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Influence of fatty acids on the growth of wine microorganisms
Saccharomyces cerevisiae and Oenococcus oeni
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The effects of fatty acids, extracted during prefermentation grape skin-contact on Saccharomyces cerevisiae and
Oenococcus oeni , were studied. The influence of skin-contact on total fatty acid content was evaluated both in
Chardonnay must and in synthetic medium. Prior to alcoholic fermentation, the skin-contact contributes to a large
enrichment of long-chain fatty acids (C .5 to C,5.5). These results induced a positive effect on yeast growth and
particularly on cell viability. In the skin-contact fermented media, levels of C 1> and especially C ,, are lower and
macromolecules content higher than in controls. This production of extracellular mannoproteins and the reduction

of medium-chain fatty acids in media by  S. cerevisiae increased growth of O. oeni. The influence of fatty acids (C i,
to Cg.3), in their free and esterified forms, on bacterial growth and on malolactic activity was also examined. Only

Cio and C,,, especially in their esterified forms, always appeared to be toxic to O. oeni.
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Introduction thetic media, aimed to measure the influence of prefer-
mentation skin-contact on the release of fatty acids from
he skins. The second objective of this study was to deter-
ine the influence of ¢ to C,55 fatty acids on the meta-
olism of Saccharomyces cerevisiaad O. oeni

In white wine-making, prefermentation grape skin-contac
is characterized by a longer period of contact between th
juice and skins of the grapes after they are crushed b
before pressing. As a result, the grape’s aromatic com-
pounds and their precursors, especially localized in the
skins [11], are better extracted. This prefermentation tech-
nigue also changes the analytical characteristics of th#laterials and methods
wines. There is a greater extraction of potassium, a higher )
wine pH by an increase in tartaric acid monopotassium saltMicroorganisms
and an enrichment in nitrogen compounds and macromoil he following commercial dry yeast, isolated by our labora-
ecules. Skin-contact causes better growth of lactic acid badory, was usedS. cerevisiagLevuline BRG, Oenofrance,
teria and more rapid degradation bimalic acid in wines Rueil-Malmaison, France). The strain was maintained on
[10]. slants containing (w/v): 2% glucose, 0.5% yeast extract,
Malolactic fermentation is a secondary reaction thatl% peptone, and 2% agdD. oeniD,, was isolated in our
occurs naturally in wines after the alcoholic fermentationlaboratory from a Chardonnay wine. This bacteria is mar-
has finished.Oenococcus oenis the species most fre- keted as Malolactine O by Oenofrance, Rueil-Malmaison,
quently associated with malolactic fermentation. The unpreFrance. Cells were grown at 20 in FT80 liquid medium
dictability of this fermentation has encouraged research int@t pH 3.5, containing per L of distilled water: 5 g glucose,
which factors affect the growth of lactic acid bacteria in 3.5 9 fructose, 10 gdl-malic acid, 5g casaminoacids
wines and the development of technology for the inductior(Difco), 5 g yeast extract (Difco, Fisher Scientific, Elan-
of malolactic fermentation, such as starter cultures and newourt, France), 0.6g K#QO, 045g KCIl, 0.13g
winery practices. Wine pH is one of the most importantCaCl-2H,0, 3 mg MnSQ-H,0 and 0.13 mg MgSQ7H,0.
parameters that affects the behaviour of lactic acid bacteria
in wines [23]. However, an increase in pH (from about 0'1Prefermentation skin-contact media

80025'230?%5;'”[&% Ttag; 'El i?fﬁésirﬁn?m',gdfergfv?ﬁegf Y!Qt?(fFour media were used and for each a control assay and
P Y EXp P 9 prefermentation skin-contact assay were realised. Skin-

ac[d bacteria because a skin—contactl yvine, whose pI-_| igontact was achieved with grapes for must media (A, B)
adjusted to the control wine pH by addlthn of tartaric ac'd’and with skins for culture media (C, D). Except for medium
3\};’;235/5[18?0\'\’5 better growth oD. oeni than control A, grapes harvested at maturity were kept frozeb3(°C).
This study, conducted on Chardonnary musts and sy%%%/on#ggg;g rg.tg égé\g{z‘r\{z&ascicdo,rgpgcjxls?rgaolifc%gi? 8';05 se.
NH,CI, 5 g casaminoacids (Difco) and 11.7 g yeast carbon
Correspondence: M Guilloux-Benatier, Laboratoire d’Oenologie, Institutbase' all dissolved in 1L of distilled water. The medium

Universitaire de la Vigne et du Vin, BP 138, 21004 Dijon Cedex, FranceWas adjusted to pH 3.5. Experimental conditions are
Received 15 May 1997; accepted 2 December 1997 explained in detail in Table 1.
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Table 1 Prefermentation grape skin-contact conditions 145
Medium A Medium B Medium C Medium D
Chardonnay (wine-grapes) Thompson-seedless (table-grapes)
De-stemming and crushing De-stemming and crushing

Control + skin Control + skin Control + skin Control + skin
Pressing sulphitirgy pressing sulphitingy synthetic medium 220 g skins'tin synthetic medium 220 g skins'tin

synthetic medium synthetic medium
Sulphitingt  contact sulphiting* contact sterile filtratiord sterile filtratiord
Cold-settling pressing centrifugation pressing contabt contact

cold-settling centrifugatioh centrifugatiof centrifugatiof
sterile filtratior? sterile filtratiorf

aWith 50 mg SQ L™ (B) or 70mg SQ L™ (A).

b Contact between grapes and juice (A, B), between grape skins and synthetic medium (C, D) during 16t (&) 18 20°C (B, C, D).
©5000x g for 15 min at 4C.

dWith a Sartorius 0.22tm membrane.

Fermentation conditions Malolactic activity

All the media (except the medium A must, which The lactic acid bacteria were harvested at the start of the
underwent alcoholic fermentation in the winery by indigen-log phase (FT80 medium), washed twice, and suspended
ous flora) were inoculated wit8. cerevisiagpre-cultivated in saline solution 155 mM NaCl. Malolactic activity was

in the culture medium previously described, to give andetermined enzymatically by measuring thenalic acid
initial viable population of 5¢< 10* cells mi* in inoculated  remaining after incubation of cells (0.5 mg dry weightHl
culture. The yeasts were grown in conical flasks with anat 20°C for 40 min in phosphate buffer (0.2 M MdPQ,,
empty/full ratio of 0.25 (micro-aerobic conditions). At the 0.2 M KH,PQO,) supplemented with 0.05 mM NAD and
end of alcoholic fermentation, the fermented C and DO.1 mM MnSQ [21], pH 3.2, containing 37 mM-malic
media were each filtered through a Sartorius Qu22mem-  acid and 2Qul of free or esterified fatty acids. The fatty
brane and inoculated with malolactic bacteria, precultivatedicids were tested at the concentrations determined at the
on FT80 medium, to give an initial population ofx11®®*  end of alcoholic fermentation for the control and skin-con-
colony forming units per ml (CFU mt). The progress of tact assays from medium A (Table 2). Malolactic enzyme
bacterial growth was evaluated by optical density (atactivity was expressed in micromoles of malic acid con-

600 nm) measurement. sumed per minute and gram of dried celigr(ol min* g%).
Control cell suspensions were prepared in the same manner
Alcoholic fermentation with 20 ul of absolute ethanol. Each test was repeated in

During alcoholic fermentation, viable and total yeasts werdriplicate and the values given represent the averages.
determined on a Malassez counting cell [7]. Reducing sugar
concentration was determined by a colorimetric methodVlacromolecules
using 3,5-dinitro salicylic acid, as described by Bruner [1]. The extracellular macromolecules (glucans and mainly
mannoproteins) released from cell walls By cerevisiae
Bacterial growth during alcoholic fermentation [6] were isolated by ethanol
Cells were grown at 2T in the FT80 medium, without precipitation [22]. The precipitates were dried with diethyl
yeast extract, at pH 3.5. After sterilisation of the mediumether before being weighed (precision estimated at 3%).
(20 min at 118C), 100 ml of a yeast nitrogen base sterile
solution (6.7 g, Difco) was added per L of synthetic Analysis of fatty acids
medium. Optical density was measured at 600 nm in & he fatty acids were extracted both prior to and after
Corning model 253 spectrophotometer. A standard calialcoholic fermentation. After centrifugation (5080 for
bration curve estimated that one optical density unit wa20 min), samples (50 ml) were added with 1 mi,Gt
equivalent to 1.6< 10° CFU per ml and to 0.59 mg dry 110 mg L? in ethanol used as an internal standard. The
weight per ml. The fatty acids (Gto C,5.5 were dissolved extraction method has been described previously [4]. First,
in absolute ethanol and diluted to the required concentratiothe fatty acids were extracted with diethyl ether and sapon-
in the medium. Each fatty acid was tested independently irfied by methanolic 0.5 mM NaOH. The fatty acid methyl
its free form and its esterified form (ethyl ester) at the mearesters were extracted using distilled hexane and analysed
concentration determined at the end of alcoholic fermenby gas chromatography on a FFAP capillary column
tation for the control and skin-contact assays from medium(25 mx 0.32 mm i.d.; 0.2um thickness film) under a
A (Table 2). Fatty acids were provided at 2, 5 or 8 m@.L helium carrier gas (1.5 ml mi#). The temperature was pro-
The final ethanol concentration was 3% (v/v) ethanol ingrammed from 128 (5min) to 190C (30 min) at
both sets of experiments. Each test was performed in tripli6°C min™. The gas chromatograph (Chrompack model
cate and the values given represent the average. 437A) was equipped with a split injector kept at 260and
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Table 2 Effect of grape skin-contact on the fatty acid content in media

Fatty acid content (mg 1)

Medium A Medium B Medium C Medium D

Control + skins Control + skins Control + skins Control + skins

a b a b a b a b a b a b a b a b
Cyio 040 356 035 195 0.04 047 0.04 0.36 003 261 O 1.36 0.02 1.10 Traces 1.18
Ci 0.13 025 0.10 0.17 0.16 0.09 0.17 Traces 0.06 0.11 0.25 0.15 0.05 0.10 0.04 0.09
Cus 0.24 011 0.27 0.09 0.21 0.07 020 0.05 0.10 0.09 037 0.15 0.10 0.08 0.09 0.09
Cie 081 028 138 0.24 096 031 124 0.26 0.18 030 098 0.53 046 030 051 0.37
Cie1 0 0 0 0 Traces 0 0 0 0.03 0.15 0.13 0.53 0 0 0 0
Cis 0.42 013 0.68 0.09 0.30 0.14 034 0.19 0.09 013 051 0.98 0.23 023 024 024
Cisa 0.67 0.16 1.47 0.15 053 010 0.61 Traces 0.17 052 094 059 0.29 0.08 0.44 0.09
Cis 0.92 0.07 324 0.07 1.02 Traces 154 0 0.05 0.12 054 0.17 0.08 Traces 0.21 O
Ciss 023 0 047 0 030 O 040 O 0 0 0 0 0 0 0 0

aBefore alcoholic fermentation.
b After alcoholic fermentation.

a flame ionization detector (230). The calibration was in pulp than in skin. During the prefermentation skin con-
previously performed with pure standard chemicalg (G  tact, cells of the skin contribute to a large enrichment of
C,s.3 methyl esters, Sigma, Saint Quentin Fallavier,fatty acids in the medium, especially of polyunsaturated
France). forms.

By comparison with the levels determined prior to
alcoholic fermentation, we observed that the levels gf C
Cia Cig.1, Cignand Gg.zare substantially reduced in media
Influence of prefermentation grape skin-contact on A, B and D during the fermentation. This is probably due
total fatty acid content to the assimilation of these fatty acids by the yeasts in
The total fatty acid content of control media and skin-con-response to the anaerobic environment [13]. The levels of
tact media was determined before and after alcoholic fermedium-chain fatty acids, especiallyincreased greatly
mentation (Table 2). during alcoholic fermentation. For example, the concen-

In the Chardonnary must control media (A and B), thetration of C,, was 5-9 times higher in fermented media A
levels of G, to C,5.5 were higher than in the two synthetic than in media A before alcoholic fermentation,@nd G,
control media (C and D). These results show that theare synthesized by. cerevisiag12,14]. However, levels
pressing helps to extract a part of the grape’s lipid contentof C,, and especially ¢ are lower in skin-contact fer-
After skin-contact in the Chardonnay musts (media A andnented media than in controls. Rosi and Bertuccioli [18]
B), we noted a significant increase in long-chain saturatedhow that supplementing the medium with a mixture of
(Cis Cig) and unsaturated (g1, Cign Cigq fatty acids. long-chain fatty acids leads to a significant reduction in the
This is in agreement with other findings concerning Char-cellular lipids, capric (&) and lauric (G,) acids. More-
donnay and Cortese musts [3] where palmiticfGand  over, our results are in agreement with studies by Nelson
linolenic (Cis.5) acids were found at greater concentrationsand Acree [17]. Concord wine fermented on skins was
in musts macerated with skins than in control musts. Thusshown to have a lower level of,£(0.6 mg L) compared
prefermentation skin-contact (16 h) before pressing allowedo cold-pressed (2.2 mgb).
greater lipid extraction. This is probably due to a better
diffusion of lipid compounds over the longer period of con- Influence of fatty acids on bacterial growth and on
tact, and a higher degree of extraction from altered grapenalolactic activity of O. oeni
skins. Medium-chain fatty acids and especially Cproduced by

In the synthetic control media (C and D), the presenceyeast metabolism during alcoholic fermentation, are known
of fatty acids before alcoholic fermentation showed that theo be inhibitory to lactic acid bacteria [5,16]. Both the
chemical products used already contained lipid compoundgrowth rate and-malic acid degradation rate decrease. In
For the two synthetic media with grape skins, Thompsormost cases, the tested concentrations fgs f@m 5 to
seedless table-grapes showed a lower lipid content thaB0 mg L and for G, from 1 to 10 mg L* are greater than
Chardonnay wine-grapes. We noted an increase in longhe levels found in Burgundy Chardonnay wines (Table 2,
chain fatty acids: G, Ci¢.1 (Only for medium C), Gs, C,5;  Media A and B).
and Gg., due to the skin maceration. The lipid composition We have tested different concentrations of fatty acids in
of grapevineVitis vinifera L. berries was determined by their free forms and in their esterified forms (ethyl esters)
Roufetet al [19]. The level of fatty acids in ripe berries on O. oenigrowth in synthetic medium. These fatty acids
was around 0.045%, for the main part unsaturated acidsvere tested independently at low concentration (mean con-
Cis2 Cie Cigzand Gg,; Were the most abundant, followed centration determined at the end of alcoholic fermentation
by Cs and G,. Fatty acid levels were 1.5-3 times lower for the control and skin-contact assays from medium A,

Results and discussion
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Figure 1 Effect of various free fatty acids on the growth ©f oeniin synthetic medium? Bacterial biomass formed expressed in mg dry weight.ml
Horizontal line defined by bacterial biomass formed in a control medium without fatty acid. Each value represents the average of three determinations

Numbers in parentheses mean the concentration tested hgfiLthe fatty acid.

Table 2) and at high concentration values (2, 5 orTable 2). Results are shown in Table 3. The malolactic
8 mg L™1). Experimental results are illustrated in Figures 1activity decreased in the presence of fatty acids in all cases.
and 2. The effects of different fatty acids on bacterialHowever, the mixture of fatty acids in their free forms had
growth varied. G, and G,, especially in their esterified a greater toxic effect than the mixture of the same fatty
forms, always appeared to be toxic to malolactic bacteria. Aacids in their esterified forms. At this low external pH of
high concentration of ¢ (2 mg L™) decreased the bacterial 3.2, free fatty acids are in solution as undissociated mol-
biomass more than did the acid ester. In their esterifiegcules, considering that the pK value of,Gs about 4.9
forms, CGe and Ge., appeared slightly inhibitory for the [20]. As free fatty acids enter the bacterial cell, they dis-
tested concentrations, &, free or esterified, decreased the

amount of bacterial biomass formed. Overall, the fatty acids
had either no influence on bacterial growth or else a negarable 3 Effect of free and esterified fatty acids on malolactic activity

tive one. Only Gs in its free form at 8 mg ' and Gg at ~ ©f O. oeni

2 mg L and Gg, for the two tested concentrations in their _ __ _
esterified forms, improved slightly bacterial growth relative Bxperiments I-Malic alc'd.digr?f‘at'm
to the control medium. b(umo min™ g )C

To complete this study, we compared the effect of the

level and the form of the fatty acids on the malolactic - ratty acids 100 100
activity of O. oeni Bacteria were harvested at the start of + Free fatty acids 0 34
31 45

the log phase. Malolactic activity was determined after+ Esterified fatty acids

incubation of cells in phosphate buffer pH 3.2 sup- _

plemented with a mixture of fatty acids in either their freeZi{ {f’haC‘e“al Cells tf_ﬂ Stag <t)f log pgase-th ol wine (Medium AL
or esterified forms. These were provided at the levels mea§—4_8“,\j_ concentrations  determined in the control wine (Medium A):
ured in the control (24.8.M) and skin-contact (14.6M) ©At the concentrations determined in the grape skin-contact wine
wines at the end of alcoholic fermentation (Medium A, (Medium A): 14.6uM.
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Figure 2 Effect of various esterified fatty acids on the growth @f oeniin synthetic medium?2Bacterial biomass formed expressed in mg dry
weight mrt. Horizontal line defined by bacterial biomass formed in a control medium without fatty acid. Each value represents the average of three

determinations. Numbers in parentheses mean the concentration tested(rofjthe fatty acid.
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sociate. This leads to an accumulation of intracellularTable 5 Effects of prefermentation skin-contact in synthetic media on

hydrogen ion and a dissipation of the transmembrane prot_he production of yeast macromolecules during alcoholic fermentation and
. o . .”" “on bacterial population

ton gradient [2]. Esterified fatty acids had no uncoupling

since they will not dissociate in the bacterial cellls. 3n

Macromolecule content  Bacterial population

cerevisiag the esterification of lauric acid could partially produced by yeast during at 8 days
abolish the enhancing effect on passiveikflux [20]. fermentation (mg k)
We observed different degrees of inhibition of the malo- (mg L™)

lactic activity by the control medium’s fatty acids and the
skin-contact medium’s fatty acids. Inhibition of malic acid Medium C

degradation was complete in the presence of the control f(;’llf;os' 231 %’%g%
medium'’s free fatty acids compared to only 66% with the '
skin-contact medium’s free fatty acids. For the esterifiedv'%d(')‘:]?:olD 62 0.015
forms, the same trend is observed: inhibition was about ; gyins 141 0.030
69% with the control medium’s fatty acidss 55% with
skin-contact medium’s fatty acids. Thus, the skin-contact
wine appears more favourable for the malolactic activity of

O. oenithan the control wine. Recently, we have shown that this release during alcoholic
fermentation, which is due to living cells, is also directly

Effects of prefermentation grape skin-contact on related to the initial colloid content in the synthetic medium

alcoholic and on malolactic bacterial growth [9]. The present experiments showed that the release of

Under micro-aerobic conditions, yeast population afterextracellular macromolecules byS. cerevisiae during
inoculation was 5 10* cells mft in B, C and D control alcoholic fermentation, for similar yeast levels, further
media and in B, C and D skin-contact media. As shown independs on the levels of long-chain unsaturated fatty acids
Table 4, prefermentation skin-contact led to an increase iin the extracellular medium. A greater concentration gf C
yeast levels from 1.1- to 1.7-fold and allowed the completeC,s., and Gg., in skin-contact media relative to control
fermentation of sugars in a shorter time. Moreover, themedia (Table 2) significantly increased the proportion of
viable populations were considerably higher in the thrediving cells. These cells in turn released significantly more
media with prefermentation skin-contact. Thus, the presmacromolecules during alcoholic fermentation. At the
ence of unsaturated fatty acids extracted from the skinsmoment, investigations are being performed in our labora-
before yeast inoculation had a positive effect on yeastory to test the hypothesis that variations in medium compo-
growth and particularly on cell viability. Entrance into a sition could change the porosity of the cell wall.

gradual death phase was later in these grape skin-contactAfter the completion of alcoholic fermentation, C and D
media. media were inoculated witkD. oeniat 1x 10° CFU ml™.

For the two synthetic media C and D, the production ofRecently, we observed that extracellular macromolecules
macromolecules (cell-wall glucans and mannoproteins) byiberated byS. cerevisiaestimulated the growth 0®. oeni
yeast during alcoholic fermentation was 2.2-2.3 timesby shortening the latent period, and increased the bacterial
greater in skin-contact media than in control media (Tablébiomass [9]. As shown in Table 5, we observed a 2- to
5). It has been observed before that the release of macr@-6-fold increase in bacterial biomass formed 8 days after
molecules by yeasts depends on yeast strain, fermentationoculation, in the media with prefermentation skin-contact
temperature, carbohydrate substrate, shaking conditionghich contained a high concentration of yeast macromol-
[15], and degree of clarification of grape musts [8].ecules.

Table 4 Effects of prefermentation skin-contact in different media on yeast population and duration of alcoholic

fermentation
Maximal yeast Dead cells (%) during fermentation at Duration of fermentation
population 20% 50% 98% (h)
(cells mrY)
of reducing sugars consumed
Medium B
Control 22x 10 7 8 22 208
+ skins 37x 107 0 1 9 165
Medium C
Control 10x 10° 0 2 27 138
+ skins 15x 107 0 0 3 80
Medium D
Control 15x 107 10 10 43 162

+ skins 17x 107 0 3 7 98
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Thus, the better growth of the malolactic bacteria in the 9 Guilloux-Benatier M, J Guerreau and M Feuillat. 1995. Influence of
grape skin-contact fermented media was probably a result initial colloid content on yeast macromolecule production and on the

- . . . metabolism of wine micro-organisms. Am J Enol Vitic 46: 486-492.
of the following factors: a higher concentration of yeast;q gyijoux-Benatier M, Y Le Fur and M Feuilat. 1989. Influence de la

macromolecules, lower levels of fatty acids, especially C maceation pelliculaire sur la fermentescibilitealolactique des vins

and G, which inhibit growth ofO. oenj and a lower inhi- blancs de Bourgogne. Rev Fr Oenol 121: 29-34.
bition by the fatty acids (G to C,5.9 of the malolactic 11 Gunata YZ, C Bayonove, R Baumes and R Cordonnier. 1985. The
activity of lactic acid bacteria ’ aroma of grapes. Localisation and evolution of free and bound frac-

tions of some grape aroma components cv Muscat during first develop-
ment and maturation. J Sci Food Agric 36: 857—-862.
12 Herraiz T, J Tabera, G Reglero, MD Cabezudo, PJ Martin-Alvarez
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