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Abstract

Due to increase in demand for energy as a result of human population explosion, industrialization and environmental hazards 

posed by fossil fuels, there is a need to source for alternative energy sources that are cheaper and environmental friendly. Three 

different lignocellulosic biomasses were studied for their suitability for bioethanol production. Fungi and yeasts were isolated using 

serial dilution and spread plate methods. Identification of both fungi and yeasts was done using their cultural and microscopy 

characteristics. Saccharification of the pre-treated biomass was done with both crude cellulase and mycelia inoculant. Bioethanol 

was produced using batch culture fermentation. Ethanol produced was detected using spectrometric method and quantified using 

High Performance Liquid Chromatography (HPLC). The effects of substrate concentration, pH and temperature on ethanol yield were 

optimized. Fifty fungal isolates were obtained from soil collected. Six yeasts, all Kluyveromyces species fermented three sugars to 

ethanol with isolate Kluyveromyces sp.Y2 having the shortest time. It was selected for fermentation. Aspergillus niger S48 had highest 

cellulase activity measured in a zone of hydrolysis of 26.0 mm. It had the highest glucanase activity, endoglucanase (0.462 U/mL) and 

exoglucanase (0.431 U/mL). The outcome of this study indicated that crude cellulase produced by Aspergillus niger S48 hydrolyzed 

the pre-treated rice chaff with 1.07 mg/mL of fermentable sugars higher than 0.87 mg/mL when the mycelia of the fungus was 

inoculated to pretreated rice chaff for hydrolysis. Ethanol was optimally produced at 12 % substrate concentration using rice chaff, 

at a temperature of 35 °C and pH 5.0.
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1 Introduction
The fast rise of industrialization as well as population 
explosion demands that alternative sources of energy 
should be explored. Production of bioethanol using plant 
biomass or plant residues has been a viable option for 
this alternative [1]. Availability of energy is essential to 
the development of third world countries. There has been 
acute shortage of energy supply in these countries includ-
ing Nigeria. However, with the abundance of plant bio-
mass that if properly utilized can be used to produce 
bioethanol as an alternative renewable energy source in 
place of dwindling fossil fuel [2].

Biomass encompasses a wide range of materials from 
animals, plants and microorganisms. However, plant bio-
mass has been of great interest due to their availability 
and their cheapness. They have low digestibility which 

makes them not competitive with other plant biomasses 
that are starchy and sugary in nature [3]. The use of 
starchy and sugary agricultural substrates has been sub-
stantially employed for bioethanol production, compet-
ing with human and animal foods and feeds. Therefore, 
there is a need to search for other suitable substrates that 
can be used for bioethanol production without affecting 
the human food supply [1]. This is one of the reasons why 
the attention of researchers shifted to lignocellulosic plant 
biomass for bioethanol production. Biomass occurs in 
nature with complex structures that are renewable [2].

Developing countries in sub-Saharan Africa are 
endowed with arable land for agriculture contributing 
heavily to the economy as well as plant residues. These 
countries have unquantifiable plant biomass that can be 
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converted to bioethanol [4]. The addition of lignocellulosic 
renewable biomass will generate fuel, chemicals, energy 
in addition to reduction of green-house gases. This will 
also diversify job creation through biorefinery activities, 
with the use of abundant renewable biomass materials [5]. 
Bioethanol production from plant biomass has been of 
interest worldwide due to its usefulness without causing 
harm to the environment unlike fossil fuels that have been 
implicated in environmental pollution including global 
warming. The dependence of humanity on fossil fuels 
will be reduced significantly if attention could be given to 
the production of bioethanol [6].

The production of bioethanol from lignocellulosic mate-
rials involves three steps. First is the pre-treatment of the 
material to decrease the particle size and increase the con-
tact surface area of the plant biomass with enzyme during 
saccharification [7, 8]. Lignoellulosic plant biomass consists 
of cellulose, hemicellulose and lignin. Pretreatment is usu-
ally done to remove lignin or reduce its concentration. This 
will enhance the hydrolysis of cellulose and hemicellulose 
either by chemical or enzymes to yield fermentable sugars 
that are converted to bioethanol during fermentation [9, 10]. 
The fermentation of the sugars obtained from the hydrolysis 
to ethanol is the final step of the process [7, 8] 

For efficient bioethanol production using lignocellulosic 
plant biomass, the enzymes engaged for hydrolysis must 
adsorb to the biomass surface before the breaking down of 
the biomass will take place [8]. According to Vasić et al. [11], 
the breaking down of the pre-treated biomass using enzymes 
in the production of bioethanol is an essential step that will 
give rise to fermentable sugars. There has been non-stop 
search into finding more effective enzymes that will guar-
antee a cheaper production cost [11]. 

In Nigeria, agriculture is the major contributor of lig-
nocellulosic plant biomass. This agricultural biomass 
is produced in large quantities and allowed to rotten on 
the field or burnt leading to environmental pollution [12]. 
Jekayinfa et al. [2] reported that in 2017 Nigeria pro-
duced 16.83 tonne/hectare of sugar cane biomass followed 
by 8.76 tonne/hectare of cassava. The least plant residue 
reported was 0.28 tonne/hectare of cocoa, though Nigeria 
is the fourth largest producer of cocoa in the world after 
Ivory Coast, Ghana and Indonesia [2]. 

Therefore, this study was carried out to evaluate three 
different lignocellulosic plant biomass which could be 
used for bioethanol production, to compare the effec-
tiveness of either crude enzyme or direct fungi mycelial 

inoculation in hydrolysis of lignocellulosic plant biomass 
to fermentable sugars, to produce and optimize production 
parameters as well as to quantify the bioethanol produced.

2 Materials and methods
2.1 Isolation of cellulolytic fungi and yeasts 
2.1.1 Soil samples collection for fungi isolation
The collection of soil samples was done at an agricul-
tural waste dumping site at Hayin Gada and wood pro-
cessing area, by-pass in Jimeta, Adamawa State, Nigeria. 
Soil samples were transported to the laboratory in 
Microbiology Department, Modibbo Adama University 
of Technology, Yola.

2.1.2 Fungi and yeast isolation
Isolation of fungi was performed after serial dilution using 
spread plate method. 1.0 g of each soil was serially diluted 
in 9.0 mL sterile distilled water in test tube to get 10-1 dilu-
tion. An aliquot, 0.1 mL, from the 10-5 and 10-6 dilutions 
was spread onto Potato Dextrose Agar (PDA) plates that 
had chloramphenicol in it. Incubation of the plates was 
done at 28 ± 2 °C for five days. Then, individual colony 
produced was sub-cultured to obtain pure cultures on PDA 
plates. Stock cultures were prepared by transferring pure 
cultures of the fungi to PDA agar slants in McCartney bot-
tles. The inoculated slants were incubated at 28 ± 2 °C until 
visible growth was observed. The stock cultures were pre-
served by storing in a refrigerator until further needed [13].

For yeast isolation, rotten orange and banana were 
collected from dumping sites within Bye Pass market, 
Jimeta/Yola, Adamawa State, Nigeria. The rotten orange 
and banana samples were cleaned by removing debris, 
stones and then washed in sterile distilled water. Each 
was sun-dried and homogenized using a mortar and pestle 
and then used for serial dilution. 0.1 mL of dilutions10-4 

and 10-5 was introduced to plates containing yeast extract 
peptone dextrose agar (YEPD agar) and spread uniformly. 
The plates were incubated for 24-48 hours at 30 °C [14]. 
The plates were observed for growth of yeasts and individ-
ual colony was sub-cultured on YEPD agar to obtain pure 
cultures. The morphological characteristics of the isolates 
were observed and recorded. Stock cultures were prepared 
by transferring pure cultures of the yeast to YEPD agar 
slants in McCartney bottles. The inoculated slants were 
incubated at 28 ± 2 °C until visible growth was observed. 
The stock culture was preserved by storing at 10 ± 2 °C in 
a refrigerator until needed for further work.
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2.2 Cultural characteristics of isolated fungi
The following characteristics were examined: shape, color 
and color changes of colony and the reverse color of plates 
as well as texture of the surface of the colony as described 
by Saliu [15].

2.2.1 Microscopy study of isolated fungi and yeast
Briefly, a drop of mounting fluid of lactophenol-cotton 
blue solution was placed on a clean glass slide. Isolated 
pure yeast culture of 48 hours was transferred on to the 
fluid to make a smear with the stain. Clean cover slip with 
the help of forceps was placed on the smear. The excess 
stain was wiped with a blotting paper. The slides were 
observed under low to high power objectives microscope 
to study the shape of the cell and to know if buds were 
present or not. Furthermore, the mycelium of pure fungal 
culture of 5–7 days old was placed on a drop of lactophe-
nol-cotton blue on a slide. The mycelium was teased with 
needle so as to separate the hyphae. The slide was with 
cover slip and viewed under compound microscope with 
objective lenses X10 and X40 [16].

2.2.2 Identification of fungal and yeast isolates
Selected fungi were identified using their colonial and 
cellular characteristics as compiled and referenced by 
Navi et al. [17], Unachukwu and Nwakanma [18] and 
Ravimannan et al. [19] for identification. Yeast were iden-
tified using the morphological and microscopy character-
istics as documented by Ebabhi et al. [20]

2.2.3 Screening of fungal isolates for cellulolytic activity
The method used to screen for cellulolytic activity in the 
isolated fungi was previously described by Mandels and 
Weber [21]. One percent (1 % w/v) carboxyl methyl cellu-
lose (CMC) was added to PDA and sterilized at 121 °C for 
15 min. The sterilized medium was cooled to room tempera-
ture and then dispensed into petri dishes aseptically. Each 
plate was inoculated with fungal isolate of 72 hours old cul-
ture with a straight line once across the plates. Incubation 
was done at 28 ± 2 °C until visible growth was observed. 
Fungal isolates that were able to hydrolyze cellulose were 
observed after growth when the plates were flooded with 
1 % Congo red solution and allowed to stay for 15 min. 
The Congo red dye was removed and 1 N sodium chloride 
solution was added to the growth on the plates which lasted 
for 15 min. Zone of hydrolysis around the fungal growth was 

measured with ruler and recorded in millimeter. This mea-
surement indicates fungal cellulase activity. 

2.3 Production and partial purification of cellulase
One hundred milliliter of Mineral Salt medium was used to 
grow the inoculum [22]. The medium consists 3.0 g Urea, 
1.4 g (NH4)2SO4, 2.0 g KH2PO4, 0.4 g CaCl2.2H2O, 0.3 g 
MgSO4.7H2O, 0.75 g Peptone, 0.25 g Yeast extract, 0.005 g 
FeSO4.7H2O, 0.0016 g MnSO4.7H2O, 0.0014 g ZnSO4.7H2O, 
0.002 g CoCl2 6H2O, 1000 mL distilled water, at pH of 4.8 
and 2 % (w/v) carboxyl methyl cellulose (CMC). 5.0 mL 
sterile distilled water was used to wash off the fungal myce-
lia into a sterile conical flask. The mycelial suspension was 
used to inoculate the PDA slant. The spores obtained from 
the PDA slant were used to inoculate the sterile mineral salt 
medium. Incubation of the inoculated medium was done at 
28 ± 2 °C for 48 hours. After incubation, the spores were 
counted with the aid of a haemocytometer. The culture was 
standardized to approximately 4.2 × 105 spores per milli-
liter by diluting with Mandel's medium and used as inocu-
lum for enzyme production [23].

Cellulase was produced using the medium Mandels 
Mineral Salt [23]. The medium contains 3.0 g Urea, 
1.4 g (NH4)2SO4, 2.0 g KH2PO4, 0.4 g CaCl2.2H2O, 0.3 g 
MgSO4.7H2O, 0.75 g Peptone, 0.25 g yeast extract, 
0.005 g FeSO4.7H2O, 0.0016 g MnSO4.7H2O, 0.0014 g  
ZnSO4.7H2O, 0.002 g CoCl2.6H2O, 1000 mL distilled 
water, at pH of 4.8 and 2 % (w/v) carboxyl methyl cellulose 
(CMC). A hundred milliliter of the medium was inoculated 
with five milliliter of the inoculum culture and incubated 
at 28 ± 2 °C for 10 days [23]. After incubation culture sus-
pension was filtered using Whatman No.1 filter paper and 
then centrifuged at 10,000 rpm for 15 min. The superna-
tant contained the crude enzyme and it was stored in ster-
ile bottles in a refrigerator for further analysis.

2.3.1 Partial purification of cellulase
The filtrate obtained from the fermented broth was treated 
by the addition of ammonium sulphate (NH4)2SO4 to 
500 mL of the filtered broth till saturation was obtained. 
The addition was gently carried out with continuous stir-
ring. The suspension was centrifuged at 10,000 rpm for 
10 min in a cold centrifuge at 4 °C. The sediment was 
discarded while the precipitate was suspended in 0.05 M 
phosphate buffer at pH 7.0 was used to dissolve the pre-
cipitate [24]. The crude enzyme obtained was used for the 
hydrolysis of the pre-treated cellulolytic biomass.
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2.4 Assay for cellulase activity 
2.4.1 Determination of endoglucanase activity- 
carboxyl methyl cellulase (CMCase)
Endoglucanase activity of the partially purified enzyme 
was done using the technique explained by Ghose [25] in 
International Union of Pure and Applied Chemistry. A mix-
ture of crude enzyme of 0.5 mL and 0.5 mL of carboxyl 
methyl cellulose (0.2 % w/v) was made in sterile test tubes 
containing 0.05 M citrate buffer at pH 4.8. The blank was 
made up of 0.5 mL carboxyl methyl cellulose (0.2 % w/v) 
in 0.05 M citrate buffer at pH 4.8. Enzyme was not added. 
The test tube containing the mixture was then incubated at 
50 °C for 1 hour. Furthermore, after incubation, three milli-
liter of dinitro-salicylic acid (DNSA) was introduced into the 
test tube to stop the enzyme activity. The test tube contain-
ing the mixture was placed in boiling water for 5 min and it 
was cooled down under a running tap water. After cooling, 
ten milliliter of sterile distilled water was added to the mix-
ture in the test tube. The absorbance was taken at 540 nm 
using Thermo Scientific Spectrophotometer. A glucose stan-
dard was made by varying the concentration of glucose from 
0.1 to 2.0 mg/mL. The blank was treated the same way. The 
absorbance readings were plotted against concentrations of 
glucose from which a calibration curve was obtained. The 
quantity of reducing sugars released was determined using 
the calibrated curve. One unit of enzyme activity was taken 
to be the measure of the enzyme that released 1 μM of reduc-
ing sugar per milliliter of substrate per minute.

2.4.2 Determination of exo-glucanase activity- Filter 
Paper assay (FPase)
The method described by Mandels et al. [23] was used 
to assess the exoglucanase activity of the crude enzyme. 
1.0 mL of the enzyme and 1.0 mL of citrate buffer of pH 
4.8 were mixed in a test tube. Filter paper strip was dipped 
into the test tube containing the mixture. The filter paper 
strip was used as the substrate. The test tube content 
was incubated at 50 °C for 1 hour. After the incubation 
period, three milliliter of DNSA was then added to the 
mixture in the test tube to end the assay. The content in 
the test tube was boiled in a water bath for 15 min and it 
was cooled under a tap running water. Distilled water of 
10 mL was introduced into the test tube and mixed thor-
oughly. Absorbance was read off at 540 nm and concentra-
tion of sugar interpreted from glucose calibration curve. 
The activity of the enzyme of one unit was said to be 
amount that was able to yield 1.0 μM of reducing sugar per 
milligram of substrate per minute [23].

2.5 Sugar fermentation test
The ability of isolated yeasts to ferment different sug-
ars to alcohol was carried out. The sugars used were glu-
cose, lactose and sucrose. The fermentation media com-
prises of 10.0 g peptone, 5.0 g sodium chloride, 10.0 g each 
of glucose, lactose, sucrose, and 0.25 % phenol red and 
1000 mL distilled water. The medium in a test tube with 
Durham's tube was warmed for few minutes in a water 
bath. The medium inoculated with pure yeast culture and 
incubation took place at 28 ± 2 °C for two days. [26].

2.6 Production of bioethanol from plant wastes
2.6.1 Collection and pre-treatment of plant wastes
Three different plant materials such as peels obtained 
from yam, the shells of groundnut and rice chaff used 
in this work were obtained from the Jimeta market. All 
the plant materials were cleaned to remove dirt. They were 
sun dried for 48 hours. The dried plant biomasses were 
grinded with the aid of mortar and pestle and it was pow-
dered and sieved through 100 μm pore size.

2.6.2 Pre-treatment of plant biomass with alkali
The sieved powdered plant materials were pre-treated 
individually using alkali according to the method of 
Vyas et al. [27]. This opened up the hydrolyzates for enzy-
matic actions. Powdered plant biomass (50 g) was weighed 
into a 500 mL Erlenmeyer flask containing 250 mL of 
0.25 M sodium hydroxide solution and autoclaved at 121 °C 
for 1 hour. The samples were kept in suspension for 24 hours 
after which they were washed several times with distilled 
water. The pH of the water was adjusted to pH 7.0 with HCl 
or NaOH depending on the initial pH value. The residue was 
drained using muslin cloth and then dried in electric oven at 
65 °C until it can be powdered. The dried powder was then 
stored in a sealed polythene bags at room temperature.

2.6.3 Saccharification of plant wastes using fungal 
isolate
The inoculum for the hydrolysis of biomass was devel-
oped by inoculating five day old culture of the fungi 
in to a sterile mineral salt medium composed of 3.0 g 
Urea, 1.4 g (NH4)2SO4, 2.0 g KH2PO4, 0.4 g CaCl2.2H2O, 
0.3 g MgSO4.7H2O, 0.75 g Peptone, 0.25 g yeast extract, 
0.005 g FeSO4.7H2O, 0.0016 g MnSO4.7H2O, 0.0014 g  
ZnSO4.7H2O, 0.002 g CoCl2.6H2O, 1000 mL distilled 
water, at pH of 4.8 and 1 % (w/v) carboxyl methyl cellu-
lose (CMC) [23]. After 48 hours of incubation at 30 °C, 
the inoculum was calibrated using haemocytometer to 
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approximately 4.2 x 105 spores per milliliter by diluting 
with sterile distilled water. 100 mL of Mandels’ medium 
was adjusted to pH 4.8, mixed with 10 % (w/v) alkaline 
treated cellulosic waste materials (i.e. rice chaff, ground-
nut shell and yam peel) and it was autoclaved at 121 °C 
for 15 min. The autoclaved mixture was allowed to cool 
to room temperature and it was inoculated with 5.0 mL 
of the fungal inoculum. Incubation took place at 30 °C 
for six days and the reaction was observed every 24 hours 
for sugar yield [23]. For each day, 1.0 mL of centrifuged 
supernatant was removed and mixed with 3.0 mL of DNSA 
in a test tube. The mixture was boiled for five minutes in 
a water bath and then placed under a flowing tap water to 
cool it. The spectrophotometer was set at 540 nm wave-
length and the absorbance was taken. However, the cali-
bration curve was plotted using glucose as the standard.

2.6.4 Enzymatic hydrolysis of pre-treated substrate into 
fermentable sugars
Saccharification of the pre-treated biomass was car-
ried out using the illustration of [28]. Ten gram of bio-
mass each (rice chaff, groundnut shell and yam peel) was 
added into conical flasks that contains 100 mL of citrate 
buffer at pH 4.8 and sterilized in an autoclave at 121 °C 
for 15 min. The sterilized pre-treated biomass was treated 
with ten milliliter of the crude cellulase. The flask with its 
content was incubated for 7 hours at 50 °C during which 
a milliliter of the enzyme treated biomass was taken per 
hour to determine the sugar yield. The sugar analysis was 
done using the method described by Mandels et al. [23]. 
The absorbance was read at 540 nm wavelength in a 
spectrophotometer. The amount of sugars released was 
obtained from calibration curve obtained by using glucose 
as the standard and expressed as mg/mL.

2.6.5 Inoculum for the fermentation of hydrolyzed 
biomass
A 48 hour culture of the selected yeast was introduced into 
a conical flask that contains 100 milliliter of yeast extract 
peptone medium incorporated with hydrolyzed biomass 
and incubated for 48 hours. After which, the inoculum 
size of 4.2 × 105 spores per milliliter was determined using 
a haemocytometer and it was used for inoculation.

2.6.6 Fermentation of hydrolyzed biomass
Fermentation medium consisted of enzyme, hydrolyzed 
biomass, yeast extract and peptone at 20 g each per 
1.0 liter of distilled water, pH adjusted to 4.8 using dilute 

hydrochloric acid. The medium was sterilized in an auto-
clave at 121 °C for 15 min. The medium was cooled to 
room temperature, and 10 mL of inoculum (yeast) was 
added. Incubation was done at 30 °C for 48 hours [15].

2.6.7 Test for the presence of ethanol by potassium 
dichromate and sulphuric acid method
The presence of ethanol was determined by spectro-
metric method and ethanol standard curve illustrated 
by Caputi [29]. 1.0 mL of the fermented hydrolyzate was 
added to 5.0 mL of distilled water, 1.0 mL of K2Cr2O7 
and 4 mL of conc. H2SO4 were all added together in a test 
tube. The ethanol standard was prepared with concentra-
tion that ranged from 0.1 mg/mL to 1.0 mg/mL. Ethanol 
blank also prepared by adding 1 mL of buffer, with 
1 mL of K2Cr2O7 and 4 mL of conc. H2SO4 as the reac-
tion mixture. The intensity of color was taken at 660 nm 
wavelength in a spectrophotometer. The absorbance was 
plotted against concentration of ethanol to obtain a cali-
bration curve. Ethanol production was assayed by com-
paring with standard graph.

2.7 Optimization of bioethanol production and 
determination of bioethanol yield using High 
Performance Liquid Chromatography (HPLC)
2.7.1 Optimization of bioethanol production
The optimization of ethanol production was carried out 
using three parameters. These were substrate concentra-
tion, incubation temperature and pH of the medium

Different substrate concentrations of 8 %, 10 % and 
12 % were prepared by adding appropriate amount of 
enzyme hydrolyzed rice chaff to the production media. 
The pH of the mixture was adjusted to 5.0 using dilute 
hydrochloric acid. The mixture was sterilized at 121 °C 
for 15 min and allowed to cool room temperature. Conical 
flask containing the sterilized medium was inoculated 
with ten milliliter of the yeast inoculum. Incubation was 
carried out at 30 °C for 48 hours. The ethanol yield was 
determined by HPLC. Briefly, the fermented broth was fil-
tered using Whatmann filter paper No1. The ethanol con-
centration was determined using Agilent 1200 HPLC sys-
tem with Hiplex H column coupled with refractive index 
detector. High purity water was used to clean the col-
umn at the rate of 0.2 mL/min at a temperature of 60 °C. 
This was done overnight. Further cleaning was done with 
25 mM sulphuric acid for some hours under the same con-
dition, which was carried out after each batch of analysis. 
The conditions needed for the analysis (sample volume, 
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flow rate, running time and temperature) were entered 
in to the computer system and allow the program to run 
automatically. The sample volume was 10.0 μL which was 
automatically injected onto the column by itself, and car-
ried at the rate of 0.4 mL/min for 20 min with 14 mM 
H2SO4 as the mobile phase and 40 °C as the column tem-
perature. The detection of the analytes was by refractive 
index signal. The signals were read from the detector to 
know the elution time of the targeted ethanol. The sub-
strate concentration that produced the highest ethanol was 
kept constant for subsequent parameter optimization. 

Three conical flasks containing sterile fermentation 
medium with 12 % substrate concentration, was adjusted 
to pH 4.5, 5.0 and 5.5 with hydrochloric acid. Sterilization 
of the medium was done in an autoclave at 121 °C for 
15 min. It was then cooled to room temperature. Ten mil-
liliter of the yeast inoculum was introduced into each con-
ical flask. The flask was incubated at 30 °C for 48 hours. 
The ethanol produced was quantified with HPLC.

The already optimized parameters such as substrate 
concentration at 12 % and pH at 5.0 remained constant 
while the optimizing temperature. Three different conical 
flasks with optimized conditions were autoclaved for 15 
min at 121 °C and allowed to cool to room temperature, 
10.0 mL of the yeast inoculum was added to each of the 
conical flask and incubation was done for 48 hours at vary-
ing temperature of 30 °C, 35 °C and 40 °C.

3 Results and discussion
Fossil fuel has been the major global source of energy for 
years. This includes crude oil, liquefied natural gases as well 

as coal. However, they are being depleted at a fast rate due to 
human activities and may be exhausted sooner than expected 
due to that fact that they are not renewable. Besides these, 
they generate a lot of concern due to their negative envi-
ronmental impacts. Hence, a clean source of energy such as 
bioethanol will be a suitable replacement to fossil fuel.

3.1 Cellulolytic fungi and yeasts from soil and rotten 
fruits
Twenty fungi exhibited cellulase activity out of the fifty 
isolates obtained during isolation. 

However, isolates S46, S47 and S48 showed prom-
ising cellulolytic activity. The highest zone of hydroly-
sis recorded in this work was 26.0 mm with Aspergillus 
niger S48 while the lowest was 24 ± 0.6 and 24 ± 0.4 mm 
with both isolates Aspergillus niger S46 and Aspergillus 
niger S47, respectively (Fig. 1). These values recorded in 
this study were less than 54.33 mm that was reported by 
Abd Elrsoul and Bakhiet [30]. However, the zone of hydro-
lysis we reported were higher compared to 0.7 ± 0.13 cm and 
0.5 ± 0.11 cm that were reported by Ordaz-Diaz et al. [31] 
for Aspergillus niger and Aspergillus fumigatus, respec-
tively. The differences observed in the zone of hydrolysis 
could be attributed to the cellulase activity by the different 
strains of Aspergillus used in the study [32].

3.2 Identification of fungal isolates
In Table 1, the twenty fungal isolates that were positive 
for cellulase activity belong to five different species of 
Aspergillus. They were identified based on their morpho-
logical and microscopic characteristics. Aspergillus niger 

Fig. 1 Cellulase activity of isolated fungi in zone of hydrolysis measured in millimeter
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was highest with twelve isolates while both Aspergillus 
flavus and Aspergillus terreus had only one isolate. They 
all appeared velvet on plate with different colors at the 
early and later stages. Cultural characteristics such as the 
colors formed on the surface and the reverse side by the 
isolate as well as microscopy attributes when observed 
under microscope were used to identify the selected fungi 
to the genus level (Table 1). Cultural characteristics fungi 
had been identified to be valuable tool in the identifica-
tion of fungi [33]. The result observed in this study was 
in agreement with the previous reports of Bakhiet and 
Al-Mokhtar [34] and Alsohaili and Bani-Hasan [35] that 
identified the fungi isolates they worked with using the 
morphological and microscopy characteristics.

3.3 Endoglucanase and exoglucanase activity
Endoglucanase activity in submerged fermentation by the 
selected fungi, Aspergillus niger S46, Aspergillus niger S47 
and Aspergillus niger S48 shown in Fig. 2 indicated that 
highest endoglucanase activity was recorded in Aspergillus 
niger S48 (0.460 U/mL), followed by Aspergillus niger 
S47 (0.394 U/mL) while the least was observed in Aspergillus 
niger S46 (0.328 U/mL). Both endoglucanase and exogluca-
nase are jointly responsible for the sugar yielded from the 
biomass. The results obtained in this study for both endog-
lucanase and exoglucanases were higher than values men-
tioned by Saliu and Sani [33] that reported 0.17 U/mL and 
0.05 FPU/mL for both exoglucanase and endoglucanase 
activities but less than the values reported by Abd Elrsoul 

and Bakhiet [30] who reported 2.90 U/mL. The value of 
endoglucanase activity being presented in this study for 
the three species of Aspergillus (0.328 U/mL, 0.394 U/mL 
and 0.460 U/mL) were higher than 0.300 U/mL reported by 
Sohail et al. [36] obtained from Aspergillus niger MS82. 
The differences observed could be attributed to inductions 
of these enzymes by the substrates [33] and production con-
ditions [30]. Moreover, taking the readings of the enzyme 
activity at a fixed time instead of over a range or interval 
of time could have influenced the reading presented in our 
report.

Furthermore, Aspergillus niger S48 had the high-
est exoglucanase activity of 0.430 UmL-1 while isolate 
Aspergillus niger S47 exhibited exoglucanase activity 
of 0.387 U/mL and the lowest exoglucanase activity of 
0.312 U/mL was observed with Aspergillus niger S46 as 

Table 1 Cultural and microscopic characteristics of cellulolytic fungal isolates

Fungal isolates and codes Cultural characteristics of the fungi Microscopy characteristics Probable identity of the fungi

S31, S32, S34, S36, S38, 
S39, S40, S42, S43, S46, 
S47 and S48

Fungal colonies were velvet, compact and with 
round shape. It appeared whitish initially but 

turned black after few days. It appeared creamy 
on the reverse side of the plate 

Hyphae are septate with 
globose and with rough 

Conidiosphore
Aspergillus niger

S37, S41, S45 and S49

Colonies of these isolates looked velvet with 
round shape. It was initially yellow but changed 
to green with time. The reverse side of the plate 

was creamy in color

Hyphae are septate, oval and 
with smooth coniodiosphore Aspergillus flavus

S35 and S44

Colonies was velvet in appearance and round in 
shape. It was initially white but turned black with 
aging. The reverse side color of the colonies was 

cream

Hyphae are septate with 
elliptical and rough 

Conidiosphore
Aspergillus fumigatus

S32

The colony of the isolate appeared velvet with 
round shape. It was white initially but turned 
green with time. The reverse side color in the 

plate appeared creamy 

Hyphae are septate with 
ellipsoid and smooth 

Conidiosphore
Aspergillus clavatus

S50

The colony appearance was velvet, compact and 
round in shape. It was white initially but changed 

to brown at maturity. The reverse side colored 
observed on the plate was yellow

Hyphae are septate with 
globuse and smooth 

conidiosphore 
Aspergillus terreus

Fig. 2 Endonuclease activity of the selected fungi isolates
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presented in Fig. 3. The exoglucanase activity obtained 
in this study with the three Aspergillus niger species 
worked with were less compared to what was published by 
Alawlaq and Alharbi [37] who reported 5.90 U/g. The dif-
ference could be attributed to different substrates, fermen-
tation conditions and fungi used for the study [30].

3.4 Isolation, characterization and identification of yeast
Thirty yeasts were isolated from rotten orange and banana. 
This number was low compared to Rao et al. [38] who 
reported the isolation of 374 yeasts from rotten fruit and 
bark of trees. Sampling size could be responsible for the 
difference in the number of yeasts obtained. Twenty four 
of them were identified to be Saccharomyces species while 
six were Kluyveromyces species based on their colonial 
and microscopy characteristics (Table 2). Saccharomyces 
species were unable to ferment lactose while all the spe-
cies of Kluyveromyces fermented all the three sugars to 
ethanol. However, Kluyveromyces sp. Y2 spent less time 
of 12 hours to ferment all the sugars to ethanol while the 
remaining five species of Kluyveromyces took between 
16 and 17 hours to ferment the sugars to ethanol (Fig. 4). 
The fermentation of hydrolyzed cellulolytic biomass to 
ethanol was carried out with yeast. Different species of 
yeasts are known to ferment sugars to ethanol. The results 
obtained in this work was in tandem with earlier report of 
Rao et al. [38] who isolated yeasts that could be used for 

bioethanol production from rotten fruits and bark of a tree. 
Among the genera of yeasts reported by Rao et al. [38] 
was Kluyveromyces. The yeast isolate used in this study 
Kluyveromyces sp. Y2 was observed to ferment all the 
three sugars in shortest time (Fig. 4).

3.5 Pre-treatment and saccharification of plant wastes 
to hydrolysable sugars
The hydrolysis of pretreated agricultural waste using 
Aspergillus niger S48 as inoculant is as shown in Fig. 5. 
The highest concentration of sugars (0.87 mg/mL) was 
obtained from the rice chaff followed by yam peel which 
produced 0.70 mg/mL while groundnut shell produced 
lowest sugar release of 0.52 mg/mL.

The hydrolysis of rice chaff, ground nut shell and yam 
peel using crude cellulase enzyme presented in Fig. 6 
showed that highest concentration of sugars (1.07 mg/
mL) was produced from the rice chaff, followed by yam 
peel which produced 0.87 mg/mL while groundnut shell 
produced lowest sugar concentration of 0.75 mg/mL. 
Kolajo [39] mentioned in her report that cellulase enzymes 
yielded more (4.04 mg/mL) fermentable sugars than dilute 
acid or alkali that produced 3.76 mg/mL. This reaffirms 
the report being presented that crude cellulase produced by 
Aspergillus niger S48 hydrolyzed pre-treated lignocellu-
losic agricultural biomass to fermentable sugars. Similarly, 
the report of Manmai et al. [40] showed that chemical treat-
ment of sunflower stalk yielded more sugars 5.8 mg/mL 
than when Trichoderma reesei was used for hydrolysis 

Fig. 3 Exonuclease activity of the selected fungi isolates

Table 2 Cultural, microscopic characteristics and sugars fermentation potential of yeast isolates

Number of isolates Cultural characteristics Microscopy characteristics Sugars fermented Probable identity

24 These isolates grow fast and 
creamy-white in color

Spherical in shape with 
buds attached to the parent 

colony
Glucose and sucrose Saccharomyces sp.

6 The colonies appeared creamy 
in color

Ring-like in shape without 
shape with bud formation

Glucose, sucrose and 
lactose Kluyveromyces sp.

Fig. 4 Fermentation period of selected yeasts
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3.9 mg/mL. This implies that hydrolytic enzymes are pro-
duced by different fungal isolates. The values of yielded 
sugars obtained in this study were less compared to the 
report of Manmai et al. [40] though different plant bio-
mass and hydrolytic enzyme-producing fungi were used 
in the studies. The differences observed in our results and 
the reports of these authors could be due to differences 
in chemical concentration used and the different enzyme 
activities. The fermentable sugar yields being reported 
in this study were less than earlier report of Ja'afaru and 
Fagade [41] who reported 5.55 mg/mL as well as Saliu 
and Sani [33] that mentioned a yield of 7.63 mg/mL from 
corn cob as substrate. Several factors such as temperature, 
moisture content, incubation period, carbon and nitro-
gen sources, pH as well as the species of microorganisms 

used for the hydrolysis of the lignocellulosic plant biomass 
have been mentioned to influence the outcome of biologi-
cal treatment [32]. Beside these, cellulase activity has also 
been implicated as a factor that affects the hydrolysis of 
pre-treated lignocellulosic plant biomass [32]. 

Saccharification of cellulolytic biomass is one of the 
main steps in production of ethanol from green biomass. 
In this study an attempt was made to use the direct inocu-
lation of Aspergillus niger S48 and also the crude cellulase 
synthesized by the fungus to hydrolyze the pre-treated 
biomass, this stage of the process involves conversion 
of complex cellulosic substrates to utilizable sugars. 
The report of Chand et al. [42] has previously stated that 
the recovery of utilizable sugars by yeast as well as cellu-
lase production determine how much the process will cost 

Fig. 5 Hydrolysis of Rice chaff, Ground nut shell and Yam peels by Aspergillus niger S48 as inoculant

Fig. 6 Hydrolysis of Rice chaff, Ground nut shell and Yam peels using crude cellulase produced by Aspergillus niger S48
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and recovery of fermentable sugars after enzymatic sac-
charification are the important factors that affect the cost 
of the process. The direct use of crude enzyme yielded 
more fermentable sugars that was converted to ethanol 
by the yeast Kluvyveromyces sp. Y2 as it was observed 
in this study (Fig. 6). Narra et al. [43] reported the use 
of a thermo-tolerant species of Kluyveromyces to hydro-
lyze and to ferment sugars obtained from cellulosic bio-
mass to bioethanol. The observation in this study was in 
consonance with the previous report of Hashem et al. [44] 
that mentioned a species of Kluyveromyces was used as 
the fermenting yeast in the production of ethanol. Other 
authors such as Saliu and Sani [33] and Abada et al. [45] 
employed Saccharomyces cerevisiae to carry out the fer-
mentation of hydrolyzed cellulolytic biomass to ethanol.

3.6 Fermentation and optimization conditions of 
hydrolyzed biomass to ethanol
Fermentation conditions such as rice chaff concentrations 
of 8 %, 10 %, 12 %, temperature of 30 °C, 35 °C and 40 °C 
as well as and pH values of 4.5, 5.0 and 5.5 were studied to 
optimize the ethanol production. The highest quantity of 
ethanol 0.424 mg/mL was produced at substrate concentra-
tion of 12 %, temperature of 35 °C and pH of 5.0. The least 
quantity of 0.40 mg/mL was produced at a substrate con-
centration of concentration of 8 %, temperature of 30 °C 
and pH of 4.8 (Table 3). Temperature above 35 °C for 
instance has been said to affect ethanol yield. A tempera-
ture of 35 °C and a pH between 5.0–5.2 are known to be 
ideal for optimized fermentation by yeasts which are com-
parable to the result obtained in this study [43]. Reports of 
Ike et al. [46] and Zelelew et al. [47] showed that bioethanol 
production was optimized both at temperature of 30 °C and 
pH of 5.8 and 5.0, respectively. Similarly, in another study 
carried out by Rezania et al. [48] their report indicated 
that bioethanol production optimization was achieved at 
temperature of 32 °C and higher pH of 6.0 [48]. However, 
some authors reported optimized pH of 4.5 [49] and lower 

temperature of 25 °C [50]. The differences observed in the 
optimized data could be attributed to different ferment-
ing microorganisms used. Saccharomyces cerevisiae was 
used by Ike et al. [46] while Kluyveromyces sp. Y2 was 
used in this study. The highest ethanol yield of 0.424 mg/
mL reported in this study was low compared to what was 
reported by Belal [51] who reported 10,000-11,000 mg/
mL ethanol yield from rice chaff. The difference observed 
could be attributed to the additional treatment given to the 
chemical and enzyme treated substrate. Ultrasonic treat-
ment of the hydrolyzed biomass has been mentioned to 
open up more sugars for fermentation [51]. The purity of 
the enzyme could considerably influence the amount of 
fermentable sugars available for yeast to ferment.

4 Conclusion
Three different lignocellulosic plant materials were studied 
for bioethanol production using locally isolated Aspergillus 
niger S48 and Kluyveromyces sp. Y2 for hydrolysis and fer-
mentation, respectively. Rice chaff yielded more fermentable 
sugars (1.07 mg/mL) during hydrolysis with crude cellulase 
than mycelial inoculant than yam peel 0.87 mg/mL and 
ground nut shell (0.75 mg/mL). Bioethanol production was 
optimized at 12 % rice chaff concentration, pH of 5.0 and 
temperature of 35 °C. Bioethanol yield of 424.2 mg/mL was 
obtained at the optimized conditions. Therefore, this study 
has revealed that locally isolated strains of Aspergillus niger 
S48 and Kluyveromyces sp. Y2 are suitable for the hydroly-
sis of pretreated plant biomass to generate fermentable sug-
ars and fermentation of the sugars to bioethanol respectively 
from rice chaff which is produced as agricultural waste in 
Nigeria.
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Table 3 Optimization of bioethanol production at different fermentation parameters

Substrate (Rice chaff) concentration (%) Temperature °C pH Retention time (min) Ethanol yield (mg/mL)

First set

8 30 4.5 2.976 0.40

10 30 4.5 2.966 0.42

12 30 4.5 3.081 0.190

Second set

12 30 4.5 3.034 0.272

12 35 4.5 3.0.73 0.398

12 40 4.5 3.081 0.188

Third set

12 35 5.5 2.989 0.414

*12 35 5.0 3.027 0.424

12 35 4.5 3.041 0.399

* = optimized values
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