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Abstract

The metabolites from leucine degradation are involved in dry fermented sausage aroma. The catabolism of leucine by a

strain of Carnobacterium piscicola was studied directly in the growth medium with 3H-labelled leucine to investigate the effect

of five parameters: phase of growth, pH, oxygen, glucose and a-ketoisocaproic acid. Resting cells (RC) were also incubated

with 3H-labelled leucine. The radioactive metabolites from leucine catabolism were analysed by high performance liquid

chromatography (HPLC). At pH 5.4 and 7.2, the main metabolites detected were 3-methyl butanal, 3-methyl butanol and a-

ketoisocaproic acid. At pH 6.5, the leucine catabolism was maximum and was characterised by a high production of 3-methyl

butanoic acid. Leucine catabolism was most important during the exponential phase of growth. The addition of a-

ketoisocaproic acid at 1%, glucose at levels of 0.5% to 2% and shaking of the growth medium increased leucine catabolism.

D 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Most of the sensory properties of dry fermented

sausage have been attributed to the catabolism of

proteins, lipids and carbohydrates and to compounds

derived from further degradation of these products,

i.e. amino acids. Raw material characteristics (endog-

enous enzymes), processing conditions, ripening, stor-

age, natural and inoculated microbial flora largely

contribute to these biochemical process (Montel et

al., 1996; Hammes and Hertel, 1998; Meynier et al.,

1999). It was shown that the aroma of sausage can be

modulated by use of starter culture. Stahnke (1994)

studied in dry fermented sausage the role of Staph-

ylococcus xylosus in the production of aromatic com-

pounds. Sausages manufactured with S. xylosus had

higher level of esters than control sausages (without

microbial growth) and presented a typical sausage

aroma. Pedersen and Hinrichsen (1996) have shown

that the presence of Staphylococcus carnosus and

Corynebacterium callunae in a bacon model increased

the quantity of 3-methyl butanol. Sausages produced

with S. carnosus contained higher quantities of

branched aldehydes (3-methyl butanal and 2-methyl

butanal) and their corresponding alcohols and acids

than those inoculated with Staphylococcus warneri or

Staphylococcus saprophyticus (Montel et al., 1996).
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The presence of these volatile compounds was corre-

lated with a strong sausage aroma. Lactic acid bacteria

and staphylococci of meat origin could be involved in

the production of these aromatic compounds by

catabolizing leucine. Several metabolic pathways are

involved in leucine catabolism. In first, a-ketoisocap-

roic acid can be produced from leucine by bacterial

desaminases or aminotransferases (Massey et al.,

1976; Yvon et al., 1997). Then, a-ketoisocaproic acid

can be degraded into 3-methyl butanoic acid by a

multi-enzymatic complex (Ward et al., 1999) or

directly decarboxylated into 3-methyl butanal by a

ketoacid decarboxylase (Hickey, 1983). 3-Methyl

butanoic acid can be oxidised into 3-methyl butanal

and 3-methyl butanol by dehydrogenases (Mac Kin-

tosh and Fewson, 1988). Very strong production of 3-

methyl butanal was observed with a strain of Carno-

bacterium piscicola (Larrouture et al., 2000). This

level of production has been scarcely described in the

literature. Therefore, the purpose of our study was to

have a better knowledge on leucine catabolism by a

strain of C. piscicola 545.

2. Materials and methods

2.1. Chemicals

Leucine, a-ketoglutaric acid, pyridoxal 5-phos-

phate and a-ketoisocaproic acid were obtained from

Sigma (St. Louis, MO, USA). Na2HPO4 and KH2PO4

were from Merck (Darmstadt, Germany). L-(4-5 3H)

leucine was obtained from Amersham (Little Chal-

font, UK).

2.2. Production during the growth

C. piscicola strain 545 was obtained from our

laboratory collection. It was cultivated in a chemically

defined medium (CDM) described by Hussain et al.

(1991) with leucine (2 mM), a-ketoglutaric acid (10

mM), pyridoxal 5-phosphate (2 mM) and 3H leucine

(5 ACi/ml). The effect of phase of growth was studied

at 1, 6, 12 and 22 h in this medium buffered at pH 7.2,

under static conditions, with 0.5% of glucose. The

influence of pH on leucine catabolism was studied

after 22 h of growth in the CDM medium buffered at

pH 5.4, 6.0, 6.5 and 7.2 with phosphate buffer

(KH2PO4/K2HPO4 1 M) under static conditions, with

0.5% of glucose. The effect of oxygen was studied

after 22 h in the CDM buffered at pH 7.2 with 0.5%

glucose under static and shaking conditions (300

rpm). The influence of glucose concentration (0%,

0.5%, 1% and 2%) and a-ketoisocaproic acid concen-

tration (0%, 1% and 2%) with 0.5% glucose on

leucine catabolism was tested after 22 h in the CDM

buffered at pH 7.2 under static conditions. For all

these conditions, the production of metabolites in the

supernatant was measured. After incubation, cells

were harvested (8000�g, 10 min at 4 jC) and super-

natants were frozen until analysis by HPLC (see

Analytical method). All the experiments performed

during the growth were repeated two times.

2.3. Production with resting cells

Cells cultivated 22 h under static conditions with

0.5% of glucose in CDM buffered at different pH (5.4,

6, 6.5 and 7.2) or at different a-ketoisocaproic acid

concentration (0%, 1% and 2%) were harvested from

the medium by centrifugation (8000�g, 10 min at 4

jC). They were washed twice with saline solution (8.5
g NaCl/l), then suspended in a buffer KH2PO4/

Na2HPO4 (0.067 M, pH 7), adjusted at 1/1000 to an

optical density between 0.10 and 0.15 at 600 nm. The

bacterial suspension was used as resting cells (RC).

RC were incubated for 22 h at 30 jC under static

conditions with leucine (2 mM), a-ketoglutaric acid

(10 mM), pyridoxal 5-phosphate (2 mM) and 3H

leucine (5 ACi/ml) in KH2PO4/K2HPO4 0.1 M, buf-

fered at pH 7.2. The reactions were stopped after 22 h

by adding HClO4 (0.4 M). The reaction mixture was

harvested by centrifugation 7 min at 4000�g; the

supernatant was frozen until the analysis by HPLC

method.

Resting cells from cells cultivated in the same

conditions but at pH 7.2 were prepared and incubated

as described above, except that the reaction mixture

was buffered in KH2PO4/K2HPO4 0.1 M at pH 5.4, 6

and 6.5. All the experiments with RC were performed

twice.

2.4. Analytical method

Analysis were carried out by high performance

liquid chromatography (HPLC) using the method
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described by Fernandez-Garcia and Mac Gregor

(1994) in the conditions described by Larrouture et

al. (2000). About 100 Al of each sample were injected

into the column which was thermostatically controlled

at 55 jC. The mobile phase consisted of an isocratic

gradient of H2SO4 (0.0075N) with a flow rate of 1 ml

min�1. This solvent was filtered through 0.45-Am
filter. The metabolites were detected by counting

radioactivity using a radiometric Flo-one/Beta A-

515TR radio HPLC detector (Packard Instrument,

Meriden, CT, USA). They were identified by compar-

ison of retention times with those of the appropriate

Fig. 1. The effect of phase of growth on the production of metabolites from leucine catabolism. C. piscicola strain 545 was cultivated in a

chemically defined medium buffered at pH 7.2, under static conditions, with 0.5% glucose. Results were expressed in % of leucine degraded/

100 Al of growth medium. —a-ketoisocaproic acid, T—3-methyl butanoic acid, —3-methyl butanal, —3-methyl butanol, —total

of metabolites, —OD (600 nm).

Fig. 2. Growth of C. piscicola 545 strain in chemically defined medium under different conditions. —Average of the growths obtained at

pH 6, 6.5 and 7.2, under static conditions, with 0.5%, 1% and 2% glucose, without a-ketoisocaproic acid. —At pH 5.4, under static

conditions, with 0.5% glucose. —At pH 7.2, under static conditions, with 0.5% glucose and 1% of a-ketoisocaproic acid. —At

pH 7.2, under static conditions, without glucose. —At pH 7.2, under static conditions, with 0.5% glucose and 2% of a-ketoisocaproic acid.
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standards. Results were calculated as (mol product/

mol initial leucine)�100 and expressed in the unity

«U» corresponding to the percentage of leucine

degraded/100 Al of growth medium for the studies

with cells in growth and in percentage of leucine

degraded/100 Al of reaction mixture for the studies

with resting cells.

3. Results

3.1. The effect of phase of growth

The growth phase of C. piscicola strain markedly

influenced qualitatively and quantitatively the spec-

trum of volatile compounds produced from leucine

(Fig. 1). The production of metabolites from leucine

increased during its growth in CDM. At the beginning

of the growth (1 h) the production was low but 3-

methyl butanal was the main metabolite produced in

the medium. At 6 h, the maximum amount of a-

ketoisocaproic acid was observed (0.4 U), and 3-

methyl butanal (0.15 U), 3-methyl butanol (0.15 U)

as well as 3-methyl butanoic acid (0.2 U) were

detected. After 12 h of growth, 3-methyl butanal was

the main metabolite detected (1.6 U). After 22 h, the

dominant metabolites were 3-methyl butanol (0.7 U)

and 3-methyl butanal (1.5 U).

3.2. The effect of pH

The pH remained at the initial pH values owing to

the different buffers used for preparing the media. The

growth was similar at pH 7.2, 6.5 and 6 but lower at

pH 5.4 (Fig. 2). The quantity of metabolites produced

from leucine after 22 h of growth was the lowest at pH

5.4 (Table 1a). The highest production was observed

at pH 6.5; at this pH, 3-methyl butanoic acid (1.7 U)

was significantly higher than at other pH (Table 1a).

3-Methyl butanal was the main metabolite detected at

pH 5.4, 6 and 7.2 (0.74, 1.00 and 1.47 U, respec-

tively).

To determine if the pH affected the synthesis of the

enzymes implicated in leucine catabolism, C. pisci-

cola was cultivated in CDM buffered at different pH

and corresponding resting cells (RC) were incubated

in buffer at similar conditions. The highest quantity of

metabolites from leucine was produced with RC from

Table 1a

The effect of pH on the production of metabolites from leucine catabolism during growth of C. piscicola strain 545

pH Medium Metabolite production

a-Ketoisocaproic acid 3-Methyl butanoic acid 3-Methyl butanal 3-Methyl butanol Total of metabolites

5.4 0.00F0.00 b 0.10F0.02 b 0.74F0.07 NS 0.31F0.09 NS 1.15F0.18 b

6.0 0.00F0.00 b 0.56F0.17 b 1.00F0.18 0.78F0.09 2.33F0.47 a

6.5 0.00F0.00 b 1.70F0.21 a 1.15F0.27 0.56F0.18 3.41F0.67 a

7.2 0.21F0.02 a 0.12F0.04 b 1.47F0.39 0.68F0.16 2.49F0.31 a

Growth was performed 22 h in a chemically defined medium buffered at different pH, with 0.5% glucose, under static conditions. Results

correspond to the average of two repetitions. Results were expressed in arbitrary unit (U) defined in Materials and methods. Means in the same

column with different letters were significantly different by Newman–Keuls statistical test ( P<0.05%). NS—non-significant.

Table 1b

The effect of pH on the production of metabolites from leucine catabolism with resting cells of C. piscicola strain 545

pH Metabolite production

a-Ketoisocaproic acid 3-Methyl butanoic acid 3-Methyl butanal 3-Methyl butanol Total of metabolites

5.4 0.00F0.00 b 4.20F0.69 c 33.38F2.31 a 8.08F0.77 NS 45.77F3.77 NS

6.0 1.89F0.48 a 6.01F0.78 c 31.64F2.37 a 9.65F1.40 49.20F5.03

6.5 0.00F0.00 b 28.37F3.18 a 17.15F1.38 b 8.98F0.38 54.51F4.94

7.2 0.00F0.00 b 17.34F0.79 b 27.14F2.74 a 8.42F1.56 53.20F5.09

Growth was performed 22 h in a chemically defined medium buffered at different pH with 0.5% glucose, under static conditions. Resting cells

were incubated in buffer as described in Materials and methods ‘‘Production with resting cells’’. Results correspond to the average of two

repetitions. Results were expressed in arbitrary unit (U) defined in Materials and methods. Means in the same column with different letters were

significantly different by Newman–Keuls statistical test ( P<0.05%). NS—non-significant.
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cells cultivated at pH 6.5 (54.51 U) and 7.2 (53.20 U)

(Table 1b). During the incubation of RC, a-ketoiso-

caproic acid was not detected excepted with RC from

cells cultivated at pH 6, but the quantity produced was

low (Table 1b). It means that the first metabolite from

leucine catabolism was not accumulated but rapidly

converted into 3-methyl butanoic acid, 3-methyl buta-

nal and 3-methyl butanol. 3-Methyl butanoic acid was

produced in highest amount with RC from cells

cultivated at pH 6.5, whereas 3-methyl butanol was

the lowest. The main metabolites produced with RC

from cells cultivated at pH 5.4 and pH 6.0 was 3-

methyl butanal (33.38 and 31.64 U, respectively).

To determine if the pH affected the activity of the

enzymes implicated in leucine catabolism, C. piscicola

was cultivated in CDM buffered at pH 7.2 and RC

were incubated at different pH from 5.4 to 7.2. What-

ever the pH of incubation mixture, leucine catabolism

by resting cells was not affected by the pH value (data

not shown). The main metabolite was 3-methyl buta-

nal, a-ketoisocaproic acid was not detected.

3.3. The effect of oxygen

The growth of C. piscicola was similar under static

and shaking conditions (results not shown). The

production of metabolites from leucine was not sig-

nificantly influenced by the presence of oxygen in the

growth medium (results not shown).

3.4. The effect of glucose

The growth of C. piscicola was the best in medium

containing glucose as shown in Fig. 2, but the con-

centration of glucose, at the levels investigated, had

no effect on the growth. As seen from Table 2, the

total of metabolites produced from leucine after 22 h

of growth was significantly the lowest without glu-

cose. It was higher with glucose with a maximum at

1% and 2% of glucose (3.11 U). In medium without

glucose, the main metabolite detected was a-ketoiso-

caproic acid. In all media containing glucose, a-

ketoisocaproic acid was mainly transformed into 3-

Table 2

The effect of glucose on the production of metabolites from leucine catabolism

Glucose Metabolite production

(% in the medium)
a-Ketoisocaproic acid 3-Methyl butanoic acid 3-Methyl butanal 3-Methyl butanol Total of metabolites

0 1.01F0.02 a 0.08F0.01 NS 0.29F0.06 b 0.09F0.03 b 1.47F0.12 b

0.5 0.21F0.02 b 0.12F0.04 1.47F0.39 a 0.68F0.16 a 2.49F0.62 a

1 0.21F0.04 b 0.10F0.03 2.01F0.22 a 0.71F0.15 a 3.02F0.44 a

2 0.24F0.02 b 0.06F0.01 2.16F0.18 a 0.64F0.08 a 3.11F0.29 a

C. piscicola strain 545 was cultivated 22 h in a chemically defined medium buffered at pH 7.2 with 0%, 0.5%, 1% and 2% glucose, under static

conditions. Results correspond to the average of two repetitions. Results were expressed in arbitrary unit (U) defined in Materials and methods.

Means in the same column with different letters were significantly different by Newman–Keuls statistical test ( P<0.05%). NS—non-significant.

Table 3a

The effect of a-ketoisocaproic acid on the production of metabolites from leucine catabolism during the growth of C. piscicola strain 545

a-Ketoisocaproic acid Metabolite production

(% in the medium)
a-Ketoisocaproic acid 3-Methyl butanoic acid 3-Methyl butanal 3-Methyl butanol Total of metabolites

0 0.21F0.02 NS 0.12F0.04 NS 1.47F0.55 b 0.68F0.23 b 2.50F0.80 b

1 0.49F0.28 0.0F0.00 5.67F1.27 a 3.71F0.82 a 9.88F2.09 a

2 0.89F0.15 0.27F0.08 1.64F0.42 b 1.36F0.17 b 4.16F0.65 b

Growth was performed 22 h in a chemically defined medium buffered at pH 7.2 with 0%, 1% and 2% of a-ketoisocaproic acid, with 0.5%

glucose, under static conditions. Results correspond to the average of two repetitions. Results were expressed in arbitrary unit (U) defined in

Materials and methods. Means in the same columnwith different letters were significantly different by Newman–Keuls statistical test ( P<0.05%).

NS—non-significant.

C. Larrouture-Thiveyrat, M.-C. Montel / International Journal of Food Microbiology 81 (2003) 177–184 181



methyl butanal, 3-methyl butanol and, at less extent,

into 3-methyl butanoic acid.

3.5. The effect of a-ketoisocaproic acid

The addition of a-ketoisocaproic acid in the

growth medium reduced the growth of C. piscicola

as shown in Fig. 2. However, the quantity of metab-

olites produced from leucine was four-fold higher

with 1% of a-ketoisocaproic acid in the medium

(9.88 U) than without a-ketoisocaproic acid (2.5 U)

(Table 3a). The quantity of metabolites produced after

addition of 2% of a-ketoisocaproic acid was signifi-

cantly lower than with addition of 1% a-ketoisocap-

roic acid. The addition of a-ketoisocaproic acid did

not modify qualitatively the metabolite produced as

the main metabolites detected were always 3-methyl

butanal and 3-methyl butanol (Table 3a).

Resting cells from cells cultivated with 1% of a-

ketoisocaproic acid were the most active in production

of metabolites from leucine (82.39 U) (Table 3b).

Leucine was degraded into 3-methyl butanal (42.6 U)

and 3-methyl butanoic acid (39.78 U), which was

higher with preculture of resting cells with 1% ketoi-

socaproic acid. 3-Methyl butanoic acid production

was low when resting cells were precultivated with

2% a-ketoisocaproic acid (Table 3b). 3-Methyl buta-

nol was only produced with RC from cells cultivated

without a-ketoisocaproic acid (Table 3b).

4. Discussion

The high production of metabolites from leucine

catabolism by C. piscicola allowed a direct detection

of volatile compounds in the growth medium. What-

ever the growth condition (phase of growth, pH,

oxygen, glucose or a-ketoisocaproic acid), 3-methyl

butanal was always produced. The maximum produc-

tion was observed with resting cells from cells culti-

vated with 2% a-ketoisocaproic acid, at pH 7.2, with

0.5% glucose and under static conditions. More alde-

hyde was produced at pH 5.4 and 6 than at pH 6.5.

The pH of incubation of resting cells had no effect on

leucine catabolism. Under the same experimental

conditions, Masson (1998) has shown that leucine

catabolism of S. carnosus was reduced at pH 5. The

pH of growth medium has an influence on leucine

catabolism. It is suggested that it influenced the syn-

thesis of the enzyme involved in this catabolic path-

way because intracellular pH was probably influenced

by pH of growth medium. Siegumfeldt et al. (2000)

have described that for a rapid decrease in the extrac-

ellular pH from 7 to 5, intracellular pH of Lactococcus

lactis, Streptococcus thermophilus and Lactobacillus

delbrueckii decreased to 5.5. The production of 3-

methyl butanal could correspond to a decarboxylation

of a-ketoisocaproic acid produced by leucine trans-

amination. A pyruvate decarboxylase or a branched

chain ketoacid decarboxylase may be involved. Strep-

tococcus lactis var. maltigenes produced 3-methyl

butanal by decarboxylation of a-ketoisocaproic acid

(Mac Leod and Morgan, 1955). The enzyme respon-

sible for this decarboxylation in both resting cells and

cell extracts of S. lactis var. maltigenes was most

active in the pH range 5.2–5.8 (Tucker and Morgan,

1967). Two distinct branched chain ketoacid decar-

boxylases, with an optimum activity at pH around 7.5,

have been purified and characterised from Bacillus

subtilis (Oku and Kaneda, 1988). An a-ketoisocaproic

Table 3b

The effect of a-ketoisocaproic acid on the production of metabolites from leucine catabolism with resting cells of C. piscicola strain 545

a-Ketoisocaproic acid

(% in the medium)

a-Ketoisocaproic acid 3-Methyl butanoic acid 3-Methyl butanal 3-Methyl butanol Total of metabolites

0 0.0F0.00 NS 17.34F1.12 b 27.14F3.87 NS 8.42F2.2 a 53.20F7.2 b

1 0.0F0.00 39.78F2.94 a 42.6F4.52 0.0F0.00 b 82.39F8.08 a

2 0.0F0.00 2.20F0.57 c 49.2F4.93 0.0F0.00 b 51.40F7.64 b

Growth was performed 22 h in a chemically defined medium buffered at pH 7.2 with 0%, 1% and 2% of a-ketoisocaproic acid, with 0.5%

glucose, under static conditions. Resting cells were incubated as described in Materials and methods ‘‘Production with resting cells’’. Results

correspond to the average of two repetitions. Results were expressed in arbitrary unit (U) defined in Materials and methods. Means in the same

column with different letters were significantly different by Newman–Keuls statistical test ( P<0.05%). NS—non-significant.
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acid decarboxylase activity was described in vitro

with cell extracts of Lactobacillus casei incubated at

30 jC and pH 5.2 (Hickey, 1983).

More 3-methyl butanol was produced under static

conditions, at pH 6, in presence of glucose. It could be

produced from reduction of 3-methyl butanal by an

alcohol dehydrogenase. Such enzymes has been iden-

tified in Saccharomyces cerevisiae (Sentheshanmuga-

nathan, 1959; Van Iersel et al., 1997) andAcinetobacter

calcoaceticus (Fox et al., 1992). The purified alcohol

dehydrogenase of S. cerevisiae showed the highest

activity at pH 6–7.

The maximum production of 3-methyl butanoic

acid was measured at pH 6.5 in culture medium or

with resting cells. The enzymes responsible for this

production have been identified from different micro-

organisms. Then, a branched chain ketoacid dehydro-

genase complex has been identified in S. cerevisiae

(Dickinson and Dawes, 1992), Pseudomonas putida

(Sokatch et al., 1981), Streptococcus faecalis (Rüdiger

et al., 1972) and B. subtilis (Namba et al., 1969; Lowe

et al., 1983). Their activities were optimal at pH 6.5–

7, but no information is available on the effect of pH

on their synthesis. An aldehyde dehydrogenase

involved in the conversion of aldehyde into carbox-

ylic acid has been identified from A. calcoaceticus

with an optimal activity around pH 9 (Mac Kintosh

and Fewson, 1988).

The maximum production at high pH could be also

explained by an effect on the ratio NADH/NAD.

Indeed, NAD and NADH are cofactors of aldehyde

dehydrogenase, alcohol dehydrogenase and ketoacid

dehydrogenase complex. Snoep et al. (1991) have

shown that an increase of pH culture of Enterococcus

faecalis resulted in a increase of the ratio NADH/

NAD ratio.

The catabolism of leucine could be correlated with

the energetic metabolism of the cell. It was dependent

on the growth of the strain. Indeed, the rate of leucine

degraded was 0.13%/h during the exponential phase

and 0.05%/h in the stationary phase. When the growth

was weak, as in CDM without glucose, the catabolism

was also very low and a-ketoisocaproic acid accumu-

lated in the medium. In opposite, in presence of

glucose in the growth medium, leucine was catabol-

ized into 3-methyl butanal and 3-methyl butanol. It

has been shown that glucose addition increased the

production of methyl branched aldehydes and their

corresponding alcohols and acids in model mince

inoculated with S. carnosus or S. xylosus (Stahnke,

1999). As demonstrated by Masson (1998), the pro-

duction of a-ketoisocaproic acid and 3-methyl buta-

noic acid by resting cells of S. carnosus was increased

sixfold by adding 1% glucose.

In our experimental conditions, stirring slightly

increased leucine catabolism by C. piscicola. Masson

et al. (1999) have demonstrated that stirring culture

conditions had no effect on leucine catabolism by S.

carnosus, however, oxygen decreased the production

of branched chain aldehydes by S. xylosus (Stahnke,

1999).

It could be that 1% a-ketoisocaproic acid increases

the synthesis of the enzymes involved into leucine

catabolism. Indeed, the cells cultivated with 1% a-

ketoisocaproic acid and the RC from cells cultivated

with 1% a-ketoisocaproic acid have a higher produc-

tion of 3-methyl butanal. At the opposite, resting cells

from cells cultivated with 1% a-ketoisocaproic acid

did not produce 3-methyl butanol. It was never

described in the literature, and further studies would

be necessary to understand the mechanism. To under-

stand how these factors act, the enzymes involved in

this degradation should be identified.

5. Conclusion

This study reveals that C. piscicola 545 can be an

interesting aromatic strain for producing sausages as it

was able to produce aromatic compounds at pH of

about 5.4 encountered in sausages. It also shows that

the condition of growth of the strain, the level of a-

ketoisocaproic acid and the glucose concentration

could be important factors for the production of aro-

matic compounds. It means that environmental factors

must be taken into account for the selection of aromatic

starter cultures for the meat industry. Before proposing

C. piscicola 545 as a meat starter culture, the effect on

the sensorial qualities of sausages must be examined.

Such examinations are in progress.
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