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Abstract

The recirculation of the stillage ( or vinasse) to the stage of fermentation, in the production of
alcohol, is a technique of source reduction very applied in this industry, but it presents the
inconvenience of it turns limited because with her they can feed to the process by-products of
the fermentation that remain in the stillge after the distillation they are inhibitory for the yeast
and they also go accumulating when applying several recirculations in series. In this work
was defined the acetic acid, as the main inhibitor of the yeast and the effect of different
concentrations of this on the fermentation was evaluated, it was observed that any level of the
acid affects the biomass and starting from 2.5 g/L it begins to diminish the production of
alcohol. The extraction liquid-liquid was applied, on the stillage, as separation technique of
this acid, with that were improved the recirculation possibilities, since, without the separation
and after five recirculations, the biomass diminished until in 70% and the productivity of
alcohol until in 30%, while when the extraction was applied, the biomass was affected in
42% and the productivity of alcohol didn't diminish; during the five recirculations, a descent
in the consumption of water of dilution of 56% was achieved and in the generation of stillage
of 44%.

Keywords: Ethanol production, fermentation, distillation, stillage, vinasse, liquid_liquid
extraction.

alternative  energies using  renewable
resources, the government determined to
send the Law 693 of 2001, where is
regulated the addition of anhydrous ethanol
to the gasolines in 10% starting from 2006,
according to this it is necessary to increase
the production of this alcohol, until levels

1. Introduction

The great demand of alcohol that actually
we can observe causes, as response of the
industry, a high production with the
subsequent generation of residues as the

vinasse or stillage, to which it is necessary
to give her the importance that is deserved,
as pollutant potential or source of by-
products if this way it is wished.

As answer to the world critical
environmental situation, to the gradual
decrease of the fossil fuels and the
possibility in the country of developing

initials of 750 million liters / year, (Program
of Carburating Alcohols).

As agricultural sources for the obtaining of
the ethanol there are the sugary ones (cane
of sugar, beet), the starch sources (barley,
banana tree, yucca), the lignocellulosics
(wood, cotton). The physicochemical
characteristic of all sources are different



whose causes differences in the adaptation
operations for a common later treatment in
the three cases, whichever it is the source of
sugar for the fermentation, the processes
have the high production of liquid effluents
of the distillation in common, denominated
in this particular case, vinasses or stillage,
Durén de Bazua in 1993 defined the vinasse
like "a dilution of substances like mineral
and organic salts with relative value and
with potential for diverse uses", thanks to
his organic high load (6.5.7.6%), CaO
(4.57%) and K,0 (1.06-1.53%)
(GEPLACEA / PNUD / ICIDCA 1990),
among other substances, that make it
appropriate of being used as energy source,
protein source, mineral salts source for
fertilizers and concentrate for animals.

In the conventional process of production of
alcohol the vinasse production oscillates
between 13 and 15 I/l ethanol, with this and
if there are a requirement of 2 million liters
of ethanol / day approximately, according to
the Carburating Program of Alcohol, the
quantity of the effluent per day could ascend
to 30 million liters, that it is an important
quantity and that could harm a lot in the
environment, if it isn’t  managed
appropriately like some evidences show us
for example the experiences of the Cauca's
river Valley, that which can provoke the
cancellation of the Environmental License in
these distilleries.

As alternative to reduce the vinasse volume
has been propossed the recirculation
(recycling) from the same ones to the
fermentation stage, like dilution water,
however the presence of inhibitors like the
acetic acid, limits their application. The
present work evaluates the effect of the
concentration of acetic acid on the alcoholic
yield in the fermentation and the use of
extractants agents of the acid to improve the
recirculation possibilities.

2. Materials and Methods

2.1 Culture

The wused culture was a Saccharomyces
cerevisiae ATCC26603, donated by the
Institute of Biotechnology of the National
University of Colombia (IBUN), in liofilized
state, it was resuspended in peptoned water
and it was sowed in a growth medium (yeast
extract 1%, peptone 2%, glucose 1%,
maltose 1%, agar 2%, water 93%, all
percentages w/w) at 30°C for 48 h, starting
from this cultivation broth was prepared the
main cultivation (peptone 1%, sucrose 2%,
KZHPO4 02%, MgSO4 0001%, (NH4)QSO4
0.2%, water 96.5%, pH 4.5) and was
inoculated with 15% of the previous broth
and it was renewed monthly.

2.2 Fermentation

The inoculum for the fermentation,
constituted 15% of the broth of
fermentation, both were compound of cane
molasses 16.5%, water 83.5%, (NH,4),SO4
0.01%, the pH was adjusted at 4.5, with a
solution 15% w/w of H,SO,, the time of
preparation of the inoculate was of 14 h and
that of the fermentation of 20 h, in a
reciprocating agitator with temperature
control at 30°C and 110 rpm.

2.3 Vinasse obtention

The fermented must obtained was distilled
in a Buchi Brinkmann distillator with ballon
of 1 L of the Physicochemical Analysis
Laboratory of ICTA (Food Science and
Technology Institute, National University of
Colombia), during a time that oscillated
between 12 and 16 min., to atmospheric
pressure, for each one of the volumes of 250
ml of broth, of this volume 15% was
distilled, to obtain 37.5 ml of solution of
alcohol and the vinasse that remained in the
ballon.

2.4 Recycling Tests

The vinasse obtained in each distillation
(212.5 ml approximately) was centrifuged at
900 g during 15 min., later was take a
quantity of vinasse equivalent to 70% of the



water of dilution of the following
fermentation (128 ml); in the cases in that
extraction was not applied, with this was
prepared the following fermentation
medium, in the other case it was taken to the
extraction stage.

2.5 Extractant agent selection

Recipients with cover of 25 ml were used
they were loaded with 10 ml of diluted
solution of acetic acid in water and different
quantities of solvent or organic phase, in
proportions of watery phase to organic phase
of 4:3 and 1:1, the recipients were shaked
during 1 h to 170 rpm, later were put to rest
to reach the equilibrium, during 12 h at
25°C, after this time were taken 2 ml of the
watery phase for analysis, this way were
evaluated five extractant agents and among
them one was chosen keeping in mind the
cost, the distribution coefficient and the
toxicity on the yeast.

2.6 Extraction tests on the vinasse

The extraction on the vinasse was carry out
in erlenmeyer of 500 ml, with the obtained
vinasse of the distillation, as watery phase
(128 ml) and the defined solvent previously,
as organic phase, in proportion 1:1, the
increase of the contact area made sure
putting the erlenmeyers in the reciprocating
agitator to 180 rpm, during 1 h, after which
they were stopped to reach the equilibrium
in funnels of decantation of 500 ml in an
incubator at 25°C, during 12 h.

2.7 Analysis

The kinetics of the fermentation was verified
by analysis of sugars and etanol at different
fermentation times by high performance
liquid chromatography (HPLC) in a Waters
chromatography system, with a detector of
refraction index, each sample was
centrifuged 900 g during 15 minutes, later it
was diluted ten times, starting from the
second fermentation a solid phase extraction
was applied using Sep pack C18, to retire
the extractant agent's residuals that could
remain in the recycled vinasse, after the
sample was filtered using a 0.22 um

membrane and finally it was injected
manually in the cromatograph. The used
column was a Sugar-Pack type Waters, as
mobile phase it was used water deionized
and degasifed with a flow of 0.5 ml / min,
the column temperatures and detector were
respectively of 84 and 40°C, the volume of
sample was 20 pl.

The quantification of the acetic acid in the
vinasse was also made in the same
equipment of HPLC, each sample was
centrifuged at 900 g during 15 minutes, later
it was diluted twice, next it was filtered
using a 0.22 um membrane and finally it
was injected manually to the cromatograph.
The column used was Shodex KC-811 that
requires of a precolumna KG-C, as mobile
phase was used water deionized and
degasified to a flow of 1 ml / min, the
column and detector temperatures were
respectively of 30 and 40°C, the volumen of
the sample was 20 pl.

The toxicity of the two extractants agents
more promissory was evaluated in the
following way: it was prepared a medium of
60 ml and it was inoculated with 10 ml of
cultivation broth in exponential phase of
growth, this mixture was divided in six
falcon tubes, two of them were added with
one from the solvents to prove (1 ml), to
another couple of them was added the other
solvent (1 ml) and the two remaining tubes
were left as white. The six tubes were
shaked during two hours and then they were
left in rest by 8 hours more, after which
biomass was determined, using the
technique of the camera of Neubawer.

3. Results and Analysis

Initially the fermentative capacity of the
yeast was evaluated, being observed a
descent of the soluble solids from 14 to
7°Bx after 23 h, results that agree with those
of Obregon (2006) that was able to arrive
between 5.8 and 7.5°Bx after 22 -24 h,
when observing a decrease of 0.5°Bx in the



last three hours, it was defined the time of
fermentation in 20 h.

Later the inhibitory effect of the acetic acid
on the fermentation was studied, for that
which were ahead four fermentations in
parallel with different concentrations of
acetic acid from (0, 2.5, 5 and 7.5 g/L),
added to the fermentation medium.

In the figure 1 can observe that for
concentrations of acetic acid least than 2.5
g/L, the production of ethanol is increased,
seemingly for the associate of this, with the
generation of ATP, its synthesis is increased
by the energy necessity of the cell of
carrying out the phosphates active transport
toward the interior of the cell, affected by
the solubilization of the i6n acetate, of
acetic acid, in the lipids of the cellular
membrane (Maiorella, 1983); for superior
values in the acetic acid concentration the
ethanol production diminishes toward 20
g/L (a decrease of 70% regarding the initial
value), value a little inferior to the one
achieved by Maiorella (30 g/L), under the
same inhibition level, maybe because he
used glucose like sustrate and a complex
mixture of nutritious; the generation of
biomass diminishes in 50%, from 5*10’
cells / ml to 2.5%10" cells / ml is observed
that the biomass is affected by the most
minimum concentration in the inhibitor.
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Figure 1 Inhibitory effect of acetic acid on the
ethanol and biomass production.

To improve the recirculation possibilities, it
is necessary to retire the acetic acid, due to
its inhibitory power on the yeast, some
techniques have been proven to retire
organic matter of the vinasse, as the micro
and ultrafiltracion (Melzoch, 2001; Kim,
1999, In-Soung Chang, 1994), the
electrodialysis (Cheryan, 1995; Decloux,
2002), in the 2001, Melzoch mentioned the
use of the liquid-liquid extraction to retire
organic matter in the vinasse and that to
imply less costs in its application at
laboratory level and probably to industrial
scale, it was selected in this work; for its
implementation it is required initially to
select the solvent to use, according to three
approaches, low cost, high distribution
coefficient and low toxicity, a revision of
different extractant agents was made
assisting to the first two approaches, look at
table 1. Keeping in mind the cost, some of
these was discarded and was determined the
distribution coefficient of those that don't
report it and have low cost, were used two
proportions of watery phase to organic
phase, 1:1 and 4:3, the results appear in the
table 2.



Table 1 Price and distribution coefficients of solvents with extractive capacity of acetic acid.

Solvent Theoric Source Price ($/Kg) Source
Distribution
coefficient
Penthanol 4.033 Fahim et. al. 1996 180.000 ICIS Pricing
MIPK 3.444 Correa et. al. 1989 270.000 ICIS Pricing
Isophorone 3.164 Colombo et. al. 1999 6.720 Proguimort
Oleic acid* - Briones et. al. 1994 3.250 Proguimort
Castor oil* - Offeman et. al. 2006 4.800 Proquimort
Raw palm oil methylic - Bujang et. al. 1997 5150 Il Seminario
esther* Internacional
Biocombust.
Kerosene** - Yang et. al. 1991 2.800 WWW.minminas.
gov.co
Aliquat 336 2.71 Yang et. al. 1991 1°028.248 ICIS Pricing

* Are solvents reported with extractive capacity of low molecular weight organic matter

** |s reported like diluent

Table 2 Distribution coefficients at two
proportions watery phase (0.9 g/L of acetic acid)
to organic phase.

Solvent Distribution Coefficient
(4:3) (1:1)

Isophorone 2.3 2.69

Oleic acid 0.3 0.37

Castro oil 0.12 0.19

Raw palm oil methylic 2.6 31

esther

Kerosene 0.12 0.17

Assisting to the highest distribution

coefficients for the isophorone and the raw
palm oil methylic esther, it was decided to
evaluate with them the toxicity on the yeast,
giving as a result that for the first one the
number of cells / ml was of 1.1*10° and for
the second of 2*10°, this bigger value for the
methylic esther defined it as the selected
solvent, the proportion was used 1:1 to
present better distribution coefficients.

To study the effect of the extraction of the
inhibitor on the vinasse recirculation were
carry out five fermentations in series (F12,
F22, F32, F42 and F52) each one of those
used 70% of the vinasse of the previous
fermentation, to dilute the molasses, is to
say, part of the water used originally was

substituted in this process, parallelly to these
five fermentations, were carried out other
ones (F11, F21, F31, F41 and F51) this time
applying a liquid. liquid extraction to the
vinasse, before recycling it.
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Figure 2 Ethanol final concentration of the
fermented musts prepared with vinasse with and
without extraction

The figure 2 shows how varies the
concentration of ethanol in each one of the
five fermentations, with recirculation of
70% of the vinasse, one could see that the
recirculation with extraction applied to the
vinasse, doesn't have a notorious effect on
the achieved concentration of ethanol, is to
say, there isn’t a decrement in the ethanol
concentration in the fermented final must,
with the advance of the successive



fermentations; for the case of the
fermentations without extraction, is to say, it
was recycled the vinasse directly only
applying the centrifugation (inferior curve
figure 2), is posible to see a similar behavior
in the first three fermentations, also
comparable with that observed for the case
with extraction, since the values of
concentration of ethanol are reached 55 g/L.
The last two fermentations show a descent
in the concentration of ethanol until values
of 40 g/L.

The figure 3 shows something similar to the
figure 2 to the ethanol, this time with the
biomass, in this case it presents a descent
from the second fermentation, making
notorious that the answer of the yeast is
more sensitive than that of production of
ethanol and when the extraction is not
applied in the vinasse, with the one that will
be using to prepare the corresponding
medium, the quantity of produced biomass
is even smaller.
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Figure 3 Final biomass in the fermented musts
prepared with vinasse, with and without
extraction

Besides the inhibitory effect for the acetic
acid, one cannot ignore the effect of the
increase of the solids in the vinasse, they can
includ the not fermentable sugars that
remain in the vinasse after the fermentation
and the distillation, mineral salts not
assimilated by the yeast, are also included,
these substances are increased with the
advance of the serial fermentations, due to
the molasses and the nutrients with those the

mediums of fermentation are prepared are
rich in these substances (Maiorella, 1984),
others are by-products of the metabolism of
the yeast like glicerol, propanol, furfural and
lactic acid that also inhibit the fermentation
and the speed of growth (Navarro, 1989 and
Maiorella 1983).

In the figure 4 the increase of solids is
observed in the vinaza and in the mediums
that were prepared with this, for example for
the fermentation 3, there is two mediums,
one (M31) (when one speaks of Mxy or
Vxy, it refers to the mediums of the
fermentation Fxy or to the resulting vinasse
of Fxy, respectively) prepared with the
vinasse to the one that was applied
extraction (V21) and the other one (M32)
with vinasse without previous extraction
(V22), the first one with 21.45°Bx and the
second with 20.99°Bx, each one of these
mediums, after being fermented and distilled
produce their corresponding vinasses, V31
and V32, with 15.7°Bx and 14.7°Bx,
respectively.
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Figure 4 Increase in the soluble solids in the
vinasse and the médiums prepared with them.

The soluble solids (fermentable coming
from the molasses and not fermentable
coming from the vinasses) in the mediums
of the fifth fermentation (M51 and M52),
reached values of 24.59 and 25.19°Bx,
respectively, very close at the toxicity level,
of 26% of dry matter presented for Navarro
(2000), knowing that of the total of dry
matter in the vinasse the 85 to 90%



constitute the soluble solids, the dry matter
in the mediums of the fifth fermentation
would be of the order of 27 and 27.7%,
values that are above the mentioned toxicity
value, being this another of the possible
reasons for the decrease in the productivity
of ethanol and generation of biomass in the
fifth fermentation and still for the fourth,
where the values of dry matter are from the
order of 25.7 and 25% that are very near to
the toxicity limit value, provoking the same
effect on the two mentioned answer
variables. Thatipamala and collaborators in
1992, reached a similar conclusion, since
they verified a decrease of 33% (w/w) in the
production of ethanol, when the content of
solids in the fermentation medium increases
from 14% to 27% (w/w).
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Figure 5 Increase in the acetic acid concentration
in the serial fermentation médiums.

Another possible cause of the descent in the
productivity of ethanol and of biomass is
observed in the figures 2 and 3 respectively
and is the gradual increase of the
concentration of the acetic acid as the
fermentations advance without applying
previous extraction to the vinasse and
consequently in the fermentation medium,
prepared with this; the figure 5 shows how
the concentration of acetic acid increases in
the mediums prepared with the recycled
vinasses in the successive fermentations; for
the fourth and fifth of these (without
extraction) the values are near to 8 g/L of
acetic acid, it is in the area of high inhibition
for acetic acid, seemingly this it is the
biggest cause for the decrease in the

production of ethanol and growth of
biomass, in these last fermentations.

When applying the liquid-liquid extraction
is retired part of the acetic acid of the
vinasse in such a way that the prepared
mediums(see inferior curve figure 5) with
this, will inhibit in smaller measure to the
yeast. In the fermentation 3 is observed a
very similar acid concentration in both cases
(with and without extraction), that which is
not normal, can be due to an error in the
determination of one of the two
concentrations. The effect of the extraction
can be verified in the figure 6, where besides
the increase of the acetic acid concentration
in the vinasse for the sequence of
fermentations can also be observed how in
each one of them, after the application of the
extraction, the content of the inhibitor
decreases, for inferior concentrations to 6
g/L, until in 80%; as the concentration of
inhibitor increases, the extractant agent
capacity of the methylic ester diminishes, in
such a way that at concentrations of 12 g/L
of acetic acid the decrease it is of 40% and
for a concentration of 14 g/L of 30% only.
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Figure 6 Increase in the acetic acid concentration
in the vinasse with the serial fermentations and
the extraction effect on the inhibitor
concentration.

4. Conclusions

The system of recirculation of the vinasse
led to an increase in the concentration of by-
products of fermentation, mainly the acetic
acid and other compounds that inhibit the
action of the yeast. This problem can



attenuate applying a liquid extraction to
retire this acid, since it affects the
productivity of ethanol, initially it increases
for concentrations less than 2.5 g/L, starting
from this value the productivity diminishes
until in 66% for a concentration of 7.5 g/L,
for this concentration the biomass is
diminished in 50%.

The raw palm oil methylic esther was
selected, as the extractant agent of the acetic
acid in the vinasse, thanks to present a good
distribution coefficient, a low cost and an
almost null toxicity on the yeast; in the
extraction was preferred to use a proportion
of organic phase to watery phase of 1. 1,
because this way was achieved a better
distribution coefficient that in the case of the
proportion 4:3. When applying the
extraction on the vinasse to be recycled the
productivity of ethanol was increased and
also the biomass regarding the early tests
without extraction of these.

It is possible to apply more than five serial
recirculations of vinasse to the one that
previously has been extracted the acetic
acid, without detriment of the concentration
of ethanol in the fermented must; when not
applying the extraction only can be carried
out three recirculations, since for the fourth
and fifth the concentration of ethanol
diminishes in 30%.

The biomass is affected by the most
minimum presence in the acetic acid,
diminishing its quantity until in 70% when
not applying extraction, after the fifth
fermentation in series and in 42%, when the
extraction is applied, after the same number
of fermentations.

The concentration of solids affects the
biomass starting from 15% and to the
productivity of ethanol in near values to
26%.

During the five fermentations it was
achieved a saving of water of 56% and a
decrease of the volume of vinasses of 44%.
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