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SUMMARY 
Currently a large part of authors are in agreement with the affirmation that the best way to control 
the malolactic fermentation (MLF) in wines is by inducing it using selected starter cultures. On the 
market there are many different selected cultures of lactic acid bacteria for the induction of the MLF 
in wines; for the large part these are cultures of strains isolated from wines which belong to the 
species Oenococcus oeni. In the last 15 years these commercial cultures and their use have 
greatly developed. However, there continue to be problems in the dynamics of the MLF with 
consequent organoleptic deviations. With the goal of searching to resolve at least part of these 
problems there have been trials completed which involved the induction of the MLF during the 
alcoholic fermentation (AF) using lactic acid bacteria inoculums at different times of the AF. The 
objective being that of increasing the speed of the process and conferring an earlier microbiological 
stability to the wine, thus minimizing the risks of alterations or the appearance of biogenic amines 
or other toxic compounds, and obtaining an organoleptic improvement of the wines. Trials were 
completed on 2 grape varieties, Tempranillo and Merlot, with 3 bacterial strains, 2 of the species 
Oenococcus oeni and 1 of the species Lactobacillus plantarum. The results obtained for the 
coinoculation trials were compared with those obtained from the sequential inoculation (once the 
AF was finished). No influence was observed of the LAB on the progression of the AF. 
 
In general, the earlier the coinoculation the faster the MLF occurs, thus obtaining wines with less 
evident lactic aromas and a higher quantity of varietal aromas. Furthermore, the formation of 
biogenic amines seems to be higher when the establishment of the inoculated strain is lesser and 
the contact time of the bacteria with the lees is greater.  
 
INTRODUCTION 
The malolactic fermentation (MLF) is a process that can occur naturally in wines once the alcoholic 
fermentation (AF) is finished, due to the natural presence of lactic bacteria in the grapes and must. 
However in a spontaneous MLF it can be difficult to complete and can even lead to the appearance 
of organoleptic deviations or to the production of toxic compounds. The research completed on this 
argument over the last 15 years has allowed for a better understanding of the process and hence 
allowed for a better control and the obtaining of better quality wines. A large part of authors agree 
that the best way to control the MLF is the use of cultures of selected lactic acid bacteria strains. 
The selection of these cultures is completed on the basis of their malolactic activity, on the 
organoleptic improvement of the final product and a factor of great importance in more recent 
years, the lowered production of compounds which can be toxic to humans, such as biogenic 
amines (BA) (Carbó et al., 1999)  or ethylcarbamate (Bordons et al., 2004). Despite all this, there 
continue to be problems in the MLF dynamics and the consequent formation of toxic compounds, 
often due to the difficulties faced when the selected strains have to establish themselves in the 
wines (Puig e Olmos, 2004): one cannot forget that there are many factors which render the wine a 
difficult environment for the survival of bacteria.  
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The cultures which can be now found on the market belong for the large part to the species 
Oenococcus oeni, the species considered to be the one responsible for spontaneous MLF, even 
though there are other commercial cultures of the species Lactobacillus plantarum. The cultures of 
the O. oeni species are normally used to induce the MLF after the AF, on the other hand the 
producers of the cultures belonging to the species L. Plantarum advise that they be inoculated at 
the same time as the yeasts since this is a species which is less tolerant to alcohol. At the 
beginning of the usage of LAB cultures, it was believed that the addition of these bacteria before 
the end of the AF represented a very high risk for the consumption of sugars and the development 
of lactic spoilage; presently though there is a great disagreement. French researcher continue to 
maintain this point of view, whereas other researchers have completed studies which demonstrate 
that not only is there no antagonism between the yeasts and the LAB during the inoculation, but it 
would seem that the bacteria manage to establish more easily ((Beelman e Kunkee, 1985; King e 
Beelman, 1986). The absence of ethanol and the high nutritional content of the must allow for the 
bacteria to adapt better to the environment and allow for the MLF to develop more easily. It would 
seem that the LAB degrade the sugars only when they have finished degrading the organic acids 
(Krieger, S.A., 1989). 
 
The coinoculation not only is interesting for the reduced hostility of the must with regards to the 
bacteria, but also because the progression of the MLF simultaneously with the AF avoids that the 
wine be left without protection from SO2 for long periods of time with the consequent risks of 
contaminant microorganism development (acetic acid bacteria, other lactic acid bacteria, 
Brettanomyces) which is harmful for the wine (Krieger, 2006). 
Currently in different countries there is research being conducted on the coinoculation of yeasts 
and LAB (Jussier et al., 2006). In Spain, already a few years ago there were studies on the 
coinoculation of L. Plantarum species in the must (Franco, 1992; Masqué et al., 1994), though for 
what concerns O. oeni cultures, the studies are just starting now.  
 
INCAVI, in collaboration with LALLEMAND, studied the influence of the coinoculation in order to 
induce MLF in musts and in wines by comparing a sequential inoculation (MLF induced once the 
AF is finished) and a spontaneous MLF, with the aim of improving the organoleptic characteristics 
of the wines and reducing the production of toxic compounds. The results presented in this article 
are the first results obtained from this study that is currently financed by the program PETRI 
(PETRI2006-0123) 
 
METHODOLOGY 
Grape variety: Tempranillo (potential alcohol degree 11.6%, total acidity 4.0 g/l of tartaric acid and 
pH 3.51) e Merlot (potential alcohol degree 13.95%, total acidity 5.3 g/l of tartaric acid and pH 3.37) 
Yeast: specific strain for red wine supplied by LALLEMAND, Uvaferm VN 
Lactic acid bacteria: two commercial strains were used of the Oenococcus oeni species supplied 
by LALLEMAND, Lalvin EQ54 and Lalvin ELIOS 1, and also an autochthonous strain of 
Lactobacillus plantarum  isolated and selected for in the Stazione di Viticoltura ed Enologia di Reus 
during previous studies (Masqué e Bordons, 1996), C11. 
Procedure: the grapes were de-stemmed and crushed. For each variety 13 lots of around 100kg 
each were made; all of the lots were treated with sulfur and inoculated with yeast; successively 
each lot was inoculated with LAB at different times:  

A. after 12 hours from the beginning of the FA 
B. at half of the AF 
C. When there were only 10 g/l of sugar  
D. Once the AF was finished 
E. control with a spontaneous MLF  

 
At a density of around 1020-1010 the crushing and pressing was followed. Once the MLF was 
completed, if the AF was also finished the wine was transferred, treated with sulfur and clarified. 
The fermentations were completed at 20ºC to avoid that the AF having a too rapid progress, in 
order to favour the MLF in the case of the coinoculation.  
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Controls: To control the AF analyses of the density, temperature and sugars were completed; to 
control the MLF analyses of the vital population of LAB were completed by plate counts (cfu/mL) 
and the L-malic acid concentration was measured. When 2/3 of the malic acid was degraded 
samplings were completed in order to determine the establishment of the inoculated LAB, making 
use of molecular biology techniques (RAPD-PCR with only one primer, M13). At the end of the AF 
physico-chemical analyses were completed in order to characterize the wine: density, alcohol 
degree, total and volatile acidity, pH, residual sugars, sulfur dioxide and malic acid. At the end of 
the MLF the L-malic, L-lactic and citric acids, glycerol, volatile acidity, pH, sugars and presence of 
biogenic amines were analyzed. The finished wine underwent an organoleptic evaluation using a 
panel of 7 expert tasters to determine the quality; an OIV tasting evaluation sheet was used with 
weighted and penalizing points which evaluated primarily the colour, the aromatic profile and 
quality, and the balance of the taste.  
 
RESULTS AND DISCUSSION 
AF Progress: In general the progress of all the AF was normal, with a duration of between 12 and 
14 days in the case of the vinifications with the Tempranillo grape variety and 16 days for the 
vinifications with the Merlot grape variety. In the lots with the coinoculation there was no 
interference observed of the LAB on the progress of the AF, not in the vinifications where the MLF 
finished before the AF or in the vinifications where the MLF finished after the AF. Nor were there 
any differences observed between the different bacteria or times of inoculation.   
 
Vital LAB population: For the plantarum strain C11, in all the trials it was observed that there was 
a progressive fall in the population, which was more pronounced in the Merlot case, most likely due 
to the low pH and the higher alcohol degree. In the case of the strains of O. oeni it was observed 
that the strain EQ54 presented, in all cases, a slight initial mortality, which became more 
pronounced as the inoculations were made later, due to the higher presence of alcohol; however, 
the strain ELIOS 1 presented only an initial mortality in the Merlot vinifications, probably due to the 
low pH and the higher alcoholic degree. For this last strain this mortality was not observed in the 
Tempranillo vinifications. The fact that there was no mortality or that it was very reduced avoids the 
possibility of a successive growth of the strain, therefore limiting in this way the secondary 
degradation metabolism of citric acid and of the sugars, and consequently limiting also an increase 
in the volatile acidity and the lactic aromatic characteristics due to eventually formed diacetyl 
(Palacios et al., 2006). 
 
Degradation of the L-malic acid: in general for the 3 strains, the MLF was faster for the 
Tempranillo grape variety; with the to O. oeni strains, EQ54 and ELIOS 1, all the MLF took 
between 12 to 15 days from the time of the inoculation: in general the strain EQ54 was 
demonstrated to be the fastest. However, it is necessary to take into consideration that, according 
to the establishment data (table 1), in the cases where EQ54 was inoculated at 10g/L of sugars 
and once the AF was completed, this strain was not able to establish itself, whereas the ELIOS 1 
strain did not show in any of the cases a level of establishment of less than 50%, with the lowest 
value being equal to 58% in the vat which was inoculated after the start of the AF (Table 1). The L. 
plantarum, C11 strain was the most efficient in the cases where the inoculation was at the 
beginning of the AF, in which case the occurrence and completion of the MLF was in 15 days, 
however when it was inoculated halfway during the AF it degraded only 20% of the malic acid, and 
the rest of the malic acid was degraded by autochthonous strains. For the Merlot the times to 
complete the MLF were longer; the large part of the vinifications required a month or more for the 
degradation of all the malic acid, with the shortest times being for the strain EQ54. The strain C11 
degraded 50% of the malic acid in 10 days when it was inoculated 12 hours after the beginning of 
the AF whereas in the rest of the trials it was not able to establish itself and the malic acid was 
consumed by autochthonous strains. This phenomenon demonstrates that this is the strain that is 
most influenced by the increased alcoholic degree and the lower pH of the wines obtained from the 
Merlot variety (Palacios et al., 2007). 
 
Physico-chemical characterization of the wines: All the wines became dry wines, without 
significant differences for the same variety in the alcohol degree attained, the residual sugars and 
the concentration of L-lactic acid: this confirms that there was no interference between the yeasts 
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and the LAB. As for the rest of the parameters it can be underlined that there were no significant 
differences noted for the volatile acidity and the citric acid concentration. The volatile acidity was in 
general higher in all the trials for the Merlot grape variety, due to the higher alcohol degree and the 
lower pH: but there were no observed differences between the different strains or times of 
inoculation. For the Tempranillo grape variety the volatile acidity, in general, was lower in the cases 
of the coinoculation at the beginning of the AF for the C11 and ELIOS 1 strains, whereas for the 
EQ54 strain it was lower in the cases where the coinoculation was at halfway and at the end of the 
AF. As for the citric acid concentration, for all the wines of the Tempranillo variety it was very low; 
for the Merlot wines greater differences were seen between the times of inoculation and the 
strains: a greater degradation was observed in the cases of the coinoculations at the beginning 
and at half the AF, and in general for the ELIOS 1 strain (Palacios et al., 2007).  
 
Organoleptic characterization of the wines: in the graphs of figure 1 the total points obtained 
are represented. The points are penalizing, in other words a lower number of points corresponds to 
a better evaluated wine. It can be observed that for the Merlot grape variety that the worst wine 
evaluated in all the phases was the one with the spontaneous MLF, followed by the wines 
inoculated at the end of the AF, the best evaluated for all the strains were those which were 
coinoculated 12 hours after the start of the AF, in which the fruity and varietal aromas dominated 
over the vegetal characters which instead dominated in the control trial with the spontaneous MLF. 
As the coinoculation is completed later, generally the more present are the lactic notes. For the 
wines of the Tempranillo grape variety, there are greater differences observed between the strains, 
however in all cases with improvements in comparison to the control, apart from a few of the cases 
where the C11 strain did not clearly establish itself and consequently the resulting wines were 
similar to that of the spontaneous MLF. For the three strains a gradual increase in the structure 
and bitter taste occurs as the inoculations are completed later.  
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Figure 1.- Total points for the sensorial analysis of the Tempranillo grape variety and Merlot grape variety 
wines obtained from vinifications with different inoculation times and strains (O. Oeni EQ54 and ELIOS 1, L. 

plantarum C11) 
 
Biogenic amine content: the biogenic amines (BA) that were analyzed were those which 
according to bibliographic data are found predominantly in wines (histamine, tyramine, putrescine 
and cadaverine (Marcobal et al., 2006)). In table 1 (trials with the Tempranillo grape variety) and 
table 2 (trials with the Merlot grape variety) the concentrations identified for each of these amines 
are listed, with the total quantity and also the percent establishment of each strain for each 
inoculation time. It is observed that the total content is lower for the wines of the Tempranillo trials 
in comparison to the Merlot trials. This fact can be attributed not only to the possibly higher content 
of precursors in the Merlot musts (Landete et al. 2005),  but also because of the fact that MLF were 
in general faster for the Tempranillo trials and a lot of the MLF were complete before the end of the 
AF: this allows for the assumption that there is a lower contact time of the LAB with the lees, which 
are potential sources of amino acids either for self lysis or for the protease activities that some O. 
oeni strains have (Buteau et al., 1984; Izquierdo et al., 2007). For the wines of the experiments 
with the Tempranillo grape variety the contents of BA are lower than 1 ppm including the wine 
resulting from the spontaneous MLF: there do not seem to be significant differences attributable to 
the different inoculation times. Putrescine is the BA which was prevalent in almost all the wines, 
whereas histamine was identified only in the wines of the trials with the strain EQ54 when 
inoculated 12 hours after the start of the AF. The concentrations were higher in the coinoculation 
cases where the inoculated strain clearly did not establish itself, in particular for the cases where 
the inoculation was completed when 10g/L of sugars remained at the end of AF. The Merlot wines 
obtained from the inoculations carried out once the AF was finished are those which had  a lower 
BA content, without a doubt due to the fact that before inoculating there was a transfer of the wine, 
and therefore a large part of the lees were eliminated.  

 
 

Table 1- 
Biogenic amine 
content in the 
wines of the 
Tempranillo 
grape variety 
obtained at 

different 
inoculation 

times and with 
different lactic 
acid bacteria 
strains ( O. 
Oeni EQ54 i 
ELIOS1, L. 

plantarum:C11) 
 
 

 
Table 2- 
Biogenic 

amine content 
in the wines of 

the Merlot 
grape variety 
obtained at 

different 
inoculation 

times and with 
different lactic 
acid bacteria 
strains ( O. 
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Oeni EQ54 i ELIOS1, L. plantarum:C11) 
 
 
CONCLUSIONS 
• The coinoculation of lactic acid bacteria during the A, did not influence the development or yield 
of the Saccharomyces cerevisiae VN yeast at any of the coinoculation times and for any of the 
three different strains (Oenococcus oeni EQ54 e ELIOS 1, Lactobacillus plantarum C11). 
• With the three strains there is a better establishment and a shorter duration of the malolactic 
fermentation when the coinoculation is completed at the beginning of the alcoholic fermentation, a 
time in which the alcohol degrees is not too high. This effect is more notable for the Lactobacillus 
plantarum C11 strain.  
• For the same grape variety, in general, there were no significant differences found in what 
concerns the physico-chemical characteristics of the wine. There was the demonstration of low 
levels of citric acid in the wine obtained from the Tempranillo vinifications, but without differences 
between the inoculation times or the strains.  
• The organoleptic analyses of the wines obtained indicate a lower development of the 
characteristic lactic aromas of the MLF and a greater presence of varietal and fruity aromas when 
the inoculation of the lactic acid bacteria is closer to the beginning of the alcoholic fermentation, in 
particular in the case of the coinoculation 12 hours after the start. This characteristic could be of 
interest for the elaboration of young fruity wines.   
• The fruity and varietal character of the wines with the earlier coinoculation is particularly notable 
for the wines obtain with the L. plantarum C11 strain: this implicates a potential interest for this 
strain for the case of wines with a strong varietal character such as wines from carbonic 
maceration. 
• The levels of biogenic amines are lower in the wines of the Tempranillo grape variety where the 
malolactic fermentations were faster, with putrescine being the prevalent amine. For Merlot the 
prevalent amine was tyramine, and the total content was higher which was more so in the 
coinoculated wines where the establishment of the strain was not verified. 
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