
Microbial origin: Diacetyl can be produced and immediately reduced
by yeasts during alcoholic fermentation. However, it is lactic acid bacteria
(LAB) performing malolactic fermentation (MLF) that play a major role
in its final concentration. The biosynthesis of diacetyl by LAB is linked to
citric acid metabolism which is strain dependent and involved in cell
detoxification, cofactor regeneration and energy production (Figure 1). In
enological conditions, the pathway C involving diacetyl and other neutral
products, and cofactor regeneration is preferred (Ramos et al, 1995).
Citric acid metabolism usually overlaps malic acid consumption and
consequently, the diacetyl content can continue to increase after MLF or
also be reduced to acetoin and 2.3-butanediol. Its management during
winemaking by the choice of enological practices and malolactic starters
is essential to obtain the desired style of wine (with either a high or low
diacetyl content).

DIACETYL MANAGEMENT IN WINES: 
IMPACT OF ENOLOGICAL PRACTICES

M. Favier1, A. Mignot1 and J. Coulon1

1BioLaffort - 33100 Bordeaux Cedex, France

Figure 1: Diagram of citric acid metabolism on O. oeni.
(Adapted from Bartowsky J.E et al, 2004)

Pathway C
pH homeostasis
Redox balance

Pathway B
Energy

Pathway A
Redox balance

glucosecitric acid

ATP

Energy 
production

Non-enzymatic
reaction

Diacetyl in wine can be desired or not, according the wine type aimed at. LAB playing a key
role in the final diacetyl content, malolactic starter characterization is of major interest.
Some rare strains are « citrate negative » and incapable of metabolizing citric acid. However,
most of them are « citrate positive » but have different diacetyl production rates (this
product only being an intermediate of citric acid metabolism), leading to variable diacetyl
concentration in wines.

B7 Direct and SB3 Direct both metabolize citric acid to produce diacetyl in enological
conditions. However, two behaviors were observed and are summarized in the table
below. B7 Direct, more predictible, will be preferred when wanting to manage the
diacetyl profile of wines.

Qualitative molecule 1 – 4 mg/L

Final bouquet

Roundness

INTEREST AND ORIGIN OF DIACETYL IN WINE

Volatile molecule detected in most wines at 
variable concentrations up to 10 mg.L-1.

Masks wine
fruitiness

Undesirable
molecule >5 mg/L

STUDY OBJECTIVES
Characterization of two O. oeni strains

 Lactoenos ®B7 Direct and Lactoenos ® SB3 Direct
 Description of citric acid metabolism and diacetyl production in wine
 Evaluation of the impact of stabilization by SO2

CONCLUSIONS
Different citric acid metabolisms rates Maximum 

diacetyl reached at different times after MLF.
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• Monitoring of malic and citric acids by enzymatic methods, from LAB
inoculation to 15 days after the end of MLF.

• Determination of total (bound + free) diacetyl by diaminobenzene
derivatisation coupled with HPLC detection.

• Microbial stabilization treatment: 5 g/hL SO2 two days after the end of MLF.

1. Citric acid degradation during MLF in both wines

2. Diacetyl production after the end of MLF: example of wine A

Figure 2: Citric acid consumption according to MLF progress in both wines after B7
and SB3 inoculation. MLF achievement: B7 wine A: 11 days - SB3 wine A: 13 days, B7
wine B: 19 days - SB3 wine B: 32 days. Citric acid was measured until 15 days after
MLF.

Figure 2: Diacetyl monitoring (bound and free) after the end
of MLF in wine A for B7 and SB3. ND: not determined.

3. Impact of sulfite addition on diacetyl content

Experiments: MLF assays at lab (wine A) and cellar (wine B) scales with B7 Direct and SB3 Direct inoculated at 1 g.hL-1. 

Alcohol (%) pH Malic acid (g.L-1) Citric acid (g.L-1)
Wine A 12,86 3,46 3,34 0,49
Wine B 13,61 3,65 3,64 0,37

Table 1: Main characteristics of wines A and B.
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Citric acid degradation is sequential to MLF for the B7 strain
and simultaneous for the SB3 strain.

• Maximum diacetyl content is:
- Never reached at the end of MLF for 
B7. 
- Close to the end of MLF for SB3. 
However, when diacetyl reduction
starts depends on the wine
considered.

• The sooner the maximum diacetyl
content after MLF, the stronger the 
ability of the strain to reduce it.

Figure 3: Diacetyl evolution after the end of MLF with or without SO2
addition. The sulphited assay was treated with 5 g.hL-1 of SO2, 2 days after
MLF. Diacetyl was measured at the end of MLF (T0) and 10 days after (T10).

Sulfite addition blocks immediately the citric acid metabolism. 
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According to the desired wine, 
when to add SO2 ?  

Low diacetyl High diacetyl

B7 Direct Sequential
to MLF Moderate LATE Quickly after the 

end of MLF
At least 10 days

after MLF

SB3 Direct Simultaneous
to MLF Moderate CLOSE Matrix 

dependent
Matrix 

dependent


