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 Bioethanol is a clean alternative energy source, with wild cassava (Manihot 

glaziovii Muell. Arg) as a potential feedstock. Fermentation converts glucose 

from hydrolysis into ethanol. This study examines the effects of pH and 

fermentation temperature on bioethanol characteristics using a simultaneous 

saccharification and co-fermentation (SSCF) technique. A factorial 

randomized block design (RBD) was used with two factors: pH (4.5, 5.0, 

and 5.5) and fermentation temperature (30, 32.5, and 35 °C). Data were 

analyzed using variance and Duncan’s test. Results showed that pH and 

temperature significantly affected pH value, total soluble solids, reducing 

sugar, and ethanol content. The optimal conditions for bioethanol production 

were pH 4.5 and temperature 32.5 °C, yielding a pH of 3.55±0.07, total 

soluble solids of 9.3±0.57 °Brix, reducing sugar of 3.038±0.10 mg/mL, and 

ethanol content of 3.48±0.37 (%w/v). Based on the results of this study, wild 

cassava can be utilized as bioethanol by considering the effect of 

fermentation conditions. 
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1. INTRODUCTION 

Energy has emerged as an important issue recently in the world, affecting the economic 

development along with the growth of population, fuel emission problems, and not to mention depletion of 

oil reserves. The relentlessly increasing consumption of fossil energy has triggered the crisis of fuel [1]. The 

scarcity and impact of environmental pollution due to the use of fossil fuels has encouraged many 

innovations to find renewable and environmentally friendly alternative fuels. The solution to energy 

problems and the greenhouse effect caused by the use of fossil fuels is the development of alternative fuels. 

One of these alternative fuels is bioethanol [2]. Bioethanol is an alternative that will be needed in the future, 

and its production will increase significantly because of the large number of raw materials available to 

produce bioethanol [3]. 

Bioethanol production as an alternative energy source is nothing new. Bioethanol production currently 

still uses food raw materials necessary for human life, such as corn, beans, and tubers such as cassava [4]. 

Bioethanol production from this material can solve energy problems, but if implemented on a large scale, it will 

create new problems, such as food shortages for human life. One of the inedible natural materials that has the 

potential to be used as a raw material for making bioethanol is wild cassava (Manihot glaziovii Muell. Arg). 

https://creativecommons.org/licenses/by-sa/4.0/
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Wild cassava is a non-food ingredient because it contains cyanide acid (hydrogen cyanide (HCN)), which is 

toxic if consumed directly, so it is not generally sold [5]. Wild cassava is mostly composed of starch, which is 

around 78% of the dry weight. Other components of wild cassava include water, protein, fat, fiber, and ash. 

Wild cassava fiber consists of cellulose, hemicellulose, lignin, and protein, so raw cassava can be used as a raw 

material for making bioethanol [6]. The yield of wild cassava in the bioethanol production process is very 

dependent on the ability of the process to hydrolyze wild cassava components, especially starch into glucose. 

The high or low content of hydrolyzed glucose will influence the bioethanol formation process in the 

fermentation process [6]. 

Bioethanol in this study was produced using several main process stages, namely gelatinization, 

simultaneous saccharification and co-fermentation (SSCF), and distillation. The enzymatic hydrolysis 

process can be carried out simultaneously with co-fermentation of glucose, cellulose, and xylose, which is 

called SSCF [7]. The advantage of SSCF is that production costs can be reduced, the enzymatic hydrolysis 

process can be eliminated, and the productivity of ethanol production will be higher than the separate 

hydrolysis and fermentation processes [8]. Co-fermentation requires an engineering process of 

microorganisms to create optimal conditions during fermentation, thereby increasing ethanol yield. The 

SSCF process technology is a single fermenter fermentation process that can shorten production time and 

reduce production costs without the addition of pure enzymes for hydrolysis. The SSCF process can be used 

to produce bioethanol from wild cassava starch using microorganisms that produce extracellular enzymes. 

Enzyme activity is influenced by several factors, namely temperature, pH, substrate concentration, enzyme 

concentration, and the presence of inhibitors [6]. According to Salihu et al. [9], temperature and pH are the 

most important factors to be known in the fermentation process because each enzyme functions optimally at a 

certain temperature and pH. Above the optimal temperature, the reaction rate decreases sharply because 

enzymes are proteins that denature at high temperatures.  

Several studies on bioethanol from wild cassava using the simultaneous saccharification and 

fermentation (SSF) and SSCF methods reported that the SSF process using cassava substrate with the help of 

the microorganisms Aspergillus niger and Saccharomyces cerevisiae can produce up to 8% bioethanol using 

a raw cassava substrate with a pH of 5.0 and fermentation temperature 35 °C produced ethanol levels of  

4.30 g/100 mL [10]. Other researchers have reported that bioethanol can be produced from raw cassava  

by co-cultivating 10% Aspergillus niger, Rhizopus oligosporus, Trichoderma reesei, and Saccharomyces 

cerevisiae with a pH of 5.0 and a fermentation temperature of 30 °C to produce an ethanol content of  

12.9 g/L [11]. The SSCF process uses rice straw as a substrate with the help of Saccharomyces cerevisiae 

microorganisms and xylanase enzymes with a pH of 4.8 and a temperature of 34 °C, which can produce an 

ethanol content of 0.35 w/w [12]. Recently, Gunam et al. [6] reported that the highest ethanol yield 

(28.277±0.228 g/L) was obtained from the wild cassava flour (WCF) substrate fermented using a co-culture 

of R5I4 isolate, Aspergillus niger, and R5I3 isolate after 8 days of incubation. 

In this research, the bioethanol production process was carried out using the SSCF technique using 

local microbials Candida orthopsilosis R5I3 and Klebsiella variicola R5I4 isolated in previous research [6] and 

Aspergillus niger Food and Nutrition Culture Collection (FNCC) 6018. This study examined the influence of 

pH and fermentation temperature in the bioethanol production process from wild cassava using the SSCF 

technique. The purpose of this research is to: i) determine the effect of pH and fermentation temperature on  

the characteristics of bioethanol from WCF using the SSCF technique; and ii) determine the appropriate pH  

and fermentation temperature to produce bioethanol from WCF using a SSCF technique with the  

best characteristics. 

 

 

2. RESEARCH METHOD 

2.1.  Research design 

The experimental design in this study used a factorial randomized block design (RBD) with two 

factors. The first factor was the initial pH (P), which consists of three levels, namely 4.5, 5.0, and 5.5.  

The second factor was fermentation temperature (T), which consists of three levels, namely 30, 32.5,  

and 35 °C.  

Based on the combination of the two factors above, nine treatments were obtained, and each 

treatment was grouped into two groups based on processing time, so that eighteen treatment units were 

obtained. The main ingredient used was wild cassava, which was obtained from Karangasem District, 

Karangasem Regency, Bali, Indonesia. The wild cassava obtained was processed into WCF through a process 

of cutting, soaking, drying, grinding, and sieving. The following additional materials were utilized in this 

study: Aspergillus niger FNCC 6018, along with local microbes Candida orthopsilosis R5I3 and Klebsiella 

variicola R5I4, which were obtained from the Bioindustry Laboratory at the Department of Agroindustrial 

Technology, Faculty of Agricultural Technology, Udayana University. 
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2.2.  Research procedure 

2.2.1. Preparation materials  

Wild cassava tubers were peeled, cut into smaller pieces, washed thoroughly, soaked and 

continuously stirred for approximately 72 h with water was replaced periodically every 24 h. The tubers were 

then sun-dried, then dried using an oven at 85 °C for 5-7 h. The dried wild cassava pieces were then ground 

using a blender and sieved with a 60-mesh sieve. 

 

2.2.2. Microorganisms and culture medium 

Candida orthopsilosis R5I3 and Klebsiella variicola R5I4 were rejuvenated using yeast extract 

peptone glucose (YPG) medium with a composition of 0.45% yeast extract, 0.75% peptone, and 5% glucose 

in distilled water [3], [6], [13]. Three milliliters of each isolate culture were inoculated into 50 mL that had 

been sterilized and incubated at 35 °C for 24 h. Propagation isolates are re-inoculated into 250 mL of liquid 

YPG medium for 24 h at room temperature and 125 rpm agitation for cell growth. After the growing culture 

is obtained, it is centrifuged, and the pellet is collected [3], [13]. 

Aspergillus niger FNCC 6018 was rejuvenated and propagated using potato dextrose broth (PDB) 

media. At the rejuvenation stage, the culture was incubated for 48-72 h at 35 °C in an incubator.  

Then transferred to new PDB media for propagation and incubated for 96 h, at 125 rpm, at room temperature 

±30 °C, it will produce active cells of Aspergillus niger FNCC 6018 [14]. 

 

2.2.3. Single-stage of SSCF in one single bioreactor 

SSCF carried out refers to the procedure used by Bermejo et al. [15] and Moshi et al. [16]. The 

initial stage begins with weighing 100 g of WCF and adding 700 mL of distilled water, or using a ratio of 1:7 

for one fermentation medium. Gelatinization at 80 °C to form a thick slurry, adjust the substrate pH to pH 

4.5, 5.0, and 5.5 using citrate buffer, and transfer 200 mL of substrate into a 250 mL fermentor. Sterilization 

using an autoclave at 121 °C for 15 min with a pressure of 1 atm, after which it was cooled to room 

temperature. Aspergillus niger FNCC 6018 and Klebsiella variicola R5I4 were added simultaneously before 

the fermentation process on day 0 and after four days of the fermentation process Candida orthopsilosis R5I3 

was added to the substrate with a treatment concentration of 2% in each experimental unit. The fermentation 

was performed in a waterbatch shaker at 30, 32.5, and 35 °C with a stirring speed of 100 rpm for 8 h. The 

fermentation was then filtered and analyzed. 

The distillation process in this research refers to the research procedure of Gunam et al. [6] with 

modifications. After the fermentation process, a filtration process was performed using a distillator to 

separate the fermentation filtrate and the solids. The filtrate was measured with a graduated cylinder, and 

then a multistage distillation was performed at a temperature of 100 °C for the first bottle and 80 °C for the 

second bottle. After distillation, the ethanol content was analyzed. 

 

2.3.  Analytical methods 

The variables observed in this research include, in the initial stage before fermentation, pH analysis 

was carried out using a pH meter to measure the initial pH before fermentation [17], and total soluble solids 

analysis was carried out using a hand refractometer to measure the initial total soluble solids [18]. After the 

fermentation process, pH analysis, total soluble solids analysis, and reducing sugar analysis are performed 

using a ultraviolet-visible (UV-Vis) spectrophotometer to measure the results of reducing sugar produced 

during the fermentation process [6], [13]. Then, after the distillation process, ethanol content analysis was 

performed using an alcohol meter to determine the ethanol produced [13]. In general, the flow diagram of the 

bioethanol production experiment is presented in Figure 1 (see Appendix). 

 

2.4.  Data analysis 

Data were analyzed using the parametric analysis of variance (ANOVA) test at a significance level 

of p<0.05. When significant differences were observed among treatments, further analysis was conducted 

using Duncan’s multiple range test (DMRT). All statistical processing was performed with the Minitab 

software program. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  pH 

The results of variance analysis showed that pH, fermentation temperature, and their interactions 

had a very significant effect (p<0.01) on the pH value produced during the SSCF process. The average pH 

value in the fermentation process can be seen in Table 1. The results in Table 1 show the average pH value 

for each pH treatment and fermentation temperature. The highest decrease in average pH for fermentation 
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results occurred in the pH 4.5 treatment with a fermentation temperature of 35 °C, resulting in a pH of 

3.73±0.11. The lowest pH value occurred in the pH 5.5 treatment with a temperature of 30 °C yields 

3.18±0.04, but was not significantly different from pH 5.0 at 30 °C, and pH 5.5 at 32.5 °C and 35 °C. From 

these results, the pH in each treatment increased during the fermentation process due to the by-products of 

the fermentation process in the form of organic acids. This is supported by the statement of Ma et al. [19] that 

the fermentation process produces by-products in the form of organic acids, oligosaccharides, amylase, 

lipase, cellulase, xylase, and protease. This statement is reinforced by the view of Ghori et al. [20], which 

states that the fermentation process not only produces ethanol but also organic acid compounds, thereby 

increasing the acidity of the substrate. 

 

 

Table 1. Average pH value of fermentation results 
pH Temperature (°C) 

30 °C 32.5 °C 35 °C 

4.5 3.38±0.11cd 3.55±0.07b 3.73±0.11a 

5.0 3.28±0.04de 3.38±0.11cd 3.45±0.07bc 

5.5 3.18±0.04e 3.23±0.04de 3.30±0.00cde 

Note: means followed by different letters within the same 
row or column are significantly different (p<0.05) 

 

 

In general, pH is an important factor in the fermentation process because it influences the activity of 

microorganisms [21], and proper pH is the key to microbial growth and metabolism [22]. According to  

Gunam et al. [6], the optimal pH value for R5I3 and R5I4 activity is pH 5. Other research states that the 

optimal pH for the active enzyme-producing enzymes from Aspergillus niger is pH 5-5.5 [23]. Research by 

Turhan et al. [24] stated that pH-controlled treatments were able to produce higher ethanol concentrations 

than treatments without pH control. The initial pH value of this study was set at pH variations of 4.5, 5.0, and 

5.5 in order to create an optimal fermentation medium for the microorganisms. 

 

3.2.  Total soluble solids 

The results of the ANOVA showed that the pH and fermentation temperature treatments had a real 

effect (p>0.05), while the pH and interaction had no significant effect (p>0.05) on the total value of soluble 

solids produced during the SSCF process. The average value of total soluble solids in the fermentation 

process can be seen in Table 2. The results in Table 2 show the average total soluble solids occurring at each 

pH and fermentation temperature. The average value of total soluble solids is 9.3–7.9 °Brix. The treatment of 

pH 5.5 was not significantly different from pH 4.5 and 5.0. The highest temperature treatment was at  

32.5 °C, but not significantly different from 35 °C, and lowest was at 35 °C. In the fermentation process, 

sugar is metabolized by R5I3 into alcohol and CO2, causing low total soluble solids. As stated by  

Sujana et al. [13], the low total soluble solids are thought to be because during the fermentation process, 

sugar, which is the dominant solid component in the medium, is metabolized by yeast into alcohol and CO2, 

then used as a carbon source by latic acid bacteria (LAB), so that the total solids content dissolved to low. 

This is reinforced by the statement of Gunam et al. [6], where the decrease in total soluble solids during 

storage is due to the conversion of the sugar contained into alcohol, aldehydes, and amino acids. This opinion 

is supported by Gunam et al. [25] stated that the lower the total solids content, the higher the ethanol content. 

The decrease in total soluble solids also occurred due to the breakdown of glucose by microbes into 

alcohol. The added microorganisms have the ability to produce α-amylase and glucoamylase, which are used 

to convert the amylose and amylopectin contained in starch into sugars (galactose, fructose, and glucose) 

during aerobic or anaerobic fermentation, converted into ethanol, CO2, and other by-products [26].  

The fungal microorganism Aspergillus niger is capable of producing glucoamylase, cellulase, xylanase, 

amylase, protease, and lipase [27], [28]. This ability is required in the fermentation process to convert starch 

to ethanol. 

 

 

Table 2. Average value of total soluble solids from fermentation (°Brix) 
pH Temperature (°C) Average 

30 °C 32.5 °C 35 °C 

4.5 7.90±0.42 9.30±0.57 8.05±0.35 8.42±0.11a 

5.0 7.95±0.07 9.30±0.42 8.60±0.28 6.71±0.18a 

5.5 8.60±0.28 8.40±0.85 8.65±0.21 6.63±0.35a 

Average 8.15±0.18a 9.0±0.22a 8.43±0.07ab  

Note: means followed by different letters within the same row or column are 

significantly different (p<0.05) 
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3.3.  Reducing sugar 

The results of variance analysis showed that pH, fermentation temperature, and interactions had a 

very significant effect (p<0.01) on the value of reducing sugar produced during the SSCF process. The 

average value of reducing sugar in the fermentation process can be seen in Table 3. The results in Table 3 

show the average value of reducing sugar for each pH and fermentation temperature treatment. The highest 

average value of reducing sugar resulting from fermentation occurred in the pH 5.5 treatment with a 

fermentation temperature of 32.5 °C, producing 3.66±0.12 mg/mL. The lowest average value of reducing 

sugar resulting from fermentation occurred in the pH 4.5 treatment with a fermentation temperature of 30 °C, 

producing 0.94±0.03 mg/mL. With increasing pH and fermentation temperature, the value of reducing sugar 

produced by the fermentation test becomes higher, which shows that the process of breaking down starch into 

simple sugars continues. Therefore, there is more reducing sugar used by yeast, the higher the concentration 

of ethanol it can produce, and conversely, the less reducing sugar used by yeast, the lower the concentration 

of ethanol it can produce [29]. 

 

 

Table 3. Average value of reducing sugar from fermentation 

pH 
Temperature (°C) 

30 °C 32.5 °C 35 °C 

4.5 0.94±0.03g 3.04±0.10b 1.60±0.18e 

5.0 1.22±0.20f 2.33±0.10d 2,42±0.12cd 

5.5 1.69±0.12e 3.66±0.12a 2.60±0.18c 

Note: means followed by different letters within the same row or 

column are significantly different (p<0.05) 

 

 

The microorganisms Aspergillus niger, Candida orthopsilosis, and Klebsiella variicola play an 

important role in producing α-amylase and glucoamylase to degrade starch into simple sugars. Starch is 

divided into amylose and amylopectin. Amylose consists of α-1,4 glycosidic bonds, and amylopectin consists 

of α-1,6 glycosidic bonds. The α-1,4 glycosidic bonds in starch amylose react with α-amylase during 

liquefaction to produce reducing sugars [30]. Glucoamylase in amylopectin starch hydrolyzes  

α-1,4 glycosidic bonds and α-1,6 glycosidic bonds into monosaccharide units, a process called 

saccharification [30]. Fermented glucose is utilized by microorganisms as a source of nutrition and produces 

ethanol by-products and organic acids [6], [13]. 

 

3.4.  Ethanol content 

The results of the ANOVA showed that the pH and fermentation temperature had a very significant 

effect (p<0.01), while the interaction had a significant effect (p<0.05) on the value of the ethanol content 

produced during the SSCF process. The average value of ethanol content in the fermentation process can be 

seen in Table 4. The results in Table 4 show the average value of ethanol content occurring at each pH and 

fermentation temperature. The highest average ethanol value was at pH 4.5 with a fermentation temperature 

of 32.5 °C, producing 3.48±0.37% w/v, not significantly different from pH 4.5 at 30 °C and pH 5.0 at  

32.5 °C. The lowest average ethanol value was at pH 5.5 with a fermentation temperature of 32.5 °C, 

producing 1.35±0.24% w/v, but was not significantly different from pH 5.0 at 30 °C and 35 °C. The ethanol 

content value tends to decrease as the pH value increases. This shows that at pH 5.5, the growth and activity 

of R5I3 are not optimal. R5I3 enters the stationary phase or becomes less efficient at pH 5.5. This phase is 

caused by the level of glucose used as a carbon source for yeast cells tending to decrease, preventing the 

yeast from breaking down into ethanol and causing some of the yeast to die [31]. If the pH is increased, the 

growth rate will decrease, and eventually, growth will stop altogether. Growth arrest can be caused by a 

reduction in several essential nutrients in the medium, or by the accumulation of autotoxins in the medium, or 

a combination of both [13]. Meanwhile, the ethanol content value tends to increase with increasing 

fermentation temperature.  

 

 

Table 4. Average value of ethanol content (% w/v) 

pH 
Temperature (°C) 

30 °C 32.5 °C 35 °C 

4.5 2.78±0.42abc 3.48±0.37a 2.37±0.50cd 

5.0 2.00±0.24de 3.23±0.65ab 2.11±0.26cde 

5.5 2.58±0.49bcd 1.35±0.24e 2.34±0.01cd 

Note: means followed by different letters within the same row 
or column are significantly different (p<0.05) 



Int J Adv Appl Sci  ISSN: 2252-8814  

 

Temperature and pH effects on bioethanol production from wild cassava … (Ida Ayu Pridari Tantri) 

231 

The optimum temperature for growth and activity of Aspergillus niger is 30 °C. The optimum 

temperature for Candida orthopsilosis R5I3 and Klebsiella variicola R5I4 growth and activity is 30-35 °C. 

However, in this study, it was slightly different; at a temperature of 32.5 °C, the microbes could still work, 

and this was the best result for producing the highest ethanol. Temperature plays an important role because it 

can directly affect the microbial activity and indirectly affect the amount of ethanol produced [32]. Apart 

from that, the decrease in bioethanol concentration was also influenced by the decrease in sugar 

concentration and the hydrolysis process, which was slower than the fermentation rate. When the 

fermentation rate is fast while there is a shortage of sugar substrates, some yeasts tend to consume ethanol, 

causing a further reaction of oxidized ethanol to become acetic acid Hata et al. [33]. 

 

 

4. CONCLUSION 

Recent observations indicate that the treatment of pH and fermentation temperature had a significant 

effect on the pH value, reduced sugar value, and ethanol content value, but had no significant effect on the 

total value of bioethanol soluble solids from WCF using the SSCF technique. The pH treatment of 4.5 with a 

fermentation temperature of 32.5 °C is the right pH and fermentation temperature to produce bioethanol from 

WCF with the following characteristics of fermentation results: pH value 3.55±0.07; total soluble solids 

value 9.3±0.57 °Brix; reduced sugar value 3.038±0.10 mg/mL; and ethanol content value 3.48±0.37% w/v.  

A re-examination of the results of this study is necessary, given the need to employ diverse fermentation 

conditions to achieve optimal outcomes. Consequently, wild cassava emerges as a promising candidate for 

consideration as an alternative raw material in bioethanol production. 
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Figure 1. Flowchart of the various stages involved in the research process 
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