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This work deals with the study of the proteolytic and amino acid decarboxylase activities of selected
Oenococcus oeni isolates and the effect of yeast autolysis on biogenic amines production in wine. A
total of 220 isolates of O. oeni were tested for decarboxylase and proteolytic activity. Only six isolates
showed both activities, but only after a period of adaptation in a growth medium containing wine.
The results reported on this paper show that proteolytic activity was dependent on medium
composition and bacterial growth phase. It can be assumed that the ability of O. oeni to use wine
peptides and to produce biogenic amines is not a constant characteristic of this species, and enzymatic
system expression appears to be closely dependent on nutritional and energetical composition of
the medium. It also seems to be strain dependent and not widespread among this bacterial
community.
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INTRODUCTION

Yeast lysis in wine is known to favor lactic acid
bacteria (LAB) development, following alcoholic fermen-
tation (Guillout-Benatier et al., 1985). This is due to the
release of vitamins and nitrogen compounds. Lonvaud-
Funel et al. (1988) proposed that LAB stimulation can
be attributed to the presence of several compounds of
molecular mass higher than 12 000 Da.

Stimulation of LAB survival and growth in a wine
fraction containing compounds having a molecular mass
higher than 30 000 Da was observed in several isolates
of Oenococcus oeni (results not shown). These facts
suggest that LAB contain an enzymatic system that
metabolizes the peptides accumulated during yeast
autolysis and utilize the released amino acids as nutri-
ents and/or energy sources. The amino acids can then
be the precursors for biogenic amines (BAs) formation
by the action of decarboxylases. The BAs most fre-
quently identified in wine are histamine, tyramine,
cadaverine, and putrescine, resulting from the decar-
boxylation of the amino acids histidine, tyrosine, lysine,
and ornithine, respectively. The presence of BAs in food
is considered undesirable due to their hazardous effects
on human health (Bauza et al., 1995). It is however,
important to note that the amounts of BA in wine are
quite low in comparison to other fermented food prod-
ucts.

BA formation has been associated to malolactic
fermentation (MLF) (Aerny, 1985); however, Delfini
(1989), comparing the ability of several strains of
Leuconostoc spp., Lactobacillus spp., and Pediococcus

spp. to produce histamine, observed that only Pediococ-
cus damnosus (P. cerevisiae) had the capability to
produce significant amounts of histamine, while Leu-
conostoc oenos (O. oeni) strains were poor producers of
BA.

Lafon-Lafourcade (1975) suggested that the accumu-
lation of histamine occurs mainly as a result of bacteria
growth in poor media, and Lounvaud-Funel et al. (1994)
showed that histamine production by O. oeni is stimu-
lated in media without glucose or malic acid and
depends particularly on the histidine concentration of
the media. Under those conditions, histidine decarbox-
ylation contributed to an additional energy source for
the bacteria as already demonstrated for other micro-
organisms (Molenaar, 1993).

Among lactic acid bacteria, O. oeni is the main species
present in wine and the best adapted to carry out MLF
at the low pH of wine (Wibowo et al., 1985). If BA
formation is to be associated to MLF, it would be
expected that O. oeni has the enzymes for breakdown
of peptides and decarboxylation of amino acids present
in wine at this stage. This paper examines the ability
of selected strains of O. oeni to produce BA in wine based
on their proteolytic and decarboxylase activities. It also
investigates the effect of yeast autolysis on bacterial
growth and biogenic amines production.

EXPERIMENTAL PROCEDURES

Bacteria. A total of 220 isolates of O. oeni was used. The
isolates were obtained from the Instituto de Tecnologia
Quı́mica e Biológica culture collection. Stock cultures were
maintained at -80 °C in MRS culture medium (Difco, Detroit,
MI), containing 50% glycerol (Merck, Darmstadt, Germany).
The inoculum was prepared according to the experiments
described below.

Wine. Wine was obtained by grape must fermentation
obtained from two Vitis vinifera varieties, cv. Fernão Pires,
and Vital (provided by Estação Vitivinı́cola Nacional), with a
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lyophilized preparation of Saccharomyces cerevisiae (FERMIR-
OUGE, Gist Brocades, Holland).

Cell Growth. Cell concentration was monitored using
absorbance readings at 600 nm. A calibration curve was
defined using the dry weight of cells versus absorbance
measurements.

Decarboxylase Activity. The stock cultures of O. oeni
isolates were inoculated in FT80 culture medium (Cavin et
al., 1989) in order to attain an initial absorbance of 0.5,
measured at 600 nm, which is the cell concentration considered
sufficient to start a new assay. The inoculated media were
incubated at 30 °C, until early stationary phase, and screened
for decarboxylase activity using the method described by Niven
et al. (1981).

Proteolytic Activity. The decarboxylase positive isolates
were screened for proteolytic activity. The isolates were
cultivated as described above and adapted by subculturing in
FT80 medium enriched with 10% wine. Proteolytic activity was
evaluated by the method described by Smibert and Krieg
(1994). One unit of proteolytic activity was defined as the

increase of 0.001 (absorbance at 400 nm)/min/mL of culture
medium (Gibb and Strohl, 1988).

To investigate the effect of medium composition on pro-
teolytic activity, two culture media, FT80 and tomato juice
(TJB) broth, Difco, were used. Enzymatic activity was assayed
before and after three subcultures either in FT80 or TJB
containing 10% wine. The enzymatic activity was evaluated
along the bacterial growth.

Effect of Yeast Autolysis Either on Cell Growth or in
Biogenic Amine Production. The wine was divided as
shown in Figure 1. One part was filter sterilized in order to
eliminate yeasts (filtered wine, F) while the second part was
stored for 30 days in contact with yeast (nonfiltered wine, NF).
The F was then divided in two parts (supplemented wine, FS,
and nonsupplemented wine, F). FS was supplemented with
0.5 g L-1 of one of the following amino acids, either histidine
(H), tyrosine (T), lysine (L), or ornithine (O) (Sigma) and F
maintained its original composition.

The different wines (NF, F, and FS) were inoculated with
the previously selected isolates, harvested at the end of the
exponential growth phase, to a final cellular concentration of
0.1 mg mL-1 dry weight. For each wine, one part remained
noninoculated, which constituted the different control wine (C),
(Figure 1). Before and after bacterial growth, all the wines
were analyzed for content of total and free amino acids, using
the HPLC PICO TAG method proposed by Waters. Amines
were quantified by the method described by Veciana-Nogues
et al. (1995). Malic acid was quantified by enzymatic analysis
using a kit commercialized by Boehringer Mannheim (Ger-
many).

RESULTS AND DISCUSSION

Decarboxylase and Proteolytic Activities. The
220 isolates did not show any of the chosen enzymatic
activities when grown after being stored at -80 °C, as

Figure 1. Wine samples preparation for the study of yeast
autolysis effect on the cell growth and BA synthesis.

Figure 2. Growth and extracellular proteolytic activity of O. oeni isolates after adaption in medium FT80 containing 10% wine.
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they had not been recently isolated from their natural
habitat, wine. Therefore, they were subcultured three
times in FT80 medium enriched with 10% wine, and a
second screening was performed as described in materi-
als and methods. Six isolates, EVN1, EVN2, EVN7,
EVN8, E32, and E169, recovered their decarboxylase
activity. The results show that O. oeni stored in labora-
tory culture media are able to recover their amino acid
decarboxylase activity by subculturing them in the

presence of wine. Only these six isolates were investi-
gated for proteolytic activity.

FT80 precultured bacteria only showed proteolytic
activity following culturing in the presence of wine
(Figure 2). The expression of proteolytic activity of TJB
precultured bacteria was not dependent on the presence
of wine in the medium; however, activity was increased
in medium containing wine (Figures 3 and 4), and was
always higher than in FT80 precultured bacteria. It was

Figure 3. Growth and extracellular proteolytic activity of O. oeni isolates in medium TJB.

Figure 4. Growth and extracellular proteolytic activity of O. oeni isolates in medium TJB containg 10% wine.
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observed that, in TJB cultures, proteolytic activity is
higher during the late exponential to stationary phase
of bacterial growth (Figure 4) while, in FT80, it is higher
during the lag and early exponential phase (Figure 2).
These results suggest that the expression of this enzy-
matic system is dependent on medium components and
on the bacteria growth phase.

The results show that proteolytic activity increases
when nutrients of high-energy content are exhausted
(late exponential to stationary phase). The same behav-
ior was also found for malolactic enzyme activity in O.
oeni (Salema et al., 1996). Decarboxylase activity is
expressed after peptide breakdown, allowing the cell to
use the additional energy produced during amino acid
transport (Molenaar et al., 1993). Results suggest that
O. oeni does not need to express these activities when
media composition allows an easier strategy for cell
survival.

Effect of Yeast Autolysis on the Cell Growth and
Biogenic Amines Production. From the six O. oeni
isolates selected above, three, showing higher decar-
boxylase and proteolytic activities, were selected for this
part of the work. The isolates were EVN1, EVN2, and
EVN7. These isolates were grown in F and NF. Bacterial
growth was very low in both cases. However, after 7
days of culture, all the malic acid was totally metabo-
lized in both wine samples, meaning that cells were
metabolically active. In the assay with wine supple-
mented with amino acids, similar results were observed.
As expected, the NFs were richer in some peptidic amino
acids: tyrosine, valine, isoleucine, leucine, phenylala-
nine, and lysine (results not shown). Table 1 shows the
consumption of several amino acids for isolate EVN1,
in either the F or the NF. Amino acid consumption was
not significant for the other two isolates.

Despite using decarboxylase positive bacteria, no
significant levels of BA were detected either in the
presence of yeast debris (NF) or in its absence (F), even
25 days after MLF was accomplished. Only very low
concentrations of histamine were formed, particularly
in the NF. This fact can be attributed to pH and/or
ethanol inhibition of enzymatic activities as the culture
media used for decarboxylase detection had a pH value
of 6 and did not contain ethanol, while the pH value of
wine was 3.5.

No legal limits are established for histamine content
in wine, but the values recorded were lower than the
recommended German maximum limit (2 mg L-1)
(Mafra et al., 1997). No BAs were detected in wine
supplemented with amino acids. These results do not
agree with those of Ingargiola and Bertrand (1991) who
reported an increase of BA concentration in wine due
to an increase in its nitrogen content.

The results observed clearly show that BA formation
cannot be directly related to the MLF of wine, which is
in accordance with the findings of other authors (Lafon-
Lafourcade, 1975; Delfini, 1989). It can be assumed that
the ability of O. oeni to use wine peptide and to produce
biogenic amines is not a constant characteristic of this

species, and it seems to be strain dependent. The
enzymatic system expression appears to be closely
dependent on nutritional and energetical composition
of the medium.

Even in the presence of O. oeni strains possessing
both amino acid decarboxylase activity and proteolytic
activity, it can be concluded from this study that wine
is a medium which limits the formation of biogenic
amines. The synthesis of significant amounts of these
compounds does not normally occur under common and
careful wine-making conditions. However, according to
previous works, low concentrations of biogenic amines
can be present in wine, depending on the colonization
by undesirable bacteria, like Pediococcus sp., originating
from the grapes and/or wineries, and also on the adopted
viticultural and enological practices.

ABBREVIATIONS USED

BA, biogenic amine; HPLC, high-performance liquid
chromatography; LAB, lactic acid bacteria; MLF, malo-
actic fermentation; MRS, Man, Rogosa, and Sharp.
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