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Red wine amino acids and volatile compounds were analyzed before and after malolactic fermentation
carried out by four different starter cultures of the species Oenococcus oeni and Lactobacillus
plantarum. The purpose of this study was to determine whether differences can be attributed to the
lactic acid bacteria strain used in this important step of the wine-making process. The malolactic
cultures selected for this study were indigenous wine lactic acid bacteria strains. The data were
evaluated using different multivariate analysis techniques. Results showed different malolactic
behaviors for O. oeni and L. plantarum and significant metabolic differences between both species.
A degree of diversity was found within each lactic acid bacteria group, since wines presented specific
characteristics depending on the lactic acid bacteria strain used. In all cases, malolactic fermentation
seemed to modify the amino acid and volatile composition of the wine.
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INTRODUCTION decrease in titratable acidity and a small increase in pH. MLF
also leads to enhanced microbial stability and is usually believed
to improve the complexity of the wine aroma~«(5). However,
except for diacetyl, which is one of the main and most studied
aroma byproducts of MLF (for a review see 8fthe influence

of LAB on wine chemical and organoleptic properties is not
yet fully understood.

Different studies have focused on the biosynthesis of aroma
compounds during MLF and the concomitant organoleptic
consequences (B). Maicas et al.§) demonstrated that MLF
noticeably changes major and minor volatile compounds that
are beneficial to wine flavor during MLF. In contrast, Sauvageot

Lactic acid bacteria (LAB) are widely used in food biotech-
nology, and efficient control of these microbiological processes
requires an increase in the knowledge of bacterial behavior and
metabolisms. LAB perform malolactic fermentation (MLF), one
of the main phases of wine making. Different genera of LAB,
including Lactobacillus, Pediococcus, andenococcusare
involved in this so-called secondary wine fermentation (1).
Among them, Oenococcus oenis recognized as the most
tolerant to wine conditions (low pH and high ethanol concentra-
tion) and is the major bacteria species found in wines during

MLF. Currently, a small number of commercial starter cultures - ;
of this species have been shown to successfully perform MLF a’?d V|V|e_r (1Q) cond_ucted sensory analysis on Chardonnay and
' Pinot Noir wines with and without MLF and concluded that

and further research into new starter cultures with defined wine tasters perceived only slight sensory differences between
technological and flavoring abilities is required. It has, recently, the two types of wine. On the other hand, the influence of the

been demonstrated thhtctobacillus plantarunstrains have LAB strain used for MLF on wine aroma composition and

resistance mechanisms that enable them to survive and prolifer- L .
o : . complexity is not well-known. Aroma/flavor attributes can vary
ate in wine, and therefore, lik®. oeni, they could also be used

X ) according to the strain used for inducing MLEL-14), whereas
as starters for inducing MLF (2). . .
Wine deacidification is th . for MLF and . according to de Revel et all%) and Delaquis et al.16),
fthme eacidl |catI|ton |s|.t € r'r:ja;n trllggfr or'd arllt. CONSIStS i gividual effects of the malolactic culture used to induce MLF
of the conversion of-malic acid toL-lactic acid, resultingina . .o yificult to establish.

Different studies have shown that the levels of volatile
562&%‘9550"“.1?9 author. Te'-i.f_(34_) 91 5622900, ext. 363. Fax: (34) 91 compounds in wine are related to the yeast amino acid
 E-mail: mvmoreno@ifi.csic.es. metabolism (1718) and that the dynamics of indigenous and
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evaluation and the volatile composition of wines (29). On

the other hand, other studies focused @noeniamino acid

requirements for growth and MLF in several growth media (21).

However, to date little attention has been paid to the influence

of MLF on the whole amino acid composition of win22),

and in particular, the effect of the LAB strain involved in MLF

on this important wine nitrogenous fraction is still unknown.
The purpose of this work was to investigate the changes in

Pozo-Bayon et al.

by pulsed field gel electrophoresis (PFGE), as previously described
(2). Briefly, bacterial cells from fresh cultures were recovered by
centrifugation and immobilized in 1% agarose (pulse field certified
agarose, Bio-Rad, Hercules, CA) in &5TBE buffer (45 mM Tris-
borate, 1 mM EDTA, pH 8.0). Agarose blocks were incubated with
proteinase K (1 mg/mL) (Sigma-Aldrich, Madrid, Spain) in digestion
buffer. After these enzyme treatments, agarose blocks were cut (slices
1-2 mm) and digested wit§fi| restriction enzyme (Biolabs, Beverly,
MA) following the manufacturer’s instructions. Gel blocks were loaded

wine volatile compounds and amino acids due to the MLF starter onto 1% (w/v) agarose D-5 (Pronadisa, Madrid, Spain) gels. DNA
that triggered this important fermentation step and to determine fragments were separated in 8. 9BE buffer in a PFGE in a CHEF

whether differences can arise from the LAB species and/or LAB
strain involved. Tempranillo is one of the most important
Spanish red grape cultivars and is the principal variety of Rioja
Appellation of Origin. MLF was induced in Tempranillo red
wine with different malolactic cultures of indigenous LAB
strains, and this was compared with wines elaborated @ith
oeniand withL. plantarumselected strains.

MATERIAL AND METHODS

Wine Production. Red wine was elaborated from cv. Tempranillo
red grapes from local vineyards of the northern Spanish region of La
Rioja. Fermentations were carried out in 15 000-L wooden tanks.
Alcoholic fermentation was performed in the presence of grape skins,
seeds, and stalks, after $@ddition and until the residual reducing
sugar content was 0.65 g/L. At this end point of alcoholic fermentation,
wine was drawn off from the yeast lees and was filtered through
diatomaceous earth and a 0.4f filtering cartridge (Durapore TP,
Millipore) to eliminate the endogenous microbiota. Wine turbidity was

DR Il system (Bio-Rad Laboratories, Hercules, CA).

Chemical Analysis of the Wines.Alcohol degree, total acidity,
volatile acidity, pH, free and total SQand reducing sugars were
measured according to EC official methods (25).

Amino Acid Analysis. Amino acids were analyzed in duplicate by
reverse-phase HPLC using a liquid chromatograph consisting of a
Waters 600 Controller programmable solvent module (Waters, Milford,
MA), a WISP 710B autosampler (Waters, Milford, MA), and a HP
1046-A fluorescence detector (Hewlett-Packard). Samples were submit-
ted to automatic precolumn derivatization with OPA in the presence
of 2-mercaptoethanol. Solvents and gradient conditions were as
described by Moreno-Arribas et akf). Separations were performed
on a Waters Nova-Pak C18 (1503.9 mm i.d., 60 A, 4um) column
and the same type of precolumn. Detection was performed by
fluorescence (%&xcitation= 340, 1 emission= 425), and chromato-
graphic data were collected and analyzed with a Millenium32 system
(Waters, Milford, MA).

Volatile Compounds. Analysis of the major volatile compounds
was performed by direct injection on a Hewlett-Packard (Palo Alto,
CA) 5890 series Il gas chromatograph under the following conditions:

measured (Turbidimeter 2100N, Hatch Co.) and the value obtained after Carbowax 20M fused-silica capillary column (30:0.25 mm i.d.),

those filtrations was 4 NTU. The bacterial count in this starting wine
was 0 cfu/mL. This wine was designated the “initial wine” for the
experimental design of this work.

MLF Starter Inoculation in Wine. Two O. oenistrains, 1S-18 and
IS-159, and twd.. plantarumstrains, J-39 and J-51, were selected from
the bacteria collection of the Department of Food and Agriculture of
the University of La Rioja. These four strains were selected for being
autochthonous; i.e., they were isolated from red wines of Rioja
Appellation of Origin during their spontaneous MLF, had been fully

coated with a stationary phase of 028 thickness (Quadrex, New
Haven, CT); split/splitless injector; FID detector; injector and detector
temperature, 220C; initial oven temperature, 42C (10 min hold);
temperature gradient, /min to 150°C, 30°C/min to 210 (2 min

hold); carrier gas, helium (12.5 psi, split 1/15). A total of D of
3-pentanol (6 mg/mL 10% ethanol) was added as internal standard and
1 uL of wine with the internal standard was injected in split mode.
The compounds determined by this method were acetaldehyde, ethyl
formiate, ethyl acetate, methanol, 1-propanol, isobutanol, 2-methyl-1-

characterized, and presented appropriate characteristics for winebutanol, 3-methyl-1-butanol, and ethyl lactate. A ChemStation data

production (Lopez et al., unpublished data). Strains were grown in MRS
broth (Scharlau Chemie S. A, Barcelona. Spain) at@@o obtain the
appropriate biomass (4 16fu/mL) and were adapted to wine conditions
by growing them as “pied de cuve” in wine diluted with water (1:1
vol/vol). Whent-malic acid concentration decreased to 90%, they were
added to 25-L stainless steel tanks and filled to 25 L with the initial
wine. MLF was followed by measuring winemalic content i(-malic
acid enzymatic kit, Boehringer-Mannheim). Wine samples of 10 mL
were collected at different times and subjected to microbiological
analysis. After 33 days, wine tanks inoculated wittplantarumstarters
had not yet begun MLF, and-malic acid (Sigma-Aldrich, Madrid,
Spain) was added up to a final concentration of 2 g/L to activate MLF.
When MLF had finisheditmalic acid concentratiors 0.02 g/L), wines
were sulfited and samples were taken for amino acid and volatile
compound analysis.

All experiments were done in triplicate in independent 25-L stainless

system (HP 3365 series Il, v.A.03.21) was used for data processing.

Minor volatile analysis was carried out by headspace solid-phase
microextraction (HS-SPME) using a 100-um poly(dimethylsiloxane)
(PDMS) coated fused silica fiber (Supelco, Bellefonte, PA), under the
conditions described by Pozo-Bayon et &7). The compounds
determined by this method were 1-hexaris-3-hexen-1-ol, isobutyl
acetate, isopentyl acetate, hexyl acetate, butyl acetate, ethyl butyrate,
ethyl hexanoate, ethyl octanoate, ethyl decanoate, diethyl succinate,
2-phenylethyl acetate, hexanoic acid, octanoic acid, decanoic acid,
y-butyrolactone, ang-ionone.

Peak identities were assigned by comparing the relative retention
times of the internal standard with those of the analytical standards
(more than 99% purity) from Sigma-Aldrich (St. Louis, MO) and Merck
KGaA (Darmstadt, Germany).

Statistical Analysis. Statistical methods used for data analysis were
principal component analysis (from standardized variables), to examine

steel tanks, and a total of 13 wines were studied. Results reported herehe relationship among the analyzed variables; cluster analysis, to

are the average values of three independent experiments.
Bacterial Count and Identification. Serial decimal dilutions were

discover natural groupings of the wine samples of the study; one-way
analysis of variance (ANOVA), to test the effect of the studied factor

prepared in sterile saline solution, and appropriate volumes were spreadMLF culture); and the Student—Newman—Keuls test for mean
in duplicate onto MRS agar (Scharlau Chemie S. A, Barcelona, Spain) comparisons. The STATISTICA program for Windows, release 28}, (

fresh plates with 20@g of nystatin/mL (Acofarma, S. Coop. Terrassa,
Spain) for LAB counts. Samples were incubated af@Qunder strict

was used for data processing.

anaerobic conditions (GasPak. Oxoid Ltd., Basingstoke, England) for RESULTS AND DISCUSSION

at least 5 days, and viable counts were obtained as the number of cfu/
mL. Five colonies from each wine sample were selected for reisolation

and identification. Strain species were identified by their morphology,
Gram staining, and species-specific PCR analyse®fareni(23) and
L. plantarum(24). Clonal characterization of strains was carried out

Development of MLF. Figure 1 shows average values of
cell concentration and-malic acid content of triplicates along
MLF. Wines inoculated with 1S-18 and 1S-159 strains @f
oeni carried out MLF in 24 and 18 days, respectively, while



Wine Volatile and Amino Acid Composition after MLF J. Agric. Food Chem., Vol. 53, No. 22, 2005 8731

7 L. plantarum), the value of ethyl lactate was not considered to
PRSP ﬂ ________ o perform PCA analysis. Four principal components were ob-
6 y’f——l-_- ;I’ ———————— /,)::;\\ tained, and these explained 78.2% of the total data variance.
e P N e The first principal component, which explains 33.1% of the total
5 ,7‘71 i S variance, was strongly correlated with GABAQ.92), valine
z K/ 4 (—0.87), a-alanine (—0.86), tryptophan (0.85), decanoic acid
2am e s = (0.83), isoleucine (—0.81), methionine (0.83), and ethyl de-
= E canoate (0.80). The second principal component, which explains
~3 l 32 20.7% of the total variance, was mainly correlated with the
g variables serine (0.96), phenylalanine (0.91), lysine (0.87), and
2 e & aspartic acid (0.81). In Figure 2, the 13 samples of wines are
plotted on the plane defined by these two first principal
1 1 components, as well as the corresponding 95% confidence
ellipses for each of the four groups. The initial wine (No-MLF
) . — — > I wine in Figure 2) is plotted on the right side and is clearly
6 5 10 15 20 25 30 35 40 45 50 55 60 65 70 separated from the MLF wines. A high similarity betwe@n
time (days) oeniwines (1S-18 and 1S-159 samples) is shown in Figure 2,
Figure 1. Mean values and standard deviation of cell concentration and as well as betweeh. plantarumwines (J-39 and J-51 samples).
L-malic acid concentration in wines (n = 3) during MLF. Dotted line: log Moreover, a degree of dispersion among strains was also
(cfu/mL) of viable cells. Continuous line: malic acid concentration (g/L). observed. Figure 2 shows that the first principal component
Wines were inoculated with (a) O. oeni IS-18, (@) O. oeni 1S-159, (®) differentiates the initial wine from the wines that have performed
L. plantarum J-39, and (M) L. plantarum J-51. = indicates L-malic acid MLF. The initial wine andO. oeni wines showed lower
addition to 2 g/L final concentration. concentrations of GABAgp-alanine, valine, and ethyl lactate

and higher values of ethyl decanoate and tryptophan than
plantarumwines. Similarity between wines is best estimated
in the dendrogram obtained by cluster analysis of standardized
variable data (Figure 3), without using the ethyl lactate value.
The squared Euclidean distance was taken as a measure of
proximity between two samples and Ward’'s method was used
as a linkage rule. In this dendrogram, two main groups can be
observed, one of them formed ky plantarumwines and the
other containingO. oeniwines and the initial wine. In this
second group, the initial wine is clearly separated flOnoeni
wines. Thus, from the results of PCA and cluster analysis, it
was possible to differentiate between wines before and after
MLF, as well as between wines obtained with oeniandL.

wines inoculated with_. plantarumstarters had not initiated
MLF 33 days after inoculation. The addition ofmalic acid

(up to 2 g/L final concentration) triggered activation bf
plantarumstrains J-39 and J-51, and MLF took 26 and 33 days,
respectively (Figure 1). Microbiological identification of isolates
at initial and full MLF revealed that the inoculatedplantarum
strains were responsible for MLF (79% of the isolates were
plantarumspecies). Implantation control by PFGE was neces-
sary to differentiate among indigenous strains and the inoculated
O. oenistrains IS-18 and 1S-159. PFGE patterns revealed 80—
100% implantation, and therefore, the inocula@&denistrains
were responsible for MLF in the corresponding fermentation
tanks. At full MLF, bacteri_al populations reached around 10 plantarumspecies.
cfu/mL in all wine tanks (Figure 1).. plantarumstarters were . . . .

much more sensitive to-malic acid concentration, and their Modifications of Amino Acids and Volatile Compounds

cell population started to decrease after full MLF, when the by O. oeniand L._plantaru_m. Onetway anaIyS|s_ O.f variance
L-malic acid concentration fell below 0.5 g/L, where@eni was used to obtain more information about variations in wine
starters maintained the cell population after finishing MLF and EOWPOS'T'OU as ? result ,Of '\SLF alnd to complare V\(/jlnes thalned
theL-malic concentration dropped below 0.1 g/L. Similarly, the Y NOCU atm_n ofQ. oenian L.p antarur_nse.ecte _st.r.ams._

L. plantarum starters were not active until-malic acid Amino Acids. Amino acid concentration in the initial wine
concentration had increased to 2 g/L. These observations agre@nd meant standard deviation values of amino acid concentra-
with results reported before that showed thatplantarum tions in wines after MLF are shown in Table 1. The results of
fermentation rate was improved whemmalate was in the-210 applying the Student—Newman—Keuls test to mean values are
mM range (29) and thdt. plantarumgrowth rates and apparent ~ also shown in the table. There is a slight increase in amino acid
biomass increased with malate additio80). These results ~ concentration after MLF byD. oenistrains. Only the amino
clearly indicate a different behavior in MLF performance for acids arginineg-alanine, and methionine showed decreases in

0. oeniandL. plantarumand that the malolactic activity df. concentration, to a greater or lesser extent, after MLF. From

plantarumstrains in wine was less efficient than that@foeni the results of Table 1, it can be deduced that increases in amino

strains. acid content were more evident . oeniwines that inL.
Effect of MLF on Wine Chemical Composition. Before plantarumwines. If the arginine value that disappeared during

MLF, the wine (initial wine) had an alcohol content of 12.4%, MLF is excluded, total amino acid content increases by 22.46
0.4 g of acetic acid/L of volatile acidity, 5.8 g of tartaric acid/L and 32.56 mg/L due t®. oenilS-18 and IS-159 activities
total acidity, and a pH of 3.4. During MLF, pH values increased respectively, whereas in the caselofplantarumstrains, only
slightly (0.01-0.09 units) as well as volatile acidity (0.85 an increase of 16.46 and 2.12 mg/L was obtained with strains
0.32 g/L), whereas, as expected, total acidity decreased<0.46 J-39 and J-51, respectively. It has been reported that amino acids
0.91 g/L). are generally present in lower concentrations after MLF as a
Principal component analysis was applied to establish rela- result of LAB growth @2). However, no consistent trends have
tionships among wine amino acid and volatile compound emerged in the literature for any individual amino acid, except
concentrations. Taking into account that ethyl lactate is directly for arginine (3,31). The increase in total amino acid content
related to the initiaL-malic acid concentration, which was not observed here is in agreement with repeated previous evidence
the same in the two different fermentations (w@h oeniand that showed that sonf@. oenistrains can produce extracellular
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Figure 2. Plot of the 13 samples of wines on the plane defined by the first two principal components from amino acid and volatile compound data. A,
B, and C correspond to the individual tanks of each MLF experiment.
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Figure 3. Dendrogram of the 13 samples of wine according to amino acid and volatile compound data. A, B, and C correspond to individual tanks of
each MLF experiment.

peptidases or proteases that metabolize peptides and proteinsatabolize methionine in these two LAB. In addition to
to release detectable concentrations of amino adads-84). methionine, significant differences were also found in Gur
From Table 1 it can be seen that the most important reduction oeniandL. plantarumwines for tryptophan and threoninke.
in concentration observed during MLF corresponds to arginine, plantarumdegraded these amino acids, whide oenidid not.
which, as expected, was quantitatively the major amino acid in Moreover, concentration values of seven of the 21 amino acids
the wine before MLF. The arginine concentration decreased to determined in our wines, especially those of glutamine, glycine,
nondetectable levels, both @. oeniandL. plantarumexperi- p-alanine,o-alanine, GABA, valine, and lysine, varied signifi-
ments, and was accompanied by an increase in ornithine levelscantly, depending on the LAB strain performing MLF. It is well-
These findings suggest that these strains can degrade arginineknown that some of these amino acids can contribute to specific
forming ornithine via the arginine deiminase pathway, as tastes in foods30) and could, therefore, also affect wine flavor.
reported for other heterofermentative LAB (3). Volatile Compounds. Table 2 lists concentrations of the
With the exception of biogenic amine formation and arginine volatile compounds determined in the initial wine (before MLF)
catabolism to ethyl carbamate, amino acid metabolism during and meant standard deviation values for the contents of these
MLF is not well-known. Recently, it has been shown that some compounds in wines after MLF. Letters indicate significant
wine LAB, similar to dairy LAB, can metabolize methionine differences among the mean values obtained for each of the
into different sulfonated volatile compounds that affect wine LAB strains that performed MLF. Table 2 shows that MLF
aroma complexity 7). Results from Table 1 indicate a caused changes in the volatile composition of Tempranillo
significantly different evolution of methionine i®. oeniand wines. This outcome agrees with previous studies on other red
L. plantarumwines, probably due to the different capacities to grape varieties (922). Most of the alcohols were at higher
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Table 1. Amino Acid Content in Wine before MLF and Mean £ SD Values of the Amino Acids (mg/L) in the Wines after MLF2

after MLF (n = 3 tanks)

before MLF: 0. oeni L. plantarum
amino acids initial wine IS-18 IS-159 J-39 J-51

Asp 9.18 9.47a+0.39 9.76a £ 0.74 9.88a+0.31 8.98a+0.20
Glu 13.81 17.35a +0.53 18.57a + 2.07 19.17a+1.74 16.82a +1.12
Asn 11.48 13.12a£0.69 13.43a+ 1.26 14.15a + 1.14 12.75a £ 0.79
Ser 5.79 6.62a £ 0.17 6.73a £ 0.50 6.61a+0.38 6.10a £ 0.18
Gln 8.32 9.50ab + 0.46 8.34a+0.89 10.41b + 0.46 9.27ab +0.26
His nd nd nd nd nd

Gly 7.63 10.49a +0.76 9.18a £+ 1.06 15.99b + 2.20 8.27a+4.44
Thr 6.55 7.36b £ 0.10 8.55¢ +0.70 0.00a +0.00 0.00a + 0.00
Arg 16.29 nd nd nd nd

p-Ala 3.97 0.00a +0.00 4.13b £0.05 0.00a £ 0.00 0.00a +0.00
a-Ala 12.95 15.10a +0.42 15.57a + 1.65 19.34a+2.91 17.02a + 1.32
GABA®P 8.66 10.27a+0.44 10.26a +0.91 13.76b £ 1.95 12.53ab £ 0.77
Tyr 8.39 8.77a+0.02 8.78a+0.28 6.03a+5.23 7.30a+2.06
Met 5.34 5.18b +0.21 4.78b + 1.36 0.00a = 0.00 0.00a £ 0.00
Val 5.71 6.73a+£0.24 7.13a+0.54 8.20b £ 0.47 7.22a+0.37
Trp 7.91 6.86b + 0.98 8.09¢c £0.20 0.00a £ 0.00 0.00a +0.00
Phe 8.82 9.70a+0.39 9.87a+0.18 9.74a+0.49 9.36a+0.25
lle 5.21 5.78a £ 0.03 5.92a +0.39 6.31a £ 0.46 5.94a+0.10
Leu 5.79 7.08a £ 0.07 7.48a £+ 0.40 7.75a £ 0.60 7.00a+0.21
Omn 5.44 12.19a +7.84 14.79a £ 1.02 8.23a+7.22 9.27a+8.27
Lys 8.29 10.10b £ 0.24 10.40b + 0.69 10.16b £ 0.02 9.25a+0.24
sum of amino acids 165.53 171.70ab + 1.30 181.84b +3.21 165.70ab + 2.50 147.12a + 2.87

aMeans within rows without a common letter are significantly different (P < 0.05); nd, not detected. ® GABA, gamma aminobutyric acid.

Table 2. Volatile Compounds Content in the Wine before MLF and Mean + SD Values of the Volatile Compounds (mg/L) in the Wines after MLF@

after MLF (n = 3 tanks)

before MLF: 0. oeni L. plantarum
initial wine IS-18 1S-159 J-39 J-51

Alcohols
1-propanol 36.18 36.90a + 0.77 38.56a + 1.83 37.72a+0.49 39.19a+231
isobutanol 79.04 80.37a+2.33 79.66a + 2.62 79.18a + 6.03 82.22a +3.86
2 + 3-methyl-1-butanol 273.82 279.40a + 8.47 279.28a + 6.67 254.68a + 52.36 28340a + 14.07
1-hexanol 111 2.75a+0.61 2.94a+1.89 3.22a+0.18 3.89a+0.86
methanol 144.45 159.60a + 6.95 162.21a + 16.92 173.00a + 6.15 180.13a + 14.24
cis-3-hexen-1-ol <0.20 <0.20 <0.20 <0.20 <0.20
Esters
ethyl formiate 14.94 14.68a + 0.39 14.26a+0.19 15.71a+1.90 16.03a + 0.63
ethyl acetate 66.03 82.82a+1.52 78.51la+6.32 90.60a + 5.16 82.32a £ 12.03
isobutyl acetate nd nd nd nd nd
isopentyl acetate 0.85 0.93a+0.09 0.87a+0.01 0.84a+0.10 0.85a + 0.06
hexyl acetate <0.02 <0.02 <0.02 <0.02 <0.02
butyl acetate 0.27 0.27a+0.01 0.26a+0.01 0.31b +0.03 0.27a+0.01
ethyl butyrate nd nd nd nd nd
ethyl octanoate 0.63 0.45a = 0.06 0.60a + 0.02 0.39a +0.08 0.47a+0.05
ethyl decanoate 0.85 0.43ab +0.17 0.67b £ 0.09 0.22a+0.10 0.41ab +0.07
ethyl lactate 36.96 168.5ab + 17.78 137.1a+4.29 235.04c £29.90 189.77b + 10.44
ethyl hexanoate 0.75 0.73a+0.03 0.73a £ 0.02 0.66a + 0.08 0.69a + 0.06
diethyl succinate 3.94 8.79a+0.39 7.77a+1.22 6.99a+0.45 7.72a+1.39
2-phenylethyl acetate <0.06 <0.06 <0.06 <0.06 <0.06
Fatty Acids
hexanoic acid 5.53 5.56a + 0.62 5.10a +0.26 5.77a+0.14 6.00a +0.38
octanoic acid 3.58 4.00b £0.11 3.66ab + 0.23 3.10a £ 0.10 3.40ab + 0.55
decanoic acid 1.66 1.16b +0.10 1.28b +0.22 0.70a £ 0.15 0.57a+0.18
Other Compounds
acetaldehyde 24.58 18.37a + 0.58 17.80a + 0.37 22.73a+6.24 31.12b £ 0.61
y-butyrolactone 3.49 8.65h + 1.92 7.98b +4.39 3.68a + 2.02 4.78a+0.40
f-ionone 0.10 0.16a +0.03 0.12a+0.04 0.15a £ 0.01 0.18a+0.03

@Means within rows without a common letter are significantly different (P < 0.05); nd, not detected.

concentrations after MLF than in the initial wine. Also, levels no studies that demonstrate these changes. Ethyl lactate, one of
of short-chain esters, such as ethyl acetate, ethyl lactate, andhe most important byproducts of LAB metabolisd),(in-
diethyl succinate, increased during MLF, as expected. Formationcreased more than 4 times in the wines after MLF, reaching
and hydrolysis of esters during MLF is probably due to the different concentrations depending on the LAB strain. In
action of LAB esterases responsible for the synthesis and contrast, a drop in the ethyl decanoate concentration, an ester
degradation of these compounds. However, to date there areof a long-chain acid, was observed, with final values depending
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on the malolactic culture used. The butyl acetate content was
also significantly influenced by the LAB strain. On the other
hand, no differences were observed in the contents of fruity
esters, hexyl acetate, and 2-phenylethyl acetate. For the fatty
acids, significant differences were found for octanoic and
decanoic acids, depending on the malolactic culture. It is worth
noting that total fatty acid concentration was not above 20 mg/L
in any case. Higher concentrations of these compounds have
been reported to impair the final arom89( 40). The acetal-
dehyde concentration changed during MLF, and significant
differences were found depending on the different malolactic
cultures used. This decreased in wines fermente® bgeni,

but not inL. plantarumwines, probably indicating a partial
degradation of this compound . oeni, in agreement with
previous results41). They-butyrolactone concentration was
higher in wines after MLF, and significantly higher increments
were shown forO. oenistrains compared with. plantarum
(Table 2). These findings are in accordance with those of Maicas
et al. (9), who also detected higher levels of this compound in
wines due to MLF.

Individual strains of LAB have been found to produce
distinctive flavors (5). Other studies have revealed differences
in volatile metabolites among LAB species and, more specif-
ically, strains ofO. oeni, when these bacteria were cultivated
in specific and complex medid {). In the present work, these
latter observations were confirmed when other selected strains
were individually used to induce MLF in wine. In summary,
the concentrations of seven (butyl acetate, ethyl acetate, ethyl

decanoate, octanoic acid, decanoic acid, acetaldehyde, and(

y-butyrolactone) of the 25 volatile compounds analyzed in this
study significantly differed in relation to the type of LAB used
for MLF. Moreover, the concentrations of some of these
compounds appear to be influenced by the LAB species, while
for other compounds significant differences depended on the
strain used, reflecting a degree of diversity among strains of
the same species.

In conclusion, our results reveal a different malolactic
behavior forO. oeniandL. plantarum. Lactobacilli malolactic
activity seems to be more dependent on the amountrodlic
acid available in the medium, and a minimal threshold-ofalic
acid concentration is required to trigger MLF. They are,
therefore, less efficient than oenococci at inducing MLF. It can
also be concluded that MLF by both species may contribute to
wine quality by modifying the concentration of some of the
amino acids and aroma compounds of wine. Moreover, the
application of a variety of statistical techniques to analyze wine
amino acid and volatile compound data has revealed significant
metabolic differences betwe&h oeniandL. plantarumspecies.

Results also suggest a degree of diversity in both LAB groups, (16)

since wines also showed specific characteristics depending on
the LAB strain. These conclusions justify inducing MLF with
selected strains that produce beneficial sensory attributes and
no defects in wines.

ACKNOWLEDGMENT

We acknowledge Bodegas Roda S.A. for providing the ap-
propriate red wine for the experiments carried out in this study.

LITERATURE CITED
(1) Lonvaud-Funel, A. Lactic acid bacteria in the quality improve-

ment and depreciation of windnton. Leeuw1999,76, 317—
331.

(14)

17

(18)

(19)

Pozo-Bayon et al.

(2) Alegria, E. G.; Lopez, |.; Ruiz, |.; Séenz, J.; Fernandez, E.;
Zarazaga, M.; Dizy, M.; Torres, C.; Ruiz-Larrea, F. High
tolerance of wildLactobacillus plantarunandOenocuccus oeni
strains to lyophilisation and stress environmental conditions of
acid pH and ethanoFEMS Microbiol. Lett2004,230, 53-61.

(3) Davis, C. R.; Wiwobo, D.; Eschenbruch, R.; Lee, T. H.; Fleet,
G. H. Practical implications of malolactic fermentation. A review.
Am. J. Enol. Vitic.1985,36, 290—301.

(4) Versari, A.; Parpinello, G. P.; Cattaneo, Meuconostoc oenos
and malolactic fermentation in wine: A review.Ind. Microbiol.
Biotechnol.1999,23, 447—455.

(5) Henick-Kling, T. Control of malo-lactic fermentation in wine:
Energetics, flavour modification and methods of starter culture
preparation.J. Appl. Bacteriol.Symp. Suppl1995,79, 29S—
37sS.

(6) Bartowsky, E. J.; Henschke, P. A. The “buttery” attribute of
wine—Diacetyl—Desirability, spoilage and beyoridt. J. Food
Microbiol. 2004,96, 235—252.

(7) Laurent, M. H.; Henick-Kling, T.; Acree, T. E. Changes in the

aroma and odor of Chardonnay wine due to malolactic fermenta-

tion. Wein-Wissenschatt994,49, 3-10.

McDaniel, M.; Henderson, L. A.; Watson, B. T.; Heatherbell,

D. Sensory panel training and screening for descriptive analysis

of the aroma of Pinot Noir wine fermented by several strains of

malolactic bacteria. liDescriptive sensory analysis in practice

Gacula, M. C., Eds.; Food & Nutrition Press: Trumbull, CT,

1997; pp 351—-369.

Maicas, S.; Gil, J. V.; Pardo, |.; Ferrer, S. Improvement of volatile

composition of wines by controlled addition of malolactic

bacteria.Food Res. Int1999,32, 491—-496.

()

©)

10) Sauvageot, F.; Vivier, P. Effects of malolactic fermentation on

sensory properties of four Burgundy windésn. J. Enol. Vitic
1997,48, 187—192.

(11) Tracey, R. P.; Britz, T. J. Freon 11 extraction of volatile

metabolites formed by certain lactic acid bacteigpl. Envir.
Microbiol. 1989,55, 1617—1623.

(12) Henick-Kling, T.; Acree, T. E.; Krieger, S. A.; Laurent, M. H.;

Edinger, W. D. Modification of wine flavor by malolactic
fermentation Wine East1994,15, 29-30.

(13) Rodriguez, S. B.; Amberg, E.; Thornton, R. J. Malolactic

fermentation in Chardonnay: Growth and sensory effects of
commercial strains ofeuconostoc oenos. Appl. Bacteriol
1990,68, 139—144.

Gambaro, A.; Boido, E.; Zlotejablko, A.; Medina, K.; Lloret,
A.; Dellacassa, E.; Carrau, F. Effect of malolactic fermentation
on the aroma properties of Tannat wirkus. J. Grape Wine
Res.2001,7, 27-32.

15) de Revel, G.; Martin, N.; Pripis-Nicolau, L.; Lonvaud-Funel, A.;

Bertrand, A. Contribution to the knowledge of malolactic
fermentation influence on wine aroma. Agric. Food Chem
1999,47, 4003—4008.

Delaquis, P.; Cliff, M.; King, M.; Girard, B.; Hall, J.; Reynolds,
A. Effect of two commercial malolactic cultures on the chemical
and sensory properties of Chancellor wines vinified with different
yeasts and fermentation temperaturds. J. Enol. Vitic2000,

51, 42-48.

Hernandez-Orte, P.; Cacho, J. F.; Ferreira, V. Reltionships
between varietal amino acid profile of grapes and wine aromatic
composition. Experiments with model solutions and chemometric
study.J. Agric. Food Chem2002,50, 2891—2899.

Llauradé, J. M.; Rozes, N.; Constanti, M.; Mas, A. Study of
some Saccharomyces cerisiae strains for winemaking after
preadaptation at low temperaturds Agric. Food Chem2005,

53, 1003—1011.

Dumont, A.; McDaniel, M.; Deinzer, M.; Watson, B. T. Sensory
evaluation and volatile composition of Oregon Riesling and
Chardonnay fermented with different commercial yeast strains.
Am. J. Enol. Vitic.1994,45, 472.



Wine Volatile and Amino Acid Composition after MLF

(20) Egli, C. M.; Edinger, W. D.; Mitrakul, C. M.; Henick-Kling, T.
Dynamics of indigenous and inoculated yeast populations and
their effect on the sensory character of Riesling and Chardonnay
wines.J. Appl. Microbiol.1998,85, 779—789.

(21) Tracey, R. P.; Britz, T. J. The effect of amino acids on malolactic
fermentation bylLeuconostoc oenos. Appl. Bacteriol 1989,

67, 589—596.

(22) Soufleros, E.; Barrios, M. L.; Bertrand, A. Correlation between
the content of biogenic amines and other wine compoufds.
J. Enol. Vitic.1998,49, 266—278.

(23) Zapparoli, G.; Torriani, S.; Pesente, P.; Dellaglio, F. Design and
evaluation of malolactic enzyme gene targered primers for rapid
identification and detection dDenococcus oernin wine. Lett.
Appl. Microbiol. 1998,27, 243—246.

(24) Quere, F.; Deschamps, A.; Urdaci, M. C. DNA probe and PCR-
specific reaction fot.actobacillus plantarumJ. Appl. Microbiol
1997,82, 783—90.

(25) European Community. Community methods for the analysis of
wine. Commission Regulation (EEC) No. 2676/90 of 17 Sep-
tember 19900ff. J. Eur. Commun1990, 33 (L272), 1—191.

(26) Moreno-Arribas, V.; Pueyo, E.; Polo, M. C.; Martirvarez,

P. J. Changes in the amino acid composition of the different
nitrogenous fractions during the aging of wine with yeakst.
Agric. Food Chem1998,46, 4042—4051.

(27) Pozo-Bayoén, M. A.; Pueyo, E.; Martinharez, P. J.: Polo, M.

C. Poly(dimethylsiloxane) solid-phase microextraction-gas chro-
matography method for the analysis of volatile compounds in
wines. Its application to the characterization of varietal wines.
J. Chromatogr. A2001,922, 267—275.

(28) STATISTICA, program for Windows, release 5.1; Statsoft Inc.:
Tulsa, OK, 1998.

(29) Passos, F. V.; Fleming, H. P.; Hassan, H. M.; McFeeters, R. F.
Effect of malic acid on the growth kinetics dfactobacillus
plantarum.Appl. Microbiol. Biotechnol2003,63, 207—211.

(30) Kennes, C.; Veiga, M. C.; Naveau, H.; Nyns, E. J. Kinetics of
growth of Lactobacillus plantarunwith glucose, organic acids
(malate, citrate, acetate) and ethargibtechnology Lett1995,

17, 899—904.

(31) Wibowo, D.; Eschenbruch, R.; Davis, C. R.; Fleet, G. H.; Lee,
T. H. Occurrence and growth of lactic acid bacteria in wine: A
review. Am. J. Enol. Vitic.1985,36, 302—313.

(32) Manca de Nadra, M. C.; Farias, M.; Moreno-Arribas, M. V.;
Pueyo, E.; Polo, M. C. Proteolytic activity dfeuconostoc

J. Agric. Food Chem., Vol. 53, No. 22, 2005 8735

oenos: Effect on proteins and polypeptides from white wine.
FEMS Microbiol. Lett.1997,150, 135—139.

(33) Manca de Nadra, M. C.; Farias, M.; Moreno-Arribas, M. V.;
Pueyo, E; Polo, M. C. A proteolytic effect @enococcus oeni
on the nitrogenous macromolecular fraction of red wiFEMS
Microbiol. Lett. 1999,174, 41-47.

(34) Remize, F.; Augagneur, Y.; Guilloux-Benatier, M.; Guzzo, J.
Effect of nitrogen limitation an nature of the feed upon
Oenococcus oeni metabolism and extracellular protein produc-
tion. J. Appl. Microbiol.2005,98, 652—661.

(35) Mira de Ordufia, R.; Sahao-Quan, M. L. L.; Pilone, G. J. Growth
and arginine metabolism of the wine lactic acid bacteria
Lactobacillus buchnerand Oenococcus oerat different pH
values and arginine concentratioAgpl. Ervir. Microbiol. 2001,

67, 1657—1662.

(36) Tonon, T.; Lonvaud-Funel, A. Arginine metabolism by wine
lactobacilli isolated from wing-ood Microbiol.2002,19, 451—
461.

(37) Pripis-Nicolau, L.; de Revel, G.; Bertrand, A.; Lonvaud-Funel,
A. Methionine catabolism and production of volatile sulphur
compounds byDenococcus oend. Appl. Microbiol.2003,96,
1176—1184.

(38) Roudot-Algaron, R. Le godt des acides aminés, des peptides et
des protéines: Exemple de peptides sapides dans les hydrolyzats
de caséined.ait 1996, 76, 313—348.

(39) Shinohara, T. Gas chromarographic analysis of volatile fatty acids
in wines.Agric. Biol. Chem1985,49, 2211—-2212.

(40) Miranda-Lopez, R.; Libbey, L. M.; Watson, B. T.; McDaniel,
M. R. Identification of additional odor-active compounds in Pinot
Noir wines.Am. J. Enol. Vitic.1992,43, 90—92.

(41) Osborne, J. P.; Mira de Ordufia, R.; Pilone, G. J.; Liu, S.-Q.
Acetaldehyde metabolims by wine lactic acid bacteREMS
Microbiol. Lett. 2000,191, 51-55.

Received for review April 1, 2005. Revised manuscript received July
22, 2005. Accepted July 28, 2005. This work was supported by grants
INIA-VINO3-043-C3 and AGL2003-02436, from the Ministerio de
Ciencia y Tecnologia and grant ACPI 2004/01 from the Autonomous
Community of La Rioja.

JFO050739Y



