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Lactobacillus species present high nutritional requirements, so it is necessary to find new low-cost
nutrient components for fermentation media. This work compares the utilization of vinification lees
(an important residue of wineries) from red and white winemaking technology, distilled or not. An
amount of 20 g of lees/L was used as the unique nutrient to obtain lactic acid from glucose using
Lactobacillus strains with different properties: L. plantarum CECT-221, L. pentosus CECT-4023, L.
casei CECT-5275, and L. coryniformis subsp. torquens CECT-25600. Only L. casei using distilled
lees showed values (Pmax = 92.1 g/L and Ypis = 1.05 g/g) similar to those obtained with the MRS
broth. The UV spectra of white and red lees, distilled or not, allowed an interpretation of the different
phenolic compounds present and their influence on the fermentation. Their detoxification by extraction
with organic compounds and fermentation with L. pentosus was also considered. Time courses of
glucose and lactic acid were modeled according to reported models to obtain more information about
the process.
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INTRODUCTION in the lipids of the yeasts. Many nitrogen-containing compounds
are found in grapes and wines. These include inorganic forms,
such as ammonia and nitrates, and many diverse organic forms
including amines, amides, amino acids, pyrazines, nitrogen

tion. Vinification involves all of the steps carried out during I . . .
. . . bases, pyrimidines, proteins, and nucleic acids. On the other
the elaboration of wine from grapes. This process generates o L . -
hand, vitamin levels in wine are inadequate to be of major

different residues, as can be seen in the scheme of the ProCeSignificance in human nutrition, but they usually are ample for
shown inFigure 1 (1). 9 : y y p

Vinification is a seasonal activity mainly performed during microbial growth. For example, biotin and nicotinic acid
L contents are adequate for most yeast strains, covering the vitamin
the fall, and 60—70% of the liquid streams generated are 9 y 9

obtained 3 months after the vintage beginnia (The main and growth factor levels required by lactic acid bacteria. During

residues can be summarized as vegetal remains proceeding frorﬂermentation, and especially after, there is a slow release of
the destemmed grapes, mires obtained during the clarification itrogen compounds into wine, probably owing to autolysis of

bagasse of press, and lees obtained from different decantiné]dead yeast cells (6).

steps. Some of these byproducts can be used for different N @ previous work7) we have proposed the utilization of
applications. Thus, marc and seeds can be used to obtaif®€S @s nutritional media fdractobacillus rhamnosuas an
anthocyanic colorants or oils and polymers of catechin, respec-Néxpensive source of essenthl microbial nutrlepts,_acmevmg
tively (3, 4). On the contrary, in the beginning, the utilization interesting re_sults. Among_lactlc bacterlaic_tobacnlu&s the

of lees (basically remains of dead yeasts) was considered formost interesting genus. It is generally cultlvat_ed at laboratory
use as supplement in animal nutrition, but the yeasts of distilled SCale in a complex medium proposed by Mercier et@L The
lees (recovered for centrifugation at the exit of the column of Principal disadvantage of this medium is the amount of nutrients
distillation) have an exceedingly poor nourishing value that does Necessary to reach high lactic acid yields, as well as the high
not make them suitable for this purpod®.(This is probably cost of some of these nutrients (including yeast extract and
due to the high amount of polyphenols joined to the proteins, Peptone), which can represent 30% of the final value (9).
which render them not assimilable, or the presence of toxic Hujanen and Linko 10) demonstrated that the lactic acid

elements from residues of treatments, which are accumulategProduction byl actobacillus caseivas markedly influenced by
the type and initial concentration of the nitrogen source.

* Author to whom correspondence should be addressed (telephone 34- Y €ast extract is an excellent nutrient for many microorgan-
988-387047; fax 34-988-387001; e-mail jmanuel@uvigo.es). isms, but it is very expensive. Yeast extract can be obtained by

Wine production is one of the most important agricultural
activities in Spain, being 10% of the total agricultural produc-
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in tanks or barrels, decanting the patrticles in suspension to the bottom
before being removed. The number of decanting steps depends on the
kind of wine, the amount of lees decreasing in each step. Lees are
usually distilled to recover ethanol and aromatic flavors used for the
production of aromatic spirit liquors, giving lees no use to wineries.
Lees studied in this work came from white and red wines after the
second decanting step, distilled or not (noted in the text as “white lees”

Waste FERMENTATION or “red lees”
<«— | PRESSING .
{bagasse} AND MACERATION )

Waste
{Lees from

FERMENTATION

PRESSING Waste
{bagasse}

SEDIMENTATION

COMPLETION CF

Inocula Preparation. L. plantarumCECT-221,L. pentosu<CECT-
4023,L. caseiCECT-5275, and.. coryniformissubsptorquensCECT-
25600 were obtained from the Spanish Collection of Type Cultures
(Valencia, Spain). The strains were grown on plates using the complete
medium proposed by Mercier et aB)( which contains 20 g of glucose/

‘h“s;‘::“)a“““g DECANTING FERMENTATTN L, 5 g of yeast extract/L, 10 g of peptone/g g of sodium acetate/L,
5 pr————— (Loes rom 2 g of sodium citrate/|.2 g of K;HPQy/L, 0.58 g of MgSQ-7H,OIL,
DECANTING the 1% decanting 0.12 g of MnSQ-H,O/L, 0.05 g of FeS®7H,O/L, and 10 g of agar/L
step) at the adequate temperature of each microorganism°G3for L.
MALOLATIC pentosusand 37°C for the others) during 24 h. Biomass in inocula
FEWE;E:Z;ON was measured by optical density at 600 nm and adjusted to the desired
value (3.0 g of dry cells/L) by dilution with water. Five milliliters of
i this suspension was taken and added to 95 mL of medium to achieve
SEDDEIEI\éiNN-;'Nc];ON _. an initial biomass concentration of 0.15 g of dry cells/L.
l Lactic Acid Fermentation. Experiments were carried out in 250
MATURATION AND mL Erlenmeyer flasks with a final volume of 100 mL using between
NATURAL CLARIFICATION 100 and 110 g of glucose/L. A positive control was used using the

i complete medium proposed by Mercier et 8) (noted in the test as
“MRS broth”). Experiments were carried out with 20 g of lees/L
according to a previous study)( In all cases calcium carbonate (100
g/L) was added to neutralize the lactic acid produced. After inoculation
(5 mL), fermentations were carried out in orbital shakers at 200 rpm.
Samples (2 mL) were taken at given fermentation times and centrifuged
at 6000 rpm for 3 min. The supernatants were saved for glucose and
lactic acid analyses. Experimental data were measured in triplicate, and
means are reported. Standard deviations were below 3.4% of the mean.

FINISHING AND STABILIZATION

BOTTLING
{White or Red Wine)

Figure 1. Flow diagram of winemaking technology.

physical treatments (including mechanical breakdown of cell

membranes, autolysis at 565°C, plasmolysis under high NaCl b > i
The volumetric productivitieQe were calculated for the fermentation

concentrations, and permeabilizatiod)l], chemical methods ) ) » .
times corresponding to the transition from high to low slope of the

with solvents and detergents, or enzymatic processes. Inexpen-Sigmoiclal lactic acid profiles.

sive food and feed processing byproducts, such as malt sprout, | on of d with ethvl
grass extract, or com steep liquor have been proposed as nitrogen Solvent Er:(traﬁ_t'on 0 Leesa"ieﬁ were ter:(traCte W'z et {) chtaée
sources forlLactobacillus media, but clearly yeast extract - reMOove phenolic compounds folowing the process described by Lruz

exhibited the most significant increment on lactic acid produc- etal. (3). The extraction was c.arned outin a single step using a lees/
tion (10, 12) ethyl acetate volume ratio of 1:3 v/v. Ethyl acetate was recovered by

- I . vacuum evaporation and reutilized. These lees are noted in the text as
This work evaluates the utilization of vinification lees

o . . . “distilled lees extracted with ethyl acetate”.
(dIS'[I||ed'0r not, frqm the white or r.ed Wlnelmaklr?g te(;hnology) Analytical Methods. Glucose consumed and lactic acid produced
aﬁ a utmq.ut? nutLrlenIt f(t)tacrggg?ll_";zft[ams Vt\”th il:f;eé?rm during fermentations were measured by a high-performance liquid
characteris '(.:S (L. plantaru ) 'f, ’ _pen osu ) chromatograph (Agilent, model 1100, Palo Alto, CA), with Rl detection
4023,L. CaseICECT'527_5’ and.. coryni or.mlssubsptorqlljens. using a Transgenomic ION-300 column (Transgenomic Inc., San Jose,
CECT-25600), comparing the results with those obtained in a CA) eluted with 0.01 N HSQ; at a flow rate of 0.4 mL/min.
preh\_llousd W.Orr]k r\]Nlth L. IrhlaggolfUS(hnTﬁnd Wlt|:1 ﬁhe reksult_s To compare the phenolic compounds, all lees were diluted with water
achieved with the qosty roth. IS work also takes '”t‘? to achieve a concentration of 2.5 g of lees/L, and UV spectra were
accognt the phenolic compounds present in the:_se lees, 0bservinga;orded using a DAD spectrophotometer (Agilent, model 8453).
the differences between the UV spectra of white and red lees, Fitting of Data. The commercial software Solver of Microsoft Excel

_dl;tllled or nokt], ?”O\ng us to fgl\{e an Intelrpre_tatlo_g (:/fvthellr 2002 was used to fit the experimental data to proposed models by
influence on the fermentation of glucose to lactic acid. We also ,,,jinear regression using the least-squares method. Lactic acid

considered their detoxificgtion .by extraction_ with organic production was mathematically modeled following the equation pro-
compounds and fermentation with pentosusTime courses  posed by Mercier et al. (8)
of glucose and lactic acid were modeled according to reported

models, to obtain more information about the process. PP &Pt
0''m

p=—r—a (€]

MATERIALS AND METHODS Pn— Pyt Po€”
Lees Sampling and Storagel.ees from the campaign of 2002 were o ) ) ) ) ) )

kindly supplied by Cooperativa Vitivinicola do Ribeiro (Ourense, Spain) Where t is time, P is lactic acid concentrationPn is maximum
and stored at 4C. In white winemaking technology the unfermented concentration of lactic acid, anB, is the ratio between the initial
grape juice is removed from the tanks and ferments separated fromvolumetric rate of product formation gr and the initial product
the grains and grape skins (Seigure 1). On the contrary, red wines  concentrationP,. From the series of experimental data lactic acid
are obtained after the fermentation of the juice in contact with grapes, concentration/time, the model parametdts Py, and P, can be
grains, and skins in the same tanks. After fermentation, the wine restscalculated for each fermentation medium.
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Figure 2. Experimental data and calculated time courses of lactic acid
(#) and glucose concentrations (®) during fermentations carried out with
MRS broth using (a) L. casei, (b) L. coryniformis, (c) L. pentosus, and
(d) L. plantarum. Results represent the average of three independent
experiments. Standard deviations were below 3.1% of the mean.
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Glucose consumption Hyactobacillusstrains can be interpreted by
the equation

P
S=% -y PPy @)

whereYpsis the product yieldPg is the initial lactic acid concentration
(g/L), P is the lactic acid concentration (g/L) for each time predicted
for eq 1,S is the initial glucose concentration (g/L), aglis the
experimental glucose concentration (g/L) for each time. The model
parameteiYp;swas calculated for each fermentation medium from the
series of experimental data glucose concentration/tPaeand theP
value for each time calculated from the regression parameters of eq 1.

RESULTS AND DISCUSSION

To evaluate vinification lees as nutritional media facto-
bacillus, we have chosen four differebactobacillusstrains:
L. casei, which is homofermentative and produces mainly
L-lactic acid @4, 15); L. coryniformis, which is homofermen-
tative and produces-lactic acid (14,16); L. plantarum, which
is also homofermentative but produces a racemic mixture of
andp-lactic acid (7); andL. pentosuswhich is heterofermen-
tative, fermenting both hexoses and pentoses (18).

Controls for the LactobacillusStrains. Control fermentation
runs were carried out using the fully supplemented medium
MRS broth for allLactobacillusstrains.Figure 2 shows the
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lees/L was proposed directly as the unique nutrient for other
Lactobacillusstrains. This study was carried out to determine
if the results achieved with. rhamnosusan be comparable
with otherLactobacillusspecies, considering that each micro-
organism has a different hydrolytic activitl). Lees came
from the elaboration of white or red wines, after or without
being distilled.

Lees from White Wine. Table 2shows the kinetic param-
eters for lactic acid production and glucose consumption;
meanwhile,Figure 3 shows the kinetic pattern for lactic acid
production using white lees, distilled or not, as well as the
glucose consumed for alLactobacillus strains. It can be
emphasized frortable 2that in generaPmaxandYpsare higher
when distilled lees were used. In these cases, the product yields
calculated for distilled lees oscillate in the range of 1.05 g/g
for L. caseiand 0.74 g/g fot. coryniformis, which are similar
to those values obtained with controls, 0:@772 g/g (sed able
1). From a comparison of all the strains, the best results were
achieved with L. casei (using distilled lees), reaching a
maximum lactic acid concentration of 92.1 g/L (Sk&ble 2),
which is close to the 104 g/L achieved when the complete
medium proposed by Mercier et aB)(was used (se€able 1).

L. caseiproduces lactic acid concentrations close to those
obtained withL. rhamnosusn a previous work 7) (seeTable

2). Curiously, both strains are homofermentativekctic acid
producers, and show similar peptidase activities (19).

The use of lees as nutrients could be attributed to the fact
that Lactobacillusstrains possess high hydrolyzing activities
toward substrates containing proline and alanylprphyiitroa-
nilide (19), breaking the wall of the cells contained in lees.
Additional experiments (data not shown) counting the number
of yeast cells at the beginning and at the end of the fermentations
showed that the hydrolytic activities were similar in all of the
Lactobacillusstrains studied. On the other hand, distilled white
lees present adequate contents in nitrogen, vitamins, and growth
factors, which are ample for the microbial growth. It seems that
the amount of phenolic compounds found in white wines and,
consequently, in the corresponding lees, consist in readily
soluble non-flavonoids such as caftaric acid (caffeolyltartaric
acid); related derivatives gf-coumaric acid and ferulic acid,
catechins, and catechin-gallate polyme28)(are responsible
for inhibiting the fermentations. Among the most typical
inhibitory compounds, flavonols and other flavonoid phenols
are solubilized slowly, being found in significant quantities only
in juice macerated with the pomace, which happens during the
red winemaking technology (as indicatedRigure 1). In this
case, the soluble lignin of pipes and grains goes to the must,
and from there to the lees during the fermentation step. These
phenolic components could inhibit the growth of soheto-
bacillusstrains.Figure 4 shows the UV spectra of distilled)
and not distilled (a) white lees with a maximum of absorbance
at 263 nm. It can be noted that distilled lees have modified

experimental data as well as the predicted values calculated bytheir composition because of the different profile shown,

egs 1 and 2 using the regression parameters listdclite 1.

All experiments show a kinetic pattern fairly described by the
mathematical models with? > 0.976 and 0.992 for glucose
consumption and lactic acid production, respectively. It can be
noted thatL. caseipresents the highe&yax (104.8 g/L) and
Ypis (0.97 g/g) followed byL. pentosusL. plantarum, and..
coryniformis.

Evaluation of Lees as Nutritional Components forLac-
tobacillus Taking into account the results obtained in a previous
work (7) employing lees alone or in combination with corn steep
liquor (CSL) as nutritional media fok. rhamnosus, 20 g of

reducing the percentage of phenolic compounds to 51.6%. This
can explain the differences found during the fermentations
carried out with distilled and not distilled lees, with the best
results obtained when distilled lees were used. These results
are interesting if we realize that lees are distilled in wineries to
recover ethanol and aromatic flavors, the distilled lees being
the real waste which must be used to obtain additional profits
and to avoid contaminant problems (7).

Finally, the remaining phenolic compounds present in distilled
lees could be removed by extraction with organic solveh®3 (
(an economic process because the organic solvent can be
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Table 1. Results Obtained by Regression of Lactic Acid and Glucose Concentration Data in Controls (MRS Broth)?

Bustos et al.

lactic acid production

glucose consumption

lees Po (g/L) Prmax (9/L) P (h™1) r2 F value Yess (9/9) r2 F value
L. casei (Figure 2a) 35 104.8 0.261 0.993 531.41 0.97 0.994 875.2*
L. coryniformis (Figure 2b) 2.7 74.6 0.159 0.990 342.02%** 0.72 0.976 260.9%
L. pentosus (Figure 2c) 13 84.7 0.342 0.999 2860.92%+ 0.92 0.998 3616.9**
L. plantarum (Figure 2d) 01 84.7 1.19 0.993 316.39%* 0.88 0.999 6579590***
L. rhamnosus (7) 32 103.0 0.160 0.992 422.1% 0.97 0.997 2486.1*

Py = initial lactic acid concentration (g/L); Pmax = maximum concentration of lactic acid (g/L); P, = ratio between initial volumetric rate of product formation (rp) and
initial product concentration Py (h~1), Ypis = product yield (g/g); r2 = determination coefficient; F value = F test statistical parameter; *, significance level >95%; **,
significance level >97.5%; ***, significance level >99%.

Table 2. Results Obtained by Regression of Lactic Acid and Glucose Concentration Data in Experiments Carried out with 20 g/L of Lees from the
White Winemaking Technology?

lactic acid production

glucose consumption

lees Po (g/L) Prmax (9/L) Pr(h™Y r2 F value Yess (9/9) r2 F value
L. casei with no distilled lees (Figure 3a) 7.2 65.8 0.085 0.985 221.52%%* 0.82 0.981 397.21%
L. casei with distilled lees (Figure 3a) 8.6 92.1 0.082 0.986 233.04% 1.05 0.989 735.22*
L. coryniformis with no distilled lees (Figure 3b) 24 25.6 0.085 0.992 198.96*** 0.69 0.988 377.42*
L. coryniformis with distilled lees (Figure 3b) 35 29.3 0.055 0.968 102.05%** 0.74 0.975 211.39*
L. pentosus with no distilled lees (Figure 3c) 6.4 50.1 0.089 0.978 146.86*** 1.02 0.980 245.53*
L. pentosus with distilled lees (Figure 3c) 7.1 59.2 0.090 0.982 178.77%* 0.89 0.971 270.99*
L. plantarum with no distilled lees (Figure 3d) 5.8 49.3 0.091 0.979 152,38+ 0.86 0.992 761.53*
L. plantarum with distilled lees (Figure 3d) 8.3 67.4 0.089 0.986 231.31% 0.89 0.958 172.34*
L. rhamnosus with no distilled lees (7) 4.8 1034 0.200 0.992 488.0** 0.91 0.985 349.1*
L. rhamnosus with distilled lees (7) 5.8 96.8 0.139 0.993 580.9** 0.93 0.989 583.8*

@ Py = initial lactic acid concentration (g/L); Pmax = maximum concentration of lactic acid (g/L); P; = ratio between initial volumetric rate of product formation (rp) and
initial product concentration Py (h~1), Ypis = product yield (g/g); r2 = determination coefficient; F value = F test statistical parameter; *, significance level >95%; *,
significance level >97.5%; ***, significance level >99%.

a) L. casei

b} L. coryniformis White lees

120

100 g ©
80
60 b el |

40

Glucose or Lactic acid {g/L}
Absorbance (AU)

Glucose or Lactic acid (g/L)

20 o

100 0 20 40 80 80
Time (hours}

0 20 40 60 80 i
Time {(hours} 325

T
275
Wavelengths (nm)

225 425

c) L. pentosus
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Figure 4. UV spectra of white lees: (a) no distilled; (b) distilled; (c) distilled
and extracted with ethyl acetate.

120

antimicrobial activity, which is useful in the food industry to
prevent rancidity and microbial spoilage. Besides, the lactic acid
obtained is purer; consequently, it is not necessary to perform
so many purification steps to recover it.

To evaluate the importance of removing the remaining
phenolic compounds, we carried out a new fermentation with
distilled lees extracted with ethyl acetate usingrentosusThe
selection of this microorganism was related with the poor results
achieved (Figure 3c) and with its potential for its ability to
ferment both glucose and xylosEigure 4c shows the UV
spectrum of distilled white lees extracted with ethyl acetate.
From a comparison of the spectra [eigure 4b,4cit can be
easily observed as the remaining phenolic compounds were
almost completely removed (87.7% of absorbance reduction in
relation with the not distilled lees). Consequently, the use of
extracted lees as nutrients showed an enhanced susceptibility
recovered and reused). This step is especially interesting becaustoward fermentation in relation with the use of unextracted lees,
of both the better susceptibility of detoxified lees toward the as can be seen Irigure 5a, where the kinetic pattern for lactic
fermentation and the recovery of a phenolic fraction potentially acid production and glucose consumed was similar to that
valuable as a food additive owing to its antioxidant and obtained using the MRS broth (sdégure 2c). The same

Glucose or Lactic acid (g/L)
Glucose or Lactic acid (g/L)

T T T T
100 0 20 40 60 80
Time (hours}

° 2‘0 Tﬁ‘ge (ho?;?s) SIO
Figure 3. Experimental data and calculated time courses of lactic acid
and glucose concentrations during fermentations carried out with 20 g/L
of white lees (distilled or not) using (a) L. casei, (b) L. coryniformis, (c)
L. pentosus, and (d) L. plantarum: glucose consumption using no distilled
lees (O); glucose consumption using distilled lees (®); lactic acid
production using no distilled lees (<); lactic acid production using distilled
lees (®). Results represent the average of three independent experiments.
Standard deviations were below 2.2% of the mean.
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Table 3. Results Obtained by Regression of Lactic Acid and Glucose Concentration Data in Experiments Carried out with 20 g/L of Distilled Lees
from the Red and White Winemaking Technologies Extracted with Organic Solvents and Fermented with L. pentosus?

lactic acid production glucose consumption
lees Po (g/L) Prmax (Q/L) Pr(h7Y) r2 F value Yess (9/9) r2 F value
white lees (Figure 5a) 6.6 84.1 0.121 0.989 319.80%* 0.87 0.989 750.51*
red lees (Figure 5b) 105 733 0.076 0.987 316.73** 0.88 0.983 561.25*

3Py = initial lactic acid concentration (g/L); Pmax = maximum concentration of lactic acid (g/L); P, = ratio between initial volumetric rate of product formation (rp) and
initial product concentration Py (h~1); Yps = product yield (g/g); r2 = determination coefficient; F value = F test statistical parameter; *, significance level >95%; **,
significance level >97.5%; ***, significance level >99%.

Table 4. Results Obtained by Regression of Lactic Acid and Glucose Concentration Data in Experiments Carried out with 20 g/L of Lees from the
Red Winemaking Technology?

lactic acid production glucose consumption

lees Po (g/L) Prmax (/L) P (h7Y r2 F value Ypis (9/9) r2 F value
L. casei with no distilled lees (Figure 6a) 9.0 66.2 0.064 0.978 156.61%** 1.13 0.987 363.89*
L. casei with distilled lees (Figure 6a) 51 727 0.107 0.995 735.28*** 0.92 0.987 610.66*
L. coryniformis with no distilled lees (Figure 6b) 1.6 8.9 0.049 0.99 354.07** 0.69 0.976 312.27*
L. coryniformis with distilled lees (Figure 6b) 14 11.6 0.051 0.988 274,89%** 0.58 0.980 121.42*
L. pentosus with no distilled lees (Figure 6c) 5.1 30.6 0.072 0.987 252.46%* 0.98 0.983 360.26*
L. pentosus with distilled lees (Figure 6c) 7.4 64.2 0.086 0.990 322.45%* 0.85 0.954 147.45*
L. plantarum with no distilled lees Figure 6d) 5.0 30.2 0.074 0.988 273.42% 0.62 0.978 347.54*
L. plantarum with distilled lees (Figure 6d) 7.6 64.8 0.084 0.988 273.68%** 0.87 0.977 334.37%
L. rhamnosus with no distilled lees (7) 9.2 90.2 0.074 0.988 351.2%x* 0.81 0.969 149.0*
L. rhamnosus with distilled lees (7) 9.6 75.2 0.065 0.971 118.7** 0.82 0.971 269.0*

8P = initial lactic acid concentration (g/L); Pmax = maximum concentration of lactic acid (g/L); P, = ratio between initial volumetric rate of product formation (rp) and
initial product concentration Py (h~1); Yps = product yield (g/g); r2 = determination coefficient; F value = F test statistical parameter; *, significance level >95%; **,
significance level >97.5%; ***, significance level >99%.
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Figure 5. Experimental data and calculated time courses of lactic acid oL pentosus o)L plantarum
(#) and glucose concentrations (@) during fermentations carried out with 120 120
L. pentosus using (a) 20 g/L of white lees distilled and extracted with
ethyl acetate and (b) 20 g/L of red lees distilled and extracted with ethyl
acetate. Results represent the average of three independent experiments.
Standard deviations were below 3.4% of the mean.

100 +

Glucose or Lactic acid (g/L)
Glucose or Lactic acid (g/L)

conclusion can be obtained by evaluatifgbles 1and3, the
maximum lactic acid concentrations being 84.7 g/L for the MRS
broth and 84.1 g/L using the distilled white lees extracted with
ethyl acetate.

Lees from Red Wine. Table 4shows the kinetic parameters
for lactic acid production and glucose consumption; meanwhile, - . ) L
Figure 6 shows the kinetic pattern for lactic acid production ©f 'éd lees (distilled or not) using (a) L. casei, (b) L. coryniformis, (C) L.
using distilled and not distilled red lees, as well as the glucose pentosus, and (d) L. P'a“taf“'?‘i glugose consumption using no Q'St'”e.d
consumed for all of thé.actobacillusstrains considered. As  '€6S (O); glucose consumption using distiled lees (@); lactic acid
above, it can be observed that the use of distilled lees Showedproduction using no distilled lees (<); lactic acid production using distilled
a higher scope for lactic acid production. This can also be lees (®). Resylt§ represent the average of three independent experiments.
observed by comparing tHa and Py values listed irTable Standard deviations were below 2.6% of the mean.

4, which are always higher in fermentations carried out using behaviors of red and white lees could be due to the different
distilled lees. compositions of the red and white wines. Whereas in white

For red wine lees, the best results were achieved usingwines non-flavonoid phenolic components are basically present,
distilled lees withL. casei, but in this case only 72.7 g of lactic the phenolic components of red wines are mainly flavonoid and
acid/L was achieved (Table 4), in comparison with the 92.1 anthocyanidin. In red wines, each anthocyanidin may be further
g/L obtained using white lees (s@@ble 2). These different ~ complexed by acetic acid, coumaric acid, or caffeic acid,

40 60 0 2‘0 4‘0 6‘() 8‘0 100
Time {hours} Time (hours}

Figure 6. Experimental data and calculated time courses of lactic acid

and glucose concentrations during fermentations carried out with 20 g/L
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Red lees

some phenolic compounds changing their composition during
the distillation, making the lees more appropriate for use as
nutrients. In general, the results obtained using white lees were
better than those obtained when red lees were used, probably
because the soluble lignin released due to the skin fermentation
with stem contact during the red wine production hindered
slightly the fermentation, the inhibitory capacity being higher
than that observed in the phenolic compounds present in the
white lees.

The differentLactobacillusstrains showed different behaviors,
L. caseibeing the one with the better performance and similar
to that achieved with.. rhamnosusBoth strains show similar
peptidase activities10). Using L. pentosusstrains it was
necessary to remove the remaining phenolic compounds by
extraction with ethyl acetate to obtain high yields and high
productivities of lactic acid. The UV spectra confirm the
selective removal of these compounds, and the fermentation with
L. pentosugan be carried out effectively, particularly with white
lees. This is explained by taking into account the different
phenolic compounds observed in the UV spectra of white and

25

Absorbance (AU)

0.5

BN
e —r

275 325 375
Wavelengths {nm)

Figure 7. UV spectra of red lees: (a) no distilled; (b) distilled; (c) distilled
and extracted with ethyl acetate.

225 425

bonding to the sugar component. Anthocyanin classification is
based primarily on the position of the hydroxyl and methyl
groups on the B ring of the anthocyanindin molecule. On this
basis, grape anthocyanins are divided into five classes, namely
cyanins, delphinins, malvins, peonins, and petunins. The propor-
tion and amount of each class vary widely among cultivars and
growing conditionsZ1). Anthocyanins also are grouped on the o jees. which is related to the different technologies used to
numk_)er of sugar molecul_es per _a_nthocyanldm_. In most grape produce red or white wines.

species, both mono- and diglucosidic anthocyanins are produced.
In red grape varieties, anthocyanins tend to exist in loose ACKNOWLEDGMENT

complexes, either with themselves or with other compounds: . .
flavonoids, phenols, hydroxycinnamoyl esters, and polyphenols We are grateful to Nuria de la Torre for excellent experimental
(22). Various factors may lead to disruption of the anthocyanin WOrK.

complexes. For example, heating must destabilizes the structurg |TERATURE CITED

(6). These phenolic components are in contact with lees,
becoming part of their structure.
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