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Abstract 

The ethanol derived by the use of microorganisms during industrial fermentation process has been used as an 

alternate source of liquid energy and a substitute of high-cost petrol. Saccharomyces cerevisiae is best known 

microbial source due to its major impact on economic and social importance, rapid conversion of sugar, high 

growth and fermentation rate, high genetic stability and tolerance in stressful conditions. This work revealed 

that maximum growth of test strain on WL-nutrient broth, 0.8 ml inoculum size, 5.0 pH, and 32°C at 120 rpm 

after 72 hours. Glucose, sucrose; arginine, asparagine, glutamic acid; pantothenic acid, thiamine and riboflavin 

were the best organic sources for enhanced growth of test strains whereas calcium chloride, magnesium chloride, 

potassium chloride, ammonium chloride, ammonium sulphate, magnesium sulfate, manganese sulphate, 

potassium di-hydrogen phosphate, di-Potassium hydrogen phosphate, urea, peptone, yeast nitrogen base were 

the best chemicals for increased growth of test strain at their respective concentrations per 100ml. of WL-

nutrient broth. The effect of alcohols showed that the test strain Cs tolerated higher concentration of ethanol as 

compared to the methanol and isopropanol. When studied the comparative growth, it was observed that the 

synthetic growth medium showed increased growth as compared to other media used. Ethanol production from 

clarified molasses and mixed with growth medium at different concentrations revealed 24.91% and 15.7% at 

sugar concentration 44 and 35.5% and sugar consumption 33.26 and 26.61% respectively. 

* Corresponding Author: Atta Hussain Rind  attahussain243@gmail.com  
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Introduction 

Currently, the vehicles are more dependent on 

biofuels due to its storage capacity more significantly 

liquid fuels. The biofuel utilization depends upon the 

feedstock availability that depends upon the favorable 

climatic conditions, particular area of land and the 

crops for energetic yield. The advancement of this 

technology in national standards has been enhanced 

by investors and establishments. That’s why the 

continuous efforts have been taken to uplift the high 

standard of biofuel. The greater portion of bioethanol 

is now marketed for better used in beverages, solvents 

and also some important used in different industrial 

processes (WWI, 2006). Recently, Brazil is the main 

supplier of ethanol that extends to half of total world’s 

business of liquid renewable biofuels followed by 

Pakistan, USA, South Africa, Ukraine and others but 

the trade ratio is significantly lesser than Brazil. On 

contrary, Pakistan is also among the larger supplier of 

ethanol to the European countries due to the 

feedstock e.g. sugarcane crop. Many other regions 

grow sugarcane as cheaper feedstock like Africa, Latin 

America, and Asia plan to extend their yield for 

worldwide trade (WWI, 2006). Moreover, world’s 

power requirement and the reduction of oil reserves 

gained access to progress the alternative energy 

resources from renewable resources (Saxen et al., 

2009) such as ethanol, a significant alternate of 

biofuel (Phouong, et al., 2014), which is used to 

achieve the goals of energy crises either directly or 

mixed with gasoline (Ward, et al., 2006; Manada et 

al., 2015; Sanchez, et al,. 2008).  

 
It is also used industrial solvent, cleansing agents, 

preservatives, an additive, fuel volume extender and 

as octane enhancer (Dung et al., 2012; Woodson et 

al., 2008). Sugarcane is one of the best known raw 

materials for bioethanol fermentation [9] among 

others that include corn cereals, wheat, municipal 

waste, Maize. Currently the production of 2nd 

generation biofuels from paper waste, 3rd generation 

from algal source whereas the 4th generation 

bioethanol are progressing from vegetable oil (Balat 

et al., 2008; Byadgi et al., 2016). Saccharomyces 

cerevisiae is a model microorganism being used for 

better fermentation of ethanol (Hashimoto et al., 

2005; Mobini-Dehkordi et al., 2011). The essence of 

ethanol production valued because of high proficiency 

and low environmental effects, less emission of 

volatile compounds and the reduction of greenhouse 

gases emissions (Hahn-Hagerdal, et al., 2006; 

Wyman, 1990; Periyasamy, 2009). Globally, the 

greater extent of the crude oil has been focused to use 

as a significant source of energy that may the 

environmentally acceptable. It has been observed that 

world is focusing the innovative technologies because 

of their benefit to the man kind in terms of 

minimizing effects of fuel energy, enhanced economic 

status, better and cleaned environment and 

inexpensive resources for the production of biofuels.  

 

As the cost of petroleum products increases day by 

day the need of bioethanol emerges in the under 

developing countries. The work on bioethanol has 

been successfully done in the advanced countries for 

better quality, better use in vehicles in the form of 

E100, E80 and so on. This work is done to create the 

opportunity based production of biofuel in Pakistan 

to overcome the crises of petrol prices. This study still 

need the piot scale production, which is only 

accomplished with the generation of public sector and 

private sector agencies.  

 

Keeping the significance of biofuel and its market 

importance, the international organizations in the 8th 

conference of Biofuels & Bioeconomy-2017 proclaimed 

that the biofuels are unaffected part of bio-industry 

(Biofuels & Bioeconomy et al., 2018). The use of biofuel 

energy sources has environmental impacts such as air, 

water, and soil pollution at extraction sites, ducts, and 

refineries and the anthropogenic mobilization of 

millions of carbon tons that is the reason of global 

warming (Platon, et al., 2017).  

 
Aims And Objectives 

Keeping the long term crises of high rates of petrol, 

this study was designed with the aim to produce 

bioethanol from the cheaper source of plant origin 

e.g. sugarcane molasses and the synthetic 

fermentation medium in different concentrations. It 

also explores the new trend of simpler technology to 

achieve the better yield of the bioethanol.  



 

457 Rind et al. 

 

Int. J. Biosci. 2020 

Materials and methods 

Optimization studies for yeast growth  

The commercial strain of Saccharomyces cerevisiae 

strain Cs was rehydrated in sterile distilled water and 

kept for incubation at 37°C for 2 hours and cultured 

in nutrient broth (Oxoid CM0001). Sub-culturing was 

also done on nutrient agar after 12, 24, 48 and 72 

hours. Finally they were transferred to the WL-

nutrient broth (WLNB) of Oxoid (CM050), 

absorption was recorded at 600 nm. Cell count was 

determined on both agar media (Sanders, 2012).  

 

Later on yeast culture inoculated in WL-nutrient 

broth for physical and chemical optimization 

parameters including the effect of age, inoculum size, 

temperature with little modifications in the method of 

(Inan, et al., 1999; Duhan et al., 2013; AL-Sa'ady et 

al., 2014), pH (Udhayaraja et al., 2012) and agitation 

speed (Bernardo et al., 2005, Rosma et al., 2006), 

sugars, amino acids, vitamins and other minerals at 

absorption 600nm.  

 

Preparation of fermentation medium for ethanol 

production 

Clarified molasses (100 ml) in 300ml Erlenmeyer 

flask was used for ethanol production (I) whereas a 

mixture of molasses and growth medium was 

prepared in 20, 40, 80 in 80, 60, 20ml ratio 

respectively to make fermentation medium for 

ethanol production (II) and later Brix of cane 

molasses and fermentation medium was determined 

by Hana Brix meter HI96801 Digital Refractometer 

0-85% (Shaheen, 2010). 

 

Ethanol production (I and II) 

Ethanol I was produced from sterile, cooled 

pretreated molasses whereas the ethanol II was 

produced by mixture of fermentation medium and 

molasses (80:20, 60:40 and 20:80ml).  

 

Respectively with pH 5.0, 0.8ml inoculum size at 

32°C, 120 rpm for 48h. Fermented mash was distilled 

at 78°C controlled temperature and the percentage 

was determined by alcohol density meter (DMA 35).  

Results & discussions  

Saccharomyces cerevisiae (strain Cs) was activated in 

nutrient broth and WL-nutrient broth. Total viable 

count and cultured on both agars that revealed 

290,000 and 331,000 cell per ml during optimization 

of growth after every 12 hours in WL-nutrient broth 

revealed the increased growth after 72 hours post. 

 

Incubation at A600 (Fig.1), inoculum size 0.8ml in 

100ml of WLNB (Fig.2), pH 5.0, temperatures 32°C, 

agitation speed 120 rpm in orbital shaker incubator 

(Table 3-5), 1mg glucose and sucrose, 0.1mg of 

arginine, asparagine and glutamic acid and 0.1mg of 

thiamine, riboflavin and pantothenic acid (Table.6-8) 

and minerals (Sodium chloride, manganese chloride, 

di-potassium hydrogen phosphate and yeast extract) 

at 0.4mg whereas (Calcium chloride, potassium 

chloride, magnesium chloride, ammonium chloride. 

 

Ammonium sulfate, magnesium sulphate, potassium 

phosphate, potassium di-hydrogen phosphate, urea, 

peptone, yeast nitrogen base at 0.2mg / 100ml 

respectively. The optimized concentrations of all 

chemicals, sugars, amino acids and vitamins were 

composed to prepare a synthetic growth medium 

(Table 1). Ethanol production was obtained 

pretreated sugar cane molasses (Ethanol-I, II) and 

from fermentation medium at various 

concentrations/ratio respectively (Table 2-3).  

 

 

Fig. 1. Determination of maximum growth of test 

strain Cs on various incubation periods (age of 

inoculum) in modified WL- nutrient broth, 1 ml 

inoculum, at pH 5, 37°C, 100 rpm, A600. 
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Fig. 2. Determination of maximum growth of test 

strain Cs on modified WL nutrient broth at various 

incubation periods (age of inoculum) in modified WL- 

nutrient broth, 1 ml inoculum, at pH 5, 37°C, 100 

rpm, A600. 

 

 

Fig. 3. Determination of maximum growth of test 

strain Cs on various pH, in modified WL nutrient 

broth at pH 5, 37°C, 0.8 ml inoculum size, 100 rpm 

after 72 h incubation at A600. 

 

 

Fig. 4. Determination of maximum growth of test 

strain Cs on various temperatures in modified WL 

nutrient broth at pH 5, 37°C, 0.8ml inoculum size, 

100 rpm after 72h incubation at A600. 

 

Fig. 5. Determination of maximum growth of test 

strain Cs on various agitation speeds in modified WL 

nutrient broth at pH 5, 36°C, 0.8ml inoculum size, 

100 rpm after 72h incubation at A600. 

 

 

Fig. 6. Determination of maximum growth of test 

strain Cs on various sugars (1mg / 100ml) in modified 

WL nutrient broth at pH 5, 36°C, 0.8ml inoculum 

size, 120 rpm after 72h incubation at A600. 

 

 

Fig. 7. Determination of maximum growth of test 

strain Cs on various amino acids (0.1mg/100 ml) in 

modified WL nutrient broth at pH 5, 36°C, 0.8ml 

inoculum size, 120 rpm after 72h incubation at A600. 
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Fig. 8. Determination of maximum growth of test 

strain Cs on various vitamins (0.1mg/100 ml) in 

modified WL nutrient broth at pH 5, 36°C, 0.8ml 

inoculum size, 120 rpm after 72h incubation at A600. 

 

Table 1. Chemical composition of fermentation 

medium (GM). 

Chemicals Composition g / L 

Yeast extract 4 

Magnesium chloride 4 

Di-potassium hydrogen 
phosphate 

4 

Calcium chloride 2 

Potassium chloride 2 

Magnesium chloride 2 

Ammonium chloride 2 

Ammonium sulphate 2 

Manganese sulphate 2 

Potassium phosphate 2 

Potassium di-hydrogen 
phosphate 

1 

Urea 2 

Peptone 5 

Yeast nitrogen base 2 

Glucose 10 

Thiamine 0.1 

Riboflavin 0.1 

Pantothenic acid 0.1 

Arginine  1 

Asparagine 1 

Glutamic acid 1 

Agar-agar 12 

pH 5.0 

 

Table 2. Ethanol production (I) from sugar cane 

molasses by test strain Cs. at pH 5, 32°C, inoculum 

size 0.8ml, 120 rpm after 48 h incubation at A600 

Substrate Sugar 
% (a) 

Ethanol- 
production 

(%) 

Sugar 
present after 
fermentation 

(b) 

a-b = total 
sugar 

consumed 
(%) 

Molasses 44 24.91 10.74 33.26 

Table 3. Ethanol production (II) from sugar cane 

molasses by test strain Cs at pH 5, 32°C, inoculum 

size 0.8 ml, 120 rpm after 48 h incubation at A600. 

Substrate 
(Molasses and 
GM ratio - ml) 

Sugar 
% 
(a) 

Ethanol 
production 

(%) 

Sugar present 
after 

fermentation (b) 

a-b= total 
sugar 

consumed 
(%) 

20-80 9.3 5.81 2.24 7.06 
40-60 17.1 10.3 4.17 12.93 
80-20 35.4 15.7 8.79 26.61 

 

Ethanol from cane molasses is a good source of liquid 

energy for industries and vehicles due to its low cost 

and the use animal feed (Ghorbani et al., 2011; 

Paciello et al., 2014; Arshad et al., 2008; Kopsahelis 

et al., 2009; Xandé et al., 2010). Yeasts are unique 

microbial sources such as Saccharomyces cerevisiae 

(Nielsen et al., 2013). Nutrients supply to this yeast at 

various time periods strengthen the yeast growth, 

increase the number of cells and enhances the rapid 

metabolic activity (Samsuri, et al., 2010). WL-

nutrient agar supports the uptake of nutritional 

requirements through mitochondrial enzymes and 

hereditary traits by the genes. Growth medium 

revealed the higher growth due to the active proton 

symport and facilitated diffusion mechanisms. Amino 

acids are assimilated and transported and play a 

structural role. Vitamins help in decarboxylation, 

acetylation, redox reactions and transfer of methyl 

groups (Noor et al 2008, Noor et al., 2012). 

Optimization studies were used to enhance yeast 

growth and ethanol production (Janani et al., 2013; 

Swain et al., 2013). In our study optimization 

parameters confirm the maximum growth due to the 

activation of transcriptional control elements. The age 

of inoculum revealed that growth increases after 48 

hours and reached at maximum level up to 72 hours 

due to their rapid enzymatic metabolism that reaches 

its log phase. The observation revealed that 0.8% 

inoculum grows well due to the active uptake of 

nutrients and appropriate oxygen supply in the 

medium. The size of inoculum in ethanol 

fermentation is important for greater fermentation 

yield (Alegre, et al., 2003).  

 

Temperature supports the inoculum development at 

30-35°C (Noor et al., 2003). Increase in temperature 

denature microbial enzymes and cause inability of 

yeast’s regulatory mechanism for the tolerance and 
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decrease in ethanol production (Shah et al., 2010; Lin 

et al., 2012). The findings revealed the maximum 

growth at 32°C which may be due to the combination 

of enrichment factors of the in WLNB, oxygen content 

and the agitation speed. This observation of sugar 

consumption and ethanol production is well accorded 

with (Banat et al., 1995; Rajoka et al., 2005). Our 

studies revealed the variation in growth that reached 

to maximum at pH 5.00. This may be due to the 

enzyme production, metabolic activity and un-

dissociated form of weak acid. Agitation provides a 

mechanical set up for compressed air that provides 

uniform distribution of nutrients and oxygen supply.  

 

Aerated medium supports the greater biomass 

because agitation provides gaseous phase of oxygen 

into the liquid phase to the growing cells needed for 

mitochondrial cyclic metabolism the equal 

concentrations of the nutritional ingredients to all 

cellular components (Noor et al., 2005; Inparuban, 

et al, .2009). Yeast can utilize glucose, fructose, 

maltose or sucrose as their main carbon source. The 

increase of sugar beyond 15% can inhibit the cellular 

activity (Stenberg, et al., 2000). Glucose supports 

the yeast growth in non-fermentable carbon source, 

which induce various signal transduction pathways 

and enhances ATP for cell mass biosynthesis 

(Walker, 2000). Our result is in agreement of (Noor 

et al., 1996). Yeast utilizes nitrogen for growth and 

activity. The growth in nitrogenous sources supports 

greater ethanol yield in ammonium sulphate, 

potassium nitrate. The findings indicated the 

maximum growth in yeast nitrogen base with 

ammonium sulphate, urea and peptone. 

 

Optimization of chemicals help determine osmotic 

stress (Logothetis, et al., 2007; Mukherjee et al., 

2010) that play an important role in the cellular 

metabolism. Chloride ions help in fluid and 

electrolyte balance, manganese helps in intracellular 

regulation, calcium helps in cell cycle regulation and 

implicated in transitional form lag to exponential 

phase. Potassium and magnesium ions establish 

metallic cationic environment and thus potassium (K) 

calcium (Ca), magnesium (Mg) support growth and 

enzyme system as co factor. Sulphur helps in 

biosynthesis of sulphur containing amino acids, 

prevention of browning reaction and phosphates play 

a vital role in carbohydrate metabolism and yeast 

growth. Molasses possesses lots of impurities that 

could be toxic because different chemicals such as 

fungicides, insecticides and herbicides heavy metals 

and also fertilizers (Reed, et al., 1988, Pérez-Torrado, 

2004). A new modified substrate was formulated with 

varying concentrations of sugar cane molasses and 

growth medium to constitute a fermentation medium 

in accordance to that provides enrichment for 

maximum growth and protection of yeast growth 

from toxic effects of molasses.  

 

The rate of ethanol production depends upon the sugar 

concentration. High and low sugar on ethanol 

fermentation and the productivity resulting the 

increased osmotic pressure due to the starvation of 

yeast cells. Our observations revealed the ethanol 

production after 48 h due to the cell-specificity cell age 

and the optimized ratio carbon, nitrogen source and 

other nutrients (Paciello et al., 2009; Paciello et al., 

2019). Our results of ethanol production at 32ºC after 

48h are in agreement of (Ballesteros, et al., 2004; 

Aldiguer et al., 2004, Phisalaphong et al., 2005).  

 

Conclusion 

From the observations it is concluded that activated 

culture of Saccharomyces cerevisiae show well 

growth after 72h starting after 46 h incubation. The 

WL-nutrient medium was the best medium for higher 

growth then the simple nutrient agar. While 

optimization studies the maximum growth appeared 

after 72h, 0.8ml inoculum size at 32ºC, 120 rpm in 

WL-nutrient broth with pH 5.0. Glucose and sucrose, 

arginine, asparagine and glutamic acid, Biotin, 

thiamine and pantothenic acid were observed as best 

carbon, nitrogen sources and growth factor 

respectively. Clarified substrate and fermentation 

medium with suitable optimization parameters will 

increase the yeast growth and the fermentation ability 

of the teats strain. It is also concluded that clarified 

molasses and the fermentation medium (molasses 

and growth medium) at 80-20 ratio was known as 

best substrate respectively.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Stenberg%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10712736
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