Note: How do processing conditions affect the microflora of
the sweet pomace of white grapes from Vinho Verde?

Nota: Cé6mo afectan las condiciones de elaboracién a la
microflora del bagazo de uvas blancas del Vino Verde
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The independent and combined effects of the addition of tartaric acid, the addition of pectinases, and
the time of fermentation (and the material of the container) on the specific rates of death of lactic acid
bacteria and yeasts were experimentally evaluated through a full {or fractional) two-way factorial
design for pomace fermentation from the Alvarinho (and the Loureiro) varieties. Microbes present in
the pomace prior to fermentation were identified in a preliminary fashion, Knowledge of the
behavior of the microflora in grape pomace as a function of each major processing parameter during
the step of anaerobic fermentation is important in attempts to eventually standardize and optimize
the manufacture of these distilled beverages.
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Se han evaluado los efectos combinados de la adicion de dcido tartitico, de pectinasas, y del tiempo
de fermentacién (y el material del recipiente) sobre la velocidad especifica de la muerte de las
bacterias ldcticas y de las levaduras en la fermentacin del bagazo de uva procedente de las
variedades Alvarinho y Loureiro. Antes de iniciarse la fermentacion se identificaron los microorgan-
ismos presentes en el bagazo. El conocimiento del comportamiento de la microflora presente durante
la fermentacién anaerobia del bagazo de la uva en funcion de los pardmetros de elaboracion es
importante para tratar de estandarizar y optimizar eventualmente la manufacturacién de las bebidas

destiladas,
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INTRODUCTION

Vinho Verde (literally green wine) has been produced
for at least five centuries in the northeast of Portugal,
although the demarcated region was only officially
recognized in 1929. This region, crossed by 5 of the 10
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largest Portuguese rivers, has abundant water and
extends over a surface of ~35 000 acres, and is worked
by more than 160000 farmers. The average year's
production of the region is ~460 000 m3, which corre-
sponds to approximately 15% of the overall wine
production of Portugal (Gutiérrez, 1989). White Vinho
Verde is characterized by high fixed acid content,
particularly from malic and tartaric acids.

Instead of disposing of the pressed pomace (~15%
w/w of total grape mass, constituted mainly by the
skins and seeds and, to a varying extent, the stalks) asa
low-value agricultural by-product, farmers often store




it in carefully closed containers for several days with-
out temperature control. During this period, spontane-
ous anaerobic fermentations of the sugars in the
pomace effected by native microflora occur. The result
is a complex mixture of volatile components, with
ethanol as the predominant one. After fermentation,
the pomace is manually removed into copper batch
stills, and steam-distilled to remove the volatiles; the
condensate obtained (called bagaceira in Portugal or
grappa in Italy} has a unique flavor quite different from
that of wine brandy.

The determination of the extent of fermentation is a
completely empirical process based on the degree of
maturity of the grapes upon harvest, the temperature
and relative humidity of the environment, and the
availability of container space. It is not feasible to
sample the pomace along the fermentation to aid in
monitoring the process, not only due to the heterogene-
ity of this feedstock but also because suitable sampling
would disturb the anaerobic conditions, Furthermore,
the information available on the microbial ecology of
the pomace of white Virho Verde upon storage is
virtually nonexistent. For these reasons, an impetus
exists for studies aimed at predicting (to some extent)
the evolution of the microbial populations, and thus
the microbial behavior throughout the storage period
and the final flavor profile,

This note attempts to address this issue by, following
an approximate identification of microbial strains pre-
sent, postulating empirical models relating the num-
bers of the various microbial families with some of the
more important (and more easily manipulated) process-
ing parameters and by assessing the statistical validity
of those models.

MATERIAL AND METHODS

Grape material and preparation

Alvarinho grapes were obtained from the Adega Coo-
perativa de Mongdo (Portugal), whereas Loureiro
(dominant variety) grapes were obtained from the
Estagio Vitivinicola de Vairdo (Portugal). Grapes were
harvested at similar maturity stages and crushed and
pressed in the usual fashion for the manufacture of
white wine. For each variety, grape pomace from the
same pressing batch was utilized for all experiments.

Statistical design

The study encompassing the Alvarinho variety was
arranged in a 2-factorial design replicated twice with
two levels of addition of tartaric acid, T (0 g and 80 g
per 100 kg of grape pomace), two times of storage
under anaerobic conditions, t (3 and 6 weeks), and two

levels of addition of pectinases, E (0 g and 2 g per 100
kg of grape pomace). The study encompassing the
{dominant) Loureiro variety was arranged in a 2*!
factorial design replicated twice with two levels of
addition of tartaric acid (0 g and 80 g per 100 kg of
grape pomace), two times of storage under anaerobic
conditions (3 and 5 weeks), two levels of addition of
pectinases (0 g and 2 g per 100 kg of grape pomace),
two types of container (plastic and wood), and an extra
set of two experiments (replicated twice) run at the
center’s conditions (40 g of tartaric acid and 1 g of
pectinases per 100 kg of grape pomace, and anaerobic
maturation for 4 weeks), one using a plastic container
and the other using a wood container. The experimen-
tal layout is depicted in Tables 1 and 2. The pectinases
utilized (NOVO Nordisk, Bagsvaerd, Denmark) and
the tartaric acid (commercial grade) were indepen-
dently sprayed onto the pomace in the form of concen-
trated aqueous solutions so as to obtain the correspond-
ing final ratios of additive per weight of pomace
defined in the aforementioned experimental design.

Sampling

Samples of 30 g of the grape pomace prior to anaerobic
fermentation, and after 3 and 6 weeks {Alvarinho), or
3, 4, and 5 weeks (dominant Loureiro) as appropriate,
were collected randomly from the pomace. The samples
were homogenized for 10 min in a Stomacher with 270
ml of a Y-strength Ringer's solution (LAB M, Amer-
sham). The homogenate was decimally diluted using
the same diluent (serial dilutions ranging from 107" to
10-#).

Enumeration and identification of yeasts

Diluted homogenates obtained at the various sam-
pling times were inoculated on YM agar (Difco, De-
troit, MI) previously acidified with commercial tartaric
acid, and the plates were incubated at 25°C for 3 days.
The wvarious macroscopic colonies formed were
counted. Representative colonies obtained from the
initial sampling were isolated and subcultured on
MEA (LAE M) for subsequent identification via conven-
tional methods by Barnett et al. (1984). Assimilation
tests were done via the API 1D 32C kit method
(BioMérieux), and the results were interpretated using
the software by Barnett et al. (1990).

Enumeration and identification of bacteria

Diluted homogenates were inoculated on WLN agar
(LAB M) with 0.25 gL! eycloheximide (Sigma, St
Louis, MO) added for the case of lactic acid bacteria,
and (.1 g L-! for the case of acetic acid bacteria. The
plates were incubated at 30°C for 3 days under aerobic



(WLN"} or anaerobic (WLMN") conditions for acetic
acid bacteria or lactic acid bacteria, respectively. The
various macroscopic colonies formed were counted;
the gram~ positive catalase colonies were considered
to be lactic acid bacteria, whereas the gram™ catalase*
colonies were (tentatively) assumed to be acetic acid
bacteria. Acetic acid bacteria were classified based on
the traditional procedures described by Buchanan and
Gibbono (1974); tests performed at 30°C were growth
at pH 4.5 and 30°C, oxidation of ethanol to carbon
dioxide, and oxidation of lactate to carbon dioxide
(Asai, 1971; Carr, 1968). Lactic acid bacteria were
classified based on the traditional procedures de-
scribed by Buchanan and Gibbono (1974); tests per-
formed encompassed morphology of cells, homofer-
mentative / heterofermentative character, and
production of ammonia from arginine. The various
strains of Lacfobacillus were further identified using the
APL50 CH kit (BioMérioeux) method.

Statistical analysis

The enumeration experimental data, i, were obtained
as cfu g™' of original pomace after incubation on the
appropriate agar or medium. It was assumed through-
out the study that the viable microorganisms were
dying according to a first-order law; namely,

4'!3,"_
dE (1)
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where v is the concentration of viable microorganisms
in the grape pomace, | the time elapsed since storing
the grapes under anerobiose, p the specific rate of
death, and y, the initial concentration of viable organ-
isms just prior to anaerobic storage. The foregoing
assumption seems, at first sight, to be inconsistent with
the well-established observation that Saccharomyces
cerevisige grows for at least 2 log cycles in most grape
juice fermentations prior to undergoing any significant
decrease in viability; however, it should be empha-
sized that y refers to the whole set of species grouped
under a same family (e.g., veasts), and s0 p denotes a
lumped specific rate of decrease in viable microorgan-
isms for the whole family rather than for a single
species. The fact that a specific rate of death should be
utilized instead of a specific rate of growth was
confirmed by a posteriori analysis of the sign of the
numerical estimates for such parameter obtained by
statistical regression analysis. Equation (1) may be
integrated to yield

I {u /vyl
iy = — —2 0 @)

where p,, is the average value of the specific death rate
over time period t All experimental data y were
converted to the form i, prior to application of the
statistical analysis. The normal distribution of the
residuals of each set of replicates with respect to their
average, and their independence from the average
values themselves, for the data in the form Hapr Was
checked as depicted in Fig. 1; because no apparent bias
could be detected, the statistical regression analysis
based on the classical contrast table method was
followed safely (Box et al., 1978).

RESULTS AND DISCUSSION

Identification

Of the species grown on YM, Saccharonyces cerevisine
(36% of all isolates), Dekkera anomala and D, bruxellensis
{(21%), Rhodotorula auriantica (14%), R. mucilaginosa
(10%), Pichia membranacfaciens (10%), and Candida versa-
tilis (9%) were identified. These results are somewhat
expected in view of the dominant fermentative metabo-
lism of these genera of yeasts (especially S, cerevisiae).
These results are also consistent with several classical
works pertaining to wine (rather than grape pomace)
which indicate that there is a typical initial stage of
macroscopic growth of apiculate yeasts, which is
followed by a second stage where these genera clearly
decline at the expense of the increase in numbers of
Saccharomyces cerevisine which will eventually domi-
nate,

Of the species grown on WLN ", one was able to
identify Lactobacillus hilgardii (58%), L. brevis (25%), and
Lenconostoc oenos (17%); our results are in agreement
with the conclusions by Vanderpoorten and Hogg
(1994) using species clustering techniques.

The attempts to isolate acetic acid bacteria using the
normally recommended selective media (i.e., WLN*)
were seriously hampered by the ubiquitous presence
of yeasts despite the inactivation of yeasts by cyclohexi-
mide. All colonies but one grown on the media in
question were identified as yeasts; the exception proved
to be Acetobacter aceti. For this reason, the enumeration
data on WLN" refer almost exclusively to yeasts and
will, as such, be considered hereafter.

Enumeration

The initial counts for yeasts grown on WLN~, lactic
acid bacteria grown on WLN", and yeasts grown on
YM for Alvarinho variety were 1.9 x 10% 1.8 x 10° and
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Fig. 1. Plot of the residuals of the replicates in the p., form pertaining to yeast grown on WLN' (O, lactic lacid bacteria
grown on WLN- {[J}, and yeasts grown on ¥YM () versus the percentiles of a normal distribution (i} and versus their
average (i} for the Alvarinho variety (a) and for the dominant Loureiro variety (bl

Fig. 1. Representacion de los valores residuales de las repeticiones de p,, correspondiente a la levaduras crecidas en
WLN* {3, bacterias lacticas crecidas en WLN- ([} v levaduras crecidas en YM (A) frente a los percentiles de una
distribucién normal (i} y frente a los valores medios (ii) para la variedad Alvarinho {a) v para la (dominante) variedad

Laureiro (b}

1.3 x 10% respectively, whereas the corresponding
counts for the (dominant) Loureiro variety were 2.5 %
108, 2.1 = 108, and 1.8 x 1(F, respectively. Although it
may be argued that the growth media utilized were
not best suited for the enumerations in question
because they were designed for the microflora of wine,
it should be borne in mind that media specific for the
microflora of grape pomace are not commercially
available,

The transformed experimental values are listed in
Tables 1 and 2 for every set of experimental conditions.
Based on the results depicted in Table 1, the empiric
madels to be entertained by the data generated with
the Alvarinho variety on the 1% level of significance
are as follows:

(t — 31.5)
flapa = 0.2053 + 0,0503 |—a.'
(3)

= 0.0186 (E — 1) - IIIDE—L?| II{E 1}

105

for yeasts grown on WLN®,

]:I..!P_,l.. = . '| A
S | @
= =‘1{I| l'f — 31.5|
00787 50105 |
for lactic acid bacteria grown on WLN™, and
= 0.1450 — 0.0395 | aai) 5,
Papix = 105 | ®)

for yeasts grown on YM. Following a similar reasoning
applied to the results depicted in Table 2, the empiric
models to be entertained by the data generated with
the (dominant) Loureiro variety on the 1% level of
significance are as follows:

¢ — 28|
s = 0.2600 + 0.0289 |T|' ~0.0184(E—1) (6)




Table 1.

{1ap.al, lactic acid bacteria on WLN-, and yeasts on YM (. for pomace of the Alvarinho variety.

Experimental design and experimental data obtained for the apparent specific growth rate of yeasts on WLN*

Tabla 1. Disefo experimental y datos botenidos del crecimiento especifico aparente de levaduras crecidas en WLN*
{pap.al, de bacterias crecidas en WLN ™ (p,, ), v de levaduras crecidas en YM (., ) del bagazo de uva variedad
Alvarinho.
E&| My
R r / 1 2 3 12 13 23 123 Feap.a Bt Feagy
1 1 +1 +1 +1 +1 +1 | +1 +1 0.2488 0.2676 0.1033
2 0.2358 0.2597 0.10719
2 1 +1 +1 +1 -1 +1 —1 -1 -1 0.3084 0.2881 0.1244
2 0.2962 02906 0.1212
3 1 +1 +1 -1 +1 -1 +1 -1 —1 0.1539 04211 0.1795
2 0.1607 0.4112 0.1646
4 1 +1 +1 = -1 -1 -1 +1 4+1 0.1427 0.4716 0.1764
2 0.1452 0.4541 (0.1988
5 1 +1 -1 +1 +1 -1 —1 +1 —~] 0.1851 0.2455 0.0785
2 0.1798 0.2471 0.0835
& 1 +1 -1 +1 -1 -1 +1 1 +1 0.2947 0.2884 0.1116
2 0.2862 0.2906 0.1198
7 1 +1 -1 —1 +1 +1 -1 -] £ 0.1687 0.1483 0.1795
2 0.1607 0.1251 0.1670
8 1 -1 1 -1 —1 +1 +1 +1 —1 0.1615 0.0980 0.2065
2 01483 0.1124 0.2038
Paps  0.2062  0.0062 0.0503 -0.0186 0.0105 0.0070 -0.0247 0.0063
Ttr  +0.0066 =0.0166 =0.0166 =0.0166 =0.0166 =0.0166 =0.0166 =0.0166
Hagl 0.2762  0.080% -0.0040 -0.0118 -0.0787 -0.0076 -0.0080 0.0119
EE =t =0.0088 =0.0220 =0.0220 =0.0220 =*0.0220 =0.0220 =0.0220 -=0.0220
T 0.1450 00072 —-0.0395 -0.0128  0.0059 0.003% -0.0009 -0.0002
Ttr  =0.0079 00198 =0.0198 =0.0198 =0.0198 =+0.0198 =+0.0198 =0.0198

NOTE: EE—estimated effects; E&l—effects and interactions; l—grand average; MV—measured values; r—replicate; R—run: t—probahil-
ity point of Student’s +-distribution on the 1% level of significance with 16 degrees of freedom (mean) or 8 degrees of freedom (effacts):
1—normalized level of addition of tartaric acid, defined as (T-40)/40; 2—normalized time of fermentation, defined as (+31.5)/10.5;
3—normalized level of pectinase addition, defined as {E-1); and o—standard deviation evaluated with 16 degrees of freedom {mean) or 8

degrees of freedom (effects).

for yeasts grown on WLN*,

i 4['!!
flypr = 0.2767 + UCI'ﬂD| .
' (7)
IT — 40| (¢ — 28
- uoﬁozl— -
7
for lactic acid bacteria grown on WLN-, and
t— 28
flpy = 01268 — 0.0350 |——| (8)

for yeasts grown on YM. In the above statistical
correlations, 1, 4 (in d ') denotes the estimated aver-
age specific death rate of yeasts grown on WLN*, 1,1
(in d7') the estimated average specific death rate of
lactic acid bacteria grown on WLN-, Hapy {in d71) the
estimated average specific death rate of yeasts grown

on YM, T the amount of tartaric acid added (in g per
100 kg of grapes), t the fermentation time (in days),
and E the amount of enzyme added (in g per 100 kg of
grapes). The statistical adequacy of using least squares
to estimate the various adjustable parameters in the
aforementioned empiric models can be assessed
through diagnostics of residuals (Fig. 1). Because no
major deviations from linearity are observed in the
normal plots, nor funnel-shaped tendencies in the
residual versus average plots, it can be concluded that
the errors are normally distributed and the variance is
constant, which are two of the major assumptions
underlying the validity of the reasoning utilized.

It is interesting to note that in the case of yeasts, both
models [Egs. (3) and (6)] vield similar results to a
considerable extent. For intermediate conditions, it can



Table 2. Experimental design and experimental data obtained for the apparent specific growth rate of yveasts on WLN*
[Jap,a)e lactic acid bacteria on WLN -, and yeasts an ¥YM (p,,v) for pomace of the ([dominant) Loureiro variety.

Tabla 2. Diseno experimental y datos botenidos del crecimiento especifico aparente de levaduras crecidas en WLN'
[jap,.a). de bacterias crecidas en WLN -~ {p., ). v de levaduras crecidas en YM {p., ) del bagazo de uva variedad

dominante Loureiro.

E &l AT
1 2 3 4 12 13 23
R r / [+234) (+1341  (+124)  (+123) 1 +34) {+24) (+14) Heap.4 Heap,L Hapy
1 1 +1 +1 +1 +1 +1 +1 +1 +1 0.2655 0.2530 0.0751
2 0.2681 0.2494 0.0799
2 1 +1 +1 +1 -1 -1 +1 —1 -1 0.2238 0.2520 0.1074
2 0.2285% 0.2582 0.1048
3 1 +1 +1 -1 +1 -1 -1 +1 -1 0.2989 0.3936 0.1604
2 0.3031 0.4056 0.1495
4 1 1 1 1 1 +1 1 1 +1 0.2842 0.4216 0.1688
2 0.279% 04102 0.1697
L) 1 +1 —1 +1 +1 -1 -1 -1 +1 0.2052 0.2844 0.1134
2 0.1962 0.2676 0.1126
6 1 +1 -1 +1 -1 +1 -1 +1 -1 0.2182 0.2678 0.0879
2 0.2235 0.2671 0.0692
7 1 +1 -1 =1 +1 +1 +1 -1 1 0.3329 0.1898 0.1489
2 0.3372 0.2073 0.1611
8 1 +1 -1 -1 -1 =1 +1 +1 +1 02299 0.1626 0.1778
2 0.2254 10,1655 0.1736
9 1 +1 0 0 0 1 0 0 0 0.2912 0.2980 0.1325
2 0.2988 0.2920 0.1239
10 1 +1 0 0 0 +1 0 0 0 0.2347 0.2494 0.1032
2 0.2547 0.2532 0.1160
[T 0.2600 0.01158 0.028% -0.0184 0.0099 0.0064 —-0.003% -0.0132
+tr  *+0.0080 *=0.0146 =0.0146 =0.0146 =0.0119 =0.0146 =0.0146 =0.0146
Map,L 0.2767 0.0630 -0.0170 0.0038 -0.0014 -0.0602 -0.0090 -0.0008
EE =fr 00060 *=0.0176 =0.0176 ==0.0176 ==0.0144 ==0.0176 =0.0176 =0.0176
Hapy 012668 —-0.0018 —-0.0350 -0.0036 -—0.0088 —-0.0002 -—-0.0071 0.0051
+fr  *+0.0068 *=0.0170 =0.0170 ==0.0170 ==0.0138 =0.0170 =0.0170 =0.0170

MOTE: EE—astimated effects; E&l—effects and interactions (including additive aliases); l—agrand average; MV—measured values;
r—raplicate; R—run; i—probability point of Studant's t-distribution on the 1% level of significance with 20 degrees of freedom (mean} or
B degrees of freedom lall effects except 41, and 10 degrees of freedom {effect 4); 1—normalized level of addition of tartaric acid, defined
as { T-40)/40; 2—normalized time of fermentation, defined as {-28)7; 3—normalized level of pectinase addition, defined as (E-1); 4—type
of container {~1: plastic; +1; wood); o—standard deviation evaluated with 20 degrees of freedom (mean), 8 degrees of freedom (all

effects except 41, or 10 degrees of freedom (effect 4.

be said that the specific death rates range from ~0.21 to
0.26 d ! for yeasts grown on WLN*, from ~0.13 to 0.15
d~! for yeasts grown on YM, and ~0.28 d™' for lactic
acid bacteria grown on WLN". These nominal values
vield approximate half-lives of 2.7-3.3 days for yeasts
(WLN"), 2.5 days for lactic acid bacteria (WLN "), and
4.6-5.3 days for yeasts (YM).

The addition of tartaric acid plays a statistically
significant role only for lactic acid bacteria grown on
WLN". The effect of pectinase action appears to be
relevant only for yveasts (WLN™), in which case it is
negative; one possible explanation would be that the

increasing availability of fermentable monosacchari-
des brought about by the hvdrolytic action of the
aforementioned enzyme upon pomace pectins en-
hances the metabolism of part of the strains present
and hence balances, to a considerable extent, their
death rate. The effect of fermentation time is ubiqui-
tous for both grape varieties and all processing condi-
tions. The container material does not affect to any
considerable extent the microbial ecology prevailing in
the fermenting grape pomace. Therefore, the interpre-
tation of the experimental data generated for the
{dominant) Loureiro variety may be redone based on a
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posteriori assumption that the experiments were laid
out as a full 2* factorial design (i.e., variable 4 in Table 2
would take the value 0 for both runs in experiment 10,
Such analyses yield the same estimates for all param-
eters except for interaction 123 (which changes to
0.0187, 0.0037, and —0.0087 for p,,a, Wepr, and B vs
respectively) and yield narrower 99% confidence inter-
vals for all effects and interactions (ie., =(0.0133,
+0.0161, and +0.0154 for p,p, 4. Pap1. and Py, respec-
tively) but not for the averages; in any case, the
conclusions on the truly significant effects remain
essentially the same,

In the experimental ranges studied, the specific rate
of death of yeasts (WLN") increases with time (prob-
ably due to the increasing toxicity of the grape pomace
with time arising from the rising presence of alcohols).
For the same microbial family, the second-order inter-
action between time and pectinase addition is statisti-
cally significant for the Alvarinho variety but not for
the Loureiro (dominant) variety (although this fact
may be the result of the combination of interaction 23
with the allias 14, which could be of opposite sign and
hence lead to a result slightly below the threshold of
statistical significance). The specific death rates of
lactic acid bacteria increase with the tartaric acid
content (probably due to the toxicity of this com-
pound, especially in the undissociated form which
prevails at the usual pH of grape pomace), but the
interaction of the presence of tartaric acid with the
fermentation time has an opposite effect (i.e., the effect
of the presence of tartaric acid becomes attenuated as
time elapses). The specific death rates of yeasts de-
crease significantly with storage time; it might be that
the alcohol tolerance of some of the wild strains
becomes apparent as the concentration of the alcohols
increase with time, For similar times, the specific rates
of death for both grape varieties remain virtually the
same, irrespective of the amounts of tartaric acid or
pectinases added.

Finally, it should be noted that two alternative
methodologies may be followed in attempting to
establish cause-effect relationships in natural (and thus
unique} wine products: either prepare a synthetic
medium which resembles the grape pomace matrix, or
use the grape pomace from a given harvest, and in
both cases, test the effect of one (or more) processing
factor(s) using a convenient experimental design. Al-
though the former may allow more fundamental con-
clusions to be obtained, extrapolation to reality is often
poor because there is always a multitude of factors one
is unware of and which cannot be exactly paralleled in
the artificial matrix. The latter does not suffer from this
shortcoming, provided that experiments are duly repli-
cated, because the effects of any factors which are not

considered per se will show up in lumped form in the
estimates of variability. Although it may be argued that
different conclusions may be drawn for grape pomace
obtained from different harvests or handled in differ-
ent ways, it should be noted that our models {and
hence the conclusions obtained therefrom) have al-
ways associated confidence intervals; furthermore, the
general conclusions encompassing two grape varieties
obtained from two completely different locations are
not too different from one another.

FINAL REMARKS

It should be emphasized that the microbiological
results available to date in the literature pertain only to
wine of fresh grapes, and so complete critical assess-
ment of the validity of our quantitative results cannot
be made at this point. This communication attempts to
shed some light into the characterization of the dy-
namic ecology prevailing in grape pomace in terms of
lumped microbial genera; however, further in-depth
work is required in order to fully understand the
growth/death behavior of every microbial genus and
correlate them with the depletion of sugars and the
concomitant production of flavor compounds. Full
success of this work is not anticipated unless specific
media paralleling the intrinsic factors of grape pomace
are duly developed.
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