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ABSTRACT 

 

Ethanol is a biofuel produced from renewable resources, which potentially plays an 

important role in solving future fuel problems. This study aimed to select the highest 

ethanol-producing isolate from candidates obtained from previously isolated candi-

dates from ragi and cassava tapai. The selection process was conducted in 2 stages, 

namely: 1) Selection of the highest ethanol-producing isolate from seven isolate can-

didates using PYG media containing peptone, yeast extract, and glucose at 0.75%, 

0.75%, and 15%, respectively and was followed by: 2) Optimization of the growth 

conditions of the highest ethanol-producing isolate, which was conducted at various 

temperatures of 27, 30, 33, 35, 37, and 40°C with the combination of various pH of 

3.5, 4.5, 5.5, and 6.5. The experimental results showed that the R5I3 isolate was the 

highest ethanol-producing performance isolate, which yielded approximately 

4.69±0.25% (v/v). Following the temperature and pH optimization of the fermentation 

processes, the optimum growth conditions were at 35°C and pH 5.5, where the ethanol 

produced was increased to 8.63 ± 0.04% (v/v). With these results, this new strain has 

the potential to be used in bioethanol production processes and other industrial appli-

cations. 
 

Keywords: Cassava tapai, Ethanol-producing microbe, Optimization condition, Ragi 
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Introduction 

The demand for petroleum fuel is increasing 

rapidly in developed and developing countries [1]. 

One solution to overcome the use of non-renewa-

ble fossil energy, which results in global warming 

and environmental pollution, is using bioethanol 

as fuel [1–4]. Bioethanol is one of the most critical 

fuels sourced from renewable energy, which will 

play an essential role in effectively solving future 

problems [5].  

Renewable energy is very important in reduc-

ing the use of fossil energy [6]. Renewable energy 

development involves microbial activity to con-

vert biomass into biofuels such as bioethanol, bio-

gas, and biodiesel [7, 8]. Production of ethanol as 

an eco-friendly renewable fuel is one of the 

solutions constantly being developed [6]. Bioeth-

anol is a renewable energy source obtained from 

fermentation of sugar and plant starch components 

[7]. The production from sugar-containing sub-

strates requires potential microbes to convert 

sugar into ethanol [7].  

Potential microbes in producing ethanol can 

be obtained by isolating microbes from several 

sources such as fruit, yeast, soil, and fermentation 

products. These ethanol-producing microbes can 

also easily be found in the Indonesian marketplace 

in yeast form. Ragi tapai is a dry starter culture 

made from rice flour, spices, and water or sugar-

cane juice/extract [9, 10]. Various amylolytic and 

fermentative microbes have been isolated from 
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various brands of ragi tapai acquired from various 

places and markets, such as Amylomyces rouxii, 

Rhizopus oryzae, Endomycopsis burtonii, Mucor 

sp., Candida utilis, Saccharomycopsis fibuligera, 

Saccharomyces cerevisiae and some lactic acid 

bacteria Pediococcus pentosaceus, Lactobacillus 

plantarum, and L. fermentum [10–12]. Studies 

from the Philippines, Malaysia, Thailand, and Vi-

etnam found similar microbial species in the inoc-

ulum of tapai [10]. 

Isolation of ethanol-producing microbes from 

natural resources to produce higher ethanol as a 

replacement for fossil fuels is essential in energy 

trends [1, 4]. Gunam et al. [10] previously isolated 

microbes from ragi (tapai fermentation starter) 

and cassava tapai; about seven isolates capable of 

producing amylase enzymes were obtained. The 

isolates were tested for their ability to produce eth-

anol using Peptone Yeast Glucose (PYG) media. 

Some amylolytic microbes can ferment starch into 

sugar and convert into ethanol [13]. The isolates 

may have different optimal growth conditions that 

need to be researched to maximize the yield of 

sugar bioconversion into ethanol.  

According to Sonwani et al. [14], yeast has op-

timum activity at a temperature of 30–35ºC and a 

pH of 4.5–5.5. Hashem et al. [15] reported the op-

timal temperature of ethanol fermentation at 30ºC 

and pH 5. Meanwhile, Hashem et al. [16] research 

obtained the optimal temperature at 35ºC and a pH 

of 5.5. Thus, this research aimed to select the high-

est ethanol-producing isolate from previously ob-

tained candidates and optimize fermentation tem-

perature and pH to produce maximum ethanol 

yield [14], in which optimization results would 

provide convenience in larger-scale ethanol pro-

duction using this isolate in the future. 

 

Material and Methods 

Microbe selections 

A total of seven isolate candidates from ragi 

and cassava tapai were obtained from previous 

work [10] (R2I5.1, R5I3, R5I4, T1I4, T2I2.1, 

T2I2.2, and T2I6.1), which were stored in the 

glycerol. The stocks were rejuvenated and cells 

were multiplied using PYG media (Peptone 0.45 

g/L, yeast 0.75 g/L, and glucose 5 g/L in 100 mL 

of distilled water). The rejuvenated isolate candi-

dates were incubated at room temperature for 24 

hours, and further propagation was carried out for 

48 hours using a rotator shaker at 125 rpm. Fol-

lowing cell propagation, each of the cells were 

washed twice with sterile 0.85% NaCl solution, 

vortexed, and centrifuged for 3 minutes at 10,000 

rpm at 4ºC. The precipitated cultures were ob-

tained at the bottom of the centrifugation tube after 

the cell washing stage [1, 17, with modifications] 

for further use. 

Fermentation test for selection from the seven 

candidates and later optimization of the highest 

ethanol-producing isolate were conducted using 

PYG media with the concentration of peptone 

0.45% (w/v), yeast 0.75% (w/v), and glucose 15% 

(w/v). Each isolate candidate was used as a fer-

mentation agent with 500 mL PYG as media, 

where 4% (w/v) culture isolate OD660 ±5 was 

added into the fermentation jar, followed by fer-

mentation for 96 hours at room temperature. The 

alcohol distillation of each fermentation liquid 

was carried out according to the procedure used by 

Khan [18], and the ethanol results from the distil-

lation of the candidates and the highest-ethanol-

producing isolate were measured using an alcohol 

meter and then gas chromatography, respectively 

[19, 20, with modifications]. 

 

Media pH and fermentation temperature 

optimization of the highest ethanol-producing 

isolate  

Optimization of the ethanol yield from the fer-

mentation process of the highest ethanol-produc-

ing isolate was carried out by testing factors of fer-

mentation temperature and pH of media. Mohseni 

et al. [5] researched by optimizing fermentation 

conditions at temperatures 25, 30, 35, and 40°C 

and at pH 2, 4, 6, and 8. Sonwani et al. [14] also 

conducted optimization of fermentation at temper-

atures of 25, 30, 35, 40, and 45°C, with pH 5, 6, 7, 

8, and 9. Thus in this experiment, the first factor 

was the fermentation temperature to be conducted 

at 27, 30, 33, 35, 37, and 40ºC, while the second 

factor is the initial pH of media which decided at 

3.5, 4.5, 5.5, and 6.5 so 24 combinations were ob-

tained.  

After obtaining the highest ethanol-producing 

isolate producing the highest ethanol yield from 

the seven candidates, the fermentation tempera-

ture and media pH were optimized using previ-

ously determined temperature and pH variables. 

The fermentation media was PYG, with the initial 

pH adjusted according to the determined treatment 

before the addition of the isolate culture, where 

fermentation was conducted at predetermined 
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temperatures. All experimental treatments were 

repeated twice to obtain 48 experimental units.  

 

Observed parameters 

The pH was measured using a standardized pH 

meter with buffer 4 and distilled water to select the 

highest ethanol-producing isolate from the seven 

candidates. The pH meter was immersed in the fer-

mentation media before and after fermentation, 

which is presumed to contain ethanol, and the 

value is shown [21, 22]. The total dissolved solids 

measurements was carried out using a hand-re-

fractometer, which prior of using were rinsed with 

distilled water and wiped with clean soft cloth. 

The sample was dripped onto the refractometer 

prism, and the degree of Brix was measured [22, 

23]. The total reducing sugar test using 3,5-

dinitrosalicylic acid (DNS) reagent and 

absorbance were measured at a maximum 

wavelength of 540 nm using a UV 

spectrophotometer [1, 24]. The ethanol content 

was determined using an alcohol meter, calibrated 

at concentrations of 5, 10, 15, 30, 50, and 70% 

(w/v). After calibration, the alcohol meter was 

dipped into each sample distillate, and the results 

were read to measure the concentration of ethanol 

produced. Meanwhile, for fermentation for the 

highest ethanol-producing isolate, the resulting al-

cohol content was accurately measured using Gas 

Chromatography (GC) variant 3300. The ethanol 

content in the sample was calculated by the fol-

lowing equation [1]: 

 

Ethanol=(
𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑎𝑟𝑒𝑎

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑟𝑒𝑎
)x Standard concentration 

 

Data analysis 

The data obtained were analyzed using vari-

ance (ANOVA), and when there was a significant 

effect of treatment, it was continued with the 

Tukey test. 

 
Results and Discussion 

Microbial selection 

Based on total dissolved solids (TDS), pH, and 

the resultant ethanol concentration, seven micro-

bial isolates were chosen as the most promising for 

future ethanol production [10] . 

The starting total dissolved solids content of 

the media used in this microbial selection varied 

from 14.10±0.14 %brix to 15.00±0.00 %brix. At 

the end of the fermentation, the total dissolved sol-

ids content for all samples were reduced which 

ranged from 9.20±0.28 to 13.90% Brix. Based on 

data from Table 1, only 3 isolates were able to re-

duce total dissolved solids, namely isolates R5I3, 

T2I2.1, and T2I6.1. Isolate R5I3 reduced the high-

est total dissolved solids with a reduction of 5.60 

%brix. Total dissolved solids represent the content 

of sugar, minerals, metals, and salts [25]. Accord-

ing to Mellicha et al. [1], the decrease in total dis-

solved solids occurs because microbes break down 

glucose to decrease the glucose content, which re-

sults in the total value of dissolved solids. Further-

more, [1] decreased total dissolved solids were re-

ported due to glucose convertion into ethanol by 

microbes. Substrate and nutrients contained in the 

media were decreased during the fermentation 

process with the total dissolved solids [1]. Napitu-

pulu et al. [22] reported that after fermentation for 

92 hours, there was a decrease in the value of total 

dissolved solids using S. cerevisiae. 

Changes in the TDS value also affect the final 

pH value produced during fermentation. The dec-

rement in the TDS value indicates during the fer-

mentation process the microbes actively convert 

glucose into ethanol, and also produce by-products 

which result in more acidic pH of media. The ini-

tial pH value is an essential factor affecting the 

 
Figure 1. Total ethanol of each candidate at the eth-

anol-producing isolate selection stage 

 

 
Figure 2. Optimization of the fermentation temper-

ature and pH 
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fermentation process. Table 2 with the decrement 

of media initial pH shows all seven isolate candi-

dates were producing organic acids after fermen-

tation for 96 hours. However, each isolate type had 

different decrement of pH values. According to 

Napitupulu et al. [22] and Gunam et al. [4], CO2 

and other organic acids were formed, include ace-

tic, pyruvic, and lactic, which can lower the pH 

value. In contrast, butyric and fatty acids have lit-

tle effect in decreasing the pH of the substrate [1]. 

In this study, isolate R5I3 had higher pH reduction 

of pH value from an initial pH of 6.85±0.07 to 

4.00±0.00, with delta of 2.85. Thus, it can be con-

cluded that isolate R5I3 can produce higher or-

ganic acids which may indicate higher ethanol 

yield.  

At the selection stage, each isolate candidate 

showed different ability to convert existing glu-

cose. The changes in the final value of TDS and 

pH might greatly affect the total ethanol produced 

during fermentation. Figure 1, it can be seen that 

each candidate can convert glucose into ethanol 

althouh with varying yields. The isolate with the 

highest and lowest ability to produce ethanol was 

R5I3 and R2I5.1, repectively. After fermentation 

for 96 hours, isolate R5I3 was able to produce eth-

anol of 4.69±0.25% v/v. The research of Choi et 

al. [26] similarly produced 4.04±0.14% (w/v) eth-

anol after 68 hours of fermentation using 

CHFY0201 isolate yeast. Mohseni et al. [5] found 

that yeast Zym6 isolate produced ethanol of 6.28 

g/L. At this stage, isolate R5I3 was found to pro-

duced the highest total ethanol among other candi-

dates, thus selected as highest ethanol-producing 

isolate for further optimization. 

 

Optimization of fermentation temperature and 

pH 

The previous research stage determined the 

most potential isolate which found to be  R5I3 pro-

ducing highest ethanol yield. Further experiments 

were then conducted to determine the optimum 

conditions of the fermentation process using PYG 

as media and 96 hours fermentation time, at sev-

eral temperatures and pH’s according to the exper-

imental design. 

 The total dissolved solids (TDS) were meas-

ured at the end of the fermentation, where the ini-

tial TDS have been equalized by 15–16% Brix. 

The final total soluble solids produced after fer-

mentation for 96 hours with isolate R5I3 are pre-

sented in Figure 2. The temperature and pH of fer-

mentation affected the total dissolved solids pro-

duced. From 27–35°C, a decrease of total dis-

solved solids were observed. However, when the 

fermentation was carried out above 35°C, the final 

total dissolved solids did not decrease further. 

Similarly, the pH measurement (Figure 3) showed 

different results, and Figure 2 shows that the fer-

mentation treatment of 35°C and pH 5.5 resulted 

in the smallest final total dissolved solids value. 

The fermentation temperature of 35°C and pH of 

5.5 might result in optimal conditions that can re-

duce the total dissolved solids. The significant de-

crease in total soluble solids may be due to the iso-

late optimally metabolizing the fermentation me-

dium and glucose into ethanol and CO2 [22]. Total 

dissolved solids tend to be constant at low pH be-

cause sugar consumption is in the stationary 

phase, or the acidity of the media can kill or inac-

tivate microbes in converting glucose into alcohol 

[1, 4, 22]. 

Table 1. Changes in the value of total dissolved sol-

ids at the start and the end of fermentation 

Isolate 

code 

Initial total 

dissolved sol-

ids (%brix) 

Final total 

dissolved sol-

ids (%brix) 

Reduction 

in total dis-

solved solids 

R2I5.1 14.30 ± 0.14 b 13.90 ± 0.14 a 0.40 

R5I3 14.80 ± 0.28 a 9.20 ± 0.28 b 5.60 

R5I4 14.10 ± 0.14 b 13.70 ± 0.14 a 0.40 

T1I4 14.10 ± 0.14 b 13.80 ± 0.00 a 0.30 

T2I2.1 15.00 ± 0.00 a 13.90 ± 0.42 a 1.10 

T2I2.2 14.80 ± 0.28 a 13.90 ± 0.14 a 0.90 

T2I6.1 14.90 ± 0.14 a 13.90 ± 0.14 a 1.00 

Notes: Fermentation was carried out at room tem-

perature with initial pH of 6–7 for 96 hours. 

Different letters behind the mean value indi-

cate significant differences at p ≤ 0.05 

(Tukey’s HSD test). 
 

Table 2. The value of pH changes during 

fermentation 

Isolate 

code 
Initial pH Final pH 

Reduction 

pH 

R2I5.1 6.80 ± 0.00 ab 4.35 ± 0.49 a 2.45 

R5I3 6.85 ± 0.07 a 4.00 ± 0.00 a 2.85 

R5I4 6.75 ± 0.07 abc 4.40 ± 0.00 a 2.35 

T1I4 6.80 ± 0.00 ab 4.25 ± 0.07 a 2.55 

T2I2.1 6.60 ± 0.00 bcd 4.20 ± 0.00 a 2.40 

T2I2.2 6.50 ± 0.00 d 4.35 ± 0.07 a 2.15 

T2I6.1 6.55 ± 0.07 cd 4.50 ± 0.00 a 2.05 

Note: Fermentation was carried out at room tem-

perature with initial pH of 6–7 for 96 hours. 

Different letters behind the mean value indi-

cate significant differences at p ≤ 0.05 

(Tukey’s HSD test). 
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This study adjusted the initial pH before fer-

mentation to pH 3.5, 4.5, 5.5, and 6.5 using a citric 

acid buffer. Figure 3 shows the resulting final pH 

did not considerably vary regardless of the starting 

pH value. In addition to the initial pH of the fer-

mented medium, the temperature may also affects 

the final pH produced. The higher the fermenta-

tion temperature, the lower the resulting pH was 

observed. Microbial and yeast growth occurs in 

the pH range of 2–9 [21] and 4–6 [21, 27]. 

Mohseni et al. [5] stated that the initial pH of the 

medium below 4 could not convert glucose into 

ethanol. This is due to the medium's acidic nature 

which prevents microbes' growth. Similarly, 

Sonwani et al. [14] stated that the pH significant- 

ly affects the microbes’ performance. 

The reducing sugar content test was carried 

out to determine the optimal condition of the R5I3 

isolate. Figure 4 shows the lower the initial pH of 

the fermentation medium, the higher the remain-

ing reducing sugar content. Decrease in the value 

of reducing sugar from 27°C to 35°C and in-

creased at 37°C and 40°C was observed. The low-

est value of reducing sugar content was found at a 

temperature of 35°C and a pH of 5.5. Melicha et 

al. [1] stated that the more reduced sugar con-

sumed by microbes, the higher the ethanol pro-

duced. 

The fermentation process was carried out us-

ing isolate R5I3 for 96 hours, and distillation was 

conducted at a temperature of 78–80°C. The aver-

age value of total ethanol (% v/v) is presented in 

Figure 5. Figure 5 shows each pH treatment expe-

rienced an increase in total ethanol from a fermen-

tation temperature of 27 to 35°C. Figure 4 pro-

vides a clue of the optimal fermentation tempera-

ture and pH for R5I3 isolate upon producing etha-

nol are at 35°C and with pH of 5.5 with a total eth-

anol value of 8.63±0.04% (v/v). Furthermore, 

Choi et al. [26] reported that the maximum growth 

temperature of isolate CHFY0201 was 35°C. In 

comparison, Ogbonda et al. [21] stated that the op-

timal temperature and pH of Blastomyces sp. from 

the palm weevil intestines were at 30°C and 5.5, 

producing 6% ethanol. Esmaeili and Keikhosro 

[28] used Mucor hiemalis to produce ethanol of 

5.5% (v/v) with optimal temperature and pH at 

30°C and at pH 5.5. Mohseni et al. [5] stated that 

the optimum conditions for ethanol production 

were media with pH ranging from 5–6 with a 

growth temperature of 35°C. From these several 

types of research, the R513 as the highest ethanol-

producing microbe isolate, was found to have 

slightly different optimum conditions for ethanol 

production. However, the results still coincide 

with the optimal pH for ethanol productions, 

which were between 5 and 6, with the optimal fer-

mentation temperature of 30–35°C. 

 

  
Figure 3. Changes in final pH value after fermen-

tation 

 

 
Figure 4. Changes in the remaining reducing sugar 

content upon fermentation 

 

 

Figure 5. The average value of total ethanol at dif-

ferent initial temperatures and pH treat-

ments 
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Conclusion 

In conclusion, the highest ethanol-producing 

isolate in ethanol production was R5I3 which 

yielded 4.69 ± 0.25% (v/v) ethanol. After optimi-

zation of temperature and pH of growth condi-

tions, the optimum conditions were obtained at 

35°C with pH 5.5, which would yielded total eth-

anol of 8.63 ± 0.04% (v/v), where fermentation 

temperature above 35°C was found to reduce the 

ethanol yield. These results indicates R5I3 isolate 

has the potential to produce high ethanol yield 

upon use on a larger scale in the future. 
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