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Abstract  Article Info 
This research was conducted to determine the level of ethanol production from 
longan seed media waste with parameters of seed media weight and acid 
concentration. Bioethanol production is carried out by means of fermentation 
in media that has been added with inoculum Saccharomyces cerevisiae, 
yielding bioethanol that was then purified through simple methods. 
Quantitative analysis of ethanol content using a spectrophotometer with 
potassium dichromate reagent and all analyzes were repeated three times. The 
results of the study showed that the best variations in the concentration of 
hydrolyzed acid and seed weight of the media were found at a concentration 
of 4% (ethanol yield: 2.942%) and media seed weight of 5 grams (ethanol 
yield: 1.838%), respectively. The concentration of ethanol in the produced 
distillate is still relatively low, ranging from 1.75% to 2.89% (v/v), and its 
purity decreases as the total fermentation volume increases. 
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Abstrak (Indonesian) 
Penelitian ini dilakukan untuk menentukan tingkat produksi etanol dari limbah media biji longan dengan 
parameter berat media biji dan konsentrasi asam. Produksi bioetanol dilakukan dengan cara fermentasi dalam 
media yang telah ditambahkan inokulum Saccharomyces cerevisiae dengan hasil bahwa bioetanol tersebut 
dimurnikan menggunakan metode distilasi sederhana Analisis kuantitatif kandungan etanol menggunakan 
spektrofotometer dengan reagen asam dikromat kalium dan seluruh analisis dilakukan pengulangan sebanyak 3 
kali. Hasil penelitian menunjukkan bahwa variasi terbaik dalam konsentrasi asam terhidrolisis dan berat biji 
media ditemukan pada konsentrasi 4% (hasil etanol: 2,942%) dan berat biji media 5 gram (hasil etanol: 1,838%), 
masing-masing. Konsentrasi etanol dalam distilat yang dihasilkan masih tergolong rendah, yaitu berkisar antara 
1,75% hingga 2,89% (v/v), dan kemurniannya menurun seiring meningkatnya volume total fermentasi.  

Kata Kunci:  Dimocarpus longan, bioethanol, hidrolisis asam, Saccharomyces cerevisae, pemurnian destilasi 

INTRODUCTION 
The global recovery following the pandemic, 

combined with ongoing geopolitical tensions, has 
accelerated the depletion of non-renewable energy 
resources, putting long-term energy security at risk 
[1,2]. Indonesia faces a significant challenge: its fossil 
fuel reserves are projected to be exhausted within the 

next 12 years, highlighting the urgent need for the 
development of renewable energy alternatives [3]. 
Biomass derived from agricultural organic waste offers 
a promising solution, as these byproducts can be 
converted into renewable fuels through fermentation 
processes [4]. Bioethanol, a key product of 
fermentation, has emerged as a highly viable 
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alternative fuel, typically produced from carbohydrate-
rich feedstocks using Saccharomyces cerevisiae [5-7]. 
Various fruit seeds, including those from avocado, 
durian, jackfruit, and dates, have been successfully 
utilized for bioethanol production, demonstrating the 
potential of this category of substrates. The purity of 
bioethanol must meet specific standards based on its 
intended application, and achieving high purity 
requires effective purification methods, such as 
distillation [8-12]. 

Kelengkeng, or longan (Dimocarpus longan), is a 
tropical fruit extensively cultivated in Southeast Asia, 
particularly in Indonesia, which produced 46,096 
tonnes in 2022 [13]. This volume generates 
considerable seed waste that is presently discarded, 
resulting in resource depletion and environmental 
stress [14]. Longan seeds comprise 44.9–49.5% (w/w) 
starch, in addition to proteins, fats, and minerals, 
signifying a substantial carbohydrate content amenable 
to conversion into fermentable sugars [15–20]. 
Consequently, longan seeds constitute a promising but 
underexploited feedstock for bioethanol production. 

Previous works on the valorisation of longan 
waste said only low-quality fruit pulp and whole fruit 
waste were used with hydrothermal pretreatment 
followed by enzymatic hydrolysis [19-22]. Nguyen et 
al. [23] proved the feasibility of bioethanol production 
from longan fruit waste of low quality with ethanol 
levels from 14.32 to 16.74 g/L. However, no studies 
have explored longan seed as the only substrate for 
bioethanol production, and no studies have explored 
acid hydrolysis as the primary method of 
saccharification of this material. This gap is relevant as 
longan seeds are structurally different from the fruit 
pulp; they are mostly starchy and not cellulosic, and the 
presence of tannins and other phenolic compounds 
may require specific hydrolysis techniques [22]. 
Furthermore, the dilute acid hydrolysis has been 
successfully applied to other starchy seeds, such as 
avocado, which can produce up to 6.46% v/v ethanol 
[10]. However, the simplicity and cost-effectiveness of 
this method have not been evaluated for longan seeds. 

This study is the first investigation for bioethanol 
production from longan seeds by acid hydrolysis to fill 
these gaps. Key innovations include a new feedstock 
(longan seeds), a cost-effective saccharification 
method distinct from previous hydrothermal-
enzymatic methods, and the systematic optimisation of 
acid concentration and media weight. The objectives 
were to produce bioethanol under optimised 
conditions, purify it by distillation, and provide a basic 
methodology for the sustainable valorisation of waste 
and the promotion of renewable energy in Indonesia. 

MATERIALS AND METHODS 
Materials 

The raw materials used in this study were longan 
seeds, yeast strain SH5209 Saccharomyces cerevisiae, 
yeast extract, peptone, dextrose, bacto agar, 
Ammonium Sulfate (NH4)SO4 food grade, Merck 
potassium dihydrogen phosphate (KH2PO4), 
Hydrochloric Acid (HCl), Potassium Dihydrogen 
Phosphate (KH2PO4), Magnesium Sulphate 
(MgSO4.7H2O), Acetate Buffer pH 4 (Technical), 
Potassium Dichromate (K2Cr2O7), Sulfuric Acid 
(H2SO4), Standard Absolute Ethanol and distilled 
water which all the chemical reagent from Merck. 
Instruments used in study were spectrophotometer 
Visible (Thermo Fisher), Autoclave (Al-American), 
Incubator (Memmert), Stirring hotplate (CIMAREC), 
Grinder MG-3000D (Orion). 

Preparation of longan seeds as a fermentation 
medium 

Crush 1 kg of longan seeds and dry them in the 
sun until a constant weight is obtained and then grind 
them. Media parameters in the study used D. longan 
seed weight and acid concentration, each parameter 
had 5 different variations, namely 1 gram to 5 g longan 
seeds and 1% to 5% HCl concentration. The media was 
autoclaved for 30 minutes at 121˚C and after 
autoclaving, the pH of the media was adjusted to 4-6 
using 1 N NaOH as the fermentation formula. 

Fermentation media and bioethanol fermentation 
[23] 

Fermentation media was made with the 
composition of yeast extract 2 gram, (NH4)2SO4 2 
gram, MgSO4.7H2O 2 gram, KH2PO4 4 gram put into 
250 mL Erlenmeyer and dissolved with 100 mL 
distilled water. Then sterilized using an autoclave at 
temperature 121℃ for 15 minutes. Then the 
fermentation process uses yeast Saccharomyces 
cerevisiae. Bioethanol fermentation process resulted 
from hydrolysis was carried out with the composition 
of the addition of longan seeds after the hydrolysis 
process as much 10 mL, 10 mL of inoculum medium, 
and 100 mL of fermentation medium then put into 
Erlenmeyer and incubated using a 150 rpm shaker at 
30˚C. Fermentation was carried out for 4 days, with 
samples taken every 24 hours by taking 2 mL of sterile 
solution to determine the ethanol content using a 
spectrophotometer. 

Percentage bioethanol content [23] 
The results of the fermentation are then filtered 

using filter paper Whatman 40. The filtering results 
were then taken as much as 1 mL, added with 12 mL 
of K2Cr2O7 reagent, 15 mL of distilled water, and 
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buffer acetate pH 4 as much as 5 mL and stirred until 
homogeneous. Mixing results then taken 20 mL and 
put into a 50 mL measuring flask, heated using a water 
bath for 20 minutes (T = 62.5 oC). After finishing the 
solution allowed cooling, then diluted with distilled 
water up to the mark. The diluted solution is then 
measured using a spectrophotometer UV-Vis with ʎmax 
= 599 nm. Previously, a calibration curve was made for 
measuring the ethanol content by measuring the 
standard ethanol concentration at concentrations of 
0%, 2%, 4%, 6%, 8%, and 10% (% v/v). 
Separation of ethanol from the fermentation medium  

Separation of ethanol using a distillation 
apparatus. The fermented product is put into a 500 mL 
distillation flask, and the distillation is carried out at 
80˚C. Distillate fraction containing ethanol then it will 
be put into the refrigerator. Ethanol will be tested 
qualitatively by adding acid dichromate reagent and 
quantitatively tested by acid dichromate method to 
determine the purity of the fermented ethanol. 

 
RESULTS AND DISCUSSION 
Bioethanol product from fermentation on variations 
B. longan seeds weight and acid hydrolysis 
concentration 

The ethanol content produced by the yeast 
Saccharomyces cerevisiae is produced through the 
conversion of reduced sugars which are hydrolyzed by 
hydrochloric acid (HCl). Longan seeds (Dimorcapus 
longan) contain 5.08 grams of glucose, 4.85 gram of 
fructose and 0.18 gram of sucrose in every 100 gram 
of longan seeds [24]. The sugar content is sufficient for 
the growth of fermenter microorganisms that require at 
least a 5-carbon sugar source, including xylose, 
arabinose, lactose, galactose [25-28]. glucose and 
fructose are the most efficient carbon sources to use 
[29]. In addition, Li et al. [19] reported that the content 
of longan seeds contains the minerals Calcium (Ca = 
0.13%), Magnesium (Mg = 0.16%), Sodium (Na = 54 
mg/Kg), Potassium (K = 0 .41%), and Phosphorus (P = 
0.16%) which are the main components required by the 
growth of fermenter microorganisms [30]. The primary 
polysaccharide in longan seeds is starch (44.9–49.5% 
w/w) [18], and HCl hydrolysis targets the glycosidic 
bonds in starch to release fermentable sugars. 

Fermentation was carried out to convert the 
hydrolysate substrate from longan seeds into ethanol 
using the yeast Saccharomyces cerevisiae. The initial 
pH of the medium was adjusted to 5.0 ± 0.2, and the 
fermentation was conducted at a constant temperature 
of 30°C, which falls within the optimal range for S. 
cerevisiae (30–37 °C) [31]. Samples were taken 
aseptically every 24 h (daily interval) for four 

consecutive days. Each collected sample was 
immediately stored in a refrigerator at 4 °C to halt any 
further metabolic activity, and all samples were 
analyzed simultaneously at the end of the fermentation 
period using a UV-Vis spectrophotometer. The ethanol 
content was determined spectrophotometrically using 
the acid dichromate method. In this assay, ethanol 
reduces Cr(VI) (dichromate ion, orange‑red) to Cr(III), 
causing a distinct color change from orange‑red to 
green [23]. Reducing sugar concentrations were not 
directly measured in this study, but the ethanol yields 
imply that starch hydrolysis successfully provided 
fermentable sugars.  

Analysis of the ethanol content was carried out 
using variations in the weight of longan seeds 
hydrolyzed with hydrochloric acid (HCl) and 
variations in several concentrations. The purpose of 
this hydrolysis is to hydrolyze the polysaccharides, 
especially starch, in longan seeds into simple sugars so 
that the yeast Saccharomyces cerevisiae gets nutrition 
from these sugars and converts these sugars into 
ethanol [32]. These simple sugars are usually in the 
form of sucrose, fructose, galactose and glucose 
[33,34]. Hydrochloric acid (HCl) also functions to 
hydrolyze the glycosidic bonds of starch, and may act 
on any residual cellulose, hemicellulose, and lignin so 
that they become sugar compounds that can be used for 
the conversion of bioethanol in Saccharomyces 
cerevisiae [35]. Data analysis of ethanol content in 
longan seeds with variations in weight and HCl 
concentration can be seen in Figure 1 and Figure 2. 

The ethanol content in the fermented D. longan 
seeds (Figure 1) shows the variation which is the 
largest percentage is weight of D. longan seeds 5 gram 
in second day with an ethanol percentage of 1.838% 
while the smallest percentage is found in the weight of 
1 gram on the fourth day with an ethanol percentage of 
0.292%. The data also shows a relationship between 
fermentation and media weight of D. longan seeds, that 
the more longan seeds used for fermentation, the 
greater the ethanol content produced. This is in 
accordance with research reported by Mardawati et al 
[36] regarding the effect of bioethanol substrate 
concentration which showed that the increasing 
substrate of the fermentation media the higher the 
ethanol content formed due to the increasing sugar 
nutrient content which was successfully hydrolyzed for 
the growth of the yeast Saccharomyces cerevisiae. Xin 
et al [37] revealed that the growth of the yeast 
Saccharomyces cerevisiae requires reduced sugar, this 
was concluded from the fact that the longer the 
incubation time, the less reduced the sugar component 
in the fermentation medium. 
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Figure 1. Graph of ethanol content of weight variation for 4 days 

 
Ethanol production is also affected by the 

concentration of the hydrolyzing component with 
strong acid. Hydrochloric acid is the most often used 
for sugar hydrolysis because of the efficiency and ease 
of obtaining this component [38,39]. Hydrolysis of 
starch is carried out by strong acids by breaking the 
glycosidic bonds, so that these polysaccharides 
become simpler sugars. Analysis data from the 
influence of strong acid hydrolyzers with ethanol 
production from the yeast fermentation of 
Saccharomyces cerevisiae can be seen in Figure 2. 

The ethanol content shown in Figure 2 indicates 
that the highest fermentation yield from longan seeds 
was observed on the first day using a 4% HCl 
concentration (v/v), reaching 2.942%. In contrast, the 
lowest yield occurred on the fourth day with a 
concentration of 5% HCl (v/v) resulting in an ethanol 
content of 0.906%. Ethanol production at 1% and 2% 
HCl concentrations decreased on the third day. For HCl 
concentrations of 3% and 5%, a steady decline was 
observed starting on the second day. Interestingly, a 
distinct fluctuation pattern was observed at a 4% HCl 
concentration; the ethanol content initially decreased 
on the second day but experienced a brief (transient) 
increase on the third day before eventually declining 
again on the fourth day. This overall decline in ethanol 
production, particularly at higher acid concentrations 
(4% and 5%), is attributed to the demand for reducing 
sugars required for the growth of Saccharomyces 
cerevisiae, which may prompt the yeast to utilize 
ethanol or convert it into other metabolites [40]. 
Additionally, the accumulation of carbon dioxide 
(CO₂) as a byproduct of fermentation can potentially 
inhibit yeast growth, which also contributes to this 
decline [41]. The decrease in ethanol yield at the 
highest acidity level (5% HCl) results in the formation 

of lignocellulose degradation products, such as furfural 
and 5-hydroxymethylfurfural (HMF), which are 
typically formed during intensive acid pretreatment 
processes. The study documented that, as in similar 
biomass conversion studies, this furan derivative acts 
as a potent inhibitor that can disrupt yeast glycolysis, 
damage mitochondrial membranes, and trigger the 
accumulation of reactive oxygen species (ROS), 
thereby significantly reducing the fermentation 
efficiency of Saccharomyces cerevisiae. Unusual 
results observed at a 4% HCl concentration on day 3 
indicate an attempt to metabolize or evade this 
structural inhibitor, before nutrient depletion or 
toxicity effects eventually became dominant again. 

 Monitoring bioethanol production from longan 
seeds using Saccharomyces cerevisiae was conducted 
daily through the fourth day. The highest production 
was observed in the 4% acid concentration treatment 
on the first day. This was based on the amount of 
ethanol produced compared to ethanol production at 
other concentrations. The addition of 4% HCl 
efficiently breaks the glycosidic bonds in complex 
sugars; however, at a 5% concentration, the sugar 
content begins to break down into carbon, causing a 
decrease in reducing sugars. Excessive acid hydrolysis 
degrades sugars into byproducts specifically furfural 
and inhibits the fermentation process and yeast growth. 
This aligns with research in the field of bioethanol from 
the report by Ahmad et al. [42], which states that the 
higher the concentration of hydrolyzing acid used, the 
more sugar is obtained during the hydrolysis process. 
A decrease in sugar production may occur after the 
optimal phase due to the depletion of sugar, which 
serves as a nutrient for the yeast. An increase in 
reducing sugar levels resulting from acid hydrolysis 
will affect the growth of Saccharomyces cerevisiae 
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yeast; in this case, the yeast will produce the enzyme 
zymase, which converts glucose or other simple sugars 
into ethanol [20]. The mechanism scheme of sugar 

transport and metabolism in S. cerevisiae [43] can be 
seen in Figure 3.

 
Figure 3. Graph of ethanol content of variations in acid concentration for 4 days. 

 

 
Figure 2. Simplified scheme of sugar transport and metabolism in S. cerevisiae. 1. Low and medium affinity hexose 

carriers. 2. High affinity hexose carriers. (Abbreviations: PPP, pentose phosphate pathway; XR, xylose 
reductase; XDH, xylitol dehydrogenase; XK, xylulokinase; GK, glucokinase; PGI, phosphoglucose 
isomerase; PFK, phosphofructokinase; AD, aldolase; TPI, triose phosphate isomerase; GDH, 
glyceraldehyde- 3-P dehydrogenase; GPD, glycerol-3-P dehydrogenase; GPP, glycerol-3-phosphatase; 
PDC, pyruvate decarboxylase; ALD, acetaldehyde dehydrogenase; ADH, alcohol dehydrogenase) [43] 
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Table 1. Ethanol content in fermented longan seeds through the fermentation method by the yeast Saccharomyces 
cerevisiae 

Sample Ethanol Content (%) 

Sample Variation Ammount/ 
Concentration day 1 day 2 day 3 day 4 

Acid Concentration 

1% 0.881 2.255 1.593 1.004 
2% 1.813 2.157 2.108 1.225 
3% 2.182 1.568 1.544 1.151 
4% 2.942 1.936 2.231 1.323 
5% 1.936 1.445 1.347 0.906 

D. Longan Seed Media Weight 

1 gram 0.881 0.881 0.685 0.292 
2 gram 1.126 1.249 0.685 0.488 
3 gram 1.151 1.249 1.077 0.611 
4 gram 1.372 1.323 1.494 0.856 
5 gram 1.593 1.838 1.642 0.832 

 

 
Figure 4. The hydronium ion attacks the cellulose molecule at positions 1, 2, 3 and 4 

 
Research data on bioethanol production from 

longan seeds (Table 1) show that ethanol production 
with longan seeds is optimal at a powder weight of 5 
grams and a hydrochloric acid (HCl) concentration of 
4%. Fermentation is influenced by several factors such 
as incubation temperature, pH, oxygen, media 
components and substrate concentration [44]. 
Substrate concentration in seed media can be increased 
by acid hydrolysis in the media so that it becomes 
simple sugars [45]. Hydronium ions (H3O+) attack the 
glycosidic bonds in cellulose or complex 
carbohydrates with the mechanism shown in Figure 4 
[46]. The incubation temperature during fermentation 
affects the growth rate of Saccharomyces cerevisiae to 
convert sugar into bioethanol at a temperature of 30-37 
oC [47,48]. pH determines the success of bioethanol 
production using yeast with the optimal pH for the 
growth of the yeast Saccharomyces cerevisiae in the 
pH range of 4-6 [49]. The reaction of sugar complex to 
alcohol and their metabolism from Saccharomyces 
cerevisiae can be seen in Figure 5. 

The effect of decreasing the concentration of 
ethanol is also often associated with the length 
incubation of fermentation by S. cerivisae this can be 
attributed to several factors as stated point by Tse et al 
[7] which stated that the number of microorganisms 

caused by nutrients in the media has been greatly 
reduced and also caused by results that can inhibit the 
growth of microorganisms. Increasing and decreasing 
the number of microorganisms will increase the pH of 
the media. According to Permatasari et al. [50] stated 
that the most optimal fermentation time for the process 
of making bioethanol with the yeast Saccharomyces 
cerevisiae is 3 days. If fermentation is carried out for 
more than 3 days, the alcohol content may decrease. Its 
related to this research that the longer incubation time 
for fermentation by S. cerevisiae, the less ethanol 
content produced. Reducing the amount of alcohol 
caused by alcohol must be something else, for example 
esters. According to Hernandez et al. [51] the longer 
the fermentation time, the higher the microbial 
population, which eventually enters the death phase 
due to nutrient depletion and the accumulation of toxic 
ethanol. 
 
Purification of ethanol fermented d. longan seeds 
from the yeast Saccharomyces cerevisiae 

Purification of fermented ethanol is carried out by 
distillation method. The bioethanol fermentation was 
repeated by doubling the total volume of the resulting 
mixture (100 mL of fermented media mixture formula, 
10 mL of inoculum medium, and 10 mL of longan seed 
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hydrolysis) to 2-3 times the initial volume. 
Fermentation was carried out based on the results of 
the optimal research that had been carried out, namely 
at a variation of 4% acid concentration and 5 gram of 
D. longan seed media with a fermentation time of 1 
day. The results of ethanol purification data can be seen 
in Table 2. 

Data from the purification of ethanol shows that 
the fermented ethanol can be separated using the 
distillation method. A qualitative test to detect the 
correctness of purified ethanol was carried out by 
adding 12 mL of acid dichromate reagent. In the results 
of observations there was a color change in the solution 
from the initial color of dark red to dark green. 
Determination of ethanol content was carried out 

quantitatively and the results obtained were the purity 
of ethanol that was distilled with the larger the volume, 
the lower the purity. This is caused by the inclusion of 
other compounds which have lower boiling points than 
ethanol so that they are also mixed with the distilled 
ethanol. These data indicate a relatively low purity in 
ethanol purification considering that the purity of 
ethanol using the distillation method reaches 95-
99.89% [52]. Ethanol purification in industry is more 
specific and more efficient on a large scale. Several 
methods are used to purify ethanol from fermentation 
products, including using pervaporation techniques 
with selective membrane modules [53,54], vacuum 
fermentation [55], gas striping [56], adsorption [57] 
and solvent extraction [58].

 
Figure 5. the reaction of sugar to alcohol 

 
Table 2. Results of bioethanol purification by distillation method 

Volume of Fermented sample 
(mL) Fermentation Formula Ethanol volume 

(mL) 
Percentage of 
ethanol (%) 

Percentage Purity of 
Ethanol (%) 

120 
100 mL MF 

2,1 1,75 89,81 10 mL MI 
10 mL MHBK 

240 
200 mL MF 

6,7 2,79 87,99 20 mL MI 
20 mL MHBK 

360 
300 mL MF 

10,4 2,89 82,12 30 mL MI 
30 mL MHBK 

Note:  MF = Fermentation Media; MI = inoculum medium; MHBK = D. Longan Seed Hydrolysis Media 
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CONCLUSION 
Fermented bioethanol from D. longan seed media 

hydrolyzed with hydrochloric acid (HCl) was 
successfully carried out. Under the tested conditions, 
the highest ethanol concentrations were obtained at an 
HCl concentration of 4% (v/v) (ethanol concentration: 
2.942% v/v) and a seed weight of 5 g (ethanol 
concentration: 1.838% v/v). However, these values 
represent individual optimum points from separate 
single factor experiments and should not be interpreted 
as a statistically confirmed optimal combination. 
Purification of bioethanol from fermented products 
was performed via simple distillation, yielding ethanol 
concentrations in the distillate ranging from 1.75% to 
2.89% (v/v). The relatively low ethanol concentration 
in the distillate indicates that the purification process, 
while able to separate ethanol, was limited in its 
effectiveness. The purity tended to decrease as the total 
fermentation volume increased.  

 
REFERENCES 
[1] B. Zakeri, K. Paulavets, Barreto-Gomez, L.G. 

Echeverri, S. Pachauri, B. Boza-kiss, C. Zimm, J. 
Rogelj, F. Creutzig, D. Urge-Vorsatz, D.G. 
Victor, M.D. Bazulian, S. D. Fritz, D. Gielen, 
D.L. McCollum, L. Srivastava, J.D. Hunt, S. 
Pouya, “Pandemic, war, and global energy 
transitions,” Energies, vol. 15, no. 17, pp. 1–23, 
2022. 

[2] P. Jiang, Y. van Fan, and J.J. Klemes, “Impacts of 
COVID-19 on energy demand and consumption: 
Challenges, lessons and emerging opportunities,” 
Applied Energy, vol. 285, pp. 1–15, 2021. 

[3] B. U. Surono, “Biomass utilization of some 
agricultural wastes as alternative fuel in 
indonesia,” Journal of Physics: Conference 
Series, vol. 1175, no. 1, pp. 1–7, 2019. 

[4] T. Salim, L. Ratnawati, W. Agustina, and S. 
Sriharti, “Bioethanol Production from glucose by 
thermophilic microbes from Ciater hot 
springs,” Procedia Chemistry, vol. 16, pp. 503–
510, 2015. 

[5] A. H. Sebayang, H. H. Masjuki, H. Chyuan Ong, 
et al., “A Prospective of bioethanol production 
from biomass as alternative fuel for spark ignition 
engine,” RSC Advances, vol. 6, no. 18, pp. 
14964–14992, 2016. 

[6] S. H. Mohd Azhar, R. Abdulla, Jambo, et al., 
“Yeasts in sustainable bioethanol production: A 
review,” Biochemistry and Biophysics Reports, 
vol. 10, pp. 52–61, 2017. 

[7] T. J. Tse, D. J. Wiens, and M. J. T. Reaney, 
“Production of bioethanol: a review of factors 

affecting ethanol yield,” Fermentation, vol. 7, no. 
4, pp. 1–18, 2021. 

[8] M. Bibra, D. Samanta, N.K. Sharma, G. Singh, G. 
R. Johnson, and R. K. Sani, “Food waste to 
bioethanol: opportunities and challenges,” 
Fermentation, vol. 9, no. 1, pp. 1–33, 2022. 

[9] H. Hemansi, H. Himanshu, A.K. Patel, J. K. Saini, 
and R. R. Singhania, “Development of multiple 
inhibitor tolerant yeast via adaptive laboratory 
evolution for sustainable bioethanol production,” 
Bioresource Technology, vol. 344, pp. 1–9, 2022. 

[10] Nurfahmi, M. Mofijur, H.C. Ong, B.M. Jan, F. 
Kusumo, A.H. Sebayang, H. Husin, A.S. 
Silitonga, T.M.I. Mahlia, S.M.A. Rahman, 
“Production process and optimization of solid 
bioethanol from empty fruit bunches of palm oil 
using response surface methodology,” Processes, 
vol. 7, no. 10, 2019. 

[11] W. F. Arif, F. N. Anindya, and S. P. Mudyawati, 
“Bioethanol production using green algae 
(Chaetomorpha) as renewable energy,” Jurusan 
Teknik Kimia, pp. 14–15, 2020. 

[12] P. S. Awodi, J. C. Ogbonna, and T. N. Nwagu, 
“Bioconversion of mango (Mangifera indica) 
seed kernel starch into bioethanol using various 
fermentation techniques,” Heliyon, vol. 8, no. 6, 
pp. 1–8, 2022. 

[13] N. Krzysztof and K. Pawel, “Production and Use 
of liquid biofuels for heating purposes,” Journal 
of Ecological Engineering, vol. 21, no. 6, pp. 
169–175, 2020. 

[14] L. Gouveia and A. C. Oliveira, “Microalgae as a 
raw material for biofuels production,” Journal of 
Industrial Microbiology and Biotechnology, vol. 
36, no. 2, pp. 269–277, 2009. 

[15] D. D. Anggoro and K. N. Oktavia, “The potential 
of cellulose as a source of bioethanol using the 
solid catalyst: A mini-review,” Bulletin of 
Chemical Reaction Engineering & Catalysis, vol. 
16, no. 3, pp. 661–672, 2021. 

[16] S. I. Mussatto and J. A. Teixeira, “Lignocellulose 
as raw material in fermentation processes,” 
in Current Research, Technology and Education 
Topics in Applied Microbiology and Microbial 
Biotechnology, Formatex, 2010. 

[17] M. H. S. Ginting, Irvan, E. Misran, and S. 
Maulina, “Potential of durian, avocado and 
jackfruit seed as raw material of bioethanol: A 
review,” IOP Conference Series: Materials 
Science and Engineering, vol. 801, no. 1, pp. 1–
7, 2020. 

[18] “Produksi Tanaman Buah-buahan 2021,” Central 
Bureau of Statistic Indonesia, 2021. [Online]. 



Alfarado et al. Indones. J. Fundam. Appl. Chem., 11(2), 2026, 167-177 

 

DOI: 10.24845/ijfac.v11.i2.167  175 
 

Available: https://www.bps.go.id/indicator/55/62
/1/produksi-tanaman-buah-buahan.html 

[19] N. Li, P. Wu, and R. Huang, “Analysis of 
nutrition content in longan seeds,” Advanced 
Materials Research, vol. 554–556, pp. 1025–
1028, 2012. 

[20] N.W.S. Agustini, N. Hidhayati, and S.A. 
Wibisono, “Effect of hydrolysis time and acid 
concentration on bioethanol production of 
microalga Scenedesmus sp.,” IOP Conference 
Series: Earth and Environmental Science, vol. 
308, no. 1, pp. 1–11, 2019. 

[21] H. Merritt and A. Barragán-Ocaña, “The impact 
of market factors on the development of eco-
friendly energy technologies: the case of 
bioethanol,” Clean Technologies and 
Environmental Policy, pp. 1–9, 2021. 

[22] N. B. Baharum, S. Arshad, Abd Gani, et al., 
“Status halal of cosmetic products: an analysis of 
alcohol usage for selected skin toner products in 
Malaysia,” International Journal of Business and 
Social Science Research, vol. 11, no. 12, pp. 
1073–1084, 2021. 

[23] H. Shokrar, E. Sirous, and Z. Mehdi, “Bioethanol 
production from acidic and enzymatic 
hydrolysates of mixed microalgae 
culture,” Journal of Fuel, vol. 200, pp. 381–383, 
2017. 

[24] E. Y. Yang, Y. S. Han, and K. H. Sim, 
“Characterization of nutritional, physiochemical, 
and mineral compositions of aril and seed of 
longan fruit (Dimocarpus longan 
L.),” International Food Research Journal, vol. 
28, no. 1, pp. 91–101, 2021. 

[25] T. W. Jeffries, I. V. Grigoriev, J. Grimwood, et 
al., “Genome sequence of the lignocellulose-bio 
converting and xylose-fermenting yeast Pichia 
stipitis,” Nature Biotechnology, vol. 25, no. 3, pp. 
319–326, 2007. 

[26] H. W. Wisselink, M. J. Toirkens, F. B. M. del 
Rosario, et al., “Engineering of Saccharomyces 
cerevisiae for efficient anaerobic alcoholic 
fermentation of l-Arabinose,” Applied and 
Environmental Microbiology, vol. 73, no. 15, pp. 
4881–4891, 2007. 

[27] P. M. R. Guimarães, J. A. Teixeira, and L. 
Domingues, “Fermentation of high 
concentrations of lactose to ethanol by engineered 
flocculent Saccharomyces 
cerevisiae,” Biotechnology Letters, vol. 30, no. 
11, pp. 1953–1958, 2008. 

[28] S. Le Borgne, “Genetic engineering of industrial 
strains of Saccharomyces cerevisiae,” 

in Recombinant Gene Expression, A. Lorence, 
Ed., vol. 824, pp. 451–465, 2012. 

[29] V. Bakare, B. Benjamin, and T. E. Effiong, 
“Saccharomyces cerevisiae bio-ethanol 
production as an alternative source of sustainable 
energy,” International Journal for Research in 
Applied Sciences and Biotechnology, vol. 7, no. 6, 
pp. 190–194, 2020. 

[30] M. M. Ferreyra, M. C. Schvab, L.M. Gerard, C.V. 
Davies, M.C.C. Arteaga, A.S. Leal, “Nutritional 
requirements of a Saccharomyces cerevisiae 
starter culture used in the elaboration of wine 
from orange,” Revista de la Sociedad Venezolana 
de Microbiología, vol. 34, pp. 38–42, 2014. 

[31] A. Tahir, M. Aftab, and T. Farasat, “Effect of 
cultural conditions on ethanol production by 
locally isolated Saccharomyces cerevisiae Bio-
07,” Journal of Applied Pharmacy, vol. 3, no. 2, 
pp. 72–78, 2010. 

[32] F. Bouaziz, A.B. Abdeddayem, M. Koubaa, F.J. 
Barba, K.B. Jeddou, I. Kacem, R.E. Ghorbel, S.E. 
Chaabouni, “Bioethanol production from date 
seed cellulosic fraction using Saccharomyces 
cerevisiae,” Separations, vol. 7, no. 67, pp. 1–12, 
2020. 

[33] W.L. Marques, V. Raghavendran, B.U. Stambuk, 
and A. K. Gombert, “Sucrose and Saccharomyces 
cerevisiae: a relationship most sweet,” FEMS 
Yeast Research, vol. 16, pp. 1–16, 2016. 

[34] M. M. N. Shahirah, J. Gimbun, S. F. Pang, R.M. 
Zakria, C.K. Cheng, G.K. Chua, M.F.F. Asras, 
“Influence of nutrient addition on the bioethanol 
yield from oil palm trunk sap fermented by 
Saccharomyces cerevisiae,” Journal of Industrial 
and Engineering Chemistry, vol. 23, pp. 213–217, 
2015. 

[35] M. Masturi, D. Alighiri, P. Dwijananti, R.D. 
Widodo, S.P. Budiyanto, A. Drastisianti, 
“Bioethanol synthesis from durian seeds using 
Saccharomyces cerevisiae in aerobic fermenter 
and bioethanol enrichment by batch vacuum 
distillation,” JBAT, vol. 9, no. 1, pp. 36–46, 2020. 

[36] E. Mardawati, A. V. Putri, T. Yuliana, S. 
Rahimah, S. Nurjanah, I. Hanidah, “Effects of 
substrate concentration on bioethanol production 
from oil palm empty fruit bunches with 
simultaneous saccharification and fermentation 
(SSF),” in International Conference Green Agro-
industry and Bioeconomy, IOP Conference 
Series: Earth and Environmental Science, vol. 
230, no. 1, Art. no. 012079, 2019. 

[37] F. Xin, H. Zhang, and W. Wong, “Bioethanol 
production from horticultural waste using crude 

https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html


Alfarado et al. Indones. J. Fundam. Appl. Chem., 11(2), 2026, 167-177 

 

DOI: 10.24845/ijfac.v11.i2.167  176 
 

fungal enzyme mixtures produced by solid state 
fermentation,” BioEnergy Research, vol. 6, pp. 
1030–1037, 2013. 

[38] A. Chirapart, J. Praiboon, P. Puangsombat, C. 
Pattanapon, and C. Nunraksa, “Chemical 
composition and ethanol production potential of 
Thai seaweed species,” Journal of Applied 
Phycology, vol. 26, pp. 979–986, 2014. 

[39] N. Nunraksa, S. Rattanasaensri, J. Praiboon, and 
A. Chirapart, “Comparison of ethanol production 
from Gracilaria fisheri and Gracilaria 
tenuistipitata cultivated in aquaculture system in 
Thailand,” Journal of Applied Phycology, vol. 30, 
no. 6, pp. 1–7, 2018. 

[40] M.E. Ojewumi, A. I. Job, O. S. Taiwo, O. Obanla, 
A. Ayoola, E.O. Ojewumi, E.A. Oyeniyi 
“Bioconversion of sweet potato peel waste to 
bioethanol using Saccharomyces cerevisiae,” 
International Journal of Pharma-ceutical and 
Phytopharmacological Research, vol. 8, no. 3, 
pp. 46–54, 2018. 

[41] T. Oktavianis and S. Sofiyanita, “Making 
bioethanol from cocoa fruit skin waste by 
hydrolysis process using trichoderma viride 
mold,” Indonesian Journal of Chemical Science 
and Technology, vol. 2, no. 1, pp. 75–79, 2018. 

[42] A. Ahmad, R. Rahmad, N. Rita, and L. 
Noorjannah, “Effect of acid hydrolysis on 
bioethanol production from oil palm fruit 
bunches,” Materials Today: Proceedings, vol. 63, 
pp. 276–S28, 2022. 

[43] K. Olofsson, M. Bertilsson, and G. Lidén, “A 
short review on SSF – an interesting process 
option for ethanol production from lignocellulosic 
feedstocks,” Biotechnology for Biofuels, vol. 1, 
no. 7, pp. 1–14, 2008. 

[44] Y. Lin, W. Zhang, C. Li, K. Sakakibara, S. 
Tanaka, H. Kong, “Factors affecting ethanol 
fermentation using Saccharomyces cerevisiae 
BY4742,” Biomass & Bioenergy, vol. 47, pp. 
395–401, 2012. 

[45] R. S. dos Santos, A. L. de Macedo, L. A. Pantoja, 
and A. S. dos Santos, “Bioethanol from Jatropha 
seed cakes produced by acid hydrolysis followed 
by fermentation with Baker’s yeast,” 
International Journal of Applied Science and 
Technology, vol. 4, no. 4, pp. 111–117, 2014. 

[46] G. Joksimovic and Z. Markovic, “Investigation of 
the mechanism of acidic hydrolysis of 
cellulose,” Acta Agriculturae Serbica, vol. 8, no. 
24, pp. 51–57, 2007. 

[47] L. Verma, D. Verma, S. Tiwari, and S. K. Jadhav, 
“Production of bioethanol from rice straw by 

Saccharomyces cerevisiae,” NewBioWorld A 
Journal of Alumni Association of Biotechnology, 
vol. 2, no. 2, pp. 1–4, 2020. 

[48] G. Kasmiarti, D. Oktiarni, P. L. Hariani, N. 
Novia, and H. Hermansyah, “Isolation of novel 
yeast from coconut (Cocos nucifera L.) water and 
phenotypic examination as the potential 
parameters in bioethanol production,” 
Fermentation, vol. 8, no. 283, pp. 1–11, 2022. 

[49] R.A. Zaghloul, S.A. Ismail, G. Enan, R.M. El-
Meihy, and H. M. Abdel-Rahman, “Maximization 
of bio-ethanol production by yeasts using sugar 
cane and sugar beet molasses,” Advances in 
Animal and Veterinary Sciences, vol. 9, no. 12, 
pp. 2069–2076, 2021. 

[50] N.S. Permatasari, M. Zainuri, H. P. 
Kusumaningrum, I. Mishbach, and E. D. Hastuti, 
“Bioethanol production using the SSF method 
(simultaneous saccharification and fermentation) 
of microalgae anabaena sp.,” Journal of Physics: 
Conference Series, vol. 1524, pp. 1–6, 2020. 

[51] D. Hernández, B. Riaño, M. Coca, and M. C. 
García-gonzález, “Saccharification of 
carbohydrates in microalgal biomass by physical, 
chemical and enzymatic pre-treatments as a 
previous step for bioethanol production,” 
Chemical Engineering Journal, vol. 262, pp. 
939–945, 2015. 

[52] H. Zentou, Z. Z. Abidin, R. Yunus, D. R. A. Biak, 
M. Zouanti, and A. Hassani, “Modelling of 
molasses fermentation for bioethanol production: 
a comparative investigation of Monod and 
Andrews models accuracy assessment,” 
Biomolecules, vol. 9, no. 308, pp. 1–11, 2019. 

[53] R. D. Noble and S. A. Stern, Membrane 
Separations Technology: Principles and 
Applications, 1st ed. Amsterdam, The 
Netherlands: Elsevier Science, 1995. 

[54] L. M. Vane, “A review of pervaporation for 
product recovery from biomass fermentation 
processes,” Journal of Chemical Technology & 
Biotechnology, vol. 80, pp. 603–629, 2005. 

[55] G. R. Cysewski and C. R. Wilke, “Rapid ethanol 
fermentations using vacuum and cell 
recycle,” Biotechnology and Bioengineering, vol. 
19, pp. 1125–1143, 1977. 

[56] T. Ezeji, N. Qureshi, and H. Blaschek, 
“Production of acetone, butanol and ethanol by 
Clostridium beijerinckii BA101 and in situ 
recovery by gas stripping,” World Journal of 
Microbiology and Biotechnology, vol. 19, pp. 
595–603, 2003. 



Alfarado et al. Indones. J. Fundam. Appl. Chem., 11(2), 2026, 167-177 

 

DOI: 10.24845/ijfac.v11.i2.167  177 
 

[57] H. Fujita, Q. Qian, T. Fujii, K. Mochizuki, and A. 
Sakoda, “Isolation of ethanol from its aqueous 
solution by liquid phase adsorption and gas phase 
desorption using molecular sieving 
carbon,” Adsorption, vol. 17, pp. 869–879, 2011. 

[58] M. Minier and G. Coma, “Production of ethanol 
by coupling fermentation and solvent 
extraction,” Biotechnology Letters, vol. 3, pp. 
405–408, 1981.

 


