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Vinasse production is one of the most significant and challenging issues in the industrial production of
ethanol due to pollution problems. In this study, vinasse obtained from ethanol by fermentation of
sugarcane molasses was used instead of water to prepare the fermentation medium. Saccharomyces
cerevisiae F-727 was selected from 10 tested yeast strains. Nutritional requirements of nitrogen,
phosphorous and magnesium, as well as the effect of inoculum size were studied. There was a decrease
in required nutrients when vinasse was used instead of fresh water; and 50% yield was achieved in
fresh water together with an improved efficiency of the fermentation.

Key words: Vinasse, ethanol fermentation, Saccharomyces cerevisiae.

INTRODUCTION

The disposal of vinasse, the major effluent from the
ethanol industry, represents a major environmental
problem for the ethanol industry. This black liquid
produced 10 to 15 times greater than the ethanol itself is
a mixture of water and organic and inorganic compounds.
These compounds remain after different steps involving
sugar cane production and processing. These hazardous
substances cause the vinasse to have a very high
biological oxygen demand (BOD), ranging from 30-
40,000 (Voegele, 2009). The inadequate and indiscrimi-
nate disposal of sugarcane vinasse in soils and water
bodies has received much attention since decades ago,
due to environmental problems associated to this practice
(Aparecida et al., 2013).
Research has demonstrated that vinasse disposal in

river basins alone is not a convenient disposal solution.
Due to its high B.O.D., this material can cause damage to
aquatic life, especially when dumped in large volumes.
Some of the existing methods for the disposal of vinasse
are direct land application and methane production
(Baez-Smith, 2006). If vinasse is discharged on land, the
alkalinity of the soil is reduced, leading to destruction of
crops, deficiency of manganese in the soil and inhibition
of seed germination. Also, the concentration-incineration
of vinasse is the only system that can provide a
satisfactory solution to the pollution problem; its only
draw-back is high cost (Aparecida et al., 2013). Due to
the large quantities of vinasse produced, alternative
treatments and uses have been developed, such as
recycling of vinasse in fermentation, fertirrigation,
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Table 1. Screening S. cerevisiae strains cultivated on sugar cane
molasses medium diluted with 50% vinasse instead of water.

Yeast strain EtOH (%) RS (%) FE (%)
F-707 9.2 3.8 75.4
FA-91 9.7 3.3 79.5
FF-725 9.9 2.9 81.2
F-235 9.5 34 77.9
F-25 9.7 3.2 79.5
FK-727 10.5 2.3 86.1
FC-620 9.9 2.8 81.2
FH-620 9.7 33 79.5
FAT-12 9.3 3.6 76.2
F-514 10.4 2.3 85.3

EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.

concentration by evaporation,and yeast and energy
(Ryznar-Luty et al., 2008; Karlsson et al., 2013). No one
has found convenient and economical disposal solution
for vinasse. In this paper, we worked on the alcoholic
fermentation of sugar cane molasses and studied the
possibility of applying vinasse, instead of water in the
preparation of the fermentation medium. We applied
different vinasse percentages in the medium.

MATERIALS AND METHODS

Sugarcane molasses

Sugarcane molasses produced by Egyptian Sugar and Integrated
Industries Company is used as carbon source for ethanol
production in the distillation factories in EI-Hawamdia-Giza- Egypt.

Vinasse

Vinasse containing 8.6% total solids and 1.34% fermentable sugars
was taken from the output of distillery factories, El-Hawamdia-
Egyptian Sugar and Integrated Industries Company, Giza- Egypt.

Yeast strains

S. cerevisiae strains were obtained from Microbial Chemistry
Department National Research Centre, Dokki, Cairo Egypt. The
strains were subcultured on yeast extract, malt extract, peptone
agar (YMPA) medium and preserved in refrigerator at 4°C

Inoculums preparation

100 ml of medium (g /L) consisting of malt extract (3), yeast extract
(3), peptone (5) and sucrose (30) was poured into 250 ml sterile
conical flasks and steam sterilized at 121°C for 15 min; it was
cooled to room temperature, then inoculated with a loop of the
selected yeast strains and incubated statistically at 34°C for 24 h.
The growth yeast containing 4 x10° CFU/ml was used to inoculate
the experimental flasks at 10% (v/v).

Experimental

All laboratory studies were carried in 500 ml capacity conical flasks
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that contained 200 ml molasses fermentation medium with 20%
fermentable sugars, non- adjustable pH at 36°C.

Screening of yeast strains

Ten (10) yeast strains of S. cervisiae (Table 1) were cultured in
diluted molasses medium (20% w/v fermentable sugars); no
nutrients were added, to select the proper strains.

Effect of replacing water with varying levels of vinasse

The selected yeast strain was cultured in molasses medium diluted
with vinasse instead of water at different levels (10, 20, 30, 40, 50,
60, 70, 80, 90 and 100%) to study the effect of vinasse level on
ethanol yield and fermentation efficiency.

Effect of nitrogen source and level

Three nitrogen sources (urea, ammonium sulfate and diammonium
phosphate) were introduced individually in molasses medium
diluted with different levels of vinasse to the equivalent of nitrogen
at three concentrations each (100, 150 and 200 ppm) to study their
effect on ethanol yield and fermentation efficiency in sugar cane
molasses medium.

Effect of orthophosphoric acid supplementation

Varying concentrations of orthophosphoric acid (25-75 ppm) were
added to the fermentation.

Effect of magnesium sulfate supplementation

Varying concentrations of magnesium sulfate (15-45 ppm) were
added to the fermentation media under the applied concentrations
of urea and orthophosphoric acid.

Effect of inoculums size

Inoculums sizes ranging from 10-25% v/v were applied to study
their effect on the final ethanol yield and FE in molasses medium
diluted with different vinasse levels instead of water.

Effect of fermentation time

Varying percents of vinasse under optimized parameters of urea,
orthophosphoric acid and magnesium sulfate and inoculum size
were applied to investigate their effect on fermentation period for
maximum ethanol production.

Fermentation process

Batch culture system was employed for the fermentation of diluted
molasses with varying levels of vinasse instead of water in
fermenters having working volume of 65m®. They were supple-
mented with the parameters to be optimized, but afterwards a
diluted molasses (20% fermentable sugars) was fed to the
fermenters to enable yeast cells to utilize sugars in the molasses for
conversion into ethanol. Batch molasses was adjusted so that
fermenter vessels were filled to working capacity (65 m®), and then
allowed to achieve complete fermentation.
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Table 2. Effect of recycling varying vinasse amounts in sugar cane
molasses medium on the alcoholic fermentation yield and
efficiency.

Vinasse (%, v/iv)  EtOH (%) RS (%) FE (%)
0 11 1.8 100
10 11 1.9 100
20 11.1 1.9 100.9
30 11 2.1 100
40 10.7 2.2 97.3
50 10.5 2.3 95.5
60 10.2 2.5 92.7
70 9.6 3 87.3
80 9.3 3.8 84.6
90 8.9 44 80.9
100 8.5 4.9 77.3

EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.

Analytical procedures

The sugar concentration was determined by rapid method. 5 ml of
fermented sample was taken and dissolved in 100 ml of distilled
water and mixed with 5 ml of conc. HCL acid; it was heated at 70°C
for a period of 10 min. The obtained sample was neutralized by
adding NaOH, prepared up to 1000 ml and transferred into burette
solution. 5 ml of Fehling A and 5 ml of Fehling B were taken and
mixed with 10 to 15 ml of distilled water in a conical flask and
methylene blue indicator was added. The conical flask solution was
titrated with burette solution in boiling conditions until
disappearance of blue color. The sugar concentration was
calculated by using the formula: (sugar concentration (gm/l) =
[(dilution factor x Fehling factor) / titrate value] x 100). Cells count
(CFU) were determined using microscope with the help of
haemocytometer. Cell viability was checked by using methylene
blue indicator. The dead cells were stained with blue indicator while
viable cells remained uncolored. Ethanol yield (EtOH %v/v) of the
fermented samples was measured by ebulliometer approved in
distillation factories (Fadel et al., 2013): theoretical yield (total
reducing sugars g/l x 0.51 x 0.79) multiplied by 100. The relative
fermentation efficiency (RF) of fermentation process determined the
percent of ethanol yield when vinasse was used in relation to the
percent of ethanol yield in the molasses medium without diluted
vinasse (100%).

Reproducibility of the results

All experiments were run at least three times and all reported data
are given in mean values.

RESULTS AND DISCUSSION
Selection of yeast strain

Yeast strains are limiting factor in fermentation process.
As a result, high osmo-tolerant S. cerevisiae strains are
needed to ferment high concentrate molasses. This
would save water for molasses dilution and reduce

vinasse produced (Ingledew and Bellissimi, 2012). Ten
(10) yeast strains of S. cerevisiae were screened in
molasses medium diluted with 50% vinasse instead of
water to select the most tolerant (Table 1). Data show
that S. cerevisiae F-727 and F-514 are more efficient
than the other tested strains for producing ethanol in
molasses medium diluted with vinasse; they produced
10.8% v/v and 10.4 vlv, respectively. Fadel (2013)
showed that the selection of yeast strain is one of the
solutions to the problem of vinasse. This is because the
selection of higher ethanol yielding yeast strain and
optimization of the fermentation parameters improved
both yield and economics of the fermentation process
(Fadel et al., 2013). Research on ethanol fermentation,
including the search for efficient S. cerevisiae strains has
been on for years in order to lower down the cost of
production. Desired yeast strains have the special
property of possessing particularly efficient aerobic and
anaerobic metabolic capabilities, making them high
ethanol producers. They could also possess other
industrially-important  properties such as ethanol
tolerance, thermotolerance and resistance to killer yeasts
(Irene et al., 2009). S. cerevisiae F-727 was selected for
further studies.

Effect of vinasse amount in fermentation medium

Vinasse replaced water in different levels for dilution
molasses for obtaining desired sugars concentration in
fermentation molasses medium (Table 2). Results show
that up to 30% v/v replaced vinasse instead of water;
there is no effect on ethanol yield or fermentation
efficiency. There was slight efficiency when 40% v/v
vinasse was used instead of water. There was relative
decrease in ethanol yield and fermentation efficiency
when vinasse was introduced above 50% v/v instead of
water in the fermentation medium; but it increased as the
level of vinasse increased. From the results obtained, it is
suggested that vinasse should be increased instead of
water in the fermentation medium and also to increase
the inhibitors involved in the end fermentation whose
vinasse is tacked from methanol, fusel alcohols, acetic
acid, aldehides and aromatic compounds (Arshad et al.
2008). Heavy metals in the fermentation medium should
be increased and as well as one or more minerals toxic to
biomass production or their activity (Madaree et al.,
1991). Other by-products of the metabolism of the yeast
like glicerol, propanol, furfural and lactic acid also inhibit
the fermentation and growth speed (Navarro et al., 2000).
Besides the inhibitory effect of the fermentation by-
products, the effect of the increased solids on the vinasse
is very important, including the non-fermentable sugars
remaining in the vinasse after fermentation and
distillation. Mineral salts not assimilated by the yeast also
increase with the increased vinasse fermentations, due to
the molasses and the nutrients used for preparing the
medium of fermentation (Maiorella et al., 1984).
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Table 3. Effect of urea supplementation on the ethanol yield production from sugar cane molasses diluted with different

amounts of vinasse instead of water by S. cerevisiae F-727.

Urea concentration (ppm N/I)

Vinasse (%, v/v) - 100 200 300

EtOH (%) FE(%) EtOH(%) FE(%) EtOH(%) FE (%) EtOH (%) FE (%)
0 11.0 100.0 11.42 100 11.46 100.0 11.34 100.0
10 11.0 100.0 11.42 100 11.46 100.0 1.341 100.0
20 11.1 100.1 11.46 100.4 11.46 100.0 11.28 99.5
30 11.0 100.0 11.38 99.7 11.36 99.1 1.261 994
40 10.9 99.9 11.22 98.3 11.12 97.4 11.10 97.9
50 10.5 98.2 11.06 96.9 11.10 97.2 10.94 96.5
60 10.6 96.4 10.72 93.9 10.76 94.2 10.68 94.2
70 10.3 93.7 10.40 91.1 10.22 89.5 10.42 91.9
80 9.9 90.0 10.08 88.3 10.09 88.4 9.98 88.0
90 9.6 87.3 9.77 85.6 9.84 86.2 9.68 85.4
100 9.5 86.4 9.40 82.3 9.46 82.8 9.50 83.8

EtOH, Ethanol yield; FE, fermentation efficiency.

Effect of nitrogen sources
Urea

Urea was used as cheap nitrogen source in producing
alcoholic fermentation. Table 3 shows that it enhanced
the ethanol yield as well as the fermentation efficiency
(FE) compared to the medium free from nitrogen source.
More enhancement was achieved when 150 ppm of urea
was introduced in the molasses fermentation medium
diluted with water and 100 ppm of urea in the molasses
fermentation medium diluted with vinasse. From this, the
yeast strain can utilize the residual nitrogen involved in
vinasse. There is the possibility of saving an amount of
nitrogen when vinasse is recycled as diluents in
fermentation medium. Nitrogen deficiency slows down
yeast growth and the fermentation efficiency (Dukes,
1991), due to the inhibition of the synthesis of protein
transporting sugar through the cell membrane to the
interior of the cells. It has been shown that an adequate
nitrogen increases yeast growth provided the other
essential yeast nutrients are not lacking (Nofemele et al.,
2012). Guojun et al. (2012) concluded that production of
high levels of ethanol could be achieved by
supplementing urea as nitrogen source during ethanol
fermentation.

Effect of diammonium phosphate (DAP)

Diammonium phosphate was used as good nitrogen and
phosphorus sources in fermentation medium for ethanol
yield (Arshad et al., 2008). Table 4 shows that adding
300 mg NI of DAP to the fermentation medium was
more suitable than low or high concentrations. Arrizon

and Gschaedle (2002) evaluated the effect of assimilable
nitrogen on growth in batch cultures of S. cerevisiae
under different nitrogen concentrations (from 16-5 to
805 mg N I™"). They showed that lower than 66 mg N I™*
slowed down cell growth and a relevant decrease in cell
biomass was observed. In the strain, it appears the
highest biomass production was observed in the media
with 402 mg N I”". The kinetics of glucose and nitrogen
consumption indicates that the ability of the yeast strain
to break down sugars is strongly connected with
increased nitrogen availability in the media. The results
show that supplementation with diammonium phosphate
added during fermentation increased cell population,
fermentation rate and ethanol yield. The ammonium ion
also serves as an allosteric regulator for one of the
enzymes used in glycolysis and may also have an effect
on how the yeast cell transports glucose and fructose into
the cell (Arrizon and Gschaedler, 2002).

Effect of ammonium sulfate

Fermentation rate and the time required for completion of
the alcoholic fermentation are strongly dependent on
nitrogen availability. At the stationary phase, the addition
of nitrogen source is effective in increasing cell
population, fermentation rate and ethanol yield (Ferreira-
Mendes et al., 2004). The obtained data revealed that the
addition of ammonium sulfate to fermentation medium at
any level resulted in decrease in ethanol yield by S.
cerevisiae F-727. Our finding agrees with previous
studies which show that there were significant differences
in the amount of ethanol produced when ammonium
sulfate was added to the fermentation medium, although
this depended on the vyeast strain used. When
assimilable nitrogen was added, ethanol production
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Table 4. Effect of diammonium phosphate supplementation on the ethanol yield production from sugar cane molasses diluted
with different amounts of vinasse instead of water by S.cerevisiae F-727.

Diammonium phosphate concentration (ppm N/I)

Vinasse (%, vIv) - 100 150 200

EtOH (%) FE(%) EtOH(%) FE(%) FEtOH(%) FE(%) EtOH (%) FE (%)
0 11.0 100.0 11.62 100.0 11.82 100 11.80 99.2
10 11.1 100.0 11.62 100.0 11.82 100 1.701 99.2
20 11.1 100.1 11.72 100.7 11.82 100 11.70 98.6
30 11.0 100.0 11.82 101.7 11.62 98.3 1.641 95.8
40 10.9 99.91 11.82 101.7 11.52 97.5 11.30 95.3
50 10.8 98.23 11.62 100.0 11.44 96.8 11.24 93.2
60 10.6 96.42 11.44 98.5 11.29 95.2 11.00 91.7
70 10.3 93.71 11.12 95.7 11.02 93.2 10.82 86.8
80 9.9 90.00 10.82 93.1 10.88 92.1 10.24 85.3
90 9.6 87.32 10.27 88.4 10.26 86.8 10.06 83.6
100 95 9.96 9.96 85.7 9.96 84.3 9.86 100

EtOH, Ethanol yield; FE, fermentation efficiency.

Table 5. Effect of ammonium sulfate supplementation on the ethanol yield production from sugar cane molasses diluted with
different amounts of vinasse instead of water by S. cerevisiae F-727.

Diammonium phosphate Concentration (ppm N/I)

Vinasse (%, vIv) - 100 150 200
EtOH (%) FE(%) EtOH(%) FE(%) FEtOH(%) FE(%) FEtOH (%) FE (%)

0 11.0 100.0 11.02 100 10.92 100 10.80 100
10 11.1 100.0 11.00 99.9 10.90 100 10.80 100
20 11.1 100.1 10.96 99.5 10.90 100 10.76 99.6
30 11.0 100.0 10.90 98.9 10.58 96.9 10.46 96.9
40 10.9 99.91 10.68 96.9 10.42 95.4 10.22 946
50 10.8 98.23 10.62 96.4 10.38 95.1 10.18 94.3
60 10.6 96.42 10.58 96.0 10.30 94.3 10.08 93.3
70 10.3 93.71 10.50 95.3 10.00 91.6 9.96 92.2
80 9.9 90.00 10.48 95.1 9.26 84.8 9.16 84.8
90 9.6 87.32 9.66 87.7 9.26 84.8 9.06 83.9
100 9.5 9.96 9.36 84.9 9.04 82.8 9.00 83.3

EtOH, Ethanol yield; FE, fermentation efficiency.

either increased (with S. cerevisiae AR2 and S.
cerevisiae NT116 yeast strains) or decreased (with S.
cerevisiae LW LVCB CT1+ yeast (Hernandez-Orte et al.,
2006). Also, nitrogen added in the form of ammonium
sulfate did not affect the ethanol production rate (Arshad
etal., 2011).

Table 5 shows the effect of ammonium sulfate
supplementation on the ethanol yield obtained from sugar
cane molasses diluted with different amounts of vinasse
instead of water by S. cerevisiae F-727.

Effect of
supplementation

orthophpsphoric acid (OPA)

Table 6 shows that the supplementation of OPA plus

urea in fermentation medium enhanced ethanol yield and
raised the possibility of applying vinasse in fermentation
medium up to 40% instead of water. Data shows also that
maximum ethanol yield can be obtained by using low
amount of OPA in the case of fermentation molasses
medium diluted with vinasse. Nitrogen and phosphorus
are the main nutritional requirements for yeast growth
and maximum ethanol production efficiency. Although
molasses contains most of the nutrients required for
yeast growth, generally nitrogen and phosphate are
added to enhance yeast growth and ethanol production
(Malherbe et al., 2007). For optimum yeast efficiency in
molasses medium, OPA was used as phosphate source.
Phosphorus plays the major role in the glycolysis cycle in
yeast cell. Extensive studies were previously performed
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Table 6. effect of orthophosphoric acid supplementation on the ethanol yield production from sugar cane molasses diluted
with different amounts of vinasse instead of water by S.cerevisiae F-727.

Orthophosphoric acid (ppm)

Vinasse (%, vIv) - 25 50 75

EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%)
0 11.42 100.0 11.72 100.0 11.78 100 11.70 100
10 11.42 100.0 11.72 100.0 11.78 100 1.701 100
20 11.46 100.1 11.82 100.2 11.82 100.2 11.72 100.2
30 11.38 100.0 11.70 99.9 11.72 99.5 1.601 99.2
40 11.22 99.91 11.46 97.8 11.52 97.8 11.36 97.1
50 11.06 98.23 11.22 95.7 11.12 94.4 11.24 96.1
60 10.72 96.42 11.14 95.1 11.04 93.7 11.00 94.0
70 10.40 93.71 10.70 91.3 10.72 91.0 10.92 93.3
80 10.08 90.00 10.32 88.1 10.18 86.9 10.54 90.1
90 9.77 87.32 9.96 85.0 9.96 84.6 10.26 87.7
100 9.40 9.96 9.72 82.9 9.76 82.9 9.86 84.3

EtOH, Ethanol yield; FE, fermentation efficiency.

Table 7. Effect of magnesium sulfate supplementation on the ethanol yield production from sugar cane molasses diluted with
different amounts of vinasse instead of water by S. cerevisiae F-727.

Magnesium sulfate concentration (ppm)

Vinasse (%, v/v) - 15 30 45
EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%)

0 11.72 100.0 11.88 100 12.00 100 12.00 100
10 11.78 100.1 11. 88 100.1 12.00 100 12.00 100
20 11.82 100.1 11.94 100.1 12.08 100 12.00 100
30 11.70 100.0 12.00 100.1 12.12 100 12.08 98.5
40 11.46 99.91 11.82 100.2 12.00 100 11.90 97.8
50 11.22 98.23 11.22 100 11.34 99.2 11.32 94.6
60 11.14 96.42 11.04 99.6 11.40 98.8 11.04 93.1
70 10.60 93.71 10.80 97.2 11.62 98.2 10.70 90.2
80 10.32 90.00 10.42 92.3 10.46 95.3 10.44 88.0
90 9.96 87.32 9.86 89.8 9.36 92.4 10.16 85.7
100 9.42 86.41 9.22 87.1 9.36 90.1 9.22 77.7

EtOH, Ethanol yield; FE, fermentation efficiency.

to optimize nitrogen and phosphorous sources and other
supplements (Pretorius et al., 2013). Higher ethanol
production has also been previously reported with urea
and phosphoric acid, making the process very econo-
mical (Arshad et al., 2008).

Effect of varying concentrations of magnesium
sulfate

Varying concentrations of magnesium sulfate were
supplemented in fermentation medium diluted with
different percents of vinasse compared to those diluted

with fresh water under the above optimized nutrients
levels of urea and orthophosphoric acid (Table 7).
Results show that ethanol yield as well as relative
fermentation efficiency was enhanced by introducing
magnesium sulfate in molasses medium diluted with
vinasse, especially in the medium diluted with vinasse
above 40%. The data shows that the demand level of
magnesium sulfate was increased in the medium diluted
with vinasse than that diluted with water; this led to
maximum ethanol production. Also, the addition of
magnesium enabled yeast strain to utilize some
fermentable sugars involved in vinasse to yield more
ethanol than that diluted with fresh water. The data agree
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Table 8. Effect of varying inoculum size on ethanol yield from sugar cane molasses diluted with different amounts of vinasse

instead of water by S.cerevisiae F-727.

Inoculum size (%, v/v)

Vinasse (%, vIv) 10 15 20 25

EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%)
0 12.00 100 12.00 100 12.00 100.0 11.98 100.0
10 12.00 100 12.00 100 12.00 100.0 11.98 100.0
20 12.08 100 12.00 100 12.00 100.0 11.98 100.0
30 12.12 100 12.08 100.7 12.08 100.7 12.18 101.7
40 12.00 97.8 12.22 101.8 12.28 102.3 12.32 102.8
50 1174 96.7 12.02 100.2 12.12 101.0 12.22 102.0
60 11.60 95.0 11.76 98.00 11.81 98.4 11.78. 98.3
70 10.40 85.9 11.64 97.00 11.62 96.8 11.60 96.8
80 10.26 82.2 10.70 89.20 10.96 91.3 11.00 91.8
90 9.86 80.5 10.24 85.30 10.52 87.7 10.65 88.9
100 9.66 100 9.72 81.00 9.84 82.0 9.90 82.6

EtOH, Ethanol yield; FE, fermentation efficiency.

with scientific knowledge that vinasse contains high level
of potassium which inhibits the metabolism of
magnesium. As a result, more magnesium is needed to
overcome this problem. Deficiencies and imbalances in
minerals and cations serving as co-factors for glycolytic
and other enzymatic reactions can result in fermentation
arrest (Blackwell et al., 1997). Magnesium plays a key
role in metabolic control, growth and cell proliferation,
glycolytic pathway and subsequently ethanol production
(Walker, 1994).

Effect of varying inoculum sizes

Ethanol yield and production of co-products has a major
relationship in ethanol fermentation. Extensive studies
have been carried out to investigate the effect of yeast
inoculation rate to help the yeast cells overcome the
bacterial cells on the basis of size and number (Fadel et
al., 2013). Effect of varying inoculum sizes on ethanol
yield was studied under the above optimized parameters.
Maximum ethanol content was found when the
inoculation rate was 25% v/v and was 12.3% v/v in
fermentation medium diluted with 50% vinasse instead of
water (Table 8). The obtained results showed that yeast
cells absorb heavy metals which inhibit the enzymatic
system responsible for ethanol production by yeast cells,
and as the number of cells increases the amount of
heavy metals per cell decreases from the surrounding
medium. In brewing, higher yeast inoculum causes
attenuation to initiate the process more rapidly, and
reduces viability losses that occur immediately after
pitching. In a previous study, ethanol yield increased with
increasing inoculum size and yield of methanol, and
aldehydes were the lowest when inoculum size was
above 30% (Arshad et al., 2008).

Effect of dilution with vinasse on fermentation time
course

Table 9 shows that the fermentation medium diluted with
above 30% (v/v) increased the fermentation time, leading
to the production of the highest ethanol in the
fermentation mash. It can be said that the inhibitory effect
of heavy meals (Arshad et al., 2008) as well as osmoses
effect increased with the amount of vinasse added to the
fermentation medium (Patrascu et al., 2009).

Industrial application

Vinasse [25 % (v/v)] was applied instead of water in
diluted fermentation medium as well as 100% (v/v) in
industrial fermenters of 65 m° capacity. Table 10 shows
the safe means of using vinasse obtained from the
fermentation of sugar cane molasses for ethanol
production in distillery factories without affecting both
ethanol yield and fermentation efficiency (FE). Also, the
yeast can partially utilize some residual fermented sugars
involved in vinasse, and this has the advantage of raising
the distillery factory efficiency.

Conclusion

This study showed the safe possibility of using up to 50 %
vinasse resulting from the fermentation of sugar cane molasses
for ethanol production instead of fresh water in distillery
factories without affecting both ethanol yield and fermentation
efficiency as well as the yeast can partially utilized some of
residual fermented sugars and nutrients involved in vinasse and
this has advantage in rising the distillery factory efficiency
causing low ethanol cost production. On the other hand aids in
the solution of the environmental problem for vinasse disposal.



Table 9. effect of dilution with vinasse on fermentation time course on ethanol yield from sugar cane molasses diluted with

different amounts of vinasse instead of water by S.cerevisiae F-727.

Fadel et al.

Fermentation time (h)

Vinasse (%, vIv) 24 30 36 42
EtOH (%) RS (%) EtOH(%) RS(%) EtOH(%) RS (%) EtOH(%) RS (%)

0 11.20 3.30 11.88 1.74 11.98 1.64 11.94

10 11.20 3.31 11.88 1.75 11.98 1.64 11.94 1.64
20 11.16 3.77 11.90 1.76 11.98 1.76 11.98 1.75
30 11.04 4.37 12.08 1.86 12.18 1.96 12.28 1.76
40 11.02 4.40 12.32 2.10 12.32 2.10 12.36 186
50 11.02 4.41 12.02 2.82 12.22 2.68 12.24 2.06
60 10.90 4.64 11.32 3.36 11.78 3.26 11.86 2.64
70 10.74 5.20 11.08 4.64 11.60 4.64 11.60 3.16
80 10.60 5.48 10.20 5.44 11.00 5.44 11.0 4.64
90 10.22 6.28 10.44 6.12 10.65 5.92 10.65 5.44
100 9.72 7.08 9.90 7.00 9.94 6.98 9.98 5.92

EtOH, Ethanol yield; FE, fermentation efficiency.

Table 10. Effect of dilution with vinasse instead of water on ethanol yield and fermentation
efficiency from sugar cane molasses by S. cerevisiae F-727 .in Hawamdia Distillation Factories.
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Vinasse (%)  TFS (%) pH EtOH (%) RS (%) FE (%)
0 17.22 4.85 9.10 2.44 87.6
5 17.24 4.85 9.10 2.22 87.6
10 17.28 4.76 9.12 2.46 87.6
15 17.36 4.78 9.15 2.52 87.5
25 17.48 4.89 9.20 2.76 87.2
100 17.86 4.90 7.90 5.64 73.7

Total fermented sugars (TFS); EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.
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