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Abstract
Macroalgae are considered to be one of the rich lignocellulosic biomass materials. Aquatic biomass has gained more attention to
biofuels generation in recent years due to its renewable, abundant, and environmentally friendly aspects. Macroalgae are
photosynthetic organisms that are found in both marine and freshwater environments. These are considered as a third-
generation feedstock for the production of biofuels since they have the ability to synthesize a high amount of lipids, proteins,
and carbohydrates. This research study aimed to evaluate the potential of bioethanol production from macroalgae (Rhizoclonium
sp.) biomass. The fermentation process was applied in the research by two-way separate hydrolysis and fermentation (SHF).
Algae biomass undergoes a pretreatment process to release necessary sugars for yeast digestion. The fermentation process was
carried at 30 to 35 °C in the incubator. Finally, the percentage of ethanol was estimated by the ebulliometer. Fermentation was
enhanced by immobilization of yeast, which showed the highest concentration of ethanol (65.43 ± 18.13 g/l) after 96 h of
fermentation and can be reused for several times for fermentation. Moreover, these study results confirmed that freshwater
macroalgae biomass is a suitable and susceptible raw material for bioethanol production.
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1 Introduction

Renewable resources of energy are a part of the Asian region’s
fight against climate changes, at the same time they contribute
to economic growth, increasing the number of employed peo-
ple and provide energetic safety [1]. The utilization of renew-
able energy is significantly increasing, together with energy
security concerns, efforts to mitigate the environmental impact
of fossil fuels, and upgrading in living standards and renew-
able technologies [2]. Bioethanol is a renewable liquid fuel
that is expected to be most widely used around the globe as

ethanol, which can be produced from abundant supplies of
starch and cellulose biomass [3]. A large number of
bioethanol production countries in the world are Brazil, the
USA, and Canada. Ethanol fuel is another alternative that
comes to use the power of the world in the areas of transport,
vehicles, and various chemical components in the industry [4].

Ethanol can be produced from biological processes. They
are arising from the plant by the fermentation process to con-
vert polysaccharide starch into monosaccharide sugar.
Furthermore, convert from sugar to alcohol, by using the en-
zyme, or some chemicals hydrolysis followed by fermentation
[5]. Then, convert it to pure alcohol by distillation and sepa-
ration of water. Their immobilization in an active state may
increase the application of enzymes for industrial purposes.
Enzyme immobilization offers technical and economic advan-
tages, such as cost-reduction of biocatalysts (as they can be
reused many times), easy separation from reaction mixtures,
and the possibility of using higher enzyme activity per volume
in the reactor, comparedwith soluble enzyme preparations [6],
which can bewidely used for the components and applications
in various industries. Including the application was that it
could be used as a mixed proportion additive for current fuel
to reduce the imported oil from abroad.
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The production of ethanol mostly depends on the primary
raw material. These raw materials mainly contain sugars, such
as sugarcane andmolasses rich in sugar content. The other raw
materials, such as cassava and corn powder, are considered as
lignocellulosic biomass. However, the rawmaterial is the used
food crops to produce ethanol [7]. This may not be sufficient
for ethanol production in the future. Therefore, it is interesting
to bring other raw materials (i.e., lignocellulosic biomass) to
produce ethanol. Lignocellulosic biomass was mainly avail-
able from agricultural waste such as rice straw, sugarcane
bagasse, maize, bark, and weed, including algae, which are
aquatic plants. This biomass can be hydrolyzed by several
enzymes to produce fermentable sugars for subsequent biofuel
production [8, 9].

Macroalgae, an abundant and carbon-neutral renewable re-
source, are now considered as third-generation biomass bio-
fuel that can be used in bioenergy production. It grows in any
aquatic environment and generates lignin-free biomass mate-
rial [6]. Generally, macroalgae grow faster compared with
terrestrial crops and do not compete with the agricultural land
area for mass cultivation. Also, macroalgae contain high car-
bohydrate content, which is rich in polysaccharides and ligno-
cellulosic biomass [10].

In general, bioethanol production from biomass involves
the following steps such as pretreatment, enzymatic hydroly-
sis, fermentation, and distillation [11]. The saccharification of
macroalgae is an essential step prior to ethanol fermentation.
In the renewable energy sector, macroalgae are promising
biomass to produce ethanol because the algae biomasses are
containing enough nutrients such as in protein, lipid, and car-
bohydrates; these carbons can digest sugars and ferment them
into ethanol. This study aimed for various physical, chemical,
and biological pretreatments of macroalgae Rhizoclonium sp.
to produce bioethanol by using immobilized Saccharomyces
cerevisiae via traditional fermentation protocol.

2 Materials and methods

2.1 Macroalgae collection and biomass preparations

Freshwater macroalgae (Rhizoclonium sp.) was harvested at
Mae Taeng District, Chiang Mai Province, Thailand
(Latitude: 19° 09′ 17.63″ N, Longitude: 98° 58′ 43.12″ E)
and transported to the School of Renewable Energy, Maejo
University, Sansai, Chiang Mai 50290 within 2 h for identifi-
cation and analysis. Harvested algae were dried by a hot air
dry oven at 50 °C, for 48 h. The dried biomass was powdered
by blender about 1–2 mm size. Algae were growing environ-
ment, sample area measuring, harvesting, drying, and pow-
dered biomass are shown in Fig. 1. A microscopic photograph
of Rhizoclonium sp. (at × 100 magnification) is displayed in
Fig. 2.

2.2 Preparation of medium (yeast extract peptone
dextrose medium)

General methods in yeast genetics are specified using yeast
extract peptone dextrose (YPD) medium for cultivating
Saccharomyces cerevisiae and other yeasts. Yeasts grow well
on a minimal medium containing only dextrose and salts. The
addition of protein and yeast cell extract hydrolysates allows
for faster growth of yeast cells [12]. YPD medium was pre-
pared for 1 L, which was enriched with the media compo-
nents, as shown in Table 1.

2.3 Preparation of immobilized yeast

Yeasts are a beneficial fungal strain, Saccharomyces
cerevisiae TISTR 5020, and was obtained from
Faculty of Science Laboratories, Maejo University,
Sansai, Chiang Mai, Thailand. These yeasts were culti-
vated in a liquid YPD medium (10 g/l yeast extract, 20
g/l peptone, and 20 g/l dextrose) on the shaker at
150 rpm for 48 h at room temperature. Modified meth-
od of the immobilization prescribed by Kwang Ho
Lee’s and Williams’s method was utilized [13], the re-
action of yeast (Saccharomyces cerevisiae cells) with
sodium alginate (0.02 M) to calcium chloride solution
(0.05 M) procured. Saccharomyces cerevisiae cells were
immobilized in calcium alginate beads. Immobilized
yeast was generated from yeast solution containing so-
dium alginate, which was dropped into a prechilled
CaCl2 solution. Finally, immobilized yeast cells were
washed with sterilized distilled water and kept in the
refrigerator at 4 °C for further use: yeast preparation,
calcium alginate beads preparation, free-immobilized
cell, and fermentation system are presented in Fig. 3.

2.4 Determination of total sugar by phenol-sulfuric
method

The standard curve of sugar was prepared using the serial
concentration of glucose solution (0–250 μg/ml) in dis-
tilled water. Five hundred micrograms of each concentra-
tion was transferred to the test tube and added with 500 μl
of 5% Phenol solution. The mixtures were shaken and
followed by the addition of 2.5 ml conc. sulfuric acid
(H2SO4). All mixtures were homogenized by vortex and
subsequently stand for 10 min. The absorbance (490 nm)
of the reaction mixture was measured. Finally, the relation
between A490 and glucose concentration was plotted.
Determination of total sugar in samples, sugar concentra-
tion in sample solution, was determined as the method
described above. The reaction mixture composed of
500 μl of the sample solution, 500 μl of 5% Phenol so-
lution, and 2.5 ml conc. H2SO4.

828 Biomass Conv. Bioref. (2021) 11:827–835



2.5 Determination of reducing sugar by
dinitrosalicylic acid method

The standard curve preparation of reducing sugar was
prepared using the serial concentration of glucose or
mannose or xylose solution (0–1000 μg/ml) in distilled
water. Five hundred microliters of each concentration
was filled into the test tube and added with 500 μl of

dinitrosalicylic acid method (DNS) solution and subse-
quently boiled for 15 min. Followed by cooling and
added using 4 ml of distilled water was performed.
After homogenizing the reaction mixture, the absorbance
at 540 nm was measured. The relation between glucose
concentration and A540 was plotted. The amount of
reducing sugar in the sample solution, the 500 μl of
sample solution, was determined with the method as
described above, similar to standard curve preparation.
After the A540 measurement, reducing sugar concentra-
tion was calculated by comparing it with the standard
curve [14].

2.6 Statistical analysis

Data were reported as mean ± SE from triplicate obser-
vations. Significant differences between means were an-
alyzed. All statistical analyses were performed using
SPSS Version 20.0. A correlation was assumed signifi-
cant when P < 0.05

Fig. 1 (a) Sample collection of
Rhizoclonium sp. in the canal
(growing environment and
sample), (b) harvested algae, (c)
dried algae, and (d) powdered
biomass

Fig. 2 Microscopic image of Rhizoclonium sp. at × 100 magnification

Table 1 Yeast extract peptone dextrose medium

YPDA 2000 ml 1000 ml 500 ml 250 ml 125 ml

Yeast extract (g) 20 10 5 2.5 1.25

Peptone (g) 40 20 10 5 2.5

Dextrose (g) 40 20 10 5 2.5
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3 Results and discussion

3.1 Pretreatment and enzymatic hydrolysis

Like cellulosic ethanol, bioethanol production from algae re-
quires four major unit operations, including pretreatment, hy-
drolysis, fermentation, and distillation. In order to produce
sugars from the algae biomass, pretreatment is designed to
help separate cellulose, hemicellulose, and lignin so that the
complex carbohydrate molecules in the algae cell can be bro-
ken down by enzyme-catalyzed hydrolysis (water addition)
into their simple constituent sugars [15]. Then, the ferment-
able sugars can be fermented into ethanol by ethanol-
producing microorganisms and finally recover and purify the
ethanol to meet fuel specifications. Additionally, some sepa-
rated solids can be recovered and utilized as fuel to provide
process heat and electricity at an alcohol production facility
[16]. Implementation analyzes and summarizes the results of
the project evaluation of bioethanol production from algae.
Three pretreatments such as biological, chemical, and bio-
chemical pretreatment were investigated. Finally, the best pre-
treatment was selected, which provides the highest concentra-
tion of reducing sugar. Measurement was done by analyzing
the concentration of reducing sugar, total sugar, and ethanol in
g/l after fermentation at 48 h for 6 days.

The S. cerevisiae is a yeast; it has been traditionally used
for the production of ethanol by Trichoderma Reesei. It forms
white bolls and develops a pale yellow-colored colony. It en-
ters a steady phase in two days, and it has rapid growth. This
fungus produces several enzymes like cellulase and

hemicellulase enzyme; media for this fungal culture must be
changed in every alternative day [3, 17]. The pretreatment
results are shown in Fig. 4. The results obtained the total sugar
by chemical, biological, and biochemical pretreatment and
were 19.87 ± 0.35 g/l, 17.81 ± 0.20 g/l, and 21.01 ± 1.25
g/l, respectively. The achieved reducing sugar by chemical,
biological, and biochemical pretreatment were 3.89 ± 0.16 g/l,
8.53 ± 0.21 g/l, and 5.03 ± 0.67 g/l, respectively.

The enzyme hydrolysis results are shown in Fig. 4. The
obtained total sugar by chemical, biological, and biochemical
pretreatment was 78.95 ± 3.95 g/l, 91.23 ± 1.72 g/l, and 88.20
± 1.57 g/l, respectively. The obtained reducing sugar by chem-
ical, biological, and biochemical pretreatment was 47.22 ±
1.73 g/l, 27.22 ± 1.88 g/l, and 34.03 ± 3.54 g/l, respectively.
In this study, chemical pretreatment was selected because after
enzyme hydrolysis, the result of the amount of reducing sugar
was higher than biological and biochemical pretreatment,
mostly of reducing sugar is a monosaccharide. Therefore,
yeast can convert simple sugar into ethanol. Due to the recal-
citrance of lignocellulose, chemical pretreatment is one of the
most important methods for achieving desirable pyrolytic
products. To destroy the lignocellulosic structure, decrease
the thermal stability, and alter the components in the biomass,
a variety of chemical treatments have been developed prior to
pyrolysis, including acid and alkali pretreatments [18].

3.2 Bioethanol production

The depletion of fossil fuels attracts bioethanol as one of the
most beneficial fuels due to its energy security and

Fig. 3 (a) Yeast preparation, (b)
calcium alginate beads
filtration, (c) calcium alginate
beads preparation, (d) free cell
and immobilized cell, and (e)
fermentation system
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environmental safety over fossil fuel [8, 19, 20]. It is an
environment-friendly oxygenated method as it contains
34.7% oxygen, which is absent to gasoline. The presence of
oxygen in bioethanol gives 15% higher combustion efficiency
over gasoline, resulting in lesser emission of particulate nitro-
gen oxides. Additionally, other harmful gases such as sulfur
oxide and carbon monoxide being emitted by gasoline can be
reduced by mixing ethanol in gasoline. These harmful gases
both contribute to acid rain or going to the water and contam-
inate potable water sources, which causes a detrimental effect
on health [4, 21]. Fermentation is the process that converts
soluble sugars into alcohol by the metabolic process of micro-
organisms. In the absence of oxygen, some bacteria and yeast
can metabolize carbohydrates such as monosaccharides and
disaccharides and produce the ethanol and with the release of
carbon dioxide [22]. Mostly in all refineries, the traditional
yeast is used for the ethanol fermentation process. Mostly
S. cerevisiae species of yeast has been used extensively in
alcohol production, especially in the brewery and wine indus-
tries. This type of yeast reduces the distillation cost as it gives
a high ethanol yield and high productivity and also can with-
stand high ethanol concentration. Immobilization of enzymes
may affect enzyme activity, specificity, and selectivity and
also alter its structural form. These changes may not always
give positive effects to the enzyme properties. Several factors
will affect the yield of biodiesel produced using an enzymatic
reaction. The factors include enzyme specificity and efficien-
cy. Furthermore, different enzymes might need different op-
erating conditions for its optimum activity [6].

The 1st fermentation (free cell yeast) results are shown in
Fig. 5. The concentrations of total sugar by chemical pretreat-
ment were 238.25 ± 12.75 g/l, 148.95 ± 2.29 g/l, 134.91 ±
9.00 g/l, and 127.02 ± 15.46 g/l respectively. The

concentration of reducing the sugar by chemical pretreatment
was 105.00 ± 10.00 g/l, 50.89 ± 2.67 g/l, 32.00 ± 4.18 g/l, and
33.67 ± 2.96 g/l respectively. Conversely, concentrations of
ethanol were highest 52.34 ± 16.34 g/l at the 96 h fermenta-
tion. The 1st fermentation by immobilized yeast results is
shown in Fig. 6. The concentrations of total sugar by chemical
pretreatment were 213.95 ± 1.90 g/l, 99.30 ± 3.83 g/l, 96.84 ±
4.21 g/l, and 72.28 ± 9.67 g/l respectively. The concentration
of reducing the sugar by chemical pretreatment was 109.52 ±
5.77 g/l, 52.57 ± 2.73 g/l, 30.95 ± 8.86 g/l, and 18.19 ± 4.16 g/
l respectively. Conversely, concentrations of ethanol were
highest 65.43 ± 18.13 g/l at the 96 h fermentation.
Immobilized cells are increasingly being used in bio-
industries and may also have benefits for the brewing indus-
try. The significant challenge for applying this technology
successfully is focused on the main fermentation in combina-
tion with the secondary fermentation [23].

The 2nd fermentation by immobilized yeast results is
shown in Fig. 7. The concentration of total sugar by chemical
pretreatment was 218.16 ± 4.14 g/l, 129.65 ± 10.79 g/l, 123.77
± 4.20 g/l, and 118.77 ± 2.93 g/l respectively. The concentra-
tion of reducing sugar by chemical pretreatment was 104.29 ±
5.71 g/l, 66.29 ± 7.16 g/l, 77.52 ± 12.46 g/l, and 60.48 ± 4.65
g/l respectively. Conversely, concentrations of ethanol were
highest 39.26 ± 7.85 g/l at the 48 h fermentation. The fluidized
bed bioreactor with immobilized yeast technology has a great
potential for ethanol fermentation of stalk juice of sweet sor-
ghum [24]. Immobilization of cells containing specific en-
zymes has further advantages such as elimination of long
and expensive procedures for enzymes separation and purifi-
cation and it is vital to expand their application by enabling
easy separation and purification of products from reaction
mixtures and efficient recovery of the catalyst [25].

Fig. 4 Concentration of sugar by
various treatments for hydrolysis
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From the literature survey, the majority of research inves-
tigating the production of bioethanol has focused on brown
algae, probably due to its relative abundance and ease of cul-
tivation. Particular species that have received attention are
Saccharina latissima, Laminaria hyperborean, Laminaria
digitata, and Saccharina japonica [10, 26–29]. The conver-
sion of macroalgal biomass to bioethanol is not as simple as
the conversion of some biomass types such as sugarcane and

corn because of the complex carbohydrates contained within
the biomass [2]. Some of the unique polysaccharides found in
brown seaweeds, such as mannitol and laminarin, require spe-
cific enzymes to convert these polysaccharides to simple
sugars that can be used by yeast to produce bioethanol. An
ethanol-producing bacterium called Zymobacter palmae has
been reported as having the ability to ferment many different
types of sugars, including mannitol [30]. The same study,

 

Fig. 6 The 1st fermentation by
immobilized yeast

Fig. 5 The 1st fermentation (free
cell yeast)
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however, also confirmed that Z. palmae was unable to use
laminarin. Further work, however, conducted with an alterna-
tive yeast Pichia angophorae showed that this particular spe-
cies appeared to use both the laminarin and mannitol content
of the biomass for ethanol production [31].

Using P. angophorae a maximum ethanol recovery of 0.43
g/g substrate was recorded and 0.38 g/g mannitol for
Z. palmae. Using the same strain of yeast (P. angophorae)
[32] managed to produce 167 methanol/kg (132 g/g) of
Laminaria digitata using the enzyme laminrase for pretreat-
ment. Another research group managed to recover high yields
of ethanol by discovering a method to use DNA from a bac-
terium called Vibrio splendidus alongside Escherichia coli
allowing the conversion of alginate in Saccharina japonica
to ethanol [7–9, 14]. The groupmanaged to recover an ethanol
yield of 0.281 g/gbiomass. Table 2 shows the bioethanol
yields recovered from various studies for a number of different
species and processing methods [28–31]. The two-stage

hydrolysis and fermentation of the invasive red algae
Gracilaria salicornia were investigated, finding a recovery
of 79.1 gethanol/kgbiomass [35]. The potential for ethanol
recovery following agar removal from Gracilaria verrucosa
was investigated. The researchers used enzymatic hydrolysis
with cellulase and ß-glucosidase to release the sugars in the
biomass yielding 0.87 gsugars/gcellulose.

The sugars were fermented using S. cerevisiae, a common
yeast, to recover 0.43 gethanol/gsugars. Ulva has received the
most research for bioethanol production in terms of green
macroalgae, as it is one of the most common species of green
macroalgae. Ulva is a relatively fast-growing macroalga and,
therefore, has been considered as a potential source of
bioenergy [36]. Several studies have considered bioethanol
production, enzymatically hydrolyzed a batch of Ulva
fasciata, sampled locally in Hawaii, using a cellulase
enzyme [37, 38]. The hydrolysate was fermented with
S. cerevisiae yielding the equivalent of 126 l of ethanol per

Fig. 7 The 2nd fermentation by
immobilized yeast

Table 2 Bioethanol yields recovered from macroalgae from a variety of studies

Species Materials Bioethanol yield (gEthanol/gBiomass) Reference

Laminaria digitata Laminarase (pre-treatment) and Pichia angophorae 0.218 [33]

Saccharina japonica Vibrio splendidus and Escherichia coli 0.281 [34]

Gracilaria salicornia Sulfuric acid and Escherichia coli 0.079 [35]

Ulva lactuca Enzyme mix and S. cerevisiae 0.141 [36]

Rhizoclonium sp. Pretreatment, enzyme hydrolysis, S. cerevisiae by free cell yeast 0.523 In this study

Rhizoclonium sp. Pretreatment, enzyme hydrolysis, S. cerevisiae by the 1st immobilized yeast 0.654 In this study

Rhizoclonium sp. Pretreatment, enzyme hydrolysis, S. cerevisiae by the 2nd immobilized yeast 0.393 In this study
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ton of biomass. The researchers believed this to be about 43%
of the potential of the biomass, given the characteristics.
Similar experiments have been conducted by the Danish
Technological Institute looking at bioenergy recovery from
Ulva lactuca. The biomass was hydrolyzed with a number
of commercial enzymes and fermented with S. cerevisiae.
The greatest yield produced was 0.141 g ethanol g dry bio-
mass. From Table 2, it shows a comparison of bioethanol
yields (gEthanol/gBiomass) between another species and
Rhizoclonium sp. It was found that Rhizoclonium sp. was pro-
ducing bioethanol yields and was much higher than other algal
species using free cell yeast (0.523), first time immobilized
yeast (0.654), and second time (reused) immobilized yeast
(0.393) in this study.

The most initial total sugar and reducing sugar of fer-
mentation by free cell yeast, the 1st immobilized yeast, and
the 2nd immobilized yeast decreasing are indicated in
Table 3. The concentration of ethanol by the 1st
immobilized yeast maximum increase of 65.43 ± 18.13 g/
l was higher than free cell yeast (52.34 ± 16.34 g/l) after
96 h of fermentation. Moreover, it can reuse immobilized
yeast for the second fermentation and was 39.26 ± 7.85 g/l
after 48 h of fermentation.

4 Conclusion

Algae are green aquatic plants multiplying naturally using
photosynthesis, which is rich in lignocellulosic biomass.
Algae act as a promising source for biofuel due to rapid
growth and lignocellulosic nature Rhizoclonium sp. was used
in this investigation. The result of pretreatment and enzyme
hydrolysis process by three methods indicate that chemical
pretreatment has a concentration of reducing sugar more than
biological and biochemical pretreatment (47.22 ± 1.73 g/l).
The concentration of ethanol in g/l between fermentation com-
parison was completed by free cell yeast and immobilized
yeast. It was found that cell immobilization in beads offers

important advantages, such as ease of cell separation from
the medium, a decrease in costs due to cell reuse in subsequent
reaction cycles, and a reduced possibility of contamination.
Furthermore, the results of cell immobilization showed a sta-
ble final ethanol concentration. Immobilized yeast has the
highest concentration of ethanol (65.43a ± 18.13 g/l) after
96 h of fermentation and can be reused for the second fermen-
tation and reduces the expenses for bioethanol production.
Consequently, algae (Rhizoclonium sp.) can be considered as
a potential feedstock for promising and efficient bioethanol
production.
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