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INTRODUCTION

Development in Indonesia has impacted the 
energy demand over the last decade. Fossil fuels, 
as scarce energy sources, must be replaced with 
renewable energy sources. Bioethanol is one alter-
native fuel that potentially reduces the dependence 
on fossil fuels. This fuel can be made from bio-
mass, such as sweet potatoes (Rizzolo et al., 2021; 
Vitus & Otaraku, 2020), sago (Hung et al., 2018; 
Rijal, 2020), Maize (Tolulope Eunice, 2021), sor-
ghum (Pandebesie et al., 2019) and sweet sorghum 
(Gallagher et al., 2018; Jiang et al., 2019; Klasson 
& Boone, 2021). The bioethanol produced by bio-
mass is stated as first-generation, competing with 
biomass’s function as food. Recently, many re-
searchers produced bioethanol from non-food bio-
mass that contained lignocellulose, such as waste 
crops and cereals (Melikoglu & Turkmen, 2019), 
rice straw (Gupta & Chundawat, 2020; Hassan et 
al., 2021), oil palm empty fruit bunches (Suhartini 

et al., 2022) and coconut husk (Bolivar-Telleria et 
al., 2018). The bioethanol produced by lignocel-
lulose is stated as the second generation of bio-
ethanol. The process of making bioethanol from 
lignocellulose carries a large energy cost because 
of the complex step process. 

Bioethanol has been achieved in third-gener-
ation, which is made from algae and microalgae. 
Alga and microalgae have high potential as raw 
materials for bioethanol production due to uncom-
plicated cultivation and they can become a greater 
possible feedstock over the preceding generation 
(Goh & Lee, 2010). Furthermore, algae and micro-
algae do not need arable land and complex fertil-
ization. Algae and microalgae only need sunlight, 
water, nutrient, and carbon dioxide for growth 
(Tan et al., 2020). Alga and microalgae-content 
carbohydrates can be hydrolyzed to become sugar; 
then, the sugar can be fermented to produce bio-
ethanol. C. pyrenoidosa is one of the microalgae 
that potentially become the material for bioethanol 
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production. Besides being found in nature, C. py-
renoidosa is rarely used or has low aesthetic value. 
It also has a high carbohydrate content, around 37–
55% (Moreira et al., 2019; Raheem et al., 2018; 
Zhao et al., 2019). The high content of carbohy-
drates made C. pyrenoidosa potentially become 
the alternative raw material for bioethanol through 
the hydrolysis and fermentation processes.

In this study, C. pyrenoidosa was hydrolyzed 
using α-amylase enzyme with various concen-
trations. The hydrolysis process using enzymes 
reduces carbohydrates into simple sugars with 
optimal results, unrequited costs, and an environ-
ment-friendly effect. The α-amylase enzyme can 
be found in A. niger. After the hydrolysis process, 
sugar was fermented using S. cerevisiae at vari-
ous times. This yeast is the most effective mi-
crobe to convert sugar into bioethanol (Lee et al., 
2017). Therefore, the study aimed to analyze the 
effects of α-amylase as a bio-catalyst in hydroly-
sis to produce sugar and the effects of fermenta-
tion time in producing bioethanol.

MATERIALS AND METHODS

Materials

C. pyrenoidosa is a type of microalgae widely 
available for several commercial applications in 
dietary and nutritional needs. C. pyrenoidosa has 
great potential as feedstock for the bioenergy in-
dustry in the future due to its fast growth rate and 
high carbohydrate and fat compounds (Dhull et 
al., 2014). Microalgae C. pyrenoidosa can pro-
duce carbohydrates, with fat as a reserve polymer. 
This species is ideal for bioethanol production, 
because glucose can be produced by extracting 
polysaccharides from algae. The carbohydrates 
derived from microalgae, particularly starch and 
cellulose, are easier to convert into monosac-
charides than lignocellulosic materials. The high 
carbohydrate content of C. pyrenoidosa can be 
converted into a glucose compound by enzymatic 
or chemical hydrolysis and into alcohol by fer-
mentation. C. pyrenoidosa has the highest carbo-
hydrate content (26%) compared to other micro-
algae, such as C. vulgaris (51–58%), Sp. platen-
sis (8–14%), Sp. maxima (13–16%), E. gracilis 
(14–18%) (Nur, 2014).

C. pyrenoidosa, as the raw material in this 
study, was hydrolyzed by using enzymatic hy-
drolysis. The enzyme used was a commercial 

α-amylase enzyme. α-amylase is an enzyme that 
can degrade starch, as a catalyst in hydrolysis 
by converting internal α-1-4 glycosidic bonds in 
polysaccharides to simpler sugars and limiting 
dextrin (Mojsov, 2016). The microorganisms that 
can produce heat-resistant amylase enzymes in-
clude E. coli, B. subtilis, A. niger, A. oryzae, K. 
marxianus var, and S. cerevisiae (Olempska-Beer 
et al., 2006). It was found that α-Amylase acts 
faster than β-Amylase because α-Amylase can do 
so in any substrate (Das et al., 2011). The use of 
α-amylase in this study was various. It was con-
ducted to achieve the optimum α-amylase con-
centration for C. pyrenoidosa hydrolysis to obtain 
the maximum glucose product. The procees of 
bioethanol production wa showed at Figure 1. 

Cultivation of Chlorella pyronoidosa

C. pyrenoidosa was cultivated in an open con-
tainer filled with fresh water and equipped with 
an aerator as an oxygen supply medium with 3.5 
L/min of airflow. The container was placed in a 
place exposed to direct sunlight for photosynthesis 
needs. The nutrients were fermented from a 70 g 
mixture of NPK, urea fertilizer, fishery EM4, rice 
bran, and sugar water in a ratio of 1:1:1:2:1 for 24 
hours. Nutrients were provided as microalgae nu-
trients for their growth phase and given once dur-
ing the 7-day growth process, with 20 L of C. pyre-
noidosa seedlings. On the 6th day, fresh water was 
added with a ratio of 1:5. Then, C. pyrenoidosa 
was cultivated for a month before harvesting. After 
the cultivation process for a month, C. pyrenoidosa 
was harvested. The harvesting process was carried 
out using a 400-mesh plankton net. Then, C. pyre-
noidosa dried in the sun for two days. Afterwards, 
the dry C. pyrenoidosa was ground using a mortar 
to make a powder. This study used 20 g of C. pyre-
noidosa powder as a raw material.

Inoculation of A. niger

A. niger was inoculated with a loop sterilized 
needle and placed into the PDA medium by using 
a zigzag etching method. Then, A. niger was incu-
bated at 30 °C for 7 days. Liquid media for A. niger 
was made using 100 mL of aquadest added with 
12.5% sucrose (C12H22O11), 0.25% (NH4)2SO4, 
0.2% KH2PO4 and added with HCl to adjust the 
pH-3. In this media, culture A. niger produced in 
PDA medium was added using a loop sterilized 
needle. It settled when the color became cloudy.
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Making potato dextrose agar (PDA) medium

PDA medium was made from a mixture so-
lution of 200 g of potatoes added with 600 mL 
of water. This mixed solution was boiled for 10 
minutes and filtered using a 100-mesh sieve to 
separate the potato dregs and broth. Furthermore, 
the potato broth was added with 10 g of dextrose, 
and 10 g of agar, then stirred until homogeneous 
and heated at 60 °C for 20 min. This media was 
placed into a petri dish, filled half of the petri dish 
height, and closed tightly. Then, the media was 
sterilized by autoclave at 121 °C for 15 minutes. 
The sterile PDA medium was allowed to stand for 
3 days at 30 °C until it became solid.

Production of the α-Amylase 
enzyme from A. niger

A sample of 20 g of C. pyrenoidosa microal-
gae and nutrients for A.niger such as 0.03 g urea 
(CO (NH2)2), 0.005 g MgSO4.7H2O, and 0.0023 g 
KH2PO4 was placed into a beaker glass and added 
80 mL of aquadest. Then, 1 N HCl solution was 
added to adjust until the pH-5. The media was ster-
ilized using the autoclave at 121 °C for 15 min, 
and added with A. niger about 10 mL of the liquid 
medium. Then, the media were incubated at 30 °C 
for 4 days. The incubation results were extracted 
using 100 mL of aquadest and homogenized with 
a rotary shaker at a speed of 150 rpm for 1 hour.

Furthermore, liquid and solid were separated 
by using a centrifuge. Afterwards, 1 mL of the en-
zyme solution was taken to analyze the α-amylase 
enzyme activity using the Fuwa method. The en-
zyme activity analysis began with the preparation 
of 0.1 N iodine solution using 1.269 g of iodine 

solids and 50 mL of K.I. solution added into the 
Erlenmeyer flask. Then, 50 mL of aquadest was 
added to the solution, and the K.I. solution could 
be added again until the iodine solid dissolves. The 
standard solution of the Fuwa method was pre-
pared in the different Erlenmeyer flask with vari-
ous starch 0.2, 0.4, 0.6, 0.8, and 1 g. each sample 
was dissolved in 100 mL aquadest for each con-
centration of 2, 4, 6, 8, and 1 mg/mL solutions. The 
standard solution of 1 mL was inserted into the test 
tube then 1 mL of 0.6% (w/v) starch solution was 
added. The standard solution and the sample were 
incubated at 50 °C for 10 minutes, then 1 mL of 
1 N HCl was added to stop the reaction. Subse-
quently, 1 mL iodine solution was added and then 
diluted to 5 mL. The absorbance in each solution 
was measured at a wavelength of 600 nm using the 
Genesys 20 Spectrophotometer. The calibration 
curve was made using the absorbance of the stan-
dard solution then a linear equation was obtained 
based on the resulting absorbance. The absorbance 
control was used when the starch solution concen-
tration was 6 mg/mL. The value of 10 was based 
on the amount of amylase, which can cause a 10% 
decrease in the intensity of the iod-amylase blue 
under test conditions. The analysis using the Fuwa 
method was based on a decrease in the intensity 
of the blue caused by the reaction between iodine 
and starch. The decrease in blue occurs due to the 
reduced amount of starch.

Enzymatic hydrolysis process

The hydrolysis method used 20 g of C. pyre-
noidosa. A sample of 20 g of C. pyrenoidosa was 
placed into a beaker glass and added with 100 mL 
of aquadest and HCl solution until pH-4.5.

Figure 1. Bioethanol Process from Chlorella pyrenoidosa



37

Journal of Ecological Engineering 2023, 24(1), 34–40

The acidic condition affected the total amount 
of protein charge contained in the enzyme and 
the amino acid load. Amino acids function as a 
binder to the substrate in the complex sugars and 
convert them into simple sugars. The hydrolysis 
process was a slow-running reaction, so a catalyst 
was needed to speed up the reaction. The hydro-
lysis process at lower temperatures takes longer 
to produce large amounts of glucose due to the 
enzyme performance decreasing and optimal con-
ditions. The catalyst used in this study was the 
α-amylase enzyme. The hydrolysis process used 
enzymes that required optimum temperature con-
ditions. The α-amylase enzyme has an optimum 
temperature of 20–50° (Fitrianti et al., 2014). The 
enzyme was added to the sample solution at 10%, 
20%, 30%, 40%, and 50% in (v/w). The solutions 
were hydrolyzed at 45 °C for 45 minutes which 
was the optimum time for enzymatic hydrolysis 
(Padil et al., 2017) and stirred using a magnetic 
stirrer at 200 rpm. The speed of stirring in the 
hydrolysis process can be affected the distribu-
tion of the substrate molecules and the number of 
collisions between the catalyst and the substrate. 
Slow stirring took a longer time for the hydroly-
sis process to make the catalyst’s chance to react 
to the substrate became longer. After the reaction, 
the solutions were separated using a centrifuge. 
The liquid at the top was taken as a hydrolysis 
solution. The hydrolysis solution in the amount of 
0.2 mL was taken for glucose analysis using the 
DNS method.

Fermentation process

The hydrolysis solution was transferred to the 
Erlenmeyer flask, and then 50 mL of 1 N NaOH 
solution was added until pH-4.8. S. cerevisiae 
was added to the solution as much as 1% (w/v) of 
the total volume of the solution. The solution was 
homogenized using a rotary shaker at a speed of 
220 rpm for 1 minute. Erlenmeyer flask is tightly 
closed to avoid incoming air. Fermentation was 
carried out for 3, 5, 7, 9, and 11 days at 30 °C.

MATERIALS AND METHODS

The effect of α-amylase concentration 
on the hydrolysis process

The hydrolysis process in this study was 
carried out enzymatically using the α-amylase 

enzyme with various concentrations for each 
sample (10%, 20%, 30%, 40%, and 50% (v/w)) 
at 40 °C for an hour. The α-amylase enzyme ac-
tivity was analyzed by using the Fuwa method 
before use. The enzyme activity analysis began 
with the preparation of 0.1 N iodine solution us-
ing 1.269 g of iodine solids and 50 mL of K.I. so-
lution added into the Erlenmeyer flask. Then, 50 
mL of aquadest was added to the solution, and the 
K.I. solution could be added again until the iodine 
solid dissolves. The standard solution of the Fuwa 
method was prepared in the different Erlenmeyer 
with various starch 0.2, 0.4, 0.6, 0.8, and 1 g.

Each sample was dissolved in 100 mL aquad-
est for concentrations of 2, 4, 6, 8, and 1 mg/mL 
solutions. The standard solution of 1 mL was in-
serted into the test tube then 1 mL of 0.6% (w/v) 
starch solution was added. The standard solution 
and the sample were incubated at 50 °C for 10 
minutes, then 1 mL of 1 N HCl was added to stop 
the reaction. 1 mL iodine solution was added and 
then diluted to 5 mL. The absorbance in each so-
lution was measured at a wavelength of 600 nm 
using the Genesys 20 Spectrophotometer. The 
calibration curve was made using the absorbance 
of the standard solution then a linear equation was 
obtained based on the resulting absorbance. The 
activity of the α-amylase enzyme can be deter-
mined using equation 1. The absorbance control 
was used when the starch solution concentration 
was 6 mg/mL. The value of 10 was based on the 
amount of amylase, which can cause a 10% de-
crease in the intensity of the iod-amylose blue un-
der test conditions.

Activity �
Unit
mL

� =
𝐴𝐴𝐴𝐴𝑘𝑘𝑘𝑘 −  𝐴𝐴𝐴𝐴𝑠𝑠𝑠𝑠
𝐴𝐴𝐴𝐴𝑘𝑘𝑘𝑘

× 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 x
1
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

× 10 (1)

where: Ak – the absorbance of the control;	   
As – the absorbance of the sample;	   
fp – the dilution factor; 			 
Ve – the volume of the enzyme (mL). 

The enzyme activity was determined using 
the enzyme activity equation (1), and based on 
this study, the number of active enzymes in the 
sample solution was 32.72 u/mL. Tables 1 and 2 
showed that the absorbance of the sample solu-
tion was below the absorbance of the standard 
solution (starch concentration < 2 mg/mL), which 
meant that the amount of starch remaining in the 
sample decreased after adding the α-amylase en-
zyme. The reduced amount of starch after being 
given the α-amylase enzyme indicates that the 
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α-amylase enzyme in the sample has converted a 
lot of starch into glucose compounds, so that the 
α-amylase enzyme has been tested was suitable 
for use in the hydrolysis process of this study. 
In this process, the amino acid in the α-amylase 
enzyme bonded carbohydrate molecules and con-
verted them into glucose. The glucose was ana-
lyzed by using DNS methods (Figure 2).

Figure 2 shows that the highest glucose con-
tent was 0.67 mg/mL produced from the hydroly-
sis of 20 g of C. pyrenoidosa treated using 40% 
(v/w) of α-amylase enzyme and the glucose con-
tents. The glucose contents produced were direct-
ly proportional to the amount of enzyme concen-
tration used. More enzymes were added, making 
contact between the enzymes and carbohydrates 
increase. A large amount of glucose indicated that 
the enzyme activity in the solution was high, so 

the enzymes worked optimally. For the sample 
with added 50% (v/w) of the α-amylase enzyme, 
the glucose produced tended to decrease, because 
the amount of α-amylase enzyme was too great to 
hydrolyze carbohydrates in 20 g of C. pyrenoido-
sa and made the number of enzymes unbalanced 
compared to the number of samples. Using the 
α-amylase enzyme from A. niger as a bio-catalyst 
in the enzymatic hydrolysis process can reduce 
energy consumption by around 10–20% (Fang et 
al., 2019). It was the ideal and natural hydrolysis 
process to produce glucose from C. pyrenoidosa.

Effect of fermentation time 
on bioethanol contents 

The fermentation process in this study reacted 
to glucose products from the hydrolysis process 
using S. cerevisiae to produce bioethanol and car-
bon dioxide. This process was conducted at room 
temperature with pH-4.8 by adding 1 M NaOH to 
make the solution under acidic conditions. This 
acid conditioning was carried out to increase the pH 
of the hydrolysis solution so that the performance 
of S. cerevisiae was optimal because the yeast only 
endured in acidic conditions. This study aimed to 
analyze the effect of fermentation on the bioethanol 
content with various fermentation times (3, 5, 7, 9, 
and 11) days. The product was analyzed by using 
GCMS analysis. The highest bioethanol content 
was obtained from the sample treated with 40% of 
α-amylase enzyme and fermented for 9 days. Figure 
3 shows that the increasing bioethanol contents fol-
lowed the concentration of the α-amylase enzyme. 
The sample treated with 50% (v/w) of α-amylase 

Table 1. The absorbance results of standard solutions 
in the α-Amylase enzyme activity analysis

Concentration of standard 
solution (mg/mL) Absorbance

2 0.313

4 0.350

6 0.463

8 0.531

10 0.645

Table 2. Absorbance results of sample solutions in the 
α-amylase enzyme activity analysis

Sample solution Absorbance

S1 0.160

S2 0.160

Figure 2. Graphic of calibration of standard glucose solution
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enzyme produced less bioethanol content. It oc-
curred because the glucose content produced in the 
hydrolysis process was also lower.

The optimum fermentation time for S. cere-
visiae was on the 9th day. Meanwhile, the glu-
cose content in the sample for 11 days decreased. 
The reduced availability of glucose caused some 
S. cerevisiae to become inactive in 11 days of 
fermentation. The S. cerevisiae active converted 
glucose to bioethanol in 2 – 4 days (Irvan et al., 
2016) due to the yeast growth phase, and it still 
constantly converted the glucose in 4 – 9 days as 
its stationary phase. The fermentation occurred 
for more than 9 days, and yeast activation de-
creased due to a lack of substrate and nutrition. 
From this study, one kilogram of C. pyrenoidosa 
as raw material produced 750 mL of bioethanol.

CONCLUSIONS

In this study, the carbohydrate contained in 
the C. pyrenoidosa as raw material was convert-
ed effectively into glucose using 40% (v/w) of 
α-amylase enzyme and analyzed using the DNS 
method. It produced 0.67 mg/mL of yield glu-
cose, fermented by using S. cerevisiae and added 
some nutrition for 9 days, producing 28.07% of 
bioethanol content.
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