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Changes in the Concentration of Yeast-Derived Volatile
Compounds of Red Wine during Malolactic Fermentation with
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The effects of malolactic fermentation (MLF) on the concentration of volatile compounds released by
yeasts during the production of red wine were investigated by inoculation with four commercial starters
of Oenococcus oeni. Volatile compounds in wine at the end of MLF were extracted, analyzed by
GC-MS and GC, and compared with those extracted form a noninoculated reference sample. Several
esters known to play a role in the aroma profile of red wine, such as C,—Cg ethyl fatty acid esters
and 3-methylbutyl acetate, were found to increase with MLF, and their final concentration was
dependent on the bacterial starter employed for the induction of MLF. The overall increase of ethyl
fatty acid esters was generally larger than the one observed for acetate esters. Ethyl lactate,
3-hydroxybutanoate, 2-phenylethanol, methionol, and y-butyrolactone were also increased by bacterial
metabolism. The impact of MLF on other volatiles or red wine, including several higher alcohols,
fatty acids, and nitrogen compounds, was generally negligible.
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INTRODUCTION in the development of this sensory character after MLF,
providing extensive evidence for the biochemical pathways
involved in the formation of this compound and the influence

fermentation. Its main purpose is the transformation-ofalic of several winemaking practices on its concentration in wine,

acid intoL-lactic acid, with the release of carbon dioxide. Lactic as recently reviewed (4_)'_ ) )

acid bacteria (LAB) genera, such @enococcusPediococcus, However, flavor modifications induced by MLF appear to
andLactobacillus, are capable of conducting MLF in wirig.( e far more complex, as they often involve changes of fruity,
As itis well adapted to the harsh conditions of wine, the species flowery, and nutty attributes, as well as the reduction of
Oenococcus oeris the most frequently associated with MLF ~ Vegetative/herbaceous aromas g}, Although it is clear that

). diacetyl alone cannot account for the occurrence of such a large

As a result of the biochemical transformation of malic acid aray of flavor modifications, the mechanisms actually respon-
into lactic acid, wines that have undergone MLF generally Sible for these are not completely understood. Tentative evidence
exhibit a softened palate and increased smoothness, due to & available that LAB metabolism can result in a significant
decrease of wine acidity and increased pH. For this reason, MLF increase in the concentration of several esters arising from yeast
is generally viewed by winemakers as a useful tool to improve metabolism (6,7). However, other authors report that MLF
the sensory quality of red and white wines. coincided with a significant decrease in the concentration of

Wine aroma can also be modified by MLF. As bacterial esters§, 9). Maicas et al.§) also reported that the concentration

growth and metabolism typically occur after alcoholic fermenta- of some esters can be either increased or decreased by MLF,

tion, many of the aroma modifications associated with MLF according to the type of bacteria'l strain used. Osborne et al.
are likely to be due to either the production of odor-active (10) suggested that the degradation of acetaldehyde and other

compounds or the transformation of both grape- and yeast- aldehydes by wine LAB can contribute to the reduction of

Malolactic fermentation (MLF) is a biochemical process
usually occurring in wine after the completion of alcoholic

derived volatile compounds and flavor precursorsthyoeni. herbaceous aroma. Moreover, LAB are known to produce other
The most frequently reported aroma modification associated with Potentially odor-active compounds such as higher alcohols, fatty
MLF consists of an increase of wine “buttery” charac@y. @ acids, lactones, and sulfur and nitrogen compoufids¥, 12),

number of investigations evidenced the primary role of diacetyl S0me of which may either directly influence the aroma of wine

(2,3-butanedione), a volatile compound largely released by LAB, OF modify the contribution of other aroma compounds through
enhancing or masking effects.
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0881-589243; fax+39-0881-740211; e-mail m.ugliano@unifg.it). with the correct management of MLF is of great importance
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for winemakers. Numerous strains©f oeniare now available 4
as commercial starter cultures for the induction of MLF. To ==
better understand the factors influencing their successful induc- | o \3;‘&\
tion and completion of MLF, the compatibility between com- NN
mercialO. oenistrains and various yeast strains, as well as their _ *“;\;i\
ability to conduct MLF under different winemaking conditions, % 2 1 AN
has been determinedl3—16). Flavor effects of individual \“‘*‘:\:}
bacterial strains are also of considerable interest for winemakers. M LN
1 =-—-MIB1 AR
Surprisingly, comparative studies on the influence of different Do MBs \i\;;\
commercial malolactic bacteria on the concentration of wine —-o--MLB4 ;‘-'E.lx.;f:_‘!
volatiles other than diacetyl are rather few, despite the well- 0 - . ; ‘ ; — B
documented relationship between the bacterial strain employed 0 2 4 6 weeks 8 16 12 14
for the induction of MLF and the final aroma quality of wine ) L o
3, 4, 17). Figure 1. Evolution of malic acid during MLF.
The purpose ,Of this study was .to investigate the Influenpe of Table 1. Analytical Parameters of the Experimental Wines at the End
MLF with four different commercial starter cultures Of oeni of MLF
on the concentration of yeast-derived volatile byproducts of red
wine, to provide a better understanding of the contribution of control ~ MLB1 ~ MLB2 MLB3  MLB4
MLF to the volatile composition of wine. alcohol (%) 132 132 131 132 13
residual sugars (g/L) 1.72 1.55 1.55 1.63 1.52
MATERIALS AND METHODS baady@) o6 15 76 1o 75
: ; : : volatile acidity (g/L 0.33 0.4 0.42 0.44 0.42
Bacterial Starters. The four different commercial preparations used malic acid (gt/{)(g ) 351 014 01 05 018

for this study were Lalvin 31 (referred to as MLB 1 in the text), EQ
54 (MLB 2), Lalvin O.S.U. (MLB 3), and Uvaferm Alpha (MLB 4).
Dried preparations were kindly donated by Lallemand Italy (Castel o . ) )
d’Azzano, VR), and according to the manufacturer’s literature they were concentrated extract was injected |n_spI|tIes_s mode_ |ntq a H(_avylett-
all single-strain cultures, with the exception of Lalvin O.S.U., which Packard 5890 gas chromatograph equipped with a splitsplitless injector
was a mixed culture of Erla and Eysd strains. (Hewlett-Packard, Avon_dale,_PA), a Jaw DI_3-V\I_a_x column (30 m
Wines. Aglianico grapes (100 kg) were harvested at 2788ix length x O.25_|.d_.x Q.25 film thickness; J&W Scientific, Folsom, CA),
destemm'ed and crushed. The must was treated with pot’assiumand a flame ionization detector_ (FID). Th? temperature program used
P . . was as follows: 4C0°C for 3 min, 4°C/min to 220°C, 20 min at
metabisulfite (60 mg/kg) and inoculated with 30 g/hL of D47 yeast . o - ’
(Lallemand Inc.), previously activated in warm water for 30 min. maximum temperature. Carrier gas (He) vgloc.lty was 37 cm/s. Both
Fermentation was carried out in a 100 L stainless steel tank-a2@5 detector ar_ld injector temperatures were maintained at@56or GC.:'
°C. Maceration lasted for 14 days, with the cap being punched down MS, experimental mass spectra for each compound were obtained on

three times per day. Upon completion of alcoholic fermentation (residual an HP 5972 quadrupole mass spectrpmeter coupled with an HP5890
- . gas chromatograph operating as previously described for GC. Electron

sugars= 2 g/L), the must was racked and pressed in a pneumatic PreSS impact mass spectra were recorded with an ion-source energy of 70

giving ~65 L of wine, which was then left to settle for 2 days at"th eVp IdentificatioFr: of compounds was performed by com arison%)fl their

In a stainless steel tank. Wine was then racked, brought f2and ma.ss spectra and Iinearpretention ingices with thyose 0? ure reference

distributed among nine 5 L glass carboys. The chemical composition com ofnds available in the laborator P

of the wine was as follows: ethanol, 13.2%; pH, 3.13; titratable acidity, P Y-

9.6 g/L; volatile acidity, 0.36 g/L; residual sugars, 1.72 g/L; malic acid, to iSnttztrlstrl((a:ta (lj?fg?éfclzﬁgangngf ;;a;;anc;t ;n: QLSSO/D éﬁiii\geerzieulse?/il
3.8 g/L. Inoculation with malolactic bacteria was then carried out with P ’ Y. 0 ;

one of the four commercial starter cultures, at the rate of 10 mgl/L, (E’\I/Ia;)nourait:tt)ir; Vgi)rcek\(;iﬁgleﬁs;m by means of Statgraphics Plus 5-PC
after rehydratation of cells in warm sterile water at°8for 30 min. g ’ ’ ’

Fermentations were carried out in duplicate, in a temperature-controlled

room at 20°C. A control wine in which MLF was inhibited by means ~ RESULTS AND DISCUSSION

of 100 mg/L of K:S,0s was stored under the same condition for the Fermentation Performances and Wine Chemistry. Figure
length of MLF. Weekly measurement of malic acid concentration was 1 shoyys the evolution of malic acid after inoculation with the
foeggr?;gggtg]svweor:'?T?aﬁicéiggabvn;gga;(g;imA?TﬁeMel‘nZV;?SMde med four different commercial strains. About 12 weeks was necessary
wines were cold settled and racked, 60 mg/L gSfOs was added, to reach. stable levels .otf-mallg: acid. Although Cor,anEte .
and the wines were bottled. de_gradanon was not achieved with any of the §tra|ns, f|na_I malic
Standard Chemical AnalysesMust and wine standard chemical ~ &cid concentration was nevei0.5 g/L. Metabolism ot-malic
parameters were determined according to the Official European acid byO. oeniwas generally quite slow during the first days
Regulation (18). All samples were analyzed in triplicate. Malic acid following inoculation. MLB 3 required a longer period-2
was determined enzymatically (Roche, Mannheim, Germany). weeks) before-malic acid consumption started. In general, the
Extraction and Analysis of Volatile Compounds. Solid-phase fermentation rate with this strain was slightly lower than that
extraction (SPE) was employed for the extraction of volatile compounds of the other three across the whole period of MLF, and the final
from wines, using SDB-L styrenedivinylbenzene cartridges (Pheno-  concentration of residual-malic acid in experimental wines
menex, Torrance, CA). Wine samples (25 mL) were diluted 1:1 with 55 significantly higher, albeit an overall decrease~@&f g/L

water after the addition of 2-octan_ol as intern_a_l standard, filtered at was observed also for this straincMalic acid was stable in
0'45.‘”m' and Ioaded onto SPE cartr_ldges containing 500 mg of Sofbe"t- the control sample, indicating proliferation of LAB in this
Elution was carried out a3 mL/min. The sorbent was rinsed with AL

water (2 x 10 mL), and volatile compounds were eluted with treatment Wa§ inhibited by the prgsence 0kSO
dichloromethane (10 mL). The extract was dried ovesS@ and The analytical parameters of wines at the end of MLF are
concentrated first in a Kuderadanish concentrator and then under a  reported inTable 1. MLF resulted in an average increase of
stream of pure Nfor gas chromatographic analysis. All extractions PH of ~0.1 unit, whereas titratable acidity, expressed as grams
and analyses were carried out in duplicate. Allaliquot of each per liter of tartaric acid, was decreasedbg g/L. The level of
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Table 2. Concentration (Micrograms per Liter)? of Wine Yeast-Derived Volatiles at the End of MLF

control MLB 1 MLB 2 MLB 3 MLB 4
esters
ethyl butanoate 43a 52b 48 ab 443 55b
ethyl hexanoate 140 a 171b 178 b 175b 188 ¢
ethyl octanoate 69a 128b 129b 131 b 129b
ethyl decanoate 99a 114 b 142 ¢ 118b 159 d
isoamyl acetate 264 a 322b 332b 317b 347¢c
hexyl acetate 3a 4a 4a 4a 5a
2-phenylethyl acetate 68 a 81b 74b 76 b 78b
ethylphenyl acetate 4la 37a 46 a 45a 43a
ethyl-2-methyl butanoate 9a 6a Ta 7a Ta
ethyl-3-methyl butanoate 11a 9a 8a 8a 10a
ethyl-3-hydroxybutanoate 2la 38b 37b 38b 44
ethyl-4-hydroxybutanoate 73la 846 ¢ 856 ¢ 74la 772b
ethyl lactate 188 a 1060 ¢ 1211d 946 b 1025 ¢
diethyl succinate 98la 1484 ¢ 1243 b 1217 b 1485 ¢
alcohols
1-butanol 72a 65a T4a 71a 68 a
1-pentanol 55a 52a 65a 55a 62a
1-hexanol 2923 a 3105a 3219b 3173b 3203 b
1-heptanol 52a 48a 70b 65b 80c
4-methyl-1-pentanol 48a 5la 54a 53a 54a
3-methyl-1-pentanol 177 a 192 b 199b 195b 201b
3-ethoxy-1-propanol 20a 18a 20a 19a 17a
1-octen-3-ol la 5b 7c 8c 7c
isoamy! alcohol 61694 a 61929 a 61286 a 62201 a 63516 b
2-phenylethanol 48693 a 50023 b 52569 ¢ 50899 b 54099 d
acids
2-methylpropanoic acid 109 a 9% a 108 a 102 a 9%5a
3-methylbutanoic acid 1033 a 1002 a 1013 a 946 a 976 a
butanoic acid 126 a 123 a 149 b 139 b 144 b
hexanoic acid 1179 a 1253 b 1311¢ 1218 b 1215b
octanoic acid 712 a 759 b 834c 743 ¢ 747¢
decanoic acid 79 ¢ 655 a 949 d 727b 715b
trans-2-hexenoic acid 65a 75¢ 78¢ 69 b 69 b
benzoic acid 56a 59a 49a 54a 58a
phenylacetic acid 176 a 192 b 163 a 162 a 169 a
lactones
y-butyrolactone 5a 8b 9b 11b 9b
y-nonalactone 22a 24a 29a 27a 24a
sulfur and nitrogen compounds
4-hydroxy-4-methylpentan-2-one 9a 19b 21b 20b 16 b
3-(2H)-dihydro-2-methylthiophenone 34b 27a 39b 27a 32b
3-methylthio-1-propanol 174 a 170 a 190 b 205¢ 198 ¢
N-methylbutyl acetammyde 308 a 302a 315a 299a 292a
2-phenylethyl acetammyde 184 a 179a 200b 178 a 160 a

2Means of duplicate ferments, each analyzed in duplicate. Different letters denote significant differences between bacterial starters, at p < 0.05.

acetic acid increased with bacterial growth. Heterofermentative MLB 3, which was characterized by slightly reduced fermenta-
LAB such asO. oeniare known to produce acetic acid as a tion activity and malic acid consumption. Ethyl lactate is present
byproduct of hexose metabolism; thus, an increase of volatile in wine as a mixture of enantiomers, which distribution can
acidity of wine after MLF has to be invariably expecte’).( vary according to the species of microrganisms contributing to
The increase in the concentration of acetic acid observed herethe winemaking process. Particularly, it has been reported that
(between 0.07 and 0.1) is consistent with previous findidg3 ( the §-enantiomer is produced in high amounts®yoeni(21).

and is unlikely to affect negatively the overall quality. Although the analytical conditions in this study did not allow
Volatile Compounds. The results of the GC analysis of the for quantification of the single enantiomers, the total concentra-
volatile fraction of wines are given ifiable 2. A total of 40 tion of ethyl lactate detected did not exceed the odor threshold
volatiles were identified and measured, including esters, alco- of (S)-ethyl lactate (110 mg/L20) or the value reported as
hols, acids, lactones, and sulfur and nitrogen compounds. potentially affecting the overall aroma of wine (200 mg22).

Significant changes were observed in the pool of volatile  Ethyl fatty acid esters (4—10 carbons) were significantly
esters as a result of MLF. Quantitatively, diethyl succinate and affected by MLF, with increases in the ranges efZ8% (C4),
ethyl lactate were the esters showing the largest concentration22—34% (C6), 85—89% (C8), and 231% (C10). Although
increase. Diethyl succinate arises from esterification of succinic these compounds are generally considered to be of primary
acid, a byproduct of microbial-ketoglutarate metabolisn2Q), importance for the aroma characteristic of white wines, recent
hence its increase with MLF, together with other related esters investigations highlighted their significant contribution to the
such as ethyl 4-hydroxybutanoate. As for ethyl lactate, becauseflavor of red wines 23, 24). As for acetate esters, the
the production of this compound b9. oeniis linked to the concentrations of the powerful odorant isoamyl acetate, char-
production of lactate (6), its accumulation during MLF is acterized by banana notes, increased following MLF, consistent
dependent on malic acid metabolism. This might explain the with previous findings (6,25). 2-Phenylethyl acetate also
slightly lower concentrations observed in wines obtained with increased after MLF, although the final concentration of this
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700 1-pentanol, and 1-octen-3-ol. Important wine odorants such as

B EFA esters O Acetate esters . .

i EYErliyl ceters fisoacls I by oo bitaiads isoamyl alcohol and 2-phenylethano|,_characterlzed_ by_herba—
ceous and floral/rose notes, respectively, were significantly

500 increased by bacterial metabolism for MLB 4.

Volatile short-chain fatty acids are natural components of
many alcoholic beverages, being produced by yeasts during
300 alcoholic fermentation. When present at high concentrations,
these compounds can negatively affect the aroma quality of
wine, due to their odors reminiscent of cheese and rancid cheese
(30). Many LAB isolated from cheese are known to possess

lipases that can hydrolyze lipids, giving rise to the formation
il | of volatile fatty acids 81). However, lipolitic systems in wine
Control MLE | MLB2 MLB 3 MLB 4 LAB are not well-known, and neither are other metabolic
Bacterial strain pathways potentially leading to the production of volatile fatty
Figure 2. Effect of MLF and bacterial strain on ester composition of red acids B2). With the observation of lipase activities in wine LAB
wine. (27), it has been proposed that these microrganisms have the
i ability to degrade lipids and produce short-chain fatty acids.
compound was well below its odor threshold (2z@/L; 26). Nevertheless, none of the four commercial strain®©ofoeni
Another compound, the concentration of which significantly (agteq in the present study caused increases in the concentration

mireaasedt;iunng MLF, with all four bagterlal s';]rams, was efthi’] of short-chain fatty acids, although some minor but statistically
3-hydroxybutanoate. In a recent study on the nature of the gjonificant increases were noted for hexanoic, octanoic, and

odorants involved in the flavor of red wines from different grape jocanoic acids by MLB 2. In general, our findings indicate that
varieties, this compound was indicated as a possible contributor . t5ur commercial strains tested in this study are unlikely to
to the strawberry character of Pinot Noir wines, its odor being cause the occurrence of any flavor change or off-flavor
described as strawberry or burnt marshmall@){ Finally, associated with the production of volatile fatty acids, supporting

MLF did not cause any change in the concentration of the two findings of Rodriguez et al38) regarding the stability of
branched esters ethyl 2-methylbutanoate and ethyl 3-methylbu-Wine cheesy aroma attributes during MLF with oeni.

tanoate, both known to play an important role in the flavor of . . .
: : ; The concentration of 3-(methylthio)-1-propanol (methionol)
red wines (24). As a whole, for all four bacterial strains tested, increased following MLF with MLB 1. 2, and 3. The levels of

MLF resulted in a significant chan f the overall r profil ) L .
esulted in a significant change of the overall ester profile methionol in wine have been reported to vary largely according

of wine, with ethyl fatty acid esters becoming quantitativel . : . .
y y g9 y to the grape variety, its occurrence being related to yeast-driven

the most representative class of esters after MEgUre 2). i inati t methionine foll dbvd boxvlati d
Although no remarkably large difference in the amount of esters ransamination of methionine foflowed by decarboxylation an
reduction 84). Production of variable amounts of this compound

synthesized by the four different strains was observed, signifi- ; ;

cantly higher concentrations were observed for MLB 4, indicat- 't\)/ly ti'fferelnt: strains Ef (Ij_ABbEas beo?n alsg repotr)téd ). ibl

ing that the bacterial starter employed for MLF can influence f € flfofrllo asr?coo N C?. r;l]geho or ant mt'aYﬁ)e rgspona €

the final concentration of esters in wine. or ofi-flavor when present in nigh concentratio I ow-
ever, even after the completion of MLF, the concentrations of

Early observations by Davis et aP{) indicate that LAB of énethionol seen in this study are far below its odor threshold of
enological interest possess esterase activities which may degrad : .
9 P y degradiy wine (500ug/L; 26). Nevertheless, it has been shown that,

esters during MLF, although the stability of these enzymes under. A N ) -
winemaking conditions was not demonstrated. Consistent with in white wine, the OX|da§|on of methionol may resultin increased
these results, some authors reported a decrease in the concentr%p ncentrations of methlon.al, amore powerful aroma compound
tion of esters following eitherO. oeni inoculated (8) or odor_thrgshold=_0.5‘ug/L, 34) involved n the typical flavor
spontaneous MLF (9), associated with a reduction in the fruity of_oxu_jatlon-spon_ed W'”_esa(s)- In red wine, how_ever, the .
attributes of wine. Reduction of wine fruity attributes has been oxidation of m_ethlonol d'd.mt seem fo determine increases in
also reported by Savaugeot and Vivier (28), although in this the concentration of methional (36).
case quantitative data regarding esters were not given. In contrast Among lactonesy-butyrolactone, a well-known byproduct
with these findings, other authors report that MLF can increase Of a-ketoglutarate metabolism i®. oeni(20), was found to -
the fruity aromas of wine3, 5, 29). Our results indicate that ~ increase with MLF, although the low levels detected for this
MLF can result in a significant increase in the concentration of compound compared to other studi€ ¢ould be due to the
individual esters potentia”y involved in the perceived aroma low aff|n|ty of the resin used for volatiles extraction. Conversely,
of wine, such as ethyl esters and acetates, confirming the Y-nonalactone, which occurred at concentrations close to its odor
observations of Maicas et ab) and Delaquis et al6). The  threshold (25g/L; 37) was stable during MLF. This compound
production of esters b@. oenicould play a role in the increase ~ has been recently reported among the volatiles released by acid-
of wine fruitiness reported in some cases as a consequence ofatalyzed hydrolysis of odorless precursors of red grap@ (
MLF. In any case, the great inconsistency of experimental results  In summary, our findings indicate that MLF can significantly
regarding the influence of MLF on the ester composition and influence the volatile composition of red wine by increasing
the related sensory attributes of wine suggests the need forthe concentration of several wine volatiles known to play an
further detailed studies on the factors influencing ester metabo-important role in wine aroma characteristics. Particularly, the
lism in O. oeni. release byO. oeni of several esters is of great interest,
A relatively large number of higher alcohols were detected considering the positive contribution of these compounds to the
in the volatile fraction of the experimental wines. Generally, aroma attributes of wine. Other major volatile compounds, such
under our experimental conditions, MLF does not have major as higher alcohols, fatty acids, lactones, and sulfur compounds,
effects on the concentration of these compounds, although smallwere scarcely affected by MLF. Further experiments are needed
increases were observed for 1-hexanol, 1-heptanol, 3-methyl-to elucidate the mechanisms involved in the biosynthesis of

pe/L
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McDaniel, M.; Henederson, 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
malo-lactic bacterial. Sens. Studl982,2, 149—167.

Methods of Analysis CEE (European Economic Community).
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Davis, C. R.; Wibowo, D.; Eschenbruch, R.; Lee, T. H.; Fleet,
G. H. Practical implications of malolactic fermentation: a review.
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Radler, F. Microbial biochemistriExperiential 986,42, 884—
893.

Lloret, A.; Boido, E.; Lorenzo, D.; Medina, K.; Carrau, F.;

esters and other volatiles . oenias well as the impact of
different bacterial starters and winemaking practices on their
evolution during MLF. Sensory investigations are also needed
to establish a definitive correlation between the production of (17)
volatile compounds byD. oeniand the flavor modifications
associated with MLF.
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