure and the interpretation of results were
performed as described in French standard NF V09-013.

2.6. Analysis of leucine catabolism

Analyses were performed in the control and inocu-
lated sausages containing labelled leucine after 0, 5 and
18 days of ripening. Sausage extracts were made from 2
g of mince homogenised with a Politron1 (Politron,
Bioblock, France) and 8 ml of 0.6 M HClO4. The sus-
pension was centrifuged for 5 min at 8000 g at 4 �C and
the supernatant was filtered through a 0.45-mm filter
(Acrodisc, Pall, Michigan, USA). In the sausage
extracts, leucine was analysed by reverse phase-high
performance liquid chromatography (HPLC) on a
Novapack C18 column (2�150 mm, 4 mm, Waters,
Corp., Milford, MA) and metabolites from leucine were
separated with a ion exclusion column as described by
Yvon, Berthelot, and Gripon (1999). The labelled leu-
cine and the radioactive metabolites were quantified
with a radioactivity detector (Radiometric Flo-one/Beta
A-515TR radio HPLC detector, Packard Instrument
Co., Meriden, Connecticut USA). The metabolites were
identified by comparison of retention times with those
of the appropriate standards i.e. a-ketoisocaproic acid,
hydroxy a-ketoisocaproic acid, 3-methyl butanal, 3-
methyl butanol and 3-methyl butanoic acid. The label-
led leucine detected at the beginning of the process in
the control and inoculated sausage extracts was con-
sidered as the initial leucine content. The quantities of
leucine degraded and metabolites produced after 5 and
18 days of ripening were expressed as percentages of the
initial leucine content.
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3. Results

3.1. Implantation of Carnobacterium

In the control sample, the endogenous flora increased
from 2.1�103 to 1.2�108 cfu/g after 5 days of matura-
tion (Table 1). After 18 days, the viable cells were esti-
mated at 1.5�108 cfu/g. The microbial flora in the
sample inoculated with Carnobacterium piscicola
increased from 8�105 to 1.8�108 cfu/g during the first
five days of ripening and reached 3.5�108 cfu/g after 18
days of ripening. To check the implantation of Carno-
bacterium, colony hybridisations were performed.
Seventy-two per cent of the colonies were picked up

hybridised with the EUB338 probe. Among them, the
percentage of colonies hybridising with CB1 was calcu-
lated. In the sample inoculated with Carnobacterium
piscicola, the percentage of Carnobacterium genus in the
total flora was 91% at the beginning of the process. It
decreased to 34.5% after 5 days and was 24% after 18
days of ripening. In the control sample, Carnobacterium
genus represented 21% of the total flora at the begin-
ning. It decreased to 5% after 5 days of ripening and
was 2.3% after 18 days.

3.2. Sensory analysis

There were no significant differences in odour between
the control sausages and sausages inoculated with
Carnobacterium piscicola after 5 days of ripening.
After 18 days of ripening the samples with Carno-

bacterium piscicola were significantly different from
samples without Carnobacterium piscicola (significance
at P<0.01 in standard NFV09-013). The sausages
inoculated with Carnobacterium piscicola were perceived
as having a more sausage and fatty odour than the
control sausages.

3.3. Analysis of leucine catabolites

After 5 days of ripening no difference could be found
in the catabolic profiles between samples with and
without Carnobacterium piscicola (data not shown).
Whether inoculated or not 20% of leucine was degraded
and the main metabolites produced were 3-methyl
butanoic acid and a-ketoisocaproic acid. After 18 days,
38% of leucine was degraded in the sausages inoculated
with Carnobacterium piscicola whereas only 28% was
degraded in the control sausages (Table 2). The amount
of metabolites from labelled leucine was two-fold higher
in the presence of Carnobacterium piscicola. In the con-
trol sausages, only 3-methyl butanoic acid was identified
whereas in sausages prepared with Carnobacterium pis-
cicola, a-ketoisocaproic acid and hydroxy a-ketoisoca-
proic acid were produced in addition to 3-methyl
butanoic acid. After 18 days, 22% of the radioactive
leucine in the control sausages and 27% in inoculated
ones were not recovered in the detected metabolites.

4. Discussion

After 18 days of ripening, the proportion of Carno-
bacterium genus was 10-fold higher in the sausages
inoculated with Carnobacterium piscicola than in the
control sausages. Nevertheless, the implantation of
Carnobacterium piscicola was not very obvious since
viable cells of Carnobacterium genus decreased during
ripening. Our result is in agreement with that of Four-
naud (1976) who found that Carnobacterium genus dis-
appeared during ripening of fermented sausage. The
flavour of the sausage models was enhanced by inocu-
lation of Carnobacterium piscicola, in spite of only low
implantation of the strain. This was only seen after 18
days of ripening and was associated with the 10% of
additional leucine degraded in the inoculated samples.
Leucine degradation did not seem to be correlated with
the growth of the strain. 3-Methyl butanoic acid was the
main aromatic compound detected. The fact than, in
our experimental conditions, 27% of leucine degraded
was not detected suggest the production of other
metabolites in addition to a-ketoisocaproic acid,
hydroxy a-ketoisocaproic acid, 3-methyl butanal and 3-
methyl butanol. It would be interesting to analyse the
samples by headspace analysis coupled with mass
spectrometry. Nevertheless, 3-methyl butanal and 3-
methyl butanol were detected by HPLC when Carno-
bacterium piscicola was cultivated in a medium with
1% a-ketoisocaproic acid (Larrouture, 2001). We
have shown that leucine catabolism can be influenced
in vitro by environmental factors and it could be that
the nature of the sausage supports the formation of
3-methyl butanoic acid or other molecules rather
than 3-methyl butanal and 3-methyl butanol. The loss

Table 1

Results of count and colony hybridisation with EUB338 and CB1

probes in control and inoculated sausage mince at 0, 5 and 18 days of

ripening. Results are the average of two repetitions

Ripening

(days)

Sample Plate count

(cfu/g)a
% Of Carnobacterium

in total florab

0 Control 2.1�103 21

0 Inoculated 8�105 91

5 Control 1.2�108 5.2

5 Inoculated 1.8�108 34.5

18 Control 1.5�108 2.3

18 Inoculated 3.5�108 24

a Colony forming units per gram of sausage on APT agar medium.
b Percentage of colonies hybridising with CB1 probe/colonies

hybridising with EUB338 probe.
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of 3-methyl butanal and 3-methyl butanol during stor-
age, extraction and analysis may also occur, even if the
fat content limits this lost.
Leucine degradation has an important role in flavour

development. The salami odour in sausages has been
correlated with the inoculation of Staphylococcus xylo-
sus and the formation of 2-methyl butanal, 3-methyl
butanal and ethyl esters (Stahnke, 1995). The sourdough
odour of sausage has been shown to be influenced by
the presence of 3-methyl butanoic acid produced by
Staphylococcus xylosus (Stahnke, 1995). Olesen and
Stahnke (2000) found that in model minces inoculated
with Candida utilis, after 14 days of ripening the con-
centrations of 3-methyl butanoic acid and 3-methyl
butanol were 1.5 and two-fold higher in the inoculated
sausage models.
In the present study the role of leucine catabolism in

sausage flavour was not clearly demonstrated, but it was
nevertheless obvious that the Carnobacterium piscicola
545 strain influenced the odour of the sausages and
enhanced leucine degradation. A more complete analy-
sis of the metabolites produced should allow identifica-
tion the molecules involved.
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Table 2

Leucine catabolism in sausage minces after 5 and 18 days of ripening in the control sausages and in the sausages inoculated with Carnobacterium

piscicola. Results are expressed as a percentage of initial labelled leucine

Ripening

(days)

Sample Leucine a-Ketoisocaproic
acid

Hydroxy

a-ketoisocaproic
acid

3-Methyl

butanoic

acid

0 Control 100 0 0 0

0 Inoculated 100 0 0 0

5 Control 82 2 0 7

5 Inoculated 79 3 2 6

18 Control 72 0 0 6

18 Inoculated 62 3 2 6
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