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ABSTRACT 

Energy cultures are emerging as viable renewable energy sources because they satisfy sustainability requirements. 

The present study involves a survey regarding the technological characteristics for sugarcane and sweet sorghum 

energy crops, in addition to their potential for bioethanol production. An exploratory survey was conducted 

regarding the agronomic and technological characteristics of cane and sorghum. Pre-inmates were produced with 

YPSAC 5% liquid medium, sterilized and 0.10 grams of yeasts FT858 and Pedra-2 were inoculated and incubated 

at 30 °C for 10 h at 250 rpm. After the production, the cells were recovered by centrifugation, at 105 rpm, resulting 

in a 10 mg mg
-1

 concentration of moist dough. This dough was subsequently inoculated in the fermentative medium 

consisting of a base of sorghum broth and cane without pH correction with a 22 °Brix. Ethanol was analysed by gas 

chromatography and amino acids by high-efficiency liquid chromatography. Sorghum broth presented a greater 

availability of serine, arginine, alanine, threonine, and tryptophan amino acids. Yeast hers presented fermentative 

efficiency for both substrates, but the largest ethanol production occurred in sorghum broth. The results 

demonstrated that sugar sorghum may be used for energy purposes. 

Keywords: Biomass, Saccharomyces cerevisiae, Bioethanol. 

 

Energy cultures and sustainability in biofuel production 

RESUMO 

As culturas energéticas estão despontando como fontes renováveis de energia, pois atendem as esferas da 

sustentabilidade. Assim, este estudo teve como objetivo analisar as características agronômicas e tecnológicas das 

culturas energéticas, cana-de-açúcar e sorgo sacarino, bem como do seu potencial para a produção de bioetanol. Foi 

realizada uma pesquisa exploratória sobre as características agronômicas e tecnológicas da cana e do sorgo. Foram 

feitos pré-inóculos com o meio líquido YPSAC 5%, esterilizado e, inoculados 0,10 gramas das leveduras FT858 e 

Pedra-2 que foram incubados a 30 °C por 10 h a 250 rpm. Após o crescimento as células foram recuperadas por 

centrifugação resultando em uma concentração de 10 mg mL-
1
 de massa úmida, a qual foi inoculada no meio 

fermentativo a base de caldo de sorgo e cana esterilizados sem correção de pH com 22 °Brix, e incubados 30 °C por 

10 h a 250 rpm. O etanol foi analisado por cromatografia a gás e os aminoácidos por cromatografia líquida de alta 

eficiência. O caldo de sorgo apresentou maior disponibilidade dos aminoácidos serina, arginina, alanina, treonina e 

triptofano. As leveduras apresentaram eficiência fermentativa em ambos os substratos, e a maior produção de 

etanol ocorreu no caldo de sorgo. Os resultados demonstram que o sorgo sacarino pode ser empregado para fins 

energéticos. 

Palavras-chave: Biomassa, Saccharomyces cerevisiae, Bioetanol. 
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1. Introduction 

An increasing concern regarding environmental 

contamination and the possible scarcity of energy 

sources has motivated research regarding the use of 

renewable sources to meet energy demand while 

diversifying the current energy matrix (Fierro et al., 

2019). With this context, energy cultures or biomasses 

have emerged as promising alternative energy sources. 

They are renewable natural resources that sustainably 

satisfy energy needs because they mitigate both 

environmental and social concerns (Acheampong et al., 

2017). 

Many crops are already used as biomass energy 

sources globally, sugarcane (Saccharum officinarum) 

being an example. Currently, it is an important part of 

the Brazilian energy matrix. Its production is focused on 

the manufacture of sugar, biofuels, and energy 

generation (Goldemberg, 2017). Brazil ranks second 

globally in ethanol production which significantly 

depends on sugarcane. In terms of economic cost-

benefit, sugarcane-based ethanol is considered superior 

to ethanol alternatives (Brassolatti et al., 2016). 

In economic projections, the production of Brazilian 

ethanol generally increases and positively influences the 

generation of direct and indirect jobs (Brinkman et al., 

2018). However, there is a need for diversification of 

raw materials, which involves the participation of small 

farmers in this important agribusiness network (Taborda 

et al., 2015). In this perspective, sugar sorghum 

(Sorghum bicolor (L.) Moench), may be a satisfactory 

alternative to sugarcane. Sugar sorghum shares many 

agronomic characteristics with sugarcane, such as sugar 

storage in its stalks, tolerance to abiotic stresses 

(McCord et al., 2019), and a rapid phenological cycle. 

Sugar sorghum also yields a satisfactory production of 

green mass, forage, and grains; consequently, it is an 

option favouring agricultural sustainability and can be 

used in animal feed and clean energy production 

(Giacomini et al., 2013).  

These sugar sorghum characteristics are promising. 

This implies a potential for sorghum as a complement to 

the sugarcane-based ethanol production. According to 

Umakanth et al. (2019), sorghum is a source of 

economically efficient renewable energy. It also has low 

nutritional demands and tolerates water stress. Although 

these plants are highly adapted to tropical and 

subtropical climates (Alves and Paixão, 2018), large 

variations may occur in their technological qualities 

(Miranda et al., 2020).  

Energy cultures for biofuel production must 

demonstrate characteristics suitable for 

biotransformation processes, such as high curate levels 

in addition to protein and mineral availability in 

addition to nitrogen sources such as amino acids and 

peptides (peptides are precursors of numerous 

physiological processes in yeast) (Ruiz et al., 2020; 

Kumari et al., 2021). The composition of sugar 

substrates have been reported as the basis of cane and 

sorghum broth. These reports include the composition 

and presence of nutrients found in the total soluble 

solids. For the sugar sorghum, the reported value is 15% 

(Santos et al., 2018) while for sugarcane broth it is 

approximately 21% (Masson et al., 2015). 

In fermentation processes, yeasts require nutrients 

and sources of carbon and nitrogen. These carbon and 

nitrogen sources directly influence yeast metabolic 

functions. Some amino acids evoke stress responses and 

provide resistance to cells (Santos et al., 2020). 

Gutiérrez-Rivera et al. (2015) indicate that the presence 

of free amino acids in the fermentative environment is 

of vital importance as it induces the synthesis of the 

yeast, effectively contributing to the maintenance of 

cellular feasibility and fermentative efficiency.  

Understanding this mechanism is vital to ensure a 

better ethanol yield, which may guarantee the 

maintenance of these crops from renewable sources and 

environmental sustainability. The mechanism indicates 

that the quantity and availability of carbon and nitrogen 

sources in energy crop substrates employed are 

assimilable by yeasts (which may contribute to 

physiological integrity) and are fundamentally 

important in the production of biofuel compounds. 

Thus, the present study conducted a survey of the 

technological characteristics of sugarcane and sweet 

sorghum energy crops, as well as their potential to 

produce bioethanol. 

 

 

2. Material and Methods 

The study was performed at the Biotechnology, 

Biochemistry and Biotransformation Laboratory of the 

Centro de Estudos em Recursos Naturais, Universidade 

Estadual de Mato Grosso do Sul- CERNA- UEMS, 

Dourados, Mato Grosso do Sul, Brazil. 

Evaluation of the saccharin substrates' agronomic 

and technological characteristics was performed using 

an exploratory survey of the sorghum sugar and 

sugarcane characteristics for the production of ethanol. 

For this research, the published databases relating to the 

theme were considered, and a rating of data was 

assigned based on relevance. For Araújo and Alvarenga 

(2011), exploratory research was conducted to improve 

understanding of the surveyed phenomena. The 

materials were identified in order of importance based 

on content.  

The cane broth was produced at a mill in the Greater 

Dourados region, packed in sterilised flasks, and 

transported at low temperatures (4 °C). The broth was 

prepared by filtering cotton and filter paper positioned 

at the mill outlet to achieve maximum removal of 
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impurities. The total soluble solids were concentrated by 

evaporation. The sorghum broth was produced and 

processed by the EMBRAPA (Dourados, Mato Grosso 

do Sul, Brazil) and subsequently transported to the 

laboratory. The broth was concentrated under the same 

conditions, and both substrates were calibrated to a 22 

°Brix concentration using a refractometer (Lorben) and 

without pH correction.  

The pre-inoculum preparation was performed for the 

YPD culture medium with the following composition: 

2% of the culture contained 1.0% (p v
-1

) of yeast 

extract; 1.0% (p v
-1

) of peptone; 2.0% (p v
-1

) glucose, 

sterilised at 120 °C for 20 min, 0.10 grams of inoculated 

lyophilised yeast FT858 and Pedra-2. The vials were 

incubated at 30 °C for 10 h. Then, the cells were 

collected by centrifugation (800 × g, 20 min), 

resuspended, and washed three times consecutively in 

sterile saline (0.85%). This resulted in a concentration 

of 10 mg mL
-1

 wet mass. Fermentation was performed 

on the saccharin substrates, sorghum broth and cane. It 

was subsequently sterilised, at a concentration of 22 

°Brix without pH correction, in 125 ml Erlenmeyer vials 

containing 50 ml of the broth. Incubated aliquots were 

used for the analyses. 

Amino acid quantification was performed on the 

saccharin substrates per the methodology described by 

Torres et al. (2018). The samples were analysed using 

an analytical HPLC system (LC6AD, Shimadzu, Kyoto, 

Japan). Free amino acids were identified by comparing 

retention times and the amino acid spectra to amino acid 

standards in the 200 to 800 nm band. The peaks were 

obtained from actual samples. The analyses were 

performed in triplicate.  

The quantification of ethanol was determined with a 

gas chromatograph (CG-3900) using a flame ionization 

detector (Varian), per the methodology presented in 

Batistote et al. (2010). The results were analyzed using 

Excel version 2016 software with ActionStat 

supplementation. Tukey's test at 5% significance was 

used. The graphs were plotted with Excel version 2016. 

The experiments were carried out with independent 

repetitions for each treatment and with triplicate in the 

analyses. 

 

 

3. Results and Discussion 

The analysis of the sorghum and sugarcane’s 

agronomic and environmental characteristics indicated 

important differences between the two plants. The 

parameters analysed showed that saccharine sorghum 

has a maturation period between 3 to 4 months 

subsequent to planting and prior to harvest. It has a 

rapid vegetative cycle compared to that of sugarcane 

(maturation period of 12 to 18 months). Sorghum 

productivity is between 60 and 80 t ha
-1

, with a 

maximum variation in productivity less than that of cane 

(60–120 t ha
-1

). The ethanol yield was 60–70 L t
-1

 for 

sorghum and 70–85 L t
-1

 for cane, possibly because the 

highest cane yield for ethanol was related to its 

productivity. In addition, it can be observed that the 

water demands were much greater for sugarcane. 

Although the use of this natural resource is required for 

crops, water can also be an important factor in assessing 

a crop’s energy demands, which is a sustainability 

indicator. The use of these crops favours the reduction 

of greenhouse gases concerning fuels; such a reduction 

was similar in the analysed crops (Table 1). 

Studies developed by Lima et al. (2011) regarding 

the minimum potential of ethanol generation of the 

sugar sorghum have reported values of approximately 

58.6 L t
-1

. Although these differences in productivity 

and yield in ethanol occur, it is possible to use the 

culture of sugar sorghum as a complement to the cane 

crop. Sorghum culture achieves maturation around four 

months; consequently, it can be planted and harvested 

multiple times within 12 months, the cane maturation 

period. However, the energy crops’ characteristics may 

vary according to the cultivation conditions, the variety 

used, the planting period, and water availability (Parazzi 

et al., 2018).  

Albuquerque et al. (2019) presents other advantages 

for the use of sorghum cultures. These include seed 

propagation, fully mechanized cultivation, production of 

colms with high fermentable sugar content and the 

possibility of using the bagasse for energy cogeneration. 

According to Fernandes et al. (2014), given the short 

vegetation cycle, sorghum sowed from September to 

December can supply the mill demand from January to 

April, the period of entersafra. In this sense, sorghum 

can be utilised to produce biofuel because no 

adaptations are required for the plant. This increases 

feasibility from an industrial perspective (Oliveira, 

2021). 

Among energy crops, sugarcane presents better 

results for biofuel production despite requiring more 

water and a longer harvest cycle higher than most 

biomasses (Milanez et al., 2014). Ethanol production 

from this culture mitigates CO2 emissions because CO2 

is consumed via photosynthesis (Manochio et al., 2017). 

In addition, the choice of an energy culture includes the 

consideration of cultivation characteristics, the cost of 

harvesting and maintenance, and the quantity and 

quality of raw materials, such as ethanol, electricity, or 

heat (Clauser et al., 2021). Increased materials’ 

diversification for this purpose favours a greater 

expansion of biofuel production. 

The analysis of technological characteristics 

demonstrated by the substrates of energy crops, 

sorghum and cane saccharin, showed that the broths of 

these cultures have a similar composition to fermentable 
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sugars because they are products of direct fermentation. 

However, some crop parameters presented differences, 

such as purity of 80–90% and average concentration of 

total soluble solids (°Brix) of 18–25, respectively. Both 

these values were less for sorghum. The values for 

reducing sugars (AIR) and total reducing sugars (ART)  

were different; sorghum broth contained 1–3% for air 

and cane broth showed a greater ART (15–2%). The 

cane broth had a sucrose content of 14–22%, which was 

greater than that in sorghum. However, the sugar 

sorghum broth contained fructose (0.5–2%), a 

monosaccharide, and glucose (0.5–1.5%) (Table 2). 

Sugarcane juice and sorghum have direct 

fermentation carbohydrates that can be efficiently 

metabolised by Saccharomyces cerevisiae and converted 

to ethanol, as reported by Masson et al. (2015). 

Comparing the sugar sorghum broth with the cane broth, 

total soluble solids values were approximately 21 °Brix 

for the sugarcane broth, while Serna-Saldivar et al. 

(2012) reported values of approximately 20 °Brix for the 

broth. The composition of the sugar sorghum and the 

high content of sugars are promising for ethanol 

production (Albuquerque et al., 2019).  

The primary technological parameters used in the 

industrial process are related to raw materials, such as 

Brix, wet cake, and purity. These parameters are used to 

assess the presence of reducing sugars, total sugars, and 

fibres and influence the choice of varieties, agronomic 

planning, management, and the payment made to the 

producer (Silva et al., 2014). Thus, variation in the 

presence of sugars in saccharine substrates can influence  

 

ethanol production. Such compounds are important for  

the fermentation process, as they directly affect the yield 

of ethanol, an important biotechnological product 

obtained from renewable natural resources and clean 

energy concepts. (Fiorini et al., 2016; Batista et al., 2018) 

The amino acid content varied between sorghum and 

sugarcane saccharin substrates. The saccharine sorghum 

broth had greater amino acid concentrations. Species 

observed were mainly serine with of 78.89 ± 0.03 µg L
-1

 

and arginine at 50.69 ± 0.02 µg L
-1

. The cane broth 

presented the same amino acids, but at lower 

concentrations (Figure 1). 

Studies performed by Silva et al. (2020), analysed 

amino acid concentrations on saccharin substrates. These 

concentrations varied, because sorghum broth contained 

serine, arginine, alanine and threonine amino acids. 

However, for tryptophan and isoleucine, concentrations 

were greater than 11.3 ± 0.08 and 6.83 ± 0.05 µg L
-1

. The 

cane broth contained serine, arginine, and alanine at 

concentrations of 36.12 ± 0.05, 23.98 ± 0.08 and 27.44 ± 

0.06 µg L
-1

, respectively. 

During the fermentative process, amino acid 

availability influences numerous metabolic functions in 

yeast, including structural components, which are 

directly assimilated, and actin protein formation, which 

is involved in various metabolic pathways. The 

availability of these nutrients on substrates, as well as 

the consumption of amino acids by yeast, is of 

paramount importance as they act in numerous cellular 

mechanisms and fermentation (Ljungdahl and Daignan-

Fornier, 2012). 

 

Table 1. Evaluation of the agronomic and environmental characteristics of energy cultures. 

Parameters Sweet sorghum Sugarcane 

Vegetative cycle (months) 3 a 41 12 a 181 

Productivity (t ha-1) 60 – 802 60 – 1202 

Ethanol yield (L t -1) 60 –702 70 – 852 

Water consumption (mm)/ production cycle 380 – 6003 1000 – 20004 

Reduction of Greenhouse Gas Emissions % (Ethanol X Gasoline) 40 – 625 40 – 625 

Source: Adapted from 1IBGE (2014); 2Durães et al. (2012); 3Kirchner et al. (2018); 4Carvalho et al. (2013); 5Wang et al. (2012a). 

 

 

Table 2. Analysis of the sugars in the sugars present in the saccharin substrates. 

Parameters 
Cultures  

Sweet sorghum Sugarcane 

Purity (%)1 60 – 75 80 – 90  

Total Soluble Solids –°Brix1 15 – 19 18 – 25  

Reducing sugars – RS (%)1 1 – 3 0.5 – 1  

Total Reducing Sugars – TRS (%)1 12 – 17 15 – 24  

Sucrose content (%)2 8 – 13 14 – 22  

Glucose content (%)2 0.5 – 2 0.2 – 1  

Fructose content (%)2 0.5 – 1.5 0 – 0.5  

Source: Adapted from 1Durães et al. (2012); 2IBGE (2014); 
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Figure 1. Quantitative evaluation of amino acids presents in saccharin substrates. The same letter in not statistically different from 

each other (P <0.05) by the Tukey test at 5% significance. 

The presence of amino acids such as proline, 

tryptophan, and arginine, provides a protective action 

with the yeasts against ethanolic stress (Auesukaree, 

2017). In this study we observed the greatest 

concentration of nitrogenous compounds. In the 

fermentative process of ethanol production, amino acids 

are important because they confer the yeast with nutrition 

that directly influences yeast metabolism. In addition, 

they prolong the fermentative efficiency of yeasts. 

The evaluation of ethanol concentration on the 

saccharin substrates indicated the fermentative 

efficiency of yeasts (Figure 2). The yeast showed the 

highest concentration of ethanol when grown in the 

sugar sorghum broth with 8.5% (v v
-1

) for FT858 and 

7.6% (v v
-1

) for Pedra-2 yeast. It is possible that the 

largest ethanol production on the sugar sorghum 

substrate may be related to the substrate's nutrient 

composition. This would be principally due to the 

availability of sucrose and free amino acid content. It 

can be inferred that energy crops have high potential for 

use in fermentation and can contribute to environmental 

sustainability because it is a renewable energy source 

that provides a lower global warming impact and 

guarantees the production of biofuel. 

In Brazil, fermentation is the most used process for 

ethanol production (Azhar et al., 2017). It is facilitated by 

S. cerevisiae that promotes biocatalysis on the sugar 

substrate resulting in CO2 release. In Brazil, CAT-1 and 

PE-2 strains are the most used in such a process because 

they present fermentative robustness and a high 

feasibility rate. These yeasts are responsible for 60% of 

total Brazilian ethanol production (Souza et al., 2018); 

these microorganisms populate different environments. 

This characteristic demonstrated by generalist organisms 

makes them suitable for various niches, including 

substrates from energy crops. (Jouhten et al., 2016) 

 
Figure 2. Analysis of ethanol concentration on saccharin 

substrates at 30 °C in 10 hours of fermentation. Mean 

followed by ± standard deviation. 

 

The use of natural resources to diversify energy 

matrices has been a challenge while promising new 

energy resources associated with the application of new 

technologies. Examining these biomasses and their 

composition, as well as the use of selected yeast 

lineages and the improvement of the fermentative 

process, promising alternatives have emerged that may  

satisfy the sustainability, economic, and social chain 

constraints while minimising the environmental impacts 

by utilising energy sources. 

 

 

4. Conclusions 

Energy crops have distinct agronomic characteristics 

but have important attributes that enhance their 

suitability for biofuel production. The technological and 

environmental characteristics of substrates are based on  
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sweet sorghum and sugarcane, which have similar 

compositions. Both are fermented directly, with lower 

production costs, resulting in a more competitive market 

product. Environmental indicators effectively contribute 

to minimising environmental impacts by reducing 

greenhouse gas production. 

In relation to the amino acid contents in the 

saccharin substrates, the sorghum broth presented a 

greater availability of these compounds. These 

compounds included serine, arginine, alanine, threonine, 

and tryptophan. Yeast hers presented fermentative 

efficiency on both substrates, but the largest ethanol 

production occurred in sorghum broth. The evaluation 

of fermentable substrates from energy crops with 

potential biofuel production is important. The substrates 

indicate that the compounds present and their 

concentrations in the fermentation medium favour 

enhanced ethanol productivity. 

 

 

Authors’ Contribution  

Maria do Socorro Mascarenhas Santos contributed 

to the execution of the experiment, data collection, 

analysis and interpretation of results, writing of the 

manuscript and final correction of the manuscript. Cesar 

Jose da Silva contributed to the writing of the 

manuscript. Sandra Helena da Cruz contributed to the 

writing of the manuscript. Margareth Batistote 

contributed to analysis and interpretation of results, 

writing of the manuscript and final correction of the 

manuscript. Claudia Andrea Lima Cardoso contributed 

to the data analysis and final correction of the 

manuscript. 

 

 

Acknowledgments 

The 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); Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior – 

Brasil/CAPES –Código 001 

 

 

Bibliographic References 

Acheampong, M., Ertem, F.C., Kappler, B., Neubauer, P. 

2017. In pursuit of Sustainable Development Goal (SDG) 

number 7: Will biofuels be reliable? Renewable and 

Sustainable Energy Reviews, 75(7), 927-937. DOI: 

https://doi.org/10.1016/j.rser.2016.11.074 

Albuquerque, C.J., Guimarães, A.S., Menezes, C.B., 

Rodrigues, J.A.S., Parrella, R.A.C., Freitas, R.S., Fernandes, 

E.A., Costa, D.V. 2019. Sorgo. In: Paula J., T.J.; Venzon, M., 

101 Culturas: Manual de tecnologias agrícolas. 2 ed. Belo 

Horizonte, EPAMIG. 

Alves, M.B.N., Paixão, A.E. 2018. Mapeamento tecnológico 

dos cultivares de cana-de-açúcar da RIDESA com base no 

censo Varietal 2016/2017, no estado de Alagoas. Revista 

INGI-Indicação Geográfica e Inovação, 2 2(3), 164-174. DOI: 

https://doi.org/10.47059/geintecmagazine.v7i1.631 

Araújo, R.F. Alvarenga, L. 2011. A bibliometria na pesquisa 

científica da Pós-graduação brasileira de 1987 a 2007. 

Encontros Bibli: Revista eletrônica de biblioteconomia e 

ciência da informação, 16(31), 51-70. DOI: 

https://doi.org/10.5007/1518-2924.2011v16n31p51 

Auesukaree, C. 2017. Molecular mechanisms of the yeast 

adaptive response and tolerance to stresses encountered during 

ethanol fermentation. Journal of Bioscience and 

Bioengineering, 124(2), 133-142. DOI: 

https://doi.org/10.1016/j.jbiosc.2017.03.009 

Azhar, S.H.M., Abdulla, R., Jambo, S.A., Marbawi, H., 

Gansau, J.A., Faik, A.A.M., Rodrigues, K.F. 2017. Yeasts in 

sustainable bioethanol production: A review. Biochemistry 

and Biophysics Reports, 10, 52-61. DOI: 

https://doi.org/10.1016/j.bbrep.2017.03.003 

Batista, V.A.P., Pimentel, L.D., Barros, A.F., Moreira, T.S., 

Dias, L.A.S. 2018. Produção de açúcares no caldo de sorgo 

sacarino avaliado em duas épocas de corte. Revista Brasileira 

de Milho e Sorgo, 17(2), 263-273. DOI: 

https://doi.org/10.18512/1980-6477/rbms.v17n2p263-273 

Batistote, M., Cardoso, C.A.L., Ernandes, J.R., Doffinger, 

R.D. 2010. Desempenho de leveduras obtidas em indústrias de 

Mato Grosso do Sul na produção de etanol em mosto a base de 

cana de açúcar. Ciência e Natura, 32(2), 83-95. DOI: 

https://doi.org/10.5902/2179460X9487 

Brassolatti, T.F.Z., Hespanhol, P.A., Costa, M.A.B., 

Brassolatti, M. 2016. Etanol de primeira e segunda geração. 

Revista Interdisciplinar de Tecnologias e Educação, 2(1), 1-9. 

http://rinte.ifsp.edu.br/index.php/RInTE/article/download/224/

pdf_61. (accessed October 15, 2021)  

Brinkman, M.L., da Cunha, M.P., Heijnen, S., Wicke, B., 

Guilhoto, J.J., Walter, A., Faaij, A.P.C., Van Der Hilst, F. 

2018. Interregional assessment of socio-economic effects of 

sugarcane ethanol production in Brazil. Renewable and 

Sustainable Energy Reviews, 88, 347-362. DOI: 

https://doi.org/10.1016/j.rser.2018.02.014 

Carvalho, I.R., Korcelski, C., Pelissari, G., Hanus, A., Rosa, 

G.M. 2013. Demanda hídrica das culturas de interesse 

agronômico. Enciclopédia Biosfera, 9(17), 969-985. 

https://www.conhecer.org.br/enciclop/2013b/CIENCIAS%20

AGRARIAS/DEMANDA%20HIDRICA.pdf. (accessed 

October 14, 20210)  

Clauser, N.M., González, G., Mendieta, C.M., Kruyeniski, J., 

Area, M.C., Vallejos, M.E. 2021. Biomass waste as 

sustainable raw material for energy and fuels. Sustainability, 

13(2), 794-815. DOI: https://doi.org/10.3390/su13020794 

Durães, F.O.M., May, A., Parrella, R.D.C. (2012). Sistema 

agroindustrial do sorgo sacarino no Brasil e a participação 

público-privada: oportunidades, perspectivas e desafios. Sete 

Lagoas, Embrapa Milho e Sorgo. 



        Santos et al. (2022)   7 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 9, n. 1, e6719, jan./mar. 2022. 

https://ainfo.cnptia.embrapa.br/digital/bitstream/item/68879/1/

doc-138-1.pdf. (accessed October 14, 2021)  

Fernandes, G., Braga, T.G., Fischer, J., Parrella, R.A.C., 

Resende, M.M., Cardoso, V.L. 2014. Evaluation of potential 

ethanol production and nutrientes for four varieties of sweet 

sorghum during maturation. Renewable Energy, Oxford, 71, 

518-524. DOI: https://doi.org/10.1016/j.renene.2014.05.033 

Fierro, A., Forte, A., Zucaro, A., Micera, R., Giampietro, M. 

2019. Multi-scale integrated assessment of second-generation 

bioethanol for transport sector in the Campania Region. 

Journal of Cleaner Production, 217, 409-422. DOI: 

https://doi.org/10.1016/j.jclepro.2019.01.244 

Fiorini, I.V.A., Pinho, R.G.V., Resende, E.L., Santos, A.O., 

Bernardo Junior, L.A.Y., Borges, I.D., Pires, L.P.M. 2016. 

Produtividade de sorgo sacarino em função de populações de 

plantas e de épocas de corte. Revista Brasileira de Milho e 

Sorgo, 15(1),105-113. DOI: https://doi.org/10.18512/1980-

6477/rbms.v15n1p105-113 

Giacomini, I., Siqueira, F.L.T., Pedroza, M.M., Mello, 

S.Q.S., Cerqueira, F.B., Salla, L. 2013. Uso potencial de 

sorgo sacarino para a produção de etanol no estado do 

Tocantins. Revista Agrogeoambiental, 5(3), 73-81. 

https://agrogeoambiental.ifsuldeminas.edu.br/index.php/Agrogeoa

mbiental/article/download/531/542. (accessed October 14, 2021)  

Goldemberg, J. 2017. Atualidade e perspectivas no uso de 

biomassa para geração de energia. Revista Virtual de Química, 

9(1), 15-28. DOI: http://dx.doi.org/10.21577/1984-

6835.20170004 

Gutiérrez-Rivera, B., Ortiz-Muñiz, B., Gomez-Rodriguez, J., 

Cardenas, A., Domínguez González, J.M., Aguilar-Uscanga, 

M.G. 2015. Bioethanol production from hydrolyzed sugarcane 

bagasse supplemented with molasses “B” in a mixed yeast 

culture. Renewable Energy, 74, 399-405. DOI: 

https://doi.org/10.1016/j.renene.2014.08.030 

IBGE. INSTITUTO BRASILEIRO DE GEOGRAFIA E 

ESTATÍSTICA. 2014. Levantamento sistemático da produção 

agrícola: pesquisa mensal de previsão e acompanhamento das 

safras agrícolas do ano civil 2014. IBGE, 27,1-84. 

https://biblioteca.ibge.gov.br/visualização/periodicos/6/lspa_ 

pesq_2014_fev.pdf. (accessed October 10, 2021. 

Jouhten, P., Ponomarova, O., Gonzalez, R., Patil, K.R. 2016. 

Saccharomyces cerevisiae metabolism in ecological context. 

FEMS yeast research, 16(7), fow080. DOI: 

https://doi.org/10.1093/femsyr/fow080 

Kirchner, J.H., Robaina, A.D., Peiter, M.X., Torres, R.R., 

Mezzomo, W., Ben, L.H.B., Pimenta, B.D. 2018. Productivity 

and efficiency in the use of water in different irrigation depths 

in forage sorghum in dynamic of cuts. Irriga, 23(2), 359-379. 

DOI: https://doi.org/10.15809/irriga.2018v23n2p359-379 

Kumari, S., Kumar, M., Gaur, N.A., Prasad, R. 2021. Multiple 

roles of ABC transporters in yeast. Fungal Genetics and 

Biology, 150, 103550-103563. DOI: 

https://doi.org/10.1016/j.fgb.2021.103550 

Lima, A.M., Santos, D.T., Garcia, J.C. 2011. Viabilidade 

econômica e arranjos produtivos. Agroenergia em Revista, 

Brasília, 2(3), 43-44. https://issuu.com/embrapa/docs/revista_ 

agroenergia_ed3. (accessed October 5, 2021) 

Ljungdahl, P.O., Daignan-Fornier, B. 2012. Regulation of 

amino acid, nucleotide, and phosphate metabolism in 

Saccharomyces cerevisiae. Genetics, 190(3), 885-929. DOI: 

https://doi.org/10.1534/genetics.111.133306 

Manochio, C., Andrade, B.R., Rodriguez, R.P., Moraes, B.S. 

2017. Ethanol from biomass: A comparative overview. 

Renewable and Sustainable Energy Reviews, 80, 743-755. 

DOI: https://doi.org/10.1016/j.rser.2017.05.063 

Masson, I.S., Costa, G.H.G., Roviero, J.P., Freita, L.A., 

Mutton, M.A., Mutton, M.J.R. 2015. Produção de bioetanol a 

partir da fermentação de caldo de sorgo sacarino e cana-de-

açúcar. Ciência Rural, 45(9), 1695-1700. DOI: 

https://doi.org/10.1590/0103-8478cr20130549 

McCord, P., Glynn, N., Comstock, J. 2019. Identifying 

markers for resistance to sugarcane orange rust (Puccinia 

kuehnii) via selective genotyping and capture sequencing. 

Euphytica 215(9),1-14. DOI: https://doi.org/10.1007/s10681-

019-2340-6 

Milanez, A.Y., Nyko, D., Valente, M.S., Xavier, C.E.O., 

Kulay, L.A., Donke, A.C.G., Gouvêia, V.L.R.D. 2014. A 

produção de etanol pela integração do milho-safrinha às usinas 

de cana-de-açúcar: avaliação ambiental, econômica e 

sugestões de política. https://web.bndes.gov.br/bib/jspui/ 

handle/1408/1921. (accessed October 12, 2021) 

Miranda, A.S., Domingues, F.N., Godoy, B.S., Do Rêgo, 

A.C., Faturi, C., De Azevedo, J.C. 2020.  Yield and 

technological performance of sugarcane cultivars grown under 

af climate conditions. Semina: Ciências Agrárias, 41(1), 73-

82. DOI: http://dx.doi.org/10.5433/1679-0359.2020v41n1p73 

Oliveira, T.C. 2021. The culture of sweet sorghum: review. 

Research, Society and Development, 10(2), e28610212755. 

DOI: https://doi.org/10.33448/rsd-v10i2.12755 

Parazzi, C., Ortigosa, L.M., Medeiros, S.D.S., Verruma-

Bernardi, M.R. 2018. Estudo da qualidade físico-química, 

tecnológica e sensorial de caldos de cana-de-açúcar para 

consumo. Revista Ciência, Tecnologia & Ambiente, 8(1), 3-

10. DOI: https://doi.org/10.4322/2359-6643.08101 

Ruiz, J., de Celis, M., de Toro, M., Mendes-Ferreira, A., 

Rauhut, D., Santos, A., Belda, I. 2020. Phenotypic and 

transcriptional analysis of Saccharomyces cerevisiae during 

wine fermentation in response to nitrogen nutrition and co-

inoculation with Torulaspora delbrueckii. Food Research 

International, 137, 109663-109675. DOI: 

https://doi.org/10.1016/j.foodres.2020.109663 

Santos, M.D.S.M., Cardoso, C.A.L., Silva, E.M., Batistote, M. 

2018. Potential of saccharine substrates for ethanol 

production. Orbital: The Electronic Journal of Chemistry, 

10(1), 14-21. DOI: http://dx.doi.org/10.17807/orbital.v10i1. 

1013 

Santos, N.P., Mascarenhas Santos, M.S., Cardoso, C.A.L., 

Batistote, M. 2020. Assimilation of amino acids present in must 

based on sugarcane juice by Saccharomyces cerevisiae under 

fermentative stress. Brazilian Journal of Development, 6(6), 

33971-33983. DOI: https://doi.org/10.34117/bjdv6n6-084 

Serna-Saldívar, S.O., 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 

https://web.bndes.gov.br/bib/jspui/handle/1408/1921
https://web.bndes.gov.br/bib/jspui/handle/1408/1921
http://dx.doi.org/10.5433/1679-0359.2020v41n1p73
http://dx.doi.org/10.17807/orbital.v10i1.1013
http://dx.doi.org/10.17807/orbital.v10i1.1013


8                  Energy cultures and sustainability in biofuel production 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 9, n. 1, e6719, jan./mar. 2022. 

Trends. In: Lima, M.A.P., Natalense, A.P.P. (Eds.). 

Bioethanol. IntechOpen, chapter 3, p. 51-74. DOI: 

https://doi.org/10.5772/20489 

Silva, M.D.A., Arantes, M.T., Rhein, A.F.D.L., Gava, G.J., 

Kolln, O.T. (2014). Potencial produtivo da cana-de-açúcar sob 

irrigação por gotejamento em função de variedades e ciclos. 

Revista Brasileira de Engenharia Agrícola e Ambiental, 18(3), 

241-249. https://www.scielo.br/j/rbeaa/a/d4FFvbhpmkJ4X9Y 

NPyQR3hw/?format=pdf&lang=pt. (accessed October 12, 2021) 

Silva, R.F., Santos, M.S.M., Mueller, L.P., Cardoso, C.A.L., 

Batistote, M. 2020. The composition of sacarine substrates 

for ethanol production and the fermentative capacity 

Saccharomyces cerevisiae Pedra-2. Research, Society and 

Development, 9(11), e44891110235. DOI: 

https://doi.org/10.33448/rsd-v9i11.10235 

Souza, J.P., do Prado, C.D., Eleutherio, E.C., Bonatto, D., 

Malavazi, I., da Cunha, A. F. 2018. Improvement of Brazilian 

bioethanol production–Challenges and perspectives on the 

identification and genetic modification of new strains of 

Saccharomyces cerevisiae yeasts isolated during ethanol 

process. Fungal biology, 122(6), 583-591. DOI: 

https://doi.org/10.1016/j.funbio.2017.12.006 

Taborda, L.W., Jahn, S.L., Lovato, A., Evangelista, M.L.S. 

2015. Evaluation of the technical and economic feasibility of 

ethanol production in a pilot plant using Sweet potatoes. 

Custos e@gronegócio, 11(1), 245-262. 

http://www.custoseagronegocioonline.com.br/numero1v11/O

K_14_etanol_english.pdf. (accessed October 12, 2021) 

Torres, V.D.O., Piva, R.C., Antonialli Junior, W.F., Cardoso, 

C.A.L. 2018. Free amino acids analysis in the venom of the 

social wasp Polistes lanio under different forms of 

preservation. Orbital: The Electronic Journal of Chemistry, 

10(1), 1-8. DOI: http://dx.doi.org/10.17807/orbital.v10i1.1005 

Umakanth, A.V., Kumar, A.A., Vermerris, W., Tonapi, V.A. 

2019.- Sweet Sorghum for Biofuel Industry, In: Aruna, C., 

Visarada, K.B.R.S., Venkatesh Bhat, B., Tonapi, V. A. (Ed) 

Woodhead Publishing Series in Food Science, Technology 

and Nutrition, Breeding Sorghum for Diverse End Uses, 

Woodhead Publishing (Elsevier), 2019, Pages 255-270. DOI: 

https://doi.org/10.1016/B978-0-08-101879-8.00016-4 

Wang, K., Mao, Z., Zhang, C., Zhang, J., Zhang, H., Tang, L. 

2012a. Influence of nitrogen sources on ethanol fermentation 

in an integrated ethanol–methane fermentation system. 

Bioresource technology, 120, 206-211. DOI: 

https://doi.org/10.1016/j.biortech.2012.06.032 

Wang, M., Han, J., Dunn, J.B., Cai, H., Elgowainy, A. 2012b. 

Well-to-wheels energy use and greenhouse gas emissions of 

ethanol from corn, sugarcane and cellulosic biomass for US 

use. Environmental Research Letters, 7(4), 045905-045919. 

DOI: http://dx.doi.org/10.1088/1748-9326/7/4/045905

 

https://www.scielo.br/j/rbeaa/a/d4FFvbhpmkJ4X9YNPyQR3hw/?format=pdf&lang=pt
https://www.scielo.br/j/rbeaa/a/d4FFvbhpmkJ4X9YNPyQR3hw/?format=pdf&lang=pt

