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Abstract

The influence of precultivation parameters on the ability of Staphylococcus xylosus and Staphylococcus carnosus to convert

branched-chain amino acids—leucine, isoleucine and valine—into volatile flavour compounds was investigated using resting cells in

a defined reaction medium. The studied precultivation parameters were: growth phase, temperature, NaCl concentration and the

concentration of leucine, isoleucine and valine (only for S. xylosus). Flavour compounds were sampled by automatic static

headspace collection and separated/quantified using gas chromatography/flame ionization detection (GC/FID).

Main catabolic products from degradation of leucine, isoleucine and valine were the flavour intensive branched-chain acids: 2-

and 3-methylbutanoic and 2-methylpropanoic acids. The precultivation parameters altered the production of the branched-chain

acids significantly, but to various degrees for S. xylosus and S. carnosus.

Production of branched-chain acids by S. carnosus was only influenced slightly by the growth phase and not by changing the NaCl

concentration between 4.0% and 10.0% (w/w). Lowering the temperature from 28�C to 18�C significantly decreased S. carnosus’

generation of branched-chain acids. In contrast, S. xylosus was significantly influenced by all precultivation parameters, in particular

by the growth phase. Cells taken from growing cultures had a much higher production of branched-chain acids compared to cells

taken from stationary cultures. Addition of leucine and valine to the precultivation medium enhanced the production of branched-

chain acids whereas addition of isoleucine had the opposite effect.

r 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Along with lactic acid bacteria, Staphylococcus species
such as Staphylococcus xylosus and Staphylococcus

carnosus are commonly used as starter cultures in
fermented meat products. The advantage of staphylo-
cocci is their nitrite/nitrate reductase activity, catalase
activity and oxygen consumption, which improve colour
stability and reduce rancidity (Geisen et al., 1992).
Finally staphylococci contribute to the formation of
typical fermented sausage flavour (Montel et al., 1996).
Several researchers have identified flavour intensive

aldehydes, acids and esters in fermented sausages
derived from the degradation of amino acids (Montel

et al., 1996; Schmidt and Berger, 1998; Stahnke, 1995b).
Also, a correlation between sausage aroma and several
of those compounds has been reported (Stahnke, 1995c).
It has been shown that both S. xylosus and S. carnosus

degrade branched-chain amino acids (BCAAs) into
methyl branched-chain alcohols, aldehydes, acids and
their corresponding esters but the exact degradation
pathway is not firmly established (Larrouture et al.,
2000; M^ller et al., 1998; Vergnais et al., 1998).
The initial step in the degradation of BCAAs into

flavour compounds is a transamination step catalysed
by a BCAA aminotransferase. As shown recently for S.

carnosus by Madsen et al. (2002) the BCAAs are
deaminated into the corresponding a-keto acids, fol-
lowed by decarboxylation into methyl-branched alde-
hydes. The aldehydes can either oxidized into the
corresponding acids or reduced into the corresponding
alcohols (Beck et al., 2002; Vergnais et al., 1998).
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Staphylococcus starter cultures added to fermented
sausages may not grow or only grow to a limited extent,
in particular in rapidly ripened sausages and in the core
of the sausages (L .ucke, 1998; Montel et al., 1993;
Stahnke, 1995a). We can, therefore, assume that it is
essential that the culture possesses an optimal aroma-
forming capacity at the time of inoculation in the
sausage mince. Precultivation conditions of the starter
culture is one factor that could influence the catabolic
activity of the culture in the fermented products.
Presently, little information exists about the relationship
between the state of the Staphylococcus cultures and
their ability to generate methyl-branched flavour com-
pounds.
The objective of the present study was to examine the

effect of various precultivation parameters on the ability
of S. xylosus and S. carnosus to catabolize leucine,
isoleucine and valine into volatile components. At first,
growth phase was studied by harvesting cells of S.

xylosus and S. carnosus from either growing or
stationary cell cultures. Secondly, the influence of
temperature, NaCl concentration and varied amounts
of leucine, isoleucine and valine were investigated for
stationary cell cultures.

2. Materials and methods

2.1. Experimental design and analysis

Experiments were conducted by growing cells in
different precultivation media under different condi-
tions, harvesting the cells and measuring their activity in
reaction medium (details in following sections). All
experimental designs were fully randomized and data
analysed according to a fixed effect model. The influence
of growth phase, NaCl concentration and temperature
was analysed according to a simple single factor design,
whereas the influence of leucine, isoleucine and valine
was analysed according to a full 23 factorial design.
Analysis of variance was used to verify any effects of the
factorials, and Duncan’s multiple range test was used to
detect differences between means (Montgomery, 1997).

2.2. Bacterial strains and chemicals

Two commercial starter cultures were investigated: S.

carnosus S1 (Wisby, Nieb .ull, Germany) and S. xylosus

DD-34 (Chr. Hansen, H^rsholm, Denmark). Chemicals
were supplied from Applichem (Darmstadt, Germany),
Merck KGaaA (Darmstadt, Germany), Sigma-Aldrich
Corp. (St. Louis, MO, USA), J.T Baker (Deventer,
Holland), BDH (Poole, England) or TCI (Tokyo,
Japan).

2.3. Preparation and precultivation of cell cultures

The commercial cultures were isolated on MSA agar
(Mannitol Salt Agar, Difco 0306-17-2), propagated in
modified basic medium as described by Neubauer and
G .otz (1996) and stored at �80�C in cryo-tubes in basic
medium added 20% glycerol. For each experiment cell
material was scraped from the cryo-tubes and streaked
onto MSA agar. Cells were incubated for 3 days at
30�C, and material from one colony were transferred to
growth (MH) medium (described in Table 1) for further
propagation. Growth took place at 27�C in Erlenmeyer
flasks with MH-medium (pH 6.4, shaking at 110 RPM).
The flasks were closed with water repellent cotton. After
24 h the optical density of the culture was measured at
600 nm (ultrospec 4050, LKB biochrom, UK), and cell
material transferred to new MH-medium, this time
incubated according to the experimental set-up (see
following sections). The inoculation level was
1� 105 cfu/ml for all experiments, ensuring that cells
would grow at least 10 generations in the second
cultivation step before harvesting.

2.4. Growth phase study

S. xylosus and S. carnosus were grown at 27�C in
MH-medium, pH 6.4 and 3.5% (w/w) NaCl under
shaking (110 RPM). Stationary cells were harvested
after 48 h. Growing cells were harvested when the cells
still had a high growth rate at a cell concentration of
1� 108 cfu/ml. Each treatment was made in triplicate.

2.5. NaCl and temperature study

S. xylosus and S. carnosus were grown in MH-
medium, pH 6.2, under shaking (110 RPM) and
harvested in the stationary growth phase (48 h). Three
different growth conditions were applied: 4.0% (w/w)
NaCl at 28�C, 4.0% (w/w) NaCl at 18�C and 10.0%
(w/w) NaCl at 28�C. Each treatment was made in
duplicate.

2.6. BCAA study

S. xylosus was grown at 27�C in MH-medium, pH
6.2, 3.5% (w/w) NaCl under shaking (110 RPM) and
harvested in the stationary growth phase (48 h). Yeast
extract concentration was reduced to 100mg/l in the
MH-medium to minimize background amount of
leucine, isoleucine and valine to 0.03–0.04mm (Table 1).
The high and low levels of leucine, isoleucine and valine
in the MH-growth medium were adjusted to 2.5 and
0.1mm, respectively. Each treatment was made in
duplicate. S. carnosus was not investigated since it did
not grow well at the low yeast extract concentration
necessary for this experiment.
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2.7. Reaction procedure

The cells from the precultivation medium were
centrifuged (7000g, 4�C, 10min), washed and suspended
in reaction medium (Table 1) without BCAAs (ice-cold).

The suspension of resting cells was added to sterile 11ml
glass tubes with Teflon faced rubber lined screw caps
(Wheaton, USA) containing room tempered reaction
medium at pH 5.8 (pH 6.2 in growth phase study) to a
final volume of 8.0ml and a cell concentration of
2� 108 cfu/ml. Tubes were incubated for 24 h at 25�C
under agitation. The bacteria did not grow in the
reaction medium. The tubes were centrifuged (5500g,
10min. at 4�C), and supernatant transferred to 22ml
headspace vials, capped (PTFE coated butyl rubber
septa) and stored at �80�C until analysis.

2.8. Analysis of flavour compounds

Analysis of the supernatant was conducted for
branched-chain alcohols/aldehydes/esters and acids in
two separate static headspace analyses. The acids had to
undergo an ethyl esterification since they are not
sufficiently volatile for direct analysis. In all the analyses
2.0ml supernatant was mixed with 2.0 g of NaCl. For
the acid analysis the mixture was also added 0.50 g of
NaHSO4, 1H2O and 120 ml of ethanol (99.8%). Reaction
medium without added cell culture was used as blank.
Samples were analysed by a static headspace (HS)

sampler (HS 40XL, Perkin-Elmer Ltd., UK) connected
to a gas chromatograph (AutoSystem XL, Perkin-Elmer
Ltd, UK). Samples were kept below 15�C until analysis.
The headspace components were transferred splitless
into a polar deactivated guard column (RE-10067,
Restek, USA) and separated on a (5%-phenyl)-methyl-
polysiloxane column (DB-5, 1 mm, 60m, 0.25mm, J&W
Sci., USA). In order to lower detection limit compounds
were cryofocused (accessory HS 40XL) directly onto the
column (flow 35 cm/s). Components were detected by
flame ionization detection (300�C) and quantified/
identified by using external standards. The HS/GC
parameters depended upon the compounds analysed for.

2.9. Alcohol/aldehyde/ester analysis

Thermostating time: 25.0min (shaking), thermostat-
ing/needle/transfer line temperature: 65/75/85�C, carrier
gas pressure: 44 psi, pressurization time: 3.0min, injec-
tion time: 1.20min, withdrawal time: 0.50min, precryo-
focusing time: 1.90min, post-cryofocusing time:
0.50min, injection temperature: 100�C. GC-pro-
gramme: 35�C for 1min, 15�C/min to 50�C, 5�C/min
to 120�C, 20�C/min to 220�C, 6.0min.

2.10. Acid analysis

Thermostating/esterification time: 360.0min (shak-
ing), thermostating/needle/transfer line temperature: 95/
100/105�C, carrier gas pressure: 44psi, pressurization
time: 3.0min, injection time: 0.15min, withdrawal time:
0.5min, precryofocusing time: 0.90min, post-cryofocusing
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Table 1

Growth and reaction media used in the experiments

MH mediuma

(mg/l)
Reaction
medium (mg/l)

Buffers/salts/sugar
MES-buffer 20,000 10,000
Na2HPO4 � 2H2O 10,000 10,000
KH2PO4 3000 3000
NaClb 35,000 35,000
MgSO4 7H2O 500 500
d(+)-Glucose 2000 —
Yeast extractc 1000 —

Amino acids
l-Alanine 100.0 —
l-Arginine 100.0 —
l-Aspartic acid 150.0 —
l-Cysteine 50.0 —
l-Glutamic acid 150.0 —
l-Glycine 100.0 —
l-Histidine 100.0 —
l-Isoleucinec 150.0 250
l-Leucinec 150.0 250
l-Lysine H2O 112.0 —
l-Methionine 100.0 —
l-Phenylalanine 100.0 —
l-Proline 150.0 —
l-Serine 100.0 —
l-Threonine 150.0 —

l-Tryptophane 100.0 —
l-Tyrosine 100.0 —
l-Valinec 150.0 250

Growth factors
Adenine sulfate 20.0 20.0
Guanine Hydrochloride 20.0 20.0
Biotin 0.10 0.10
Nicotinic acid 2.00 2.00
d-Panthotenic acid (Ca-salt) 2.00 2.00
Pyridoxal hydrochloride 4.90 4.90
Pyridoxamine dihydrochloride 4.00 4.00
Riboflavin 2.00 2.00
Thiamine Hydrochloride 2.00 2.00
Vitamin B12 0.10 0.10
Folic acid 0.10 0.10

Trace metals
CaCl2 � 2H2O 6.70 6.70
MnSO4 � 1H2O 5.60 5.60
(NH4)2Fe(SO4)2 � 6H2O 6.00 6.00
CoCl2 � 6H2O 0.41 0.41
CuSO4 � 5H2O 0.04 0.04
ZnSO4 � 7H2O 0.87 0.87
(NH4)6 �Mo7O24 � 4H2O 0.11 0.11

The pH was adjusted with HCl/NaOH and subsequently sterile filtered

through a cellulose acetate 0.2mm filter (Frisenette, Denmark) in all
media.
aModified from Hussain et al. (1991).
bSpecial: NaCl and temperature study.
cSpecial: BCAA study.
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time: 0.50min, injection temperature: 110�C. GC-
programme: 35�C for 1min, 20�C/min to 85�C, 2�C/
min to 110�C, 20�C/min to 220�C, 4.5min.

3. Results

In all experiments the main volatile catabolites
generated by S. xylosus and S. carnosus from the
degradation of isoleucine, leucine and valine were 2- and
3-methylbutanoic acids, and 2-methylpropanoic acid,
respectively, with 2-methylpropanoic acid as the least
favoured end product (Figs. 1–3). Despite a detection
limit around 1 mg/kg, there was no sign of the respective
branched-chain aldehydes, esters or alcohols except for
a small amount of 3-methyl-1-butanol produced by S.

xylosus. The concentration of 3-methyl-1-butanol in-
creased when the concentration of 3-methylbutanoic
acid increased, and vice versa (Figs. 1–3). Only a small
amount of the BCAAs in the reaction medium was
catabolized into branched-chain acids during the reac-
tion. The highest value of a branched-chain acid
measured at any time (2-methylbutanoic acid) corre-
sponded to 6.6% (mol/mol) of the added isoleucine
pool.

3.1. The influence of growth phase

The growth phase of S. xylosus had a marked
influence on its ability to generate branched-chain acids.
The difference between the growing and stationary
cultures resulted in a total difference in the acid
concentration by more than a factor 7 (Fig. 1). This
effect could be seen for all three acids and in particularly
for 2-methylbutanoic acid.
For S. carnosus there was only a small, if any,

difference in the total concentration of acids in relation
to growth phase (Fig. 1 and Table 2). However, for the
individual acids the concentration of 3-methylbutanoic
and 2-methylpropanoic acids was higher in the sta-
tionary cultures than in the growing cultures, whereas
the amount of 2-methylbutanoic acid was lower. For
both staphylococci there was a shift in the relative
distribution between the acids, from 2-methylbutanoic
acid being the predominant acid produced by the
growth phase culture, to 3-methylbutanoic acid being
the predominant acid produced by the stationary phase
culture (Fig. 1 and Table 2). The changes in the
concentration of 2-methylpropanoic acid seemed
largely to follow the changes in the concentration of
3-methylbutanoic acid.
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Fig. 1. Catabolites produced by S. xylosus-DD-34 and S. carnosus-S1 from branched-chain amino acids (pooled SD). Cells were harvested from

either growing or stationary cells cultures. *Concentration of 3-methylbutanol is multiplied by a factor of 100 to bring it into scale. **Letters indicate

whether the acid concentrations are significantly (Po0:01) different according to Duncan’s multiple range test.
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3.2. The influence of NaCl and temperature

The ability of S. xylosus to degrade the branched-
chain amino acids was strongly affected by changing the
NaCl concentration or the temperature during preculti-
vation (Fig. 2a and Table 3). Increasing the concentra-
tion of NaCl or decreasing the temperature, both
resulted in an increased generation of all acids and 3-
methyl-1-butanol. It is important to note, however, that
by increasing the NaCl concentration or lowering the
temperature the growth rate of S. xylosus was reduced

(McMeekin et al., 1987; S^ndergaard and Stahnke,
2002; S^rensen and Jakobsen, 1996). This meant that
the culture grown at 28�C and 4% NaCl reached the
stationary phase faster and grew to a higher final cell
concentration. Differences between the samples could
therefore to some extent be influenced by differences in
the precultivation growth phase (see previous section).
However, all cultures had reached the stationary phase
within 24 h of incubation during the precultivation and
the relative distribution of acids resembled that of a
stationary culture (Table 2).
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Fig. 2. (a) Catabolites produced by S. xylosus-DD-34 from branched-chain amino acids (pooled SD). Cells were harvested from stationary cells

cultures cultivated at different temperatures and NaCl concentrations. *Concentration of 3-methylbutanol is multiplied by a factor of 100 to bring it

into scale. **Letters indicate whether the acid concentrations are significantly (Po0:05) different according to Duncan’s multiple range test. (b)
Catabolites produced by S. carnosus-S1 from branched-chain amino acids (pooled SD). Cells were harvested from stationary cells cultures cultivated

at different temperatures and NaCl concentrations. **Letters indicate whether the acid concentrations are significantly (Po0:05) different according
to Duncan’s multiple range test.
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The generation of acids by S. carnosus was unaffected
by changes in the concentration of NaCl (Fig. 2b and
Table 3). Lowering the temperature resulted in a
reduced concentration of acids. This was particularly
pronounced for 3-methylbutanoic acid (Table 3), which
may be due to the influence of growth phase variation. It
cannot, however, explain the change in the total acid
concentration.

3.3. The influence of adding leucine, isoleucine and valine

to the precultivation medium

All cultures grew well during the precultivation step
and reached the same final cell concentration
(2.9� 108 cfu/ml70.1� 108 cfu/ml). Increasing the leu-

cine concentration led to an increase of the total amount
of acids and 3-methyl-1-butanol (Fig. 3 and Table 4).
The same effect could be seen for valine, though to a
lesser extent. High levels of leucine and valine together
resulted in the highest acid concentration. In contrast,
isoleucine at a high level decreased the generation of the
acids. The lowering effect of isoleucine appeared to be
small if isoleucine was added alone, but it clearly
inhibited the positive effect of leucine and valine on the
acid production. In fact, the negative interaction
between valine and isoleucine generated the lowest
concentration of acids in the experiment. It should be
noted that the main factor effects in the factorial
analysis of isoleucine and valine are obscured by the
interaction between the two amino acids. The relative
distribution of the three acids was fairly stable in all
experimental combinations, but there was a slight
tendency for valine, isoleucine and leucine to induce
an increase in the concentration of their corresponding
branched-chain acids in the reaction medium.

4. Discussion

In the last decade increasing focus has been directed
toward clarifying the role of staphylococci in the flavour
development of fermented sausages. However, to fully
evaluate the potential of staphylococci it is necessary to
understand how staphylococci are influenced by changes
in the sausage environment and how changes in the
precultivation step affect their flavour-forming capacity
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Fig. 3. Catabolites produced by S. xylosus-DD-34 from branched-chain amino acids (pooled SD). Cells were harvested from stationary cells cultures

cultivated with varying leucine, isoleucine and valine concentrations. *Concentration of 3-methylbutanol is multiplied by a factor of 100 to bring it

into scale.

Table 2

The relative distribution among the branched-chain acids formed by S.

xylosus and S. carnosus respectively that were harvested in either the

growing or stationary growth phase

S. xylosus S. carnosus

Growing

(%)

Stationary

(%)

Growing

(%)

Stationary

(%)

2-Methylpropanoic

acid

8 10 13 16

2-Methylbutanoic

acid

50 33 49 33

3-Methylbutanoic

acid

41 57 38 51

Total branched-

chain acids

100 100 100 100
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after inoculation in the sausage. Comparing the results
of the present experiments with other resting cells
studies and research conducted on sausages, it is
noteworthy that the production of branched-chain acids
in reaction medium is always highly favoured compared
to the generation of the flavour important branched-
chain aldehydes which have been frequently detected in
sausages (Beck et al., 2002; Berdagu!e et al., 1993;
Johansson et al., 1994; Larrouture et al., 2000; Masson
et al., 1999; Olesen and Stahnke, 2000; Stahnke, 1995b;
Vergnais et al., 1998). In fact, Beck et al. (2002) showed
by kinetic studies of resting cells that the a-ketoacids
generated by transamination of the branched-chain
amino acids in S. xylosus DD-34 were decarboxylated
into the corresponding branched-chain aldehydes, but
quickly oxidized into the corresponding acids
(Vmax > 5 mmol/min/10

12 cfu). So far there is no estab-
lished explanation for the differences in aldehyde/acid
ratio between sausages and resting cells experiments, but
one explanation could be the disparity in redox balance
between sausage and reaction medium (microaerophilic
versus aerobic). Another explanation could be that 3-
methylbutanal diffuses into the lipid phase of the
sausages making molecules inaccessible for further
oxidation by the micro-organisms. However, the
amount of branched-chain acids formed in resting cells
experiments should give us a general view of different

staphylococci’s capability to degrade branched-chain
amino acids into their corresponding methyl-branched
flavour compounds as a whole.
The shift in the relative distribution between 2- and 3-

methylbutanoic acids from a growing to a stationary
culture could be related to changes in metabolic
transport or catabolic products being drawn away
into other pathways. Many bacteria regulate the
fluidity of their membranes by changing the ratio of
iso and anteiso branched-chain fatty acids, and the
fluidity of the membrane affects the metabolite trans-
port across the cellular membrane (Kaneda, 1991;
McElhaney, 1985). In staphylococci a large portion of
the cell membrane is composed of branched-chain
fatty acids (O’Donnel et al., 1985). Branched-chain
acids, and in particular branched-chain a-keto acids
generated by the degradation of BCAAs, are used in
the anabolism of long branched-chain fatty acids
for the cell membrane (Beck pers. comm.; Kaneda,
1991). The cell membrane composition is known to be
influenced by growth conditions such as growth phase,
temperature and excessive supply of leucine, isoleucine
and valine (Kaneda, 1991). Thus during growth, 2- and
3-methylbutanoic acids and 2-methylpropanoic acid or
their a-keto precursors can be utilized in cellular
membrane synthesis, which explains why there is a
likely relationship between growth parameters, growth

ARTICLE IN PRESS

Table 3

The relative distribution among the branched-chain acids formed by S. xylosus and S. carnosus respectively grown at different temperature and NaCl

concentrations

S. xylosus S. carnosus

4% NaCl 4% NaCl 10% NaCl 4% NaCl 4% NaCl 10% NaCl

28�C (%) 18�C (%) 28�C (%) 28�C (%) 18�C (%) 28�C (%)

2-Methylpropanoic acid 9 9 10 17 16 17

2-Methylbutanoic acid 31 37 37 35 41 37

3-Methylbutanoic acid 60 54 53 48 43 46

Total branched-chain acids 100 100 100 100 100 100

Table 4

ANOVA analysis showing the effect of adding valine, leucine or isoleucine to the precultivation medium on the concentration of branched-chain

acids formed by S. xylosus in reaction medium

Factor 2-Methylpropanoic acid 2-Methylbutanoic acid 3-Methylbutanoic acid Total branched-chain acids 3-Methyl-1-butanol

Effecta Significancesb Effect Significances Effect Significances Effect Significances Effect Significances

Val 0.68 0.022 — 0.206 — 0.407 0.702 0.168

Leu 1.64 o0.001 3.11 0.010 13.09 o0.001 17.84 o0.001 0.155 o0.001
Iso �2.13 o0.001 �2.96 0.013 �10.11 o0.001 �15.21 o0.001 �0.119 o0.001
Val*Iso �0.93 0.004 �2.25 0.044 — 0.119 �6.72 0.046 — 0.322

Leu*Iso — 0.429 — 0.168 — 0.660 — 0.399 — 0.854

Val*Iso*
Leu

— 0.095 — 0.406 — 0.448 — 0.342 — 0.241

All Val*Leu interactions was negligible (P > 0:5) and therefore pooled with the error estimate.
aRegression coefficients of main factors and their interactions in mmol/kg (only significant regression values displayed, Pp0:05).
bAnalysis of variance, significance levels given as P-values.
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phase and the production of volatile branched-chain
acids.
The present study showed that temperature, NaCl

and growth phase in the precultivation step affected the
generation of branched-chain acids by S. carnosus and
S. xylosus to a different extent (Figs. 1, 2a and b). This
might be due to the direct effect of growth conditions on
the metabolic systems at the time of harvesting, but also
to differences in the way S. carnosus and S. xylosus

adapt their membranes to environmental changes.
Further investigation is needed, however, to determine
how the anabolism of branched-chain fatty acids affect
BCAA degradation and vice versa.
The addition of leucine, isoleucine and valine (Fig. 3)

to the precultivation medium affected the ability of S.

xylosus to generate branched-chain acids. Bearing in
mind what was previously discussed, this should come as
no surprise. However, even though the actual effect and
interaction between those amino acids are not readily
explainable, increasing the leucine concentration in the
precultivation medium seemed to be the best way to
promote the generation of branched-chain acids in the
reaction medium.
Only two other investigations have studied the

influence of precultivation parameters on degradation
products from BCAAs. M^ller et al. (1998) showed
that growing S. xylosus with agitation in contrast to
no agitation significantly increased the production of
3-methylbutanol in minimal medium and meat extracts.
No significant effect was observed for 3-methylbutanoic
acid, though. Masson et al. (1999) showed that the
production of 3-methylbutanoic acid by S. carnosus was
increased by a factor of 2 when using a complex medium
instead of a defined medium.
In sausages produced with staphylococci, the genera-

tion of 3-methylbutanal and 3-methylbutanoic acid is
favoured compared to the generation of 2-methylbuta-
nal and 2-methylbutanoic acid (Ansorena et al., 2000;
Berdagu!e et al., 1993; Johansson et al., 1994; Olesen and
Stahnke, 2000; Viallon et al., 1996). This was consistent
with the metabolic profile of the stationary cell culture
(Tables 2 and 3), indicating that the majority of
branched chain flavour compounds in sausages are
generated after the growth of the staphylococci has
ceased. This is not surprising since in most sausages
staphylococci do not grow after the initial fermentation
stage, if they grow at all (L .ucke, 1998; Montel et al.,
1993; Stahnke, 1995a). Research carried out after the
growth phase experiment was therefore conducted using
stationary cell cultures.
The ratio between 2- and 3-methylbutanoic acids is of

some importance. The odour thresholds of 2-methylbu-
tanoic and 2-methylpropanoic acid are much higher
than for 3-methylbutanoic acid (Brennand et al., 1989)
and the odour threshold is higher for 2-methylbutanal
than for 3-methylbutanal (Berlitz and Grosch, 1999).

Therefore, it seems reasonable that the degradation of
leucine is of more importance for the flavour formation
of fermented sausages than the degradation of isoleucine
and valine.

5. Conclusion

It is clear from the experiments that the potential of
the Staphylococcus starter cultures for degrading leu-
cine, isoleucine and valine into flavour compounds can
be manipulated during the precultivation of the starter
cultures. In particular changing the precultivation
temperature seems promising since the temperature
interval allowing growth of staphylococci is much wider
than the interval examined in this study (Bergey’s, 1994).
This could be of relevance for manufactures of starter
cultures. Since the number of staphylococci decreases
shortly after inoculation in many modern sausage
productions, it could be of importance that the
staphylococci starter cultures have a high initial activity
toward the degradation of BCAAs. It should be kept in
mind, though, that those changes might not endure for
long in the sausage environment since the staphylococci
may adapt their BCAA degradation potential to the
sausage environment. To date, research in Staphylococcus

starter cultures has not addressed this issue.
Only one strain of S. xylosus and S. carnosus has been

investigated in this study, and therefore caution must be
taken to extent the present results to other S. xylosus

and S. carnosus strains. In particular for S. carnosus due
to the large variation within this species (Probst et al.,
1998).
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