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Abstract
In the anaerobic treatment of the residual vinasses from the ethanol distilleries, the high sulfate content of them tends to lower 

the methane content of the biogas produced. This paper presents an initial assessment of the technical, economic and environmental 
impact of the use of non-sulfur-hued raw materials used in the ethanol production process on the sulfate concentration in the 
distillery vinasses, without any negative influence over the main parameters of the ethanol synthesis. The results of the experiments, 
carried on at a reduced scale (I L), give a reproducible indication of the best alternative was to use ammonium phosphate and 
urea as P2O5 sources and phosphoric acid to control the pH during the fermentation; this option gives a fermentation efficiency of 
85.81%, an ethanol concentration of 32.27 g/100 ml, with a vinasses as residue with only 1893 mg of sulphate/ L. An scale-up of 
60 folds (60 liters) of the selected Alternative 8 was carried on. A high replication of the results and the corresponding benefits of a 
large volume operation were obtained. 
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Introduction 
Ethanol fermentation process has as its main effluent the 

“distillery vinasses” a very aggressive residue. Recent studies 
confirm that the most viable way to treat vinasses is anaerobic 
bio digestion, to obtain biogas with a good energy potential [1,2]. 
However, the sulphates (SO4

2) content of the vinasses inhibits the 
efficiency of anaerobic digestion, inducing also a lowering of the 
methane content in the biogas and a significant presence of the 
very corrosive H2S, [3,4]. In this research work the influence of 
the use of non-sulfur nutrients in the ethanol biosynthesis over 
the composition of the vinasses waste, was studied, at a reduced 
reproducible level (1 L), allowing a very useful approach.

 
Experimental Procedures

The study was carried using a 32 experimental design to 
evaluate the effects of the type of nutrients and acids used in the 
ethanol fermentation media (sulfur and non-sulfur compounds), 
at 1L experimental level, with B cane molasses with 66.63 g of 
total reducing sugar/g as the carbohydrates source, ammonium 
phosphate being the N and P2O5 nutrients and the strain L/25-7-
12 of Saccharomyces cerevisiae, commonly used in the ethanol 
commercial processes. To test the influence of the different 
nutrients salts, the fermentation medias were prepared using: 0.51 
g/L of NH4HPO4; 1.39 g/L of (NH4) SO4; 0.63 g/L of (NH)2CO and 

Current Trends on Biotechnology  
& Microbiology

ISSN: 2641-6875
DOI: 10.32474/CTBM.2022.03.000157

Review Article 

https://www.lupinepublishers.com/index.php
http://www.lupinepublishers.com/biotechnology-microbiology/
http://dx.doi.org/10.32474/CTBM.2022.03.000157


Citation: Yaniris Lorenzo*, Lixis Rojas, Fidel Domenech, Oscar Almazán, Juana Chanfón, Magdalena Lorenzo and Felipe Eng. The Influence 
of the Raw Materials used in the Ethanol Fermentation Over the Biogas Production from the Residual Vinasses. Curr Tr Biotech & Microbio 
3(2)- 2022. CTBM.MS.ID.000157. DOI: 10.32474/CTBM.2022.03.000157.

                                                                                                                                                          Volume 3 - Issue 2 Copyright @ Yaniris LorenzoCurr Tr Biotech & Microbio.

549

1.68 g/L of NH2NO3, to ensure the reported molecular composition 
of the Saccharomyces strain of CH1.64 N0.16 O0.52P0.01S0.005 [5]. The pH in 
all the medias tested were adjusted at 4.5 [6] with the acid selected 
for each test (Table 1); the medias were sterilized at 121°C for 45 
minutes, cooled at 30°C, inoculated with a pure Saccharomyces 
strain in a relation v/v of 1/10, incubated for 48 hours without 

mechanical agitation. After 48 hours the fermented mash was 
distillated in a semi continuous set, shown in Figure 1, at 100 °C; 
samples of 150 ml of the condensate were collected and evaluated, 
the residual, as the equivalent vinasses, after de distillation were 
recovered from the distillation set.

Figure 1: Laboratory scale distillation system.

Table 1: Experimental alternatives.

No. Alternative Nutrient Acid

1 (NH4)2SO4 H2SO4

2 (NH2)CO H2SO4

3 NH4NO3 H2SO4

4 (NH4)2SO4 HNO3

5 (NH2)CO HNO3

6 NH4NO3 HNO3

7 (NH4)2SO4 H3PO4

8 (NH2)CO H3PO4

9 NH4NO3 H3PO4

In each experimental test run, the controlled parameters were:

a) For the inoculums: the cell count in a Neubauer chamber, 
using an optical microscope [7]; for the biomass growth the 
correlation of 4.87. 1010 cells /g of dry weight was used [8].

b) At the fermentation runs: Total Reducing Sugars (TRS) at the 
beginning and at the end of each cultivation test [9]; the ethanol 
content (°GL) of the fermentation mash, according to the [10] 
and the efficiency of the fermentation process, calculated by 
the relation between the ethanol produced and the true sugar 
consumed [11].

c) At the distillation: Ethanol and other compounds by capillary 
gaseous chromatography, by the extreme standard calculation 

(3-pentanol). The congeners were calculated taking as 
reference the alcohol content of the aguardiente (75%), for an 
equivalent of 59.25 g/100 ml as per the Cuban Standards [12].

d) The residual vinasses: were characterized following the 
standard methods for water and spends waters [13].

e) The statistical processing of the results: The results were 
processed by the multifunctional variance analysis (ANOVA), 
using the Stat graphic Centurion XV, 15.1.0.2, software [14].

f) The economic analysis: To select the most economically 
attractive alternative, a cost data was calculated for the 
ethanol recovered, based on 1 L, as an orientate behavior, 
taking the alternative 1 in Table 1 as reference, because its 
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correspondence with the nutrients and acid most used in the 
local industry.

Results
In Ethanol Fermentation

For the pH adjustment of the fermentation the sulfuric acid 
was the one with the lower consumption, the nitric acid shows the 
highest with also the highest costs.

The Cell Count at the Ethanol Fermentation 
The results of the cell growth during the fermentation are 

shown in Table 2, the initial and final biomass was calculated by 
cell count. The biomass concentration at the end of the cultivation 
corresponds with the previous reported values reported in the 
literature (Table 3) [15]. The Yields product-biomass (ml ethanol/g) 
are in the range of the conventional values for ethanol fermentation 
processes, using cane molasses as a carbon source. The alternatives 
using urea as the N source (alternatives 2, 5 and 8) gave the highest 

yields.

The Fermentation Efficiency
The yields and the fermentation efficiency are given in Table 

3. From Table it´s possible to appreciate that alternatives 2, 5 and 
8 show the higher ethanol content per L of media and when urea 
was used as the N source; also, alternative 8 gave the higher ethanol 
production (77.45 ml/l), being the one where phosphoric acid was 
used for pH control. On the other hand, no significant differences 
in the ethanol bioconversion were appreciated in the alternatives 
tested; but alternatives 2 and 8, using urea, showed the best 
behavior. The statistical results confirm that the nutrients have a 
decisive impact over the fermentation efficiency and that only the 
urea has a beneficial influence over the ethanol bioconversion. In 
the figures in Tables 2 & 3 is possible to conclude that the best 
yield product – biomass is obtained with urea as the N source, as 
well as the best fermentation efficiency and the highest ethanol 
production, so being the best alternative.

Table 2: Product yields – biomass.

No Initial Count (ufc/mL) Inicial Biomas Final Count (ufc/mL) Final Biomass Biomass Growth Yield (Y)

Alternative  (g/L)  (g/L) (g/L) Product/Biomass

      (mL/g)

1 6,60E+07 1,36 2,50E+08 5,13 3,78 11,59

2 6,50E+07 1,33 2,75E+08 5,65 4,31 13,49

3 6,45E+07 1,32 2,50E+08 5,13 3,81 10,81

4 8,65E+07 1,78 3,20E+08 6,57 4,79 8,55

5 4,35E+07 0,89 2,75E+08 5,65 4,75 13,28

6 9,55E+07 1,96 3,35E+08 6,88 4,92 8,72

7 5,65E+07 1,16 2,60E+08 5,34 4,18 11,27

8 6,85E+07 1,41 3,20E+08 6,57 5,16 11,79

9 4,50E+07 0,92 4,35E+08 8,93 8,01 5,94

Table 3: Fermentation efficiency referred to the initial sugars content.

No. Alternatives
Efficiency (ml/l)

Initial TRS (g/L)
Initial Fermentation 

Efficiency (%) Final TRS (g/L)
Final Fermentation Efficiency  

(%) 

1 56,22 145 63,44 45,07 85,02

2 76,19 145 81,22 933 86,80

3 55,48 145 59,13 38,13 80,24

4 56,15 145 59,85 36,27 79,81

5 75,00 145 79,95 4,53 82,54

6 59,98 145 63,94 32,00 81,07

7 60,16 145 64,13 21,33 75,14

8 77,45 145 82,56 6,93 86,69

9 53,06 145 56,55 26,67 69,53
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Characterization of Ethanol Distillates
In Table 4 it´s possible to have the full composition of all the 

samples of the distillates obtained during the tests. The esters 
contents, in all the samples, were under 50 g/100 L; the range of 
the high alcohols content (propanol, isobutyl alcohol, 2 methyl 1 
butanol and isoamilic alcohol) was within the values of the Cuban 

Standard [12], (175 and 350), except for the isomeric alcohol. 
Note that the distillate samples D2 and D8, are under the referred 
values; with respect to the methanol content, it is evident that only 
samples D5 and D8, range below the established limit of 10 g/100; 
of all the distillates sampled in the tests, D8 has the most attractive 
composition to be used in beverages.

Table 4: Components of the distillates of every alternatives studied.

Components (g/100 L) Distillates (D1-D9)

 D1 D2 D3 D4 D5 D6 D7 D8 D9

Alcoholic degree 75 75 75 75 75 75 75 75 75

Acetaldehyde 79,74 21,53 55,48 99,91 35,36 97,93 109,74 53,87 157,87

Ethil acetate 38,01 29,27 35,16 41,82 32,92 42,08 29,94 30,31 35,34

Methanol 13,45 12,80 14,80 25,34 9,16 11,44 11,56 9,48 13,23

2 butanol 0,82 ND ND ND ND ND 0,54 0,30 0,45

Propanol 95,56 111,68 92,12 90,35 105,84 88,65 91,90 107,08 94,09

Isobutyl 241,19 170,86 207,02 261,32 340,40 245,94 239,57 199,40 263,00

1 butanol 2,55 2,56 1,67 2,42 2,22 2,38 2,07 2,40 2,46

2 methyl 1 butanol 146,80 91,34 110,68 151,24 153,58 139,75 121,99 109,70 153,03

isoamilic 500,22 296,41 416,75 529,68 482,22 468,57 378,98 316,88 505,87

High alcohols 983,76 670,29 826,57 1032 1082 942,91 832,44 733,06 1016

The Vinasses Composition
Table 5 shows the results of the influence of the raw materials 

over the vinasses composition [15,16]; different N and P2O5 
sources were tested, also different acids for the pH control of the 
biosynthetic process, with the COD (chemistry oxygen demand), 
BOD (biological oxygen demand), pH, SO4

2- (sulphate), as well as 
the Total Solids (TS) and Volatile Total Solids (STV) in the vinasses 
being the evaluated responds. It´s possible to appreciate that the 
relation TVS/TS was within the range of 0.75-0.96 in all the samples, 
a high COD value confirms their high organic matter content [17]; 
also, the pH values were between 4.20 and 4.35, typical values of 

the ethanol wastes. When Sulfuric acid is used to control the pH, 
during the ethanol biosynthesis, is possible to note a high sulfate 
content in the vinasses, the use of nitric acid for the pH control also 
induces a high sulfate content in the spends, the lowest values of 
sulfate in the vinasse are obtained when phosphoric acid regulates 
the pH of the fermentation. These results confirm the hypothesis 
that the sulfate content in the waste vinasses is highly dependable 
over the nutrients and the acid employed to control the pH of the 
biosynthesis. After a full evaluation of the alternatives tested, it´s 
clear that the best combination is the one using urea as a N source 
and phosphoric acid for the pH control.

Table 5: Characterization of the residual vinasses obtained in the test runs at the lab scale (1 L).

No. alternative COD BOD pH SO4
2- TS VST

 (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)

1 115414,63 42386,52 4,24 2903,85 78396,34 65167,34

2 61133,47 24771,34 4,30 2406,88 51044,38 38436,31

3 87267,34 40735,09 4,27 3036,70 75494,24 62230,01

4 92575,24 39083,67 4,31 1471,99 58711,38 46627,37

5 56923,86 24220,87 4,31 1570,41 42135,50 30690,04

6 78880,76 35230,35 4,30 1683,57 54382,45 43505,08

7 66005,83 30826,56 4,26 1501,52 50084,35 38335,03

8 49637,76 26422,76 4,35 1250,57 40026,08 38335,03

9 68318,70 34679,88 4,28 1344,06 48930,56 37110,77
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The Economic Analysis
Table 6 shows the total unit costs for all the alternatives 

studied taking in account [18]; the reports refer to the total cost 
and the foreign currency component of each one, per hl of ethanol. 
Alternative 1 was used as a reference, due to the fact that its nutrient 

pattern and acid used conventionally in the Cuban ethanol industry 
today. The analysis indicates that Alternative 2 has the lowest unit 
cost, but looking for an integral behavior, Alternative 8 combines 
a lower cost (of $ 31.20/hl and a component of US$ 20.07), a low 
sulfate content in the vinasses with a high ethanol yields.

Table 6: Total unit cost of each variant.

No. Variants Miel (t/hL) Acid (t/hL) Nutrient (t/hL) Cost ($) Cost (US $)

1 0,4020 0,0017 0,0025 34,51 20,99

2 0,3794 0,0010 0,0008 27,61 16,62

3 0,4071 0,0021 0,0030 35,13 20,74

4 0,4025 0,0055 0,0025 37,91 23,10

5 0,3012 0,0038 0,0008 29,29 17,74

6 0,3770 0,0067 0,0028 35,68 19,37

7 0,3754 0,0043 0,0023 41,92 25,60

8 0,2923 0,0031 0,0008 31,20 20,07

9 0,4256 0,0047 0,0032 39,35 26,60

The Reproducibility Test
To confirm the results obtained and the confidence over the 

future scale-up of the evaluated hypothesis, and scale–up of 60 
folds, of the selected Alternative 8, was carried out. The work done 

included the evaluation of the ethanol yields, the fermentation 
efficiency, the composition of the vinasses, the unit costs and the 
quality of the obtained ethanol distillates. The mean values are 
shown in Tables 7 & 8, referred to the main parameters evaluated.

Table 7: Results of the scale-up of the Alternative 8.

TESTS RESULTS

mL Acid/L mash fermentation 2,54

Fermentation Efficiency

mL alcohol/L mash Fermentation Initial TRS 
(g/L)

Initial fermentation 
efficiency (%)

Final TRS 
(g/L)

Final fermentation efficiency 
(%)

80,55 145 85,87 5,4 89,18

Vinasse composition

COD (mg/L) BOD (mg/L) pH SO42-(mg/L) ST (mg/L) STV (mg/L)

32882,85 24333,31 4,22 63,25 36182,45 26053,70

Total cost

Molasses (t/hL) Acid (t/hL) Nutrient (t/hl) Cost ($) Cost (US$)

0,2029 0,0025 0,0006 15,64 9,53

Table 8: Composition of the distillate under the scale-up conditions.

Components (g/100mL) Results

Ethanol (Alcoholic degree) 59,25 (75oGL)

Acetaldehyde 9,40

Ethil acetate 24,63

Methanol 4,44

2 butanol -
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Propanol 112,09

Isobutyl 104,31

1 butanol 1,62

2 methyl 1 butanol 61,51

isomeric 245,78

Conclusion
The results indicate that when the selected waste vinasses 

treatment is anaerobic bio digestion, the best alternative is to use 
urea as the N source and phosphoric acid for the pH control of the 
ethanol biosynthesis. This combination guarantees a high ethanol 
fermentation efficiency, and the obtained distillates satisfy the 
Cuban Standard for the use in beverage. A scale-up of 60 folds of 
the selected Alternative 8 confirms a tight replication of the results 
and the corresponding benefits of working at large volumes.
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