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In Gouda and Cheddar type cheeses the amino acid conversion to aroma compounds, which is a major
process for aroma formation, is essentially due to lactic acid bacteria (LAB). In order to evaluate the respective
role of starter and nonstarter LAB and their interactions in cheese flavor formation, we compared the
catabolism of phenylalanine, leucine, and methionine by single strains and strain mixtures of Lactococcus lactis
subsp. cremoris NCDO763 and three mesophilic lactobacilli. Amino acid catabolism was studied in vitro at pH
5.5, by using radiolabeled amino acids as tracers. In the presence of �-ketoglutarate, which is essential for
amino acid transamination, the lactobacillus strains degraded less amino acids than L. lactis subsp. cremoris
NCDO763, and produced mainly nonaromatic metabolites. L. lactis subsp. cremoris NCDO763 produced mainly
the carboxylic acids, which are important compounds for cheese aroma. However, in the reaction mixture
containing glutamate, only two lactobacillus strains degraded amino acids significantly. This was due to their
glutamate dehydrogenase (GDH) activity, which produced �-ketoglutarate from glutamate. The combination
of each of the GDH-positive lactobacilli with L. lactis subsp. cremoris NCDO763 had a beneficial effect on the
aroma formation. Lactobacilli initiated the conversion of amino acids by transforming them mainly to keto and
hydroxy acids, which subsequently were converted to carboxylic acids by the Lactococcus strain. Therefore, we
think that such cooperation between starter L. lactis and GDH-positive lactobacilli can stimulate flavor
development in cheese.

In Gouda and Cheddar type cheeses, the microbial enzymes
are of main importance for development of flavor. The starter
culture of those cheeses basically consists of Lactococcus lactis
subsp. lactis and L. lactis subsp. cremoris. These microorgan-
isms, in addition to their essential role in milk acidification,
contribute considerably to the formation of cheese flavor by
production of peptides and amino acids, which contribute to
basic taste of cheese, and subsequent conversion of amino
acids to aroma compounds.

Nonstarter lactobacilli (NSLAB) present in cheese are ad-
ventitious microflora, which originate either from the factory
environment or from the milk. Lactobacilli are found in cheese
in low numbers (�50 CFU g�1) at the day of manufacture and
become the dominant viable microflora (107 to 108 CFU g of
cheese�1) in the mature cheese (10). Many authors have pos-
tulated that NSLAB play a significant role in the development
of cheese flavor since Cheddar cheese made in aseptic vats lack
the full mature flavor (18, 29). In the last decade, many studies
have dealt with the effect of adjunct lactobacilli on cheese
flavor development (6, 14, 21, 26). Most authors have reported
that cheese made with adjunct is characterized by higher con-
centrations of free amino acids and enhanced flavor intensity
(14, 22). However, the selection of adjunct strains seems to be
a crucial step since deliberate addition of NSLAB to cheese
milk has had a varying success (6). Indeed, some strains do not
have any effect on cheese flavor, while others can significantly
accelerate flavor development (6).

Both starter lactococci and NSLAB have the potential to
produce aroma compounds from amino acids (7, 13, 23, 33).
The conversion of amino acids to aroma compounds is mainly
initiated by amino acid transamination, which requires an
�-keto acid as an amino group acceptor for the aminotrans-
ferases. Keto acids produced by transamination can further be
transformed to various aroma compounds (33). Aminotrans-
ferase activity is widespread among NSLAB as well as in lac-
tococci (30, 34). However, the presence of the �-keto acid is
the limiting factor for amino acid transamination by most LAB.
Therefore, addition of �-ketoglutarate (�-KG) to the cheese
curd enhanced amino acid catabolism and consequently in-
creased cheese flavor production (3, 31). It has also been
shown that a genetically modified L. lactis strain, which over-
produced a glutamate dehydrogenase (GDH), was capable of
producing �-KG from glutamate (Glu) and produced aroma
compounds from amino acids in a cheese model (20). Natural
GDH activity has been reported in some NSLAB such as
Lactobacillus plantarum and Lactobacillus fermentum (16).
This strain-specific activity could possibly explain the beneficial
effect of some adjunct lactobacilli on cheese aroma formation.

In Gouda and Cheddar type cheese, many interactions may
occur between starter and NSLAB. The reports on microbial
interactions in cheese deal mostly with the growth inhibition or
stimulation of some bacterial strains by others, however, mech-
anisms of such actions still remain unclear (12). Nevertheless,
it has been suggested that lactic starters may influence the
development of adventitious NSLAB, which may affect, favor-
ably or unfavorably, the development of cheese flavor (2, 15,
17, 19, 25). Several reports show that these two populations can
be present together in high numbers (107 to 108 CFU g�1 of
cheese) for at least 2 months of cheese ripening, and especially
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when adjunct strain was used in cheese production (8, 14).
Therefore, it is likely that cooperation between L. lactis and
NSLAB in the formation of aroma compounds take place in
cheese.

In the present study, we compared the ability of L. lactis
subsp. cremoris NCDO763 and GDH-positive or -negative
strains of nonstarter lactobacilli, to produce aroma compounds
from phenylalanine (Phe), leucine (Leu), and methionine
(Met) in vitro. We evaluated, in addition, the impact of com-
bination of strains on the amino acid catabolism. Finally, we
evaluated the effect of salt on amino acid catabolism by se-
lected strains.

MATERIALS AND METHODS

Bacterial strains. Lactococcus lactis subsp. cremoris NCDO763 was obtained
from the National Collection of Food Bacteria (Shinfield, Reading, England).
Lactobacillus paracasei 1244 was obtained from CNRZ culture collection (INRA,
Jouy-en-Josas, France). L. paracasei subsp. paracasei INF15D, isolated from
Norvegia cheese was obtained from the culture collection of the Department of
Food Science (Agricultural University of Norway, Aas, Norway). Lactobacillus
casei 2756, isolated from Cheddar cheese was obtained from Department of
Food Chemistry (University College, Cork, Ireland).

Preparation of cells for amino acid degradation. L. lactis subsp. cremoris
NCDO763 was grown (2% inoculum) in 10% NILAC milk (NIZO, Ede, The
Netherlands) buffered with 75 mM sodium �-glycerophosphate. Lactobacillus
strains were grown (1% inoculum) in MRS broth (Difco Laboratories, Detroit,
Mich.). Cells, in the late exponential growth phase, were harvested by centrifu-
gation (4,100 � g for 15 min at 4°C), washed twice with 50 mM sodium glycer-
ophosphate buffer (pH 7.5), and suspended in the same buffer to an optical
density at 480 nm (OD480) of 200 (OD480 � 2 in dilution 1/100). The cell
suspensions (200 �l) were stored at �80°C until use.

Amino acid catabolism. The catabolism of Phe, Leu, and Met by single strains
and mixed strains were investigated in four different reaction mixtures. The basic
reaction mixture (reaction mixture I) consisted of 70 mM potassium phosphate
buffer (pH 5.5), 3 mM unlabeled amino acid, 0.05 �M of radiolabeled amino acid
(L-[2,3,4,5,6-3H]phenylalanine, L-[4,5-3H]leucine or L-[methyl-3H]methionine),
and 0.05 mM pyridoxal phosphate. The second reaction mixture (reaction mix-
ture II) contained in addition 10 mM �-KG, while the third (reaction mixture III)
contained both 10 mM �-KG and 1.5% NaCl in order to evaluate the effect of
salt on amino acid catabolism. In the fourth reaction mixture (reaction mixture
IV), 10 mM Glu was added to the basic reaction mixture (reaction mixture I).

For incubations with single strains, 50 �l of cell suspension was added to the
different reaction mixtures, whereas 25 �l of each of the cell suspension of
Lactococcus and Lactobacillus were used for the incubations with mixed strains.
The final volume of the reaction mixture was 0.5 ml. Incubations were performed
for 40 h at 37°C. Aliquots (100 �l) of the reaction mixture were taken after 0, 10,
20, and 40 h of incubation and cells were removed by centrifugation (8,000 � g
for 5 min). The metabolites were then analyzed by reverse-phase and ion-
exclusion high-performance liquid chromatography (IE-HPLC), with both UV
and radioactivity detection as previously described (32, 34). Samples containing
Phe were analyzed by reverse-phase HPLC (RP-HPLC) only. The quantitative
analysis of Phe degradation was made by calculating the percentage of radioac-
tivity associated with each peak (amino acid and metabolites). Samples contain-
ing Leu or Met were initially analyzed by RP-HPLC, which allowed the separa-
tion of amino acid from metabolites (but the different metabolites were not well
separated) and followed by IE-HPLC which allowed the separation of different
metabolites (but the amino acid was not eluted from the column). The quanti-
tative analysis of Leu or Met degradation was made by calculating the percentage
of total radioactivity of the sample associated with the amino acid peak in
RP-HPLC and with each metabolite peak in IE-HPLC. Identification was made
by comparison of the retention times with those of appropriate standard com-
pounds as previously described (32, 34). The standard components were ob-
tained from Sigma Chemical Co. (St. Louis, Mo.). The 3-methylthiopropionic
acid was prepared by acidic hydrolysis of the methyl ester of 3-methylthiopropi-
onate obtained from Sigma (9).

Preparation of cell extract for GDH determination. Five hundred microliters
of the cell suspension (OD480 of 200) was added to 500 �l of 50 mM sodium
glycerophosphate buffer (pH 7.5) containing 0.6 g of glass beads (106 �m). The
cells were disrupted in a Mini-beadbeater 8TM cell disrupter (Biospec Products,

Bartlesville, Ill.) three times for 1 min each, with 1 min of cooling on ice after
each treatment. After centrifugation (14 000 � g for 20 min at 4°C) the super-
natant was filtered through a 0.45-�m-pore-size filter (hydrophilic polyvinylidene
difluoride; Millipore Co., Bedford, Mass.) and was thereafter used as cell extract
(CFE). The protein concentration in the CFE was determined by the Bradford
assay, by using bovine serum albumin as the standard (5).

Determination of GDH activity. The GDH activities of the CFE were deter-
mined by using the test based on the colorimetric glutamic acid assay of Boehr-
inger (4). In this test, the reduced cofactor (NADH or NADPH) produced by
oxidative deamination of Glu reacts with iodonitrotetrazolium in the presence of
diaphorase to produce a colorimetric product. The test was performed by using
enzyme-linked immunosorbent assay plates. The reaction mixture consisted of 40
�l of 50 mM potassium phosphate–50 mM TEA buffer (pH 9.0) containing 1%
of Triton X-100 (Promega Corporation, Madison, Wis.), 20 �l of 100 mM Glu,
20 �l of 2 mM iodonitrotetrazolium, 20 �l of diaphorase (1.76 U/ml), 20 �l of
NADP� (13.8 mM) or NAD� (17.33 mM), and 180 �l of water (300 �l in total).
The colorimetric reaction started immediately by the addition of 30 �l of CFE to
the reaction mixture. The changes in concentration of NAD(P)H were measured
after incubation for 1 h at 37°C, by measuring the absorbance at 492 nm. In order
to subtract the nonspecific reactions, which could produce the reduced cofactors,
a control test was prepared, for each strain, without addition of Glu. The GDH
activity was expressed by the increase in Abs at 492 nm, per mg of protein of CFE
and per min of reaction.

Statistical analysis. The results are the mean of two or three replicates. The
effect of �-KG, Glu and salt on amino acid degradation by single strain was
evaluated by one-way analysis of variance with �-KG, Glu and salt as experi-
mental factors, respectively. Two-way analysis of variance, with the Lactococcus
strain and each of lactobacilli as experimental factors, respectively, was per-
formed to define the significance of interactions between strains in formation of
carboxylic acids from Phe, Leu, and Met. The analyses were performed using
Minitab software (Minitab Inc., State College, Penn.).

RESULTS

Effect of �-KG and salt on amino acid catabolism by single
strains. The amino acid catabolism by L. lactis subsp. cremoris
NCDO763 and three lactobacillus strains was studied in vitro
using radiolabeled Phe, Leu, and Met as tracers. Figure 1
shows the effect of �-KG and salt addition on the amino acid
degradation and metabolites production by single strains.

L. paracasei subsp. paracasei INF15D as well as L. casei 2756
(results not shown) degraded, to a certain extent, Phe, Leu,
and Met in reaction mixture without �-KG (I), while only little
or no amino acid degradation was observed with L. lactis subsp.
cremoris NCDO763 and L. paracasei 1244. In general, the
results obtained for L. casei 2756 in different reaction mixtures
were similar to those obtained for L. paracasei subsp. paracasei
INF15D and are not shown. Addition of �-KG to the reaction
medium increased the degradation of amino acids significantly
(P � 0.05) by both L. lactis subsp. cremoris NCDO763 and the
lactobacillus strains. In the reaction mixture with �-KG, L.
lactis subsp. cremoris NCDO763 degraded more Phe, Leu, and
Met than the tested lactobacilli and produced more carboxylic
acids, which are potent aroma compounds. Indeed, high
amounts of phenyl acetate and methylthiopropionate (MPA)
were formed as a result of the degradation of Phe and Met,
respectively. The lactobacillus strains produced mainly keto
acids (phenylpyruvate, ketoisocaproate, and ketomethylthio-
butyrate [KMBA]) and hydroxy acids (phenyllactate, hydroxy-
isocaproate, and hydroxymethylthiobutyrate [HMBA]), which
are not aroma compounds, and smaller amounts of carboxylic
acids.

L. lactis subsp. cremoris NCDO763 and the lactobacillus
strains produced in addition some other metabolites, especially
from Phe and Met. Most of these metabolites are not yet
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identified, however, a few were aldehydes and alcohols derived
from the corresponding amino acids (Fig. 1 to 3). Salt at
concentration of 1.5% NaCl slightly inhibited the degradation
of Phe and Leu by all tested strains and significantly (P � 0.05)
reduced the formation of carboxylic acids, especially from Phe
and Met, by L. lactis subsp. cremoris NCDO763.

Amino acid degradation by strain mixtures in the presence
of �-KG and salt. Degradation of amino acids by the combi-
nation of each strain of Lactobacillus with L. lactis subsp.
cremoris NCDO763 was studied in reaction mixtures supple-
mented with �-KG (reaction mixture II) and both �-KG and
NaCl (reaction mixture III). In general, the percentage of
amino acid degradation obtained in incubations with mixed
strains was the average of the degradations obtained with each
single strain. Also the quantity of carboxylic acids produced by
strain mixtures was the average of the amount produced by
each single strain. This was, however, different for Leu degra-
dation in presence of �-KG and NaCl, where a significant inter-
action effect (P � 0.05) was found, and mixture of strains formed
higher levels of isovalerate than each single strain (Fig. 2)

GDH activity and amino acid degradation in the presence of
Glu. The GDH activities of the experimental strains are pre-
sented in Table 1. Both L. paracasei subsp. paracasei INF15D
and L. casei 2756 exhibited a high NADP-specific GDH activ-
ity, while no GDH activity was detected for L. paracasei 1244.

FIG. 1. Effect of �-KG and salt on amino acid catabolism by single
strains of L. paracasei 1244, L. paracasei subsp. paracasei INF15D, and
L. lactis subsp. cremoris NCDO763. (A) Metabolites produced from
Phe; (B) metabolites produced from Leu; (C) metabolites produced
from Met (KMBA, HMBA, and MPA). One hundred percent of de-
graded amino acids corresponds to a concentration of 3 mM.

FIG. 2. Leu degradation (percent) in the presence of �-KG and
salt, by single strains of L. paracasei 1244, L. paracasei subsp. paracasei
INF15D, and L. lactis subsp. cremoris NCDO763 and strain mixtures
(L. paracasei INF15D with L. lactis subsp. cremoris NCDO763 and L.
paracasei 1244 with L. lactis subsp. cremoris NCDO763). One hundred
percent of degraded Leu corresponds to a concentration of 3 mM.

TABLE 1. Occurrence of NAD and NADP-specific
GDH activitya in strains

Species Strain
GDH

NADP� NAD�

Lactobacillus INF15D 0.18 0.00
Lactobacillus 2756 0.10 0.00
Lactobacillus 1244 0.00 0.00
Lactococcus NCDO763 0.00 0.02

a Specific activities of GDH are expressed as increase in A492 per milligram of
protein of CFE and per minute of reaction.
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Only very low NAD-specific GDH activity was found for L.
lactis subsp. cremoris NCDO763.

In order to verify the role of GDH in the amino acid catab-
olism, degradation of Phe, Leu, and Met was studied in reac-
tion mixtures I (without Glu) and IV (with Glu) (Table 2). The
apparent but low amino acid degradation observed in reaction
mixture I was probably due to utilization of intracellular pool
of Glu by GDH-possessing lactobacilli. Addition of Glu signif-
icantly (P � 0.05) increased the degradation of Phe, Leu, and
Met by L. paracasei subsp. paracasei INF15D and Leu and Phe
by L. casei 2756, both GDH-positive strains. A minor increase
in amino acid degradation was observed in the presence of Glu
with L. lactis subsp. cremoris NCDO763, which exhibited only
very low NAD-dependent GDH activity. No amino acid deg-
radation was found with L. paracasei 1244, the GDH-negative
strain.

Effect of the combination of L. lactis subsp. cremoris
NCDO763 with the lactobacilli on the amino acid conversion
to aroma compounds. Amino acid catabolism by single strains
or mixtures of strains was studied in reaction mixture IV (with
Glu). The results obtained for the association of L. casei 2576
with L. lactis subsp. cremoris NCDO763 (data not shown) were
similar to those obtained for the association of L. paracasei
subsp. paracasei INF15D with the same Lactococcus strain
(Fig. 3). In the presence of Glu, GDH-positive strains of L.
paracasei subsp. paracasei INF15D and L. casei 2756 (data not
shown), degraded amino acids mainly to keto acids and hy-
droxy acids, with the exception of Phe, where formation of
phenylacetate was relatively dominating. However, GDH-pos-
itive strains produced significantly (P � 0.05) more carboxylic
acids from Met and Leu when compared with the reaction
mixture containing �-KG (Fig. 1 and 3). L. lactis subsp. cre-
moris NCDO763 only slightly degraded the amino acids and
produced mainly the corresponding carboxylic acids. Combin-
ing each of GDH-positive lactobacilli with L. lactis subsp. cre-
moris NCDO763 resulted in high production of carboxylic ac-
ids, especially from Leu and Met. In contrast, the degradation
by the mixture of the GDH-negative L. paracasei 1244 strain
with L. lactis subsp. cremoris was less than that observed with
L. lactis subsp. cremoris NCDO763 alone, probably, because
the quantity of Lactococcus cells in the cell mixture was half of
the quantity used in the assay with L. lactis subsp. cremoris
NCDO763 alone.

DISCUSSION

Most of the major aroma compounds of Cheddar and
Gouda cheeses are derived from the catabolism of aromatic

FIG. 3. Percent amino acid degradation in reaction medium added
Glu, by single strains of L. paracasei 1244, L. paracasei subsp. paracasei
INF15D, and L. lactis subsp. cremoris NCDO763 and strain mixtures
(L. paracasei subsp. paracasei INF15D with L. lactis subsp. cremoris
NCDO763 and L. paracasei 1244 with L. lactis subsp. cremoris
NCDO763). (A) Metabolites produced from Phe; (B) metabolites
produced from Leu; (C) metabolites produced from Met (MBA,
HMBA, and MPA). Significant interactions (P � 0.05) in formation of
isovalerate and MPA were found for mixtures of L. lactis subsp. cre-
moris NCDO763 and L. paracasei subsp. paracasei INF15D. One hun-
dred percent of degraded amino acids corresponds to a concentration
of 3 mM.

TABLE 2. Amino acid degradation (%) by experimental strains
in reaction mixture without glutamate (�Glu)

or with added glutamate (�Glu)

Species Strain
Phe Leu Met

�Glu �Glu �Glu �Glu �Glu �Glu

Lactobacillus INF15D 7.5 23.1a 9.7 14.6a 2.6 6.5a

Lactobacillus 2756 6.3 18.2a 6.4 13.3a 3.8 6.0
Lactobacillus 1244 0.0 0.0 0.0 0.0 0.0 0.0
Lactococcus NCDO763 2.7 3.8 0.0 1.5 0.0 1.8

a Significant effect of Glu addition (P � 0.05).
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amino acids, branched-chain amino acids and Met (3, 33).
Although NSLAB often have been associated with flavor de-
velopment in Cheddar cheese, recent studies on amino acid
catabolism did not reveal any particular ability of NSLAB to
convert amino acids to aroma compounds when compared with
starter lactococci (1, 13, 30). The amino acid conversion, in
both lactobacilli and lactococci, is essentially initiated by ami-
notransferases, and the level of aminotransferase activities
measured in lactobacillus strains have been shown to be lower
than that reported for L. lactis subsp. cremoris NCDO763 (1,
30). The present study also showed that at pH 5.5 and in the
presence of �-KG, Lactobacillus strains degraded less amino
acids and produced less aroma compounds from Leu, Phe and
Met than L. lactis subsp. cremoris NCDO763. The lactobacilli
used, produced high levels of keto acids and hydroxy acids,
which are not aroma compounds, while L. lactis subsp. cremoris
NCDO786 mainly produced carboxylic acids, which are potent
aroma compounds. Former studies report that under cheese
like conditions, at high concentrations of salt (4 to 5% NaCl in
the water phase) and low pH (5.0 to 5.5), the activities of
intracellular enzymes, including aminotransferases, are consid-
erably reduced (7, 11, 28). In our study, salt addition (1.5%
NaCl) caused some decrease in the degradation of Phe and
Leu; however, the main effect was on the conversion of keto
acids to carboxylic acids in incubations with the Lactococcus
strain. Overall, in the reaction mixtures containing �-KG, the
combination of lactobacilli with lactococci did not highly affect
the formation of aroma compounds, when compared with L.
lactis subsp. cremoris NCDO763 alone.

However, our study revealed an interesting feature of some
lactobacillus strains. Two lactobacillus strains that exhibited
GDH activity were capable of degrading amino acids in a
reaction mixture containing Glu. In contrast, L. paracasei
strain without GDH activity did not degrade amino acids in the
same reaction mixture. These results combined with the results
obtained in another study on strains of L. plantarum and L.
lactis demonstrate a high correlation between GDH activity in
lactic acid bacteria and their ability to catabolize amino acids in
the presence of Glu (24). In our study, the GDH-positive
lactobacilli produced more carboxylic acids in the medium
containing Glu than in the medium containing �-KG. A similar
observation was previously reported for a genetically modified
L. lactis strain, overproducing a GDH (20). So far, the mech-
anism of such behavior is not yet understood, but it may be
related to a change in the intracellular oxido-reduction poten-
tial caused by the oxidative deamination of Glu to �-KG.

Moreover, our study demonstrated the beneficial effect of
combining GDH-positive Lactobacillus with L. lactis subsp.
cremoris NCDO763 in the formation of carboxylic acids in a
reaction mixture containing Glu. The carboxylic acids, such as
isovaleric acid are very potent aroma compounds that contrib-
ute considerably to cheese flavor (27). We propose, therefore,
the following model for the cooperation between GDH-posi-
tive lactobacilli and L. lactis subsp. cremoris NCDO763 in
formation of carboxylic acids from amino acids. The GDH-
positive lactobacilli initiated amino acid conversion by trans-
aminating amino acids to �-keto acids and also partially re-
duced �-keto acids to hydroxy acids via a reversible reaction.
Subsequently L. lactis subsp. cremoris NCDO763 completed
the conversion by transforming �-keto acids and hydroxy acids

to carboxylic acids. It is rather unlikely that �-KG produced by
lactobacilli was transported out of the cells and then utilized by
L. lactis subsp. cremoris NCDO763. Actually, �-KG initially
produced inside the cells of GDH-positive lactobacilli was
probably rapidly used in transamination reactions that regen-
erate Glu. Furthermore, even if �-KG was exported by lacto-
bacilli to the medium and then taken up by Lactococcus strain,
its concentration in lactococcal cell would become very low and
probably not sufficient for amino acid transamination.

It is obvious that many interactions occur in cheese between
microorganisms in flavor formation, however, our knowledge
in this area is limited. This is mostly due to the complexity of
the microbial ecosystem found in cheese. However, recently
the formation of the malty aroma compound 3-methylbutanal
has been achieved in milk culture by combining two lactococcal
strains: one producing free amino acids and the other degrad-
ing leucine (2). Our study, performed under pH and salt con-
ditions simulating a cheese ripening environment, demon-
strates that the cooperation between starter culture and certain
lactobacilli, within a metabolic pathway, is possible and can
lead to formation of cheese aroma compounds. However, now
it is necessary to carry out the cheese trials since the experi-
mental conditions in vitro differ considerably from conditions
found in cheese. Nevertheless, the results of this study may
partially explain the flavoring properties of certain lactobacilli
such as INF15D. This strain used as adjunct produced a good-
quality Norvegia cheese (21). Experiments in sterile-cheese
models using GDH-positive and GDH-negative lactobacilli are
now in progress to determine the respective role of GDH
activity and the cooperation with L. lactis in the formation of
volatile aroma compounds from amino acids.
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