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The effects of different concentrations of (+)-catechin and gallic acid on the growth and metabolism
of Lactobacillus hilgardii in different media were evaluated. These phenolic compounds at
concentrations normally present in wine not only stimulated the growth rate but also resulted in
greater cell densities during the stationary phase of growth in both media. During the first hours
of growth both phenolic compounds activated the rate of glucose and fructose utilization and only
catechin increased the malic acid consumption rate. Gallic acid and catechin were consumed from
the beginning of L. hilgardii growth. All cited effects were increased when the cells were precultivated
in the presence of phenolic compounds, especially in the FT80 medium. As stimulating agents of L.
hilgardii 5w growth, gallic acid and catechin could increase the risk of spoilage lactic acid bacteria
in wine.
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INTRODUCTION

Grapes and wine contain a large array of phenolic
compounds. There are three classes: one is composed
of the nonflavonoids, which are derivatives of cinnamic
and benzoic acid; the second includes the flavonoids; and
tannins comprise the third group. Flavonoids and other
plant phenolics have been reported to have multiple
biological effects such as antioxidant activity, anti-
inflamatory action, inhibition of platelet aggregation,
and antimicrobial activities (1). The concentrations of
total phenol varied from 1800 to 4059 expressed as
milligrams per liter of gallic acid equivalents (GAE),
averaging 2567 mg L-1 GAE, for the red wines and from
165 to 331 mg L-1, averaging 239 mg L-1 GAE, for the
white wines (2). Most of the phenolic compounds in
grapes are flavonoids (80%), the most significant being
the catechins (Figure 1a). They are found at levels of
approximately 190 mg L-1 in red wines and 35 mg L-1

in white wines. The major phenolic acid in grapes is
gallic acid (Figure 1b). Red wine was found to contain
an average of 95 mg L-1 and white wine ∼7 mg L-1.
Phenolic compounds are responsible for red wine color,
astringency, and bitterness, in addition to contributing
somewhat to the olfactory profile of the wine (3). Grape
variety, processing practices, and storage, among other
factors, affect the phenolic composition of grape juices
and wines (4). Bacteria may use tannins and phenols.
These compounds may affect their growth and metabo-
lism (5). Phenol carboxylic acids can inhibit or stimulate
the growth of lactic acid bacteria (6, 7), and some of
them can stimulate malolactic fermentation carried out
by Œnococcus oeni (8, 9). Several strains of lactic acid
bacteria isolated from wine were tested for their activi-
ties to metabolize ferulic and p-coumaric acids (10).

Barthelmebs et al. (11, 12) reported that Lactobacillus
plantarum displays substrate-inducible decarboxylase
activities on p-coumaric, caffeic, and ferulic acids.

The present study was undertaken to determine the
effect of the most common phenol carboxylic acid (gallic
acid) and flavonoid (catechin) on the growth and me-
tabolism in broth systems of Lactobacillus hilgardii 5w
isolated from Argentinean wine (13). This bacterium has
negative ecological effects, such as hydrogen peroxide
and histamine production (14-17). The ultimate aim
is to contribute to the selection of the mechanism to
control microbial spoilage in wines.

MATERIALS AND METHODS

Microorganism. Lactobacillus hilgardii 5w was used for
these experiments.

Culture Media. MRS (18) with added 15% tomato juice and
FT80 (19) media were utilized. The pH was adjusted to 5.0
before sterilization. The first medium was selected for optimal
conditions for Lactobacillus growth. FT80 was selected because
of the possibility to compare with MRS the effect of phenolic
compounds on the growth and also to study the utilization of
malic acid and fructose.
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Figure 1. Chemical structures of gallic acid and (+)-catechin.
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Growth Conditions. Tubes containing 30 mL of sterile
medium were adjusted to various concentrations of wine total
phenolic compounds (1000, 3000, and 6000 mg L-1 GAE) or
with stock solutions 10 g L-1 in ethanol (25% v/v) of gallic acid
(50, 100, and 200 mg L-1) or catechin (100, 200, and 400 mg
L-1). The wine was concentrated by rotary evaporator before
it was added to the basal media. Gallic acid was from Merck
(Darmstadt, Germany), and (+)-catechin was from Sigma
Chemical Co. (St. Louis, MO); purity of these compounds was
98%. Cells grown in basal medium with and without phenolic
compounds were inoculated into the media FT80 and MRS
containing the phenolic compounds. Inoculation (5% v/v) with
bacteria was followed by incubation in darkness at 30 °C for
24 h in microaerophilic conditions. All cultures were carried
out in triplicate. When gallic acid and catechin were included
in the medium, they were added as filter-sterilized solutions
to the autoclaved medium.

Growth Measurements. Bacterial growth was evaluated
by direct measurement of optical density (OD 560 nm for MRS
and OD 600 nm for FT80) and by plating 0.1 mL of adequate
dilution of inoculated media on MRS and 20.0 g L-1 agar.
Incubation time was 5 days at 30 °C in microaerophilic
conditions.

Analytical Measurements. Colorimetric determination of
total phenolics was based on the procedure of Singleton and
Rossi (20). The sample was mixed with 2.5 mL of 0.2 N Folin-
Ciocalteu reagent (Sigma). Two milliliters of saturated sodium
carbonate (75 g L-1) was added to the mixture and then
shaken. The absorbance of the solution at 725 nm was
measured after 2 h of incubation at 24 °C. Quantitation was
based on the standard curve of gallic acid (Merck) or (+)-
catechin (Sigma) prepared at the same time.

L-Malic acid was determined using an enzymatic kit from
Boehringer (Mannhein, Germany), glucose was assayed by the
glucose oxidase method from Wiener (Lab. Rosario, Argentina),
and fructose was assayed according to the Roe method (21).

RESULTS

Effect of Total Wine Phenolic Compounds on
Growth. Table 1 shows the growth of L. hilgardii 5w
in MRS medium with added wine phenolic compounds.
At 24 h of incubation at 30 °C, the higher growth
stimulation was observed with 1000 mg L-1 GAE. The
stimulation diminished proportionally to the increase
of phenolic compounds, and with 6000 mg L-1 GAE the
stimulatory effect disappeared.

Effect of Gallic Acid and Catechin on Bacterial
Growth. The growth of L. hilgardii in MRS with
increasing concentrations of gallic acid and catechin is
shown in Figure 2. The exponential cell growth was
faster in the gallic acid medium than in the control. The
growth rate (µmax) in basal medium was 0.36 h-1 and
increased to 0.40, 0.46, and 0.41 h-1 in the media with
50, 100, and 200 mg L-1 gallic acid, respectively. In the
stationary growth phase the population reached similar
cell densities in media with 50 and 200 mg L-1 [∼1.8 ×
1010 colony-forming units (cfu) mL-1]. With gallic acid
at a concentration normally present in red wine (100
mg L-1) the final biomass increased to 2.0 × 1010 cfu
mL-1. Higher gallic acid concentrations showed an

inhibitory effect on L. hilgardii 5w growth (10% and
26% for 1000 and 3000 mg L-1, respectively).

When catechin was included in the media, there was
a growth rate stimulating effect, which increased up to
200 mg L-1. The µmax values were 0.36, 0.46, 0.52, and
0.44 h-1 for 0, 100, 200, and 400 mg L-1 catechin. In all
cases, catechin increased the cell densities during the
stationary growth phase, 200 mg L-1 being the more
effective concentration (2.3 × 1010 cfu mL-1). Popula-
tions of 2.1 × 1010 and 2.2 × 1010 cfu mL-1 were
achieved in the presence of 100 and 400 mg L-1

catechin, respectively.
Phenolic Compounds Consumption. Gallic acid

and catechin consumption by L. hilgardii at 24 h of
incubation in MRS medium was directly proportional
to the concentration of the phenolic compound added
to the medium (Table 2). The phenolic acid consumption
was 60, 51, and 30% for 50, 100, and 200 mg L-1 gallic
acid, respectively, and the flavonoid consumption was
39, 32, and 21% for 100, 200, and 400 mg L-1 catechin,
respectively.

Comparative Study of the Effect of Phenolic
Compounds in Different Culture Media. Tubes
containing FT80 and MRS media supplemented with
100 mg L-1 gallic acid (Figure 3a) or 200 mg L-1

Table 1. Effect of Different Wine Phenolic Compound
Concentrations on L. hilgardii 5w Growth

growth stimulation (%) atMRS medium +
phenolic compound 12 h 24 h

1000 mg L-1 GAE 10a 40
3000 mg L-1 GAE 12 20
6000 mg L-1 GAE 9 0

a Values are an average of three replicates with maximum
standard deviation of <6%.

Figure 2. Influence of (a) gallic acid and (b) catechin at
different concentrations (mg L-1) on the growth of L. hilgardii
5w in MRS media: (A) control; (B) 50, (C) 100, and (D) 200
(for catechin 100, 200, and 400, respectively). Values are an
average of three replicates with maximum standard deviation
of <5%.
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catechin (Figure 3b) were inoculated with bacteria
grown with or without these substrates. In FT80
medium 100 mg L-1 gallic acid and 200 mg L-1 catechin
stimulated the growth of L. hilgardii with µmax values
from 0.23 h-1 (control) to 0.29 and 0.33 h-1 for gallic
acid and catechin, respectively. During the stationary
phase the cell density increased from 1.8 × 108 to 2.0 ×
108 and 2.3 × 108 cfu mL-1 for 100 mg L-1 gallic acid
and 200 mg L-1 catechin, respectively. When the cells
were adapted in the media with phenolic compounds,
µmax values increased from 0.29 to 0.37 h-1 and from

0.33 to 0.41 h-1 and cell densities increased from 2.0 ×
108 to 2.8 × 108 cfu mL-1 and from 2.3 × 108 to 3.3 ×
108 cfu mL-1 for gallic acid and catechin, respectively.

In MRS media the growth rates were µcontrol ) 0.36
h-1, µgallic acid ) 0.45 h-1, and µcatechin ) 0.52 h-1. The
final biomasses were 1.8 × 1010 cfu mL-1 for the control
and 2.0 × 1010 and 2.3 × 1010 cfu mL-1 in the presence
of gallic acid and catechin, respectively. When the cells
were pregrown with these phenolic compounds, the µmax
values were 0.51 and 0.58 h-1 for gallic acid and
catechin and the number of viable cells also increased
to 2.5 × 1010 and 2.7 × 1010 cfu mL-1 for gallic acid and
catechin, respectively.

Sugars Utilization. Table 3 shows the effect of gallic
acid and catechin on glucose consumption by L. hilgardii
5w growing in different culture media.

In the early exponential phase of incubation (4 h) the
consumption rate of glucose in FT80 media was 0.17 g
L-1 h-1 in the presence of 100 mg L-1 of gallic acid or
200 mg L-1 of catechin against 0.03 g L-1 h-1 for the
control. In cells pregrown with phenolic compounds the
consumption rate of glucose increased from 0.17 to 0.25
and 0.30 g L-1 h-1 for the phenolic acid and the
flavonoid, respectively. In MRS media the glucose
consumption rate increased from 0.07 to 0.67 and 0.75
g L-1 h-1 in the presence of gallic acid and catechin,
respectively. The stimulation increased more yet in cells
adapted in media with gallic acid (0.75 g L-1 h-1) and
catechin (0.95 g L-1 h-1). Despite the cited differences,
at 24 h of incubation glucose was completely consumed
independent of the culture medium.

As FT80 media possess fructose in their compositions,
we studied the influence of gallic acid and catechin on
fructose consumption by L. hilgardii 5w growth (Table
4). In the first hours of incubation the consumption rates
of fructose were 0.05 g L-1 h-1 for the control and 0.18
and 0.15 g L-1 h-1 in the presence of gallic acid and

Table 2. Consumption of Gallic Acid and Catechin in
MRS Media by L. hilgardii 5w

MRS + gallic acid at MRS + catechin at

time
(h)

50
mg L-1

100
mg L-1

200
mg L-1

100
mg L-1

200
mg L-1

400
mg L-1

4 5.0a 8.0 12.0 5.0 10.0 16.0
8 15.0 22.0 24.0 11.0 24.2 40.0

12 20.5 27.6 40.0 36.5 33.6 60.0
24 30.0 50.8 60.0 39.0 63.5 83.2

a Results are expressed as mg L-1 of phenolic compounds
consumed. Each value is the mean of three replicates that are
reproducible within (5%.

Figure 3. Influence of 100 mg L-1 gallic acid (a) or 200 mg
L-1 catechin (b) on L. hilgardii 5w growing in FT80 media
(solid symbols) and MRS media (open symbols) when cells used
as inoculum were cultivated either in medium supplemented
with these same concentrations of phenolic compounds (- - -)
or in medium without phenolic compounds (s). Growth curves
in the absence of phenolic compounds are also shown (b, O).
Values are an average of three replicates with maximum
standard deviation of <5%.

Table 3. Influence of 100 mg L-1 Gallic Acid and 200 mg
L-1 Catechin on Glucose Consumption by L. hilgardii 5w

glucose consumption (g L-1) at
incubation time of

culture medium 0 h 4 h 8 h 12 h 24 h

FT80 5.0a 4.9 3.4 1.1 0
+ gallic acid 5.0 4.3 3.1 0.9 0
+ gallic acidb 5.0 4.0 2.9 0.8 0
+ catechin 5.0 4.3 3.0 0.9 0
+ catechinb 5.0 3.8 2.4 0.7 0

MRS 20.0 19.7 18.7 13.6 0.2
+ gallic acid 20.0 17.3 16.3 11.5 0.2
+ gallic acidb 20.0 17.0 15.0 10.5 0.2
+ catechin 20.0 17.0 15.3 12.6 0.2
+ catechinb 20.0 16.2 14.0 11.9 0.2

a Each value is the mean of three replicates that are reproduc-
ible within (3%. b Phenolic compounds pregrown cells.

Table 4. Influence of 100 mg L-1 Gallic Acid and 200 mg
L-1 Catechin on Fructose Consumption by L. hilgardii
5w in FT80 Media

fructose consumption (g L-1) at
incubation time of

culture medium 0 h 4 h 8 h 12 h 24 h

FT80 3.5a 3.3 1.6 0.5 0.1
+ gallic acid 3.5 2.8 1.5 0.6 0.1
+ gallic acidb 3.5 2.5 1.4 0.5 0.1
+ catechin 3.5 2.9 1.5 0.5 0.1
+ catechinb 3.5 2.6 1.2 0.5 0.1

a Each value is the mean of three replicates that are reproduc-
ible within (3%. b Phenolic compounds pre-grown cells.
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catechin, respectively. This effect was higher in phenolic
compounds pregrown cells (0.25 and 0.23 g L-1 h-1 for
gallic acid and catechin, respectively).

L-Malic Acid Utilization. L-Malic acid utilization
after 24 h was higher (2.4 g L-1) in the presence of
catechin than in the control (1.6 g L-1) (Figure 4). This
effect was increased in cells adapted to the flavonoid
(3.7 g L-1). Gallic acid did not have any effect on malic
acid utilization until 20 h of incubation. After this time,
malic acid consumption rates were similar for cells
grown with and without the phenolic acid (2.2 g L-1).

Phenolic Acid and Flavonoid Consumption in
Different Culture Conditions. The phenolic com-
pounds consumption by L. hilgardii 5w is shown in
Figure 5. During the first hours of incubation the gallic
acid and catechin consumption rates in FT80 medium
corresponded to 1.07 and 1.50 mg L-1 h-1, respectively.
These values increased when cells were precultivated
in phenolic compounds (2.50 and 3.96 mg L-1 h-1 for
gallic acid and catechin, respectively). The phenolic
compounds consumed in 24 h were 50.1 and 43.7 mg
L-1 for cells pregrown with and without gallic acid,
respectively, and 69.4 and 57.8 mg L-1 for cells pre-
grown with and without catechin, respectively. In MRS
medium the gallic acid and catechin consumption rates
during the first hours of incubation corresponded to 2.75
and 3.03 mg L-1 h-1 and were not modified when the

cells were pregrown in phenolic compounds. In this
culture medium there was no significant difference in
the phenolic compounds consumed by cells pregrown
with or without the phenolic compounds.

DISCUSSION

Gallic acid and catechin at concentrations normally
present in wine activated L. hilgardii 5w growth phase
and increased slightly the final biomass; these effects
were augmented in cells precultivated in both phenolic
compounds. In FT80 medium the growth rate activation
by both phenolic compounds was higher than in MRS
plus 15% tomato juice medium. The growth rate stimu-
lation by gallic acid and catechin and the increase in
cell density during the later stage of cell incubation
could be related to their ability to metabolize these
phenolic compounds. Stead (7), Vivas et al. (8), and
Reguant et al. (9) also found gallic acid stimulation on
lactic acid bacteria. Krumholz et al. (22) proposed a
pathway for energy metabolism of gallate by Eubacte-
rium oxidoreducens, the initial step of which is the
decarboxylation of the ring. Kersten et al. (23) proposed
a reaction sequence for the degradation by Pseudomona
testosteroni of gallic acid, producing pyruvate and oxal-
acetate.

The inhibitory effect observed with high gallic acid
concentrations (1000 mg L-1) suggested the toxic effect
on L. hilgardii growth at this concentration. Cornu et
al. (24) suggested that phenolic compounds could have
an activating or inhibiting effect according to their
constitution and concentration and the bacterial strain
used.

Using the Singleton and Rossi method, we demon-
strated that L. hilgardii consumed these phenolic
compounds. Reguant et al. (9) did not find modification
in the UV spectra after incubation of Œ. oeni in the
presence of different phenolic compounds. Nevertheless,
Vivas et al. (8) reported that gallic acid disappeared
during the growth of Œ. oeni. Cavin et al. (10) reported
that Lactobacillus and Pediococcus strains were able to
metabolize phenolic acids during growth in the FT80
medium.

Malic acid consumption rate was activated by catechin
and was slightly influenced from 20 h of incubation by

Figure 4. Influence of (a) 100 mg L-1 gallic acid (9) and (b)
200 mg L-1 catechin (2) on malic acid consumption in FT80
medium. The cultures were inoculated with bacteria pregrown
with (- - -) and without (s) the tested phenolic compounds. The
growth curve in the absence of phenolic compound is also
shown (b). Each value is the mean of three replicates that are
reproducible within (3%.

Figure 5. Gallic acid (9, 0) and catechin (2, 4) consumption
in MRS medium (open symbols) and FT80 (solid symbols). The
cultures were inoculated with bacteria pregrown with (- - -)
and without (s) the tested phenolic compounds. Each value
is the mean of three replicates that are reproducible within
(5%.

4362 J. Agric. Food Chem., Vol. 49, No. 9, 2001 Alberto et al.



gallic acid. These results on L. hilgardii suggested that
the higher antioxidant capacity of catechin with respect
to gallic acid is responsible for the increase of malic acid
consumption. Reguant et al. (9) reported that catechin
and quercetin are beneficial for Œ. oeni malolactic
activity and that no effect was observed in the presence
of gallic acid. The authors support these results con-
sidering that phenolic compounds serve as oxygen
scavengers and reduce the redox potential of wines. This
property and the fact that lactic acid bacteria grow
better in oxygen-free culture may enhance the degrada-
tion of the malic acid.

In the presence of phenolic compounds the glucose
and fructose consumption rates were higher than in the
control. Sugars and malic acid could supply cells ad-
ditional energy for transport and metabolism of phenolic
compounds.

In FT80 medium there was a higher increase in the
consumption rate of both phenolic compounds in cells
preadapted than in cells nonadapted. In MRS medium
there was no significant difference in the phenolic
compounds consumption rate. MRS medium contained
tomato juice, which included phenolic compounds in its
composition. Thus, the cells grown in MRS media have
an initial adaptation to phenolic compounds.

As stimulating agents of L. hilgardii 5w growth, gallic
acid and catechin could increase the risk of spoilage
lactic acid bacteria in wine. This property must be
considered in the selection of the mechanism to control
microbial spoilage in wines.
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