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ABSTRACT 

Brazil has edaphoclimatic conditions to produce a diversity of crops with energetic potential. Thus, the 

study aims to correlate the technological parameters of biomasses suitable for fermentation, quantify 

metabolites produced by FT-858 yeast, as well as assess the yield and fermentative efficiency for 

bioethanol production. It was performed studies of technological qualities of the biomasses and 

fermentative capacity testing with inverted Durhan tubes. For metabolites production, the FT-858 yeast 

was pre-grown in liquid medium (YPD 2%), recovered by centrifugation and inoculated in the 

substrates, in definite times aliquots were collected for analysis of ethanol concentration performed by 

gas chromatography and glycerol accumulation by enzymatic kit of triglycerides. The yield and 

fermentative efficiency were assessed by consumption of sugar using DNS method, and ethanol density 

using digital densimeter. According to the results, the yeast presented better performance in sweet 

sorghum, which also presented more expressive values of fermentative efficiency and yield. Sweet 

sorghum has great bioenergetic potential and can be used as complement to sugarcane to increase 

ethanol production. 
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 he replacement of fossil fuels by alternative energy sources has been presented as 

a promising way to reduce greenhouse gases emission (GHG) from 

anthropogenic activities (Moreira 2011). The reduction of these gases is essential 

to reduce emissions by 50 - 85% by 2050, providing stabilization of these gases 

atmospheric concentrations at levels that enable mitigation of climate change 

effects on the environment (Edenhofer et al. 2012), promoting research on alternative renewable 

sources that can be employed for power generation, a good example are plant biomasses.  

Brazil stands out as a great biomass producer. The biomass supply in 2005 was 558 million 

tons, with growth projection of 1402 million tons by 2030 (Moraes et al. 2017). Due to its great 

biodiversity, Brazil has a wide variety of biomass types in its territory, but only a few can be used for 

power generation, due to the availability of raw materials in a particular region. The country is at the 

forefront of energy production from biomass, the main parts of the biomass can be converted into 

biogas and biofuels by different technologies, which can be modified into thermal, mechanical or 

electrical energy and biofuels, being used primarily as a renewable and sustainable energy source 

(Barbosa & Langer 2011). 

In this context, firstly it is necessary to understand the concept of Biomass and its features. 

Thus, biomass is any material that can be decomposed by chemical and biological agents, characterized 

as a renewable resource that comes from the total mass of organic matter that accumulates in a place, 

and can be of plant or animal origin, or even their waste. Biomass can be found in several forms and 

the best known are wood and waste generated by agricultural crops, agricultural industries and 

industries in general, livestock, energy forests and municipal solid waste according to Fernandes (2012).  

Society, in general, is already familiar with biomass importance and how these natural resources 

can be used as raw materials sources in industrial processes, providing benefits to the environment. 

Such processes of biomass transformation have the ability to produce within the limits of renewable 

resources being: (a) plant biomass (b) animal biomass and (c) biotechnological processes, as shown in 

(Figure 01). 

Among the main sources of renewable energy in Brazil are the biomasses representing 24% of 

the internal energy supply in the country, highlighting the use of sugarcane (Empresa de Pesquisa 

Energética 2015). However, biomass conversion into several products with added value and less 

environmental impact still depends on development and implementation of sustainable processes at 

economically viable levels. 

T 
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Figure 01. The transformation of renewable sources from value added generation in industrial 

processes. 

 
Source: The Authors 

 

Among the main biomasses cultivated in Brazil, sugarcane and sweet sorghum are suitable to be 

used for sugar, ethanol and bio-energy production, considering that after juice extraction it is purified 

being sensitive to the action of fermentative agents, thus classified as direct fermentation substrates. 

Sweet sorghum (Sorghum bicolor (L.) Moench), as reported by Albuquerque et al. (2012), can be 

employed in fuel ethanol production because it presents high-yield and fermentable sugars, and 

represent an economic gain since there are no required changes in the plant of sugarcane production, 

according to Anandan et al. (2012), this biomass can be processed in the same way as sugarcane. 

Another advantage of this crop is the easy adaptation to different environments and high capacity of 

CO2 conversion into carbon source (Pin et al. 2011).  

In the United States, the production of ethanol has maize as the raw material, however in this 

process enzymes are used that break the starch (Bortoletto & Alcarde 2015). In European countries the 

biofuel production process is based on sugar beet (Beta vulgaris) with a process similar to that of ethanol 

from sugarcane, as the beet has a high percentage of sucrose (Oliveira et al. 2012). With this it can be 

observed that the Brazil is in a privileged position because it is the largest exporter and presents 
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advantages in relation to the technologies applied to the production of this fuel according to the União 

de Produtores de Cana-de-açúcar (Única 2012).  

However, it is necessary to understand how the chemical compounds present in these crops 

might affect the yeasts during the fermentation process, as well as the stressing factors associated with 

bioethanol production process. In the fermentation processes of the plants the appropriate and used 

temperature is 30 to 32ºC, with a concentration of soluble solids between 18-22º Brix as recommended 

by Ceballos-Schiavone (2009). The fermentation time should not exceed 10 to 12 hours, as longer times 

may favor contamination by wild bacteria and yeast (Mongelo 2012). 

Biotechnological processes can play an important role in transformation of biomass into energy, 

because the efficiency of the fermentation process and its yield result from a biotransformation process, 

in which the agent responsible for converting sugar into alcohol is a living being, the yeast Saccharomyces 

cerevisiae (Badotti et al. 2008). In the fermentation process productivity and yield parameters are essential 

factors that should be analyzed in order to measure the losses and process efficiency, as well as raw 

material condition is directly related to ethanol quality and quantity (Santos et al. 2013). 

Biofuel production can be obtained from raw materials such as: starches (cassava, sweet potato, 

corn and other grains), cellulosic (wood and agricultural residues, among which sugarcane bagasse 

stands out) and saccharines (sugarcane, sweet sorghum, and sugar beet) (Sivasakthivelan et al. 2014). 

Through different technologies employed in their production process, and can be juice first and second 

generation (Pitarelo et al. 2012). 

According to the Companhia Nacional de Abastecimento (Conab 2017), in the 2016/2017 

harvest, 27.80 billion of fuel ethanol were produced, with 11.07 billion of anhydrous ethanol and 16.73 

billion of hydrated. However, it is necessary to understand how the chemical compounds present in 

these crops might affect the yeasts during the fermentation process, as well as the stressing factors 

associated with bioethanol production process. In this context, the study aims to correlate the 

technological parameters of biomasses suitable for fermentation and quantify metabolites produced by 

yeast FT-858, as well as assess the yield and fermentative efficiency for production of bioethanol. 

 

MATERIALS AND METHODS 

  

JUICE EXTRACTION FROM BIOMASS 
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Sugarcane juice was obtained from an ethanol plant in the region and stored in sterile bottles. 

Sorghum was obtained by extraction by milling, Embrapa Agropecuária Oeste and transported at (4 ºC) 

to the Biotechnology, Biochemistry and Biotransformation Laboratory of the Centro de Estudos em 

Recursos Natural (CERNA), at the Universidade Estadual de Mato Grosso do Sul, in Dourados, Mato 

Grosso do Sul. Where the material was filtered through cotton to remove impurities and subsequently 

through filter paper. For Brix degrees concentration, evaporation was performed in thermostated plate 

accompanied by a portable refractometer; both substrates were calibrated at concentrations of 18 and 

22º Brix. The pH was adjusted to 5.0 with (1mol L-1) hydrochloric acid.  

TECHNOLOGICAL PARAMETERS OF SACCHARINE SUBSTRATES 

Assessment of technological parameters of saccharine substrates, was performed in a qualitative 

exploratory way through a comparative bibliographical study of the results found in this study regarding 

the technological characteristics of the saccharine substrates. 

 

BIOTECHNOLOGICAL PROCESS 

YEAST FERMENTATIVE CAPACITY TRIAL ON SACCHARINE SUBSTRATES 

For the assessment of fermentative capacity, industrial yeast FT-858 were used, which are 

widely used in fuel ethanol production. It was performed plating using solid Sabouraud Agar Dextrose 

medium in Petri dishes of 90 mm diameter, consisting in the preparation of 0.10 g of yeast samples in 

sterile saline solution (0.85%), by serial dilution from 1.10-1 to 1.10-4, of which aliquots of 100 μL were 

withdrawn and scraped with a Drigalski handle. Plates remained incubated by for 24h at 30 ºC. 

Substrates were calibrated with the aid of a portable refractometer at different concentrations of total 

soluble solids (18 and 22 ºBrix), and with a graduated pipette 10.0 mL of the juice were added in test 

tubes containing inverted Durham tubes, the set was autoclaved at 120 ºC for 20 minutes. Then, a yeast 

colony was inoculated into each tube that remained incubated for 24h and subsequently analyzed 

regarding formation of CO2 bubble retained in the Durham tubes in addition to foam presence, 

indicative of fermentation. 

 

PRE-INOCULUM AND FERMENTATION 

For the preparation of pre-inoculum, it was used classical liquid cultivation medium YPD 2%, 

containing 1.0% (w v-1) yeast extract; 1.0% (w v-1) peptone; 2.0% (w v-1) glucose, autoclaved at 120ºC 

for 20 minutes, 0.10 g of lyophilized yeast FT-858 was inoculated. Flasks containing the inoculum were 
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incubated in shaker model CT-712R, for 10h at 30ºC and 250rpm. After growth cells were collected by 

centrifugation (800g, 20min), suspended and washed three consecutive times in sterile saline solution 

(0.85%), resulting in a concentration of 10 mg mL-1 of wet mass that was used for the fermentative 

experiments. Fermentation was performed on the saccharine substrates sorghum and sugarcane juice 

sterilized at the concentration of 18 and 22º Brix, in Erlenmeyer of 125 mL, containing 50 mL of juice 

and incubated at temperatures of 30 and 40ºC at 250rpm. At different times, aliquots of 04 mL were 

removed and centrifuged (800 g, 20min), and the supernatant was used to assess extracellular glycerol 

and ethanol concentration. All experiments were performed in triplicate. 

 

EXTRACTION OF METABOLITES 

Secondary metabolites were obtained from the fermentation medium in juice saccharine 

substrates. Extracellular glycerol was quantified by supernatant analysis and determined using an 

enzymatic kit for analysis of triglycerides (Laborlab®), correlating with a standard curve of glycerol 

obtained at concentrations ranging from 0.05 to 0.80 g L-1. In the times (15, 25 and 45 hours) of 

fermentation and samples were centrifuged (800 g) and the supernatant was used for analysis of alcohol 

content, distillation was performed using a microdistiller and subsequently the alcohol content was 

determined by the alcohol density obtained in Anton Paar DMA4100M digital densimeter according to 

Amorim (1997). 

 

INVESTIGATION OF BIOMASSES WITH POTENTIAL FOR BIOFUEL PRODUCTION 

Biofuel was produced using the sugarcane and sorghum juice extracted from biomasses with 

high content of fermentable sugars, for 10 hours of fermentation and samples were centrifuged (800 g) 

and the supernatant was used for analysis of alcohol content, distillation was performed using a 

microdistiller and subsequently the alcohol content was determined by the alcohol density obtained in 

Anton Paar DMA4100M digital densimeter according to Amorim (1997). The determination of 

fermentative efficiency based on stoichiometric calculation of Gay-Lussac. Fermentative yield was 

performed based on ethanol produced by the consumption of sugars (Aquarone et al. 1983). The 

consumption of total reducing sugars (TRS) was determined by the method 3.5 – dinitrosalicylic – 

DNS described by Miller (1959).  

 

STATISTICAL ANALYSIS 
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The results were analyzed with Excel version 2016 software with ActionStat supplementation 

with means followed by standard deviation and the graphs plotted with Origin 8.0. 

 

RESULTS AND DISCUSSION  

 

Technological parameters 

In the analysis of technological characteristics of substrates, it can be observed that both the 

juice of sugarcane as the sweet sorghum have similar composition regarding sugars, which are the basis 

for the fermentation process. However, there were differences in these carbohydrates’ concentration, 

with sugarcane juice presenting sucrose content from 14 to 22%, greater than that found in sorghum, 8 

to 13%. Regarding the average productivity of each biomass in tons per hectare, the productivity of 

sugarcane is greater than sorghum, around 60-120 and 60-80 (t ha-1), respectively. The analysis of yield 

in ethanol conversion shows that sugarcane has a greater yield, 7046 (L ha-1) compared with ethanol 

yield of sorghum, 6442 (L ha-1), according to the Table 01. 

 
Table 01. Assessment of biomass of direct fermentation productivity. 

Parameters  
Substrates   

Sugarcane Sweet sorghum 
Productivity (t ha-1) 60-1202 60 – 803  
Ethanol yield (L ha-1) 70463 64423  

Sucrose content (%)  14 – 221 8 – 131  

Suitable for harvesting (months) 12 – 18 3 – 4  
 

Source: Adapted from 1(Almodares & Hadi 2009), (IBGE 2014); 2(Taborda et al. 2015); 3(Moreira et al. 2015). 

 

In the 2016/2017 harvest, approximately 9.1 million hectares were collected, an increase of 

5.3% compared to the 2015/2016 harvest according to data from the Companhia Nacional de 

Abastecimento (Conab 2016). This position is due to advancements and improvements of production 

techniques which were partially directed to genetic improvement of sugarcane, with development of 

varieties better adapted to environmental and agroclimatic conditions aiming to contribute and provide 

raw materials with high productivity, high sucrose content and good biomass production (Morais et al. 

2015).  

The biomasses, sugarcane and sorghum, present carbohydrates of direct fermentation in their 

composition, according to Nuanpeng et al. (2018), which can be metabolized by yeasts, Saccharomyces 
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cerevisiae, converting them into ethanol (Almodares & Hadi, 2009). Studies developed by Masson et al. 

(2015), comparing sweet sorghum juice with sugarcane juice, found higher Brix concentration values in 

the sugarcane juice, 21.2%. Serna-Saldívar et al. (2012) presented in their studies values of total soluble 

solids of 20% for sweet sorghum juice. 

Sorghum has a rapid growth cycle, according to Souza et al. (2005), being suitable for cutting by 

130 days, being undemanding regarding water and nutrients availability from the soil. This crop can be 

used as a complement to sugarcane during off-season for fuel ethanol production (Tavian et al. 2014). 

Studies by Borges et al. (2010), relating ethanol yield using sorghum as a substrate, found values 

between 50 and 65 liters of ethanol per ton with a projection from 4544 to 6636 (L ha-1). However, in 

terms of production per area planted, sugarcane is higher, since it already is consolidated as a raw 

material for ethanol in Brazil, with mean production between 5000 and 7000 (L ha-1). 

In the analysis of the fermentative capacity test in saccharin substrates with yeast FT-858, 

demonstrated that this strain is able to bioconvert this carbon source and efficiently, since there was 

presence of foam and bubbles in the Duhran tube under different fermentation conditions (Table 02).  

 

Table 02. Analysis of fermentative capacity of FT-858 industrial yeast on saccharine substrates. 

Yeast Temperature (ºC) ºBrix Saccharine substrates 

FT-858 

  Sugarcane Sweet sorghum 
30 
 18 

+ + 

40 + + 
 

30 
 22 

+ + 

40 + + 
Source: authors. 

 
 

To study the physiological response of yeast in concerning substrate bioconversion and 

understanding fermentation peculiarities may result in the choice of a yeast strain that best suits the 

process, resulting in greater efficiency in the conversion of the final product, bioethanol (Pacheco 

2010). It can be suggested that these cultivars are economically advantageous for ethanol production 

and provide a favorable environment for yeast metabolism. 

Sorghum is a perennial crop and has agronomic characteristics conducive to biofuel production, 

easy to handle and adapt to edaphoclimatic conditions according to Chan-u-tit et al. (2013), with 
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management of accessible technologies to most producers, and containing high sugar concentrations 

similar to sugarcane (Yu et al. 2014). This crop has great energetic potential as renewable energy 

sources and given its characteristics of precocity and having short cycle and tolerance, it is promising to 

be cultivated as second crop (safrinha) (Giacomini et al. 2013). 

Metabolites production 

The strain FT-858 cultivated in sugarcane juice substrate, in the evaluation of glycerol 

accumulation, showed a slight variation in relation to the total concentration of soluble solids (ºBrix). 

However, analyzing the accumulation as a function of temperature, it can be observed that there was 

no change in the accumulation of this metabolite in the fermentation medium at 30ºC and in the 

substrate concentrations of º Brix. At 40ºC, the accumulation was 0.50 g L-1 in sorghum. Analysis of the 

ethanol concentration of FT-858 strain grown in sugarcane juice showed that the best performance was 

at 30ºC at 15 hours of fermentation at 22º Brix concentration with 7.0% (v v-1) ethanol. However, it 

was in the sorghum juice that the best ethanol production 7.5% (v v-1) occurred under the analyzed 

condition. At the temperature of 40ºC, the fermentative performance was affected, because ethanol 

concentration was around 3.5% (v v-1) at 22º Brix (Table 03). It is likely that longer fermentation times 

along with high temperature induced the yeast to stress, given the physiological response that this 

microorganism showed, especially in relation to ethanol production. 

In longer times there was a decline in the assessed parameters. Maybe the high temperature and 

longer period of fermentation may have stressed the yeast interfering directly in the metabolic pathways 

of the microorganism. Metabolite production in yeast is related to the synthesis mechanism. Ethanol 

production originates from the same glycerol biosynthesis pathway. Thus, under favorable conditions 

yeast produces ethanol, however under stress conditions glycerol accumulation occurs. This metabolite 

is an inhibitor of ethanol production according to Basso et al. (2008) and Vázques-Lima et al. (2014). 

 

Table 03.  Metabolites assessment of yeast FT-858 of biotechnological interest produced using 
saccharine substrates at different concentrations and temperatures. 

  18ºBrix  22ºBrix 

Substrates 
Fermentation 

Time (h) 
Glycerol 
(g L-1) 

Ethanol %  
(v v-1)  

Glycerol 
(g L-1) 

Ethanol %  
(v v-1) 

Temperature de 30ºC 

Sugarcane 
 

15 0.38 ± 0.01 6.0 ± 0.01 
 

0.40 ± 0.01 7.0 ± 0.01 

25 0.36 ± 0.00 3.0 ± 0.00 0.38 ± 0.00 3.7 ± 0.00 
45 0.32 ± 0.01 0.7 ± 0.01  0.35 ± 0.01 0.7 ± 0.01 

Sweet sorghum 
 

15 
 

0.40 ± 0.00 
 

6.5± 0.00  
 

0.43 ± 0.00 
 

7.5 ± 0.00 
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25 0.42 ± 0.01 3.0 ± 0.01 0.46 ± 0.01 3.6 ± 0.01 
45 0.36 ± 0.01 0.7 ± 0.01  0.43 ± 0.01 0.9 ± 0.01 

Temperature de 40ºC 

Sugarcane 
 

15 0.42 ± 0.03 3.0 ± 0.03 
 

0.45 ± 0.00 3.3 ± 0.00 

25 0.42 ± 0.00 1.7 ± 0.00 0.42 ± 0.01 2.0 ± 0.01 
45 0.43 ± 0.03 0.2 ± 0.02 

 
0.36 ± 0.01 0.3 ± 0.01 

Sweet sorghum 

 
15 

 
0.43 ± 0.00 

 
3.0 ± 0.00 

 
0.50 ± 0.02 

 
3.5 ± 0.02 

25 0.45 ± 0.00 2.0 ± 0.01 
 

0.50 ± 0,00 2.7 ± 0.00 
45 0.45 ± 0.00 0.3 ± 0.00 0.50 ± 0.00 0.4 ± 0.00 

Mean of three samples readings followed (±) by standard deviation.  
Source: authors 

 
In studies on the physiology of industrial yeast strains performed by Moreira et al. (2015), 

growing strains on sugarcane juice substrate at 12, 15, 24 and 30º Brix and temperature of 30ºC. 

The authors observed that the best rates were obtained at the time of 08 hours of fermentation at 

15º Brix, with cell viability of 96% and ethanol concentration of 8.5% (v v-1). Studies by Ramos et 

al. (2013), with 66 Saccharomyces cerevisiae strains isolated both from industrial processes and fruits, 

subjected to stressing conditions at a temperature range between 30 and 42ºC, with osmolarity of 

0.5, 0.7 and 1 mol L-1 NaCl, and adding ethanol of 06, 12 and 18% (v v-1). Obtained as response 

two different groups of yeasts, one composed of 21 yeasts that were more resistant to the stress 

levels, and the others showed sensitivity at 42ºC with osmolarity concentrations and presence of 

ethanol, 1 mol L-1 NaCl in 12% (v v-1). 

According to Masson et al. (2015), comparing the fermentative process in sugarcane and 

sweet sorghum at 16º Brix concentration for 10 hours of fermentation, assessing cell viability of an 

industrial yeast strain in these substrates, the cell number was similar for both substrates. The data 

from this study differ from those described in the literature. However, fermentative conditions 

interfere with the production of matabolites. In this sense, it can be inferred that each yeast strain 

presents different response mechanisms to the adverse conditions of the fermentative medium even 

to the substrate concentration for ethanol production. 

The amount of glycerol produced during fermentation can affect the final yield of ethanol, 

therefore, the selection of yeast strains that present greater tolerance to stress levels are required 

since they may present low amount of glycerol production (Basso et al. 2015). It is important to 

emphasize that glycerol production is one of several mechanisms for adaptation of yeast cells to 

stressing factors that occurs during fermentation (Aslankoohi et al. 2015). Strains of Saccharomyces 

cerevisiae employed by the sucroenergetic sector must be tolerant to stress levels of the medium in 

addition to present high ethanol production and resistance to different compounds that can be 
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inhibitory for their metabolism (Hahn-Hagerdal et al. 2007). Ethanol produced via fermentation is 

the result of a biotechnological process, once the agent responsible for the transformation of sugar 

into alcohol is a microorganism, the yeast, the most used for biofuel production (Pereira et al. 

2015). 

Biomass potential for biofuel production 

The analysis of fermentative efficiency and yield using the yeast FT-858 in sugarcane juice 

substrate at the temperature of 30ºC showed that although fermentative efficiency was of 85%, the 

yield was around 29%. At the temperature of 40ºC, the fermentative efficiency was of 41% and 

yield 7%. In sweet sorghum juice at 30ºC, the fermentative efficiency was of 92% and yield of 34%. 

At the temperature of 40 ºC, the percentages were 44% and 8% for fermentative efficiency and 

yield respectively, due to thermal stress, the yeast showed sensitivity to this variable, which may 

have compromised its fermentative efficiency and ethanol yield (Figures 02A and 02B). 

 

Figure 02. Yield and fermentative efficiency of FT-858 yeast grown in juice of sugarcane (A) and 

sweet sorghum (B) at different temperatures.  

 

 
Source: Authors 

 

Studies by Davila-Gomez et al. (2011), using the juice of five varieties of sweet sorghum 

and Saccharomyces cerevisiae (ATCC 24858), obtained fermentative efficiency ranging from 79.9 to 

89.7%. While Ratnavathi et al. (2010) observed fermentative efficiency values ranging from 86.5 

to 94.7% for sweet sorghum, using the yeast CFTR 01. Already Lima et al. (2007), using 16 yeast 

isolates observed that only one isolate showed 45.8% fermentative yield and 85.1% fermentative 

efficiency in sugarcane juice. 
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In our studies the yield an fermentative efficiency values were 92% and 34% in sweet 

sorghum, thus the yeast FT-858 presented better efficiency, and the yield was similar to the 

reported by Dornelles and Rodrigues (2006) of 37.59%. In the study performed by Masson et al. 

(2015), assessing fermentative yield in saccharine substrates, the results presented 87.5% for 

sugarcane juice and 81.3% for sorghum, respectively. 

 

CONCLUSION 

 

In the analysis of the technological parameters, there was a small variation between the 

saccharin substrates. Glycerol accumulation was more pronounced at 40ºC. Ethanol production 

was affected at higher temperatures and longer fermentation times. Considering the few studies 

with yeast FT-858 in different concentrations of Brix and saccharin substrates, this study shows 

the potential of this microorganism in biotechnological processes. 

The substrate that presented the best yield and fermentative efficiency was the sweet 

sorghum juice at a concentration of 22 ºBrix and 30 ºC. Therefore, it can be inferred that, given 

the characteristics of this biomass, it can be used in biofuel production and supply of sugarcane 

out of season. 

The results highlight the importance of the exploitation of renewable sources, as they can 

contribute to the increase of biofuel production, besides providing knowledge in the search for 

new compounds of biotechnological interest. 

 

ACKNOWLEDGMENT 

Fundação de Apoio ao Desenvolvimento do Ensino, Ciência e Tecnologia do Estado de Mato 

Grosso do Sul (FUNDECT), Financiadora de Inovação e Pesquisas (FINEP), Conselho 

Nacional de Desenvolvimento Científico e Tecnológico (CNPq) (311975/2018-6 CALC); 

Programa Institucional de Bolsas aos Alunos de Pós-Graduação (PIBAP) da Universidade 

Estadual de Mato Grosso do Sul (UEMS); Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior - Brasil (CAPES) – funding code 001. 

 

 

 



Renewable Sources and Their Applications in Biotechnologial Processes 
 

Maria do Socorro Mascarenhas Santos, Margareth Batistote 

 
Fronteiras: Journal of Social, Technological and Environmental Science • http://periodicos.unievangelica.edu.br/fronteiras/  
v.9, n.2, Mai.-Ago. 2020 • p. 155-170. • DOI http://dx.doi.org/10.21664/2238-8869.2020v9i2.p155-170 • ISSN 2238-8869 

167 
 

REFERENCES 

Albuquerque CJB, Tardin FD, Parrella RAC, Guimarães ADS, Oliveira RM, Silva KMJ 2012. Sorgo 
sacarino em diferentes arranjos de plantas e localidades de Minas Gerais, Brasil. RBMS 11:69-85. 

Almodares A, Hadi, MR 2009. Production of bioethanol from sweet sorghum: A review. Afr. J. Agric. 
Res 4(9):772-780. 

Amorim HV 1997. Introdução à bioquímica da fermentação alcoólica. Araras: Planalsucar. 

Anandan S, Zoltan H, Khan AA, Ravi D, Blümmel M 1012. Feeding value of sweet sorghum bagasse 
and leaf residues after juice extraction for bio-ethanol production fed to sheep as complete rations in 
diverse physical forms. Anim Feed Sci Technol 175:131-136.  

Aquarone E, Zacanaro Júnior O 1983. Vinagres. In: Aquarone E, Lima UA, Borzani W (coords): 
Alimentos e bebidas produzidos por fermentação - Biotecnologia. São Paulo: E. Blücher 5:104-122. 

Aslankoohi E, Rezaei MN, Vervoort Y, Courtin CM, Verstrepen KJ 2015. Glycerol production by 
fermenting yeast cells is essential for optimal bread dough fermentation. PLoS ONE 10:e0119364. 

Badotti F, Dário MG, Alves-Jr SL, Cordioli M, Miletti LC, Araújo OS, Stambuk BU 2008. Switching 
the mode of sucrose utilization by Saccharomyces cerevisiae. Microbial Cell Factories 7:1-11. 

Barbosa G, Langer M 2011. Uso de biodigestores em propriedades rurais: uma alternativa à 
sustentabilidade ambiental. Unoesc & Ciência - ACSA 2(1):87–96. 

Basso TO, Gomes FS, Lopes ML, De Amorim HV, Eggleston G, Basso LC 2015. Homo- and 
heterofermentative lactobacilli differently affect sugarcane-based fuel ethanol fermentation. Antonie van 
Leeuwenhoek 105:169-177. 

Basso LC, Amorim HV, Oliveira AJ, Lopes ML 2008. Yeast selection for fuel ethanol production in 
Brazil. FEMS Yeast Research. 8:1155-1163. 

Borges ID, Mendes AA, Viana EJ, Gusmão CAG, Rodrigues HFF, Carlos LA 2010. Caracterização do 
caldo extraído dos colmos do cultivar de sorgo sacarino BRS 506 (Sorghum bicolor L.). Congresso Nacional de 
Milho e Sorgo, Goiânia: Associação Brasileira de Milho e Sorgo, 1010-1017. 

Bortoletto AM, Alcarde AR 2015. Dominante nos EUA, etanol de milho é opção, no Brasil, para safra 
excedente. Revista Visão Agrícola 13:135-137. 

Ceballos-Sbchiavone CHM 2009. Tratamento térmico do caldo de cana-de-açúcar visando a redução de 
contaminantes bacterianos - Lactobacillus – na produção de etanol e eficiência de tratamento do fermento por etanol. 
(Dissertação de Mestrado) - Escola Superior de agricultura “Luiz de Queiroz”, Piracicaba, SP, Brasil, 
177 pp.  

Chan-u-tit P, Laopaiboon L, Jaisil P, Laopaiboon P 2013. High level ethanol production by nitrogen 
and osmoprotectant supplementation under very high gravity fermentation conditions. Energies 6:884-
899. 

Conab 2017. Acompanhamento da safra brasileira: cana-de-açúcar, safra 2016/2017: terceiro levantamento: 
dez/2016. Available in: < http://www.conab. 
gov.br/OlalaCMS/uploads/arquivos/16_boletim_cana_portugues.pdf>. Accessed in:  October 10, 
2017. 



Renewable Sources and Their Applications in Biotechnologial Processes 
 

Maria do Socorro Mascarenhas Santos, Margareth Batistote 

 
Fronteiras: Journal of Social, Technological and Environmental Science • http://periodicos.unievangelica.edu.br/fronteiras/  
v.9, n.2, Mai.-Ago. 2020 • p. 155-170. • DOI http://dx.doi.org/10.21664/2238-8869.2020v9i2.p155-170 • ISSN 2238-8869 

168 
 

Davila-Gomez FJ, Chuck-Hernandez C, Perez-Carrillo E, Rooneyb WL, Serna-Saldivar SO 2011. 
Evaluation of bioethanol production from five different varieties of sweet and forage sorghums 
(Sorghum bicolor (L) Moench). Industrial Crops and Products 33:611-616. 

Dornelles AS, Rodrigues S 2006. Fermentação Alcoólica de Caldo de Cana utilizando grãos de Kefir. 
Ciência Agronômica 37:386-390. 

Edenhofer O, Pichs-Madruga R, Sokona Y, Seyboth K, Matschoss P, Kadner S, Zwickel T, Eickemeier 
P, Hansen G, Schloemer S, Von Stechow C (Ed.) 2012. Renewable energy sources and climate change mitigation: 
special report of the intergovernmental panel on climate change. Nova York: Cambridge University 
Press, 1076 pp. 

Empresa de Pesquisa Energética 2015. Balanço Energético Nacional 2015. Rio de Janeiro: EPE, p. 62.  

Fernandes DM 2012. Biomassa e biogás da suinocultura. Dissertação (Mestrado em Energia na 
Agricultura), Universidade Estadual do Oeste do Paraná, Cascavel, Paraná, 221 pp. 

Giacomini I, Pedroza MM, Siqueira FLT, Mello SQS, Cerqueira FB, Salla L 2013. Uso potencial de 
sorgo sacarino para a produção de etanol no Estado do Tocantins. Revista Agrogeoambiental 5:71-82. 

Hahn-Hagerdal B, Karhumaa K, Fonseca C, Spencer-Martins I, Gorwa-Grauslund MF 2007. Towards 
industrial pentose-fermenting yeast strains. Applied Microbiology and Biotechnology 74:937-953. 

IBGE 2014. Levantamento sistemático da produção agrícola: pesquisa mensal de previsão e acompanhamento das safras 
agrícolas do ano civil 2014, 27:1-84. 

Lima JR, Bruno LM, Da Silva JLA, Casimiro AR 2007. Potential of killer yeasts utilization for cachaça 
production. Revista Ciência Agronômica 38:366-371. 

Masson IS, Costa GHG, Roviero JP, Freita LA, Mutton MA, Mutton MJR 2015. Produção de etanol 
partir da fermentação de caldo de sorgo sacarino e cana-de-açúcar. Ciências Rural 45:1695-1700. 

Miller GL 1959. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical 
Chemistry 31:426-428. 

Mongelo AI 2012. Validação de Método Baseado em Visão Computacional para Automação da Contagem de 
Viabilidade de Leveduras em Indústrias Alcooleiras. (Dissertação de Mestrado) – Programa de Pós-Graduação 
em Biotecnologia, Universidade Católica Dom Bosco. Campo Grande - MS, 71 pp. 

Moraes SL, Massola CP, Saccoccio EM, Da Silva DP & Guimarães YBT 2017. Cenário brasileiro da 
geração e uso de biomassa adensada. Revista IPT: Tecnologia e Inovação, 1(4):58-73. 

Morais LK, Cursi DE, Santos JM, Sampaio M, Câmara TMM, Albuquerque E, Silva P, Barbosa GV, 
Hoffmann HP, Chapola RG, Fernandes Júnior AR, Gazaffi R 2015. Melhoramento Genético da Cana-de-
Açúcar. EMBRAPA/MAPA, (Documento 200):38. 

Moreira CS, Santos MSM, Barro NS, Cardoso CAL, Batistote M 2015. Análise dos parâmetros 
morfofisiológicos de linhagens de leveduras industriais com potencial biotecnológico para a produção 
de etanol. Ciência e Natura 37:55-63. 

Moreira JMMÁP 2011. Potencial e participação das florestas na matriz energética. Pesquisa Florestal 
Brasileira 31(68):363-372. 



Renewable Sources and Their Applications in Biotechnologial Processes 
 

Maria do Socorro Mascarenhas Santos, Margareth Batistote 

 
Fronteiras: Journal of Social, Technological and Environmental Science • http://periodicos.unievangelica.edu.br/fronteiras/  
v.9, n.2, Mai.-Ago. 2020 • p. 155-170. • DOI http://dx.doi.org/10.21664/2238-8869.2020v9i2.p155-170 • ISSN 2238-8869 

169 
 

Nuanpeng S, Thanonkeo S, Klanrit P, Thanonkeo P 2018. Ethanol production from sweet sorghum by 
Saccharomyces cerevisiae DBKKUY-53 immobilized on alginate-loofah matrices. Brazilian Journal of 
Microbiology 49:140-150. 

Oliveira LM, Serra JCV, Magalhães KB 2012. Estudo comparativo das diferentes tecnologias utilizadas 
para produção de etanol. Geoambiente On-line 19:1-23. 

Pacheco TF 2010. Fermentação alcoólica com leveduras de características floculantes em reator tipo torre com 
escoamento ascendente. (Dissertação) Faculdade de Eng. Química -Universidade Federal de Uberlândia- 
MG, 96 pp. 

Pereira AF, Silva PHA, Pinheiro PF, Braga LM, Pinheiro CA 2015. Adição de fontes de nitrogênio e 
duas linhagens de levedura na fermentação alcoólica para produção de cachaça. The Journal of Engineering 
and Exact Sciences (1):45-59. 

Pin M, Picco D, Vecchiet A, Macchia E 2011. Sweet sorghum to produce in Italysustainable ethanol, 
electricity and heat in decentralised small-medium biorefinery. In: Proceedings of the XIX International 
Symposium of Alcohol Fuels, Verona, Italy, p. 10-14. 

Pitarelo, AP, Silva TD, Peralta-Zamora PG, Ramos LP 2012. Efeito do teor de umidade sobre o pré-
tratamento a vapor e a hidrólise enzimática do bagaço de cana-de-açúcar. Química Nova 35:1502-1509. 

Ramos CL, Duarte WF, Freire AL, Dias RD, Eleutherio ECA, Schwam RF 2013. Evaluation of stress 
tolerance and fermentative behavior of indigenous Saccharomyces cerevisiae. Brazilian Journal of Microbiology 
44:935-944. 

Ratnavathi CV, Suresh K, Vijay KBS, Pallavi M, Komala VV, Seetharama N 2010. Study on genotypic 
variation for ethanol production from sweet sorghum juice. Biomass and Bioenergy 34:947-952. 

Santos F, Colodette J, Queiroz J 2013. Bioenergia e biorrefinaria: cana-de-acúcar e espécies florestais. 
Viçosa, 551 pp. 

Serna-Saldívar SO, Chuck-Hernández C, Heredia-Olea E, Pérez-Carrillo E 2012. Sorghum as a 
multifunctional crop for the production of fuel ethanol: current status and future trends. In: 
Bioethanol, Lima MAP and Natalense APP, INTECH Open, p. 51-74. 

Sivasakthivelan P, Saranraj P, Sivasakthi S 2014. Production of Ethanol by Zymomonas mobilis and 
Saccharomyces cerevisiae Using Sunflower Head Wastes-A Comparative Study. International Journal of 
Microbiological Research 5:208-216. 

Souza CC, Dantas JP, Silva SM, Souza VC, Almeida FA, Silva LE 2005. Produtividade do sorgo 
granífero cv. Sacarino e qualidade de produtos formulados isoladamente ou combinados ao caldo de 
cana-de-açúcar. Ciência e Tecnologia de Alimentos 25:512-517. 

Taborda LW, Jahn SL, Lovato A, Evangelista MLS 2015. Evaluation of the technical and economic 
feasibility of ethanol production in a pilot plant using sweet potatoes. Custos e@gronegócio11(1):245-262. 

Tavian AF, Souza AP, Russo L, Jardim CA, Franco CF 2014. Efeito da adubação nitrogenada no 
acumulo de biomassa de sorgo forrageiro. Ciência & Tecnologia: Fatec-JB 6:28-32. 

Única – União das Indústrias de Cana-de-Açúcar – Fortalecer parceria Brasil-EUA: caminho para o mercado 
global de etanol 2012. Available in: < http://www.unica.com.br/noticias/show.asp?nwsCode=%>. 
Accessed July 20, 2018. 



Renewable Sources and Their Applications in Biotechnologial Processes 
 

Maria do Socorro Mascarenhas Santos, Margareth Batistote 

 
Fronteiras: Journal of Social, Technological and Environmental Science • http://periodicos.unievangelica.edu.br/fronteiras/  
v.9, n.2, Mai.-Ago. 2020 • p. 155-170. • DOI http://dx.doi.org/10.21664/2238-8869.2020v9i2.p155-170 • ISSN 2238-8869 

170 
 

Vázquez-Lima F, Silva P, Barreiro A, Martínez-Moreno R, Morales P, Quirós M, González R, Albiol J, 
Ferrer P 2014. Use of chemostat cultures mimicking different phases of wine fermentations as a tool 
for quantitative physiological analysis. Microbial Cell Factories 13:2-13. 

Yu M, Li J, Chang S, Du R, Li S, Zhang L, Fan G, Yan Z, Cui T, Cong G, Zhao G 2014. Optimization 
of ethanol production from NaOH-pretreated solid state fermented sweet sorghum bagasse. Energies 
7:4054-4067. 

 

Fontes Renováveis e Suas Aplicações em Processos Biotecnológicos 

RESUMO 

O Brasil possui condições edafoclimáticas para produzir uma diversidade de culturas com potencial 

energético. Assim, o estudo tem como objetivo correlacionar os parâmetros tecnológicos de biomassa 

adequados para fermentação, quantificar metabólitos produzidos pela levedura FT-858, bem como 

avaliar o rendimento e a eficiência fermentativa da produção de bioetanol. Foram realizados estudos 

das qualidades tecnológicas da biomassa e teste de capacidade fermentativa com tubos de Durhan 

invertidos. Para a produção de metabólitos, a levedura FT-858 foi pré-cultivada em meio líquido (YPD 

2%), recuperada por centrifugação e inoculada nos substratos, em tempos definidos foram colhidas 

alíquotas para análise da concentração de etanol realizada por cromatografia gasosa e acumulação de 

glicerol por kit enzimático de triglicerídeos. O rendimento e a eficiência fermentativa foram avaliados 

pelo consumo de açúcar pelo método DNS e a densidade do etanol pelo densímetro digital. De acordo 

com os resultados, a levedura apresentou melhor desempenho no sorgo sacarino, que também 

apresentou valores mais expressivos de eficiência e rendimento fermentativo. O sorgo sacarino possui 

grande potencial bioenergético e pode ser utilizado como complemento da cana-de-açúcar para 

aumentar a produção de etanol. 
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