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Abstract

Saccharification of biomass to fermentable sugar is a major constraint for bioethanol production due to high
cost of enzyme production and complications associated with the removal of hearse acid, alkali and salts formed
after neutralization. This led to the search for low cost enzyme and its combination with dilute acid to enhance
biomass hydrolysis. In this study, the microalgal biomass was hydrolysed using amylase and cellulase enzymes
produced by solid state and submerged fermentation processes. Saccharification of algal biomass was studied
using dilute tetraoxosulphate (V1) acid, crude enzyme complex and a combination of both. The highest yield of
reducing sugar of 0.63 mg/ml was obtained with the co-combination hydrolysis of acid and enzyme, followed by
acid hydrolysis (0.41 mg/ml) while the least was found with enzyme hydrolysis (0.36 mg/ml). The hydrolysate of
the algal pretreated biomass was used for bioethanol production by Saccharomyces cerevisiae and co-cultures
of S. cerevisiae and Aspergillus niger. The highest ethanol yield of 0.33 mg/ml at a percentage of 10.82% v/v was
obtained from hydrolysates pretreated with co-combination of dilute acid and crude enzyme complex. The result

showed that crude enzyme can increase the yield of hydrolyzed microalgal biomass for bioethanol production.
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Introduction

The world growing interest on alternative energy sources has
attracted researcher’ interests to focus on biomass as a cost effective and
efficient feedstock for bioethanol production and can serve as a suitable
transportation fuel replacing the limited crude oil [1]. They have fast
growth rate, higher photosynthetic efficiency, ability to fix greenhouse
effects, non-competitive nature with food production, easily cultivated
in non-agricultural site, high carbohydrate content and contain cellulose
without lignin [2,3].

The microalgal biomass contains high carbohydrate from cellulose
and hemicelluloses on its cell walls and starch with in the chloroplasts.
Several microalgae species have the ability to generate elevated level of
carbohydrate rather than lipid as stored polymers. The heterogeneous
composition of the biomass, intracellular starch granules and cellulytic
cell wall requires the exploitation of high cost available cocktail of
carbohydrases to ensure total hydrolysis [4]. Successful utilization of
algal biomass as bioethanol feedstock is dependent on development of
economically feasible process technologies to ensure total hydrolysis of
the biomass to simple low molecular weight sugar. Such technologies
like solid state fermentation involving low cost biomass residues for
enzymes production by suitable microorganism can be easily utilized for
the hydrolysis in bioethanol fermentation process. Pretreatment process
increases the crystalline nature of cellulose while enabling enzymatic
degradation. Dilute acid pretreatment can increase the surface area of
the carbohydrate availability thereby enhancing its reactivity with the
enzymes and its biotransformation [5]. Microalgal biomass contains
starch, cellulose and lipid combined with in its complex structure. The
starch is commonly degraded by these enzymes, amylases and cellulase
by cellulose, produced by several microorganisms such as bacteria and
fungi. The majority of the commercial and laboratory cellulases are
synthesized by fungi due to their high enzyme activities but several
factors suggest that bacteria may have better excellent potential [6].
Bacteria frequently have higher growth rates than fungi allowing
for higher rate of enzyme production. Most significantly they show
affinity for heat stablility and are easier for genetic purpose. Amylase

production using synthetic media is expensive and this stimulates
search for an inexpensive route for its production by researchers. Solid
state fermentation has been reported as a cost effective method to be
employed in enzyme production and very vital in amylase production
[7]. Agro industrial wastes have been reported to be a good substrate for
the cost effective production of alpha amylase and thus have attracted
many researchers [8,9].

In this study, solid state and submerged fermentation processes was
used on the saccharification of microalgal biomass from plantain peel
using dilute tetraoxosullphate (VI) acid, enzymes and co-combination
of both. The bioethanol fermentation of the hydrolyzed microalgal
biomass was examined using Saccharomyces cerevisiae and co-culture of
A. niger and S. cerevisiae, respectively.

Materials and Methods

Sample collection, extraction and blooming

Unripe plantain peels were collected from different market sources
in Port Harcourt, washed, sun dried and grinded using a manual
hand grinding machine (Corna model 562). This was kept for further
use in a sterile bottle. A novel synthetic medium [10] containing
antibiotics (tetracycline and Nystatin to eliminate bacteria and fungi
growth, respectively), was used to isolate Chlorella species. Agar
plate technique was used for the isolation of the cultured plates and
incubated for 3-5 days in a shade under natural illumination (sunlight).
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Colonies which appeared after four days were sub-cultured for
monoculture development. The colonies were identified using cultural
and morphological characteristics. Thirty grams of already processed
plantain peel powder was infused in 1 L of distilled water at different
temperature (hot and cold) and time (24, 48 and 72 h) in triplicate each
in a clean conical flasks. They were autoclaved at 15 psi for 15 min at
121°C. They were allowed to cool, filtered using Whatman filter paper
No I to get the extract. The method according to Agwa and Abu [11] was
adopted for blooming the algae in the extract.

Microorganisms screening and isolation

Bacteria were isolated from the soil using spread plate technique on
carboxyl methyl cellulose (CMC) agar media. The plates were incubated
at 45°C for 24 h, flooded with 0.1% aqueous solution of Congo red and
rinsed with 1 M NaCl to detect the hydrolyzed zones [12]. To screen for
the cellulase activities of the organisms, the diameter of the clear zones
around the colonies on CMC agar were measured. A bacterial isolate
with the highest diameter was selected for cellulase production.

Fungi was isolated from spoilt food samples using spread plate
technique on PDA agar media containing lactic acid to prevent bacterial
contamination. The plates were incubated at 30°C for 3 days. To visualize
the hydrolysis zone, the plates were flooded with iodine and observed
after 10 min. To indicate the amylase activities, the diameters of the
clearance zones were measured and the isolate with the highest diameter
was selected for amylase production. The organisms were identified
using molecular and phylogenetic analysis method [13-15].

Production, extraction and enzyme assay

Cellulase production media containing the following in g/1; cellulose
substrate (CMC), 10; MgSO,.7H,0, 0.3; K. HPO,, 2.0; (NH,),SO,, 2.5;
peptone, 10; were inoculated with the 24 h old bacterial culture and
incubated at 37°C in a shaker incubator for 24 h. After fermentation,
the culture media were centrifuged at 5000 rpm for 15 min to obtain
the crude extracts which serve as the crude enzyme. Cellulase activity
of the crude extract was assayed following the method of Miller [16].
0.2 ml of the extract was added to 1.8 ml of 0.5 mM sodium phosphate
(pH 7) and incubated in a water bath at 37°C for 30 min. The reaction
was terminated by adding 3 ml of DNS reagent and boiled for 5 min and
absorbance was measured at 575 nm.

Amylase production was assayed following the method by Singh
et al. [17]. Powdered plantain peel substrate was mixed with mineral
medium containing the following salts in g/l; soluble starch, 5.0; yeast
extracts, 2.0; KH,PO,, 1.0; MgSO,.7H,0, 0.5; to moist the substrate.
The mixture was inoculated with 3 day old fungi isolate dislodged with
0.1% tween 80 and incubated at 30°C for 5 days. After fermentation, the
product was recovered by adding 0.1 M citrate buffer vigorously shaken
for 30 min. The mixture was filtered and centrifuged at 5000 rpm for 20
min. The supernatant was filtered to obtain cell free extract which serves
as crude enzyme source [18]. Amylase activity of the crude extract was
estimated following method adopted by Miller [19]. About 1 ml of the
crude extract was mixed with 1 ml of 1% soluble starch in 0.1 M citrate
buffer (pH 5.0) and incubated in a water bath at 45°C for 30 min. The
enzyme activity was terminated by adding 3 ml DNS reagent and boiled
for 15 min and the absorbance measured at 575 nm.

Microalgal biomass hydrolysis
The micro algal biomass obtained was sectioned into three:

The first section was subjected to acid hydrolysis following method
by Miranda et al. [20]. The algal biomass was hydrolyzed using 10% of

2 N H,SO,, autoclaved at 121°C for 45 min. The solution obtained was
neutralized with 4 N NaOH, centrifuged at 7000 rpm for 20 min and
filtered.

The second section was subjected to enzyme hydrolysis adopting
method by Dhull et al. [21]. The algal biomass was incubated with 3%
each of crude amylase and cellulase preparations obtained from enzyme
production. The mixture was maintained at pH 4.8 and incubated at
50°C for 24 h. Then the mixture was centrifuged at 9000 rpm for 15 min
and filtered.

The third section was subjected to combined acid and enzyme
hydrolysis. The algal biomass was hydrolyzed with 10% 2 N H,SO,, at
121°C for 45 min and then neutralized to pH 4.8 with citrate buffer.
This was incubated with 3% each of crude amylase and cellulase enzyme
preparations and kept in a water bath for 12 h. Then centrifuge at 9000
rpm for 15 min and filtered to obtain clear supernatant.

These three sections of hydrolysates were analyzed for total reducing
sugars adopting the modified procedure of Dubois [22].

Fermentation of microalgal hydrolysates

Saccharomyces cerevisiae was isolated from fresh palm wine and
used for ethanol fermentation. A 12 h old S. cerevisiae culture cultivated
in a Yeast Extract Potato Dextrose (YEPD) broth and a 3 day old A. niger
culture in Potato Dextrose Broth were used to carry out the fermentation
process for 5 days at 30°C.

The hydrolysates of the microalgal biomass obtained were
supplemented with the following nutrient in g/l; Ammonium sulphate,
2; potassium monophosphate, 1; potassium dihydrogen phosphate, 1;
zinc sulphate, 0.2; magnesium sulphate, 0.2 and yeast extract, 2. The
media were sterilized at 121°C for 25 min and pH adjusted to 4.5 [23].
They were subjected to fermentation by S. cerevisiae and co-culture
fermentation by S. cerevisiae and A. niger.

Analytical Procedures

About 5 ml of the samples were collected at intervals daily, centrifuged
at 4000 rpm for 30 min to remove the cells from the supernatant and
filtered for ethanol and reducing sugar determination [24].

Reducing sugar determination

Reducing sugar content was estimated using DNS method [19].
About 1 ml of the cell sample was mixed with 2 ml of the DNS reagent,
placed in boiling water bath for 10 min and 7 ml of distilled water added.
The absorbance was measured at 540 nm using UV Spectrophotometer
(Model 721) [25].

Ethanol determination

The method of Caputi et al. [26] was used for ethanol content
estimation. About 1ml of the cell sample was added to 1ml of chromic
reagent and incubated in a water bath at 80°C for 10 min. They were then
allowed to cool and absorbance analyzed at 600 nm. Ethanol quantity
was extrapolated from standard ethanol curve.

Distillation

After 5 days of fermentation, the resulting cultured broth was
centrifuged at 7000 rpm for 30 min, distilled with fractional distillation
unit at 75°C [27]. The percentage of the ethanol in the distillate was
estimated from ethanol standard curve by determining the ethanol
concentration of the distillate and extrapolating them from series of
standard ethanol/water mixture [28, 29].
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Results

Attributes of Cellulase Producing Bacteria and Amylase Producing
Fungi out of eleven bacterial isolates from the soil sample and spoilt
food materials from the refuse dump site, only six showed halo zones of
clearance around the growing colonies. They were selected as cellulase
producing bacteria (Table 1).

The three different moulds isolated from the spoilt food sample had
colonies appearing cracked behind PDA plates and showing zones of
clearance around the mycelia growth on starch media by addition of
iodine indicating Aspergillus sp. The isolate showing the widest zone of
clearance was selected as amylase producing fungi.

Molecular identification of the isolates

The results of genomic DNA quantification of the isolates using
Nanodrop™ spectrophotometer and agarose gel electrophoresis
showed that the DNAs extracted from the isolates were pure (Table 2).
The plates showed the 16S rRNA gene PCR amplification bands of the
bacteria isolates and 18S rRNA gene PCR amplification bands of the
Fungi isolates applied in the study (Plates 1 and 2) (Figures 1 and 2).

The cellulase activities of the three selected bacteria isolates in
cellulase production media showed that B30 had the highest cellulase
activity of 1.48 p/ml while the B29 and B31 had the lowest cellulose
activities of 1.26 and 1.32 p/ml (Table 2). B30 was therefore selected for
enzymatic hydrolysis of the microalgae biomass. The Amylase activity
of the two selected Aspergillus Isolates in amylase production media
showed that FM, had higher amylase activity of 1.52 p/ml and therefore
selected for cellulose hydrolysis of the microalgae (Figure 3).

Three different saccharification treatments were employed for
hydrolysis of the algal biomass. Dilute acid hydrolysis was performed
with 2 N tetraoxosulphate (VI) acid, enzyme hydrolysis using enzyme
complexes of amylase and cellulase and a combination of acid and
enzyme hydrolysis. Test for reducing sugars in the hydrolysates showed

Isolate code Zones of clearance in mm
BS1 NT
B29 4.2
BS, NT
BS, 2
BS, NT
B30 3.8
B31 4
BY, 2.2
BY, NT
BO,, 3.2
BO,, NT

Table 1: Sizes of clearance zones of bacterial isolates.

DNA conc. Mean Absorbance (nm)
Samples
(ng/uL) 260 280 260/280
BS, 46.45 0.929 0.463 2.01
BS, 46.45 0.314 0.148 2.12
BS, 15.68 0.283 0.122 2.33
FM, 14.16 0.283 0.122 2.33
FY,, 6.62 0.132 0.063 2.09
BY7 6.49 0.13 0.052 2.49
FY1 3.77 0.075 0.022 3.37
A1 6.64 0.133 0.057 2.31

Table 2: Genomic and quantification using nano drop spectrophotometer.

Figure 1: Agarose gel electrophoresis showing the ITS bands of the algae
and fungal isolates. A represents the algae, F1-F3 represent the fungal
isolates while M represents the 1 kb molecular ladder (Plate 1).

16S rRNA(1500bp)

1500bp

Figure 2: Agarose gel electrophoresis of 16S rRNA of bacterial isolates:
Lanes 1-3 represent the bands for the bacterial isolates while N represents
the 1kb molecular ladder (Plate 2).

that combined acid and enzyme hydrolysis produced the highest
amount of reducing sugars of 0.63 mg/ml while acid and enzyme
hydrolysates gave the lowest amount of reducing sugars of 0.39 mg/ml
and 0.36 mg/ml, respectively (Figure 4).

The microalgal biomass hydrolysates obtained were subjected
to fermentation by S. cerevisiae and co-culture fermentation by S.
cerevisiae and A. niger.

Reducing sugars during the fermentation

The algal biomass had initial sugar content of 0.39, 0.36 and 0.63 in
mg/ml after acid, enzyme and combined acid and enzyme hydrolysis
respectively. After 5 days fermentation at 30°C and pH 4.5 with initial
yeast inoculum of 10%, the sugars were consumed rapidly resulting
to increase ethanol concentrations while the sugar contents reduced
to 0.10, 0.09 and 0.13 in mg/ml for acid, enzyme and co-hydrolyzed
fermentation broths, respectively (Figure 5).

The fermentation broths inoculated with co-culture of A. niger and
S. cerevisiae, the reducing sugars were consumed highly at co-hydrolyzed
broth to 0.09, followed by acid then enzyme hydrolyzed fermentation
broths reduced to 0.11 and 0.12 in mg/ml, respectively (Figure 6).
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Figure 3: The phylogenetic trees of the isolated microorganisms.
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Figure 5: Reducing sugar concentration for yeast inoculated broth.

Ethanol yields of the fermentation

Ethanol concentration yields of the three saccharified fermentation
broths resulted to steady increase from the beginning to the final day
of fermentation. In acid and enzyme fermentation broths, ethanol
concentration yields were lower than combined pretreated hydrolysate.

The fermentation broths using S. cerevisizge, the maximum
ethanol yield recorded with combined acid and enzyme hydrolysate
fermentation broth (0.23 g/1), directly followed by enzyme hydrolysate
(0.18 g/1), while the least ethanol yield was obtained from acid hyrolysate
(0.12 g/1) for the fermentation of 5 days at 30°C and pH 4.5 (Figure 7).

Co-culture of A. niger and S. cerevisiae used for the fermentation
period resulted in the highest ethanol concentration yield (0.33 g/l)
enzyme hydrolysate (0.19 g/l) while the least was obtained with acid
hydrolysate (0.16 g/1) at 30°C and pH 4.5 (Figure 8).

Ethanol percentage in the distillates

The study revealed that the maximum percentage ethanol yield
for fermentation broths with the distillate of combined acid and
enzyme hydrolysate inoculated with only S. cerevisiae obtained (8.50%
v/v), followed by acid hydrolysate (6.21% v/v) while the least ethanol
percentage yield from enzyme hydrolysate (6.18% v/v) (Figure 9).
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Highest ethanol percentage of 10.66% v/v was obtained with
combined acid and enzyme hydrolyzed fermentation broth, followed
by enzyme hydrolysate (7.08% v/v) and acid hydrolysate as the least
(6.56% v/v).

Discussion

In this study, six bacterial isolates were outstanding due to their
ability to hydrolyze cellulose when used as a sole carbon source in the
medium. Three different fungal species were selected due to their ability
to elaborate amylolytic activity on the media. The isolate that showed the
widest zone of clearance was selected as the highest amylolytic enzyme
secreting fungi. The megablast search of 16S rDNA sequence of the
selected isolates used for this study was identified to species level. The

S. cerevisiae A.niger+S. cerevisiae

Figure 9: % Ethanol yield of the distillates.

result obtained from the bacterial isolate (B30) showed an exact match
for closely related sequences from the NCBI non-redundant nucleotide
(nr/nt) database. The 16S rDNA of the isolate showed percentage
similarity to other species at 99%. The Jukes-Cantor technique applied
for computing distances among the evolutionary species were in
agreement with the phylogenetic placement of the isolates 16S rDNA
within the Bacillus sp. and revealed a close relatedness to Bacillus cereus
R-14 (gi: 925175099) than other Bacillus sp. (Figure 3). The GenBank
accession number of this isolate is Bacillus cereus-907-R KY198372.
The PCR assays of fungal isolates were carried out using ITSIF and
ITS4. The 18S rRNA sequence obtained from the fungal isolate (F16)
produced an exact match during the megablast hunt for greatly related
sequences from the NCBI non-redundant nucleotide (nr/nt) database.
The 18S rRNA of the isolate showed percentage similarity to other
species at 99%. The evolutionary gaps calculated using the Jukes-
Cantor method were in agreement with the phylogenetic position of
the 18S rRNA of the isolates within the Aspergillus sp. and revealed a
close relatedness to Aspergillus niger isolate NJDL-12 (gi: 969987517)
than other Aspergillus sp. (Figure 6). The Gen Bank accession number
of this isolate is Aspergillus niger ITS-1 KY198375. The 18S rRNA
sequence obtained from the fungal isolate (F14) produced an exact
match during the megablast search for close related sequences from
the NCBI non-redundant nucleotide (nr/nt) database. The 18S rRNA
of the isolate illustrates percentage similarity to other species at 99%.
The evolutionary gaps figured using the Jukes-Cantor method were
in agreement with the phylogenetic position of the 18S rRNA of the
isolates within the Saccharomyces sp. and revealed a close relatedness
to Saccharomyces cerevisiae YJM681 (gi: 768856467) than other
Saccharomyces sp. (Figure 3). The GenBank accession number of this
isolate is Saccharomyces cerevisiae _1TS-1 KY198374.

Results on amylase enzyme production showed high amylase
activity produced by solid state fermentation (SSF) by Aspergillus niger
isolate NJDL-12 with plantain peel as the substrate. This is analogous
to the study by Chimata et al. [31], where utmost extracellular amylase
enzyme production (164 u/g) was recorded by SSF of wheat bran by
a laboratory isolate Aspergillus sp. MKO07. The main bottleneck in
production of ethanol using biomass is the conversion process of
starch and carbohydrate to fermentable sugars. Bioethanol production
of ethanol is economically viable if the hydrolysis strategy such as
enzyme production employed is optimized to reduce production cost
which significantly lowers the bioethanol production cost to achieve
current demand for biofuel. The results of this study demonstrated that
cellulolytic and amylolytic enzymes cocktail preparation of Bacillus
cereus strain R-14 and Aspergillus niger isolate NJDL-12, respectively
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can be used for microalgae biomass hydrolysis with greater advantages.
The yield of the reducing sugars from its hydrolysis is lower than that
from dilute acid hydrolysis indicating that saccharification activities of
the enzyme are not adequate. It is likely that the activities of the amylase
and cellulase enzymes were not sufficient for entire saccharification of
microalgal cells [30,31]. Acid hydrolysis produced higher reducing
sugar yields but lower ethanol yield than enzyme hydrolysis. However,
reports showed that this may be as a result of some degradation by-
products like furfural, hydroxyfurfural and other organic products
produced by the acid pretreatment which may inhibit fermentation
process [32]. Lower bioethanol yield at acid hydrolysate can also be
as a result of higher salt concentration formed during pH adjustment
which may inhibit growth and metabolism of the yeast [22]. But the
enzymatic hydrolysates did not contain any inhibitory compounds as
evidenced by the growth of the two organisms used for fermentation.
This is similar to the study of production of cellulase from biomass
feedstock and the enzyme used in saccharification of lignocelluloses
for production of bioethanol [33]. The results show that integration of
dilute acid and crude enzymes in the hydrolysis of microalgal biomass
exhibited the best saccharification efficiency and highest yield of
ethanol. This is as a result that the combined process has the capacity to
decompose undisrupted cell wall carbohydrates of microalgal biomass.
In addition salts formed after acid neutralization was harnessed by the
crude enzyme cocktail in combined saccharification process prior to
fermentation.

The microalgal biomass hydrolysates in this work were fermented
by co-culture of Aspergillus niger isolate NJDL-12 and Saccharomyces
cerevisiae YJM681 and S. cerevisiae alone. Co-culture fermentation by A.
niger and S. cerevisiae yielded highest ethanol during the fermentation
period than with their SHF process and highest percentage ethanol in
the distillates was obtained using SHCF process. This may be due to
various mixtures of sugars such as hexoses and pentoses released into
the hydrolysates which cannot be utilized by S. cerevisiae but were
hydrolysed to fermentable sugars by A. niger. This organism is capable of
producing carbohydrate hydrolases and certain enzymes like amylases,
cellobiases, xylanases which degrade the non-starch polysaccharides
resulting to related increase in the amount of soluble sugars available
in the fermentation broth [34-37]. The susceptibility of some sugars
obtained after hydrolysis by A. niger during the fermentation process
to the fermentable activity of S. cerevisiae became higher causing
corresponding increase in ethanol yield. The result of this study agrees
with the study production of ethanol by simultaneous saccharification
and co-culture of A. niger and S. cerevisiae fermentation of yam peel
which stated that most substrates were utilized for ethanol production
in co-culture fermentation.

Conclusion

The different saccharification methods influence the concentration
of reducing sugars available for bioethanol fermentation. Crude
amylase and cellulase cocktail from local isolates of Aspergillus niger
isolate NJDL-12 and Bacillus cereus strain R-14 when combined with
acid hydrolysis were found to successfully produced high level of
reducing sugars and bioethanol yield from microalgae biomass. Thus
SHCEF effectively produced higher ethanol yield than SHE.

Conclusively, the carbohydrate enriched microalgal biomass can
be effectively hydrolyzed by integration of crude of enzyme cocktail of
cellulase and amylase with dilute acid. Bioethanol production can be
obtained from their hydrolysate. Thus, this provides a possible means
to lessen the cost of biofuel production from microalgae.
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