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ABSTRACT  

Rice husk, sweet potato peel and cassava peel are some of the agro-wastes that have the potential 

for high biofuel production due to high polysaccharides. Studies were conducted to evaluate the 

chemical compositions of these wastes as well as determine their potential as feedstock for 

bioethanol production using two indigenously sourced yeast strains; Candida tropicalis (IMI 

398401) and Schizosaccharomyces pombe (CU 329671.1). The results indicate that moisture 

(18.33%), ash (2.77%), fibre (10.54%) and cellulose (808 mg/g) contents were highest in rice 

husk and lowest in sweet potato peels. Pretreatment of the agro-wastes with organic acid extract 

of Anacardium occidentale nut shell showed maximum reducing sugar yield of 46 mg/g, 300 

mg/g and 471 mg/g in rice husk, sweet potato peel and cassava peel respectively. The amount of 

bioethanol produced after 72 h of fermentation period was highest; 23.90 g/L in sweet potato 

peel and lowest; 10.61g/L in rice husk using C. tropicalis. Also, this was highest; 18.08 g/L in 

sweet potato and lowest; 7.43 g/L in rice husk using S. pombe. This study shows that these 

wastes may be useful feedstock for biofuel production following a pretreatment with cashew nut 

shell extract. 

Key words: Agro-waste; Bioethanol; Candida tropicalis; Pretreatment; Schizosacc-

haromyces pombe 
 

INTRODUCTION  

Recent environmental problems as a result of the use of non-renewable fuels all over the world 

have brought about renewed interest in developing biomass energy technology to reduce the 

demand  for  fossil  fuel  and  protect  the  environment from the effects of serious global 

warming (Bhatia et al., 2012). Due to the abundant and  regenerative nature of plants’ biomass, it 

has been targeted for supply of a sustainable energy resource (Chaudhary and Qazi, 2011). The 

beneficial effects of using biofuel cannot be over emphasized as they include environmental 

friendliness, high energy efficiency, ability to curb greenhouse gas emission, reduced 

government budget deficit, support for crop prices, and strengthen of farm economy (Agba et al., 

2010; Demirbas, 2011). 
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Hitherto, the use of food crops such as maize, cassava, sweet potatoes as feedstock for the 

production of bioethanol among other forms of biofuel have continued to create issues such as 

the possibility of food scarcity (Agboola et al., 2011). This trend will probably continue as long 

as commercial production increases. 

Cassava (Manihot esculenta Crantz) is the third largest source of carbohydrate in food for human 

consumption worldwide (Adesanya et al., 2008). Brown rice commonly known as ‘ofada rice’ is 

a variety of Oryza glaberrima (L.) commonly grown in Obafemi Owode Local Government Area 

(LGA) of Ogun state, Nigeria.  The major part of rice consists of carbohydrate in the form of 

starch, which is about 72-75 percent of the total grain composition, 7-8 % protein (Carney, 2001) 

and it serves as staple food for millions of people in Africa and Asia. Sweet potato (Ipomoea 

batatas Lam.) contains about 20.1 % carbohydrate, 1.6 % protein, 0.6 % oil. Besides simple 

starches, sweet potatoes are rich in β-carotene, complex carbohydrate, dietary fiber, vitamin B6 

and C (Mei et al., 2010). These crops are indispensible to the diet of the common man. However, 

the residues from processing them generate annual disposal challenges (Ledward et al., 2003). 

The objective of this study was to produce bioethanol from rice husk, sweet potato peel and 

cassava peel after pretreatment with organic acid extract saccharification and fermentation using 

Candida tropicalis and Schizosaccha-romyces pombe separately. 

 

MATERIALS AND METHODS 

Collection and Processing of Agro-wastes 

Rice husk was collected from a local milling industry in Elere Rice Mill, Ifo, Ogun State, 

Nigeria. The sample was transported to the laboratory, sorted to remove particles, dried and 

grind to powder in warring blender (Binatone, Japan). Solid cassava peel wastes were collected 

from “Garri” and “Fufu” processing farms  located around Ijede area of Ikorodu, Lagos State, 

Nigeria. They were sorted and then washed under running tap to remove sand and other dirt 

particles. Samples were sun-dried for about two weeks and then milled into flour. The same 

process was applied for the sweet potato peels. All powdered samples were sieved to obtain 

average particle sizes of 300 μm in diameter. The flour from the wastes were kept for further 

analyses. 

 

Chemical analysis of the agro-wastes 

Determination of moisture content  

Crucibles  were  washed, dried  in  oven  and  placed  in  desiccators  for  cooling.  The weight of 

each crucible was taken. Twenty (20) grammes of each sample was weighed into separate sterile 

crucible; weight of the dish and weight of un-dried sample was taken. This was transferred into 

an oven set at 100°C for 3 h. This was removed and cooled to room temperature (28-30°C). Then 

the weight was measured using an analytical balance (ABT 120, Instrument and calibration, 

Sweden AB). It was transferred back into the oven for another one hour and then reweighed. The 

process continued until a constant weight was obtained. The difference in weight between the  
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initial weight and the constant weight obtained represents the moisture content. This method was 

adopted from Chinedu and Nwinyi (2012). 

 

Calculation: The loss in weight multiplied by 100 over the original weight is percentage moisture 

content. 

Moisture content (g/100 g) =        Loss in weight (W2-W3) (g) x 100 

                                                Original weight of sample g (W2-W1) 

 

Where W1= initial weight of empty crucible, W2= weight of crucible + sample before drying,  

W3 = final weight of crucible +sample after drying.  

% Total solid (dry matter ) (%) = 100- moisture (%) 

  

Determination of total ash content 
The total ash content of the agro-wastes was determined by a modified method of Chinedu and 

Nwinyi (2012). Two grammes of each sample was weighed into clean dry porcelain dish which 

had previously been weighed. It was put into a furnace set at 550 to 600 °C and allowed to blast 

for three  hours. After which the dishes were placed in a desiccators to cool completely. 

Calculation: Percentage weight is calculated as weight of ash multiplied by 100 over original 

weight of the samples used. 

 

Ash content =   Weight of ash (g) x100 

                  Weight of original sample used.  

  

          Loss in weight (W3-W1) (g) x 100  

     W2-W1 

 

Where W1 = weight of empty crucible, W2 = weight of crucible + sample before drying and or 

ashing, W3 = weight of crucible + ash.  

Ash % was calculated as =    weight of ash   x 100     

                                     weight of sample  

 

Determination of protein content 

The crude protein content of the agro-waste was determined by the standard AOAC (1990) 

method. Two gram of each sample was defatted using chloroform-methanol mixture (2:1 v/v) 

and then dried. One gram of the defatted sample was extracted using 10 ml of 0.4 M NaCl 

aqueous solution and centrifuged. The supernatant (1 ml) was used for protein assay. A serial  
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dilution was prepared to cover 0-10 mg by adding 0.1 mg, 0.2 mg, 0.3 mg… 0.9 mg and making 

the volume to 1 ml with 0.2 M NaOH aqueous solution. Biuret reagent (3 ml) was quickly added 

to each tube. This was mixed and warm for 15 mins at 37°C before cooling. The absorbance was 

read at 540 nm. To 1 ml of the unknown    protein    solution, 3 ml  of  Biuret   solution   was  

added  and  this was treated as standard. The absorbance was read at 540 nm and the 

concentration was extrapolated from the standard curve. 
 

Determination of lipid content: 

The total lipid content of the agro-wastes was determined by solvent extraction method as 

described by AOAC (1990). One gram of each sample was homogenized with some chloroform-

methanol mixture (extraction solvent 2:1 v/v) for 5 mins. The homogenate was poured into a 

conical flask and corked. This was allowed to stand for 10 mins. Filtration was then carried out 

using separation glass funnel. Re-extraction of the debris was done with 5 ml of extraction 

solvent. This was filtered, to the filtrate, 5 ml of 0.1% NaCl solution was added and shaken to 

partition into aqueous and organic phase. The organic phase containing the extracted lipid was 

allowed to stand for 3 min; the lower part was collected into a weighed beaker which was placed 

in hot water-bath at 40°C to evaporate to dryness. This was re-weighed to extrapolate the 

quantity of the lipid.  

 

Solvent extracts (100g) dry matter =    weight of extracted lipids (g) x100  
        weight of dry sample (g)  

 

Determination of cellulose content 

The modified method of Updegraff (1969) was used for cellulose content of the agro-wastes. 

Two milligrams of each ground sample was weighed into tubes and 100 µl of inositol solution 

was added. The tubes were capped tightly and incubated for 90 min at 121°C. The tubes were 

allowed to cool and then centrifuged at 10 000 rpm for 10 min. The supernatant was transferred 

to glass screwed cap vials by ensuring that the pellet was not disturbed. One millilitre of 

Updegraff reagent (acetic acid, nitric acid, water, 8:1:2 v/v/v) was added to the pellets, the tubes 

were capped, vortexed and heated in a water bath at 100°C for 30 mins. The samples were 

cooled on ice at room temperature and centrifuged at 10,000 rpm for 15 mins, the supernatant 

was discarded. Water (1.5 ml) was added to the pellets, mixed thoroughly, centrifuged and the 

supernatant discarded. This was repeated using 1.5 ml acetone instead of water. The pellets were 

carefully air dried. Then 175 µl of 75% H
2
SO

4
 was added and incubated at room temperature for 

30 min. The content was vortexed and incubated for another 15 mins. Then 825 µl of water was 

added, vortexed and centrifuged at 10,000 rpm for 5 mins. To 10 µl of the mixture 90 ml of 

water was added and the glucose content of the supernatant was assayed using colorimetric 

anthrone assay by adding 200 µl of freshly prepared anthrone reagent. The mixture was heated 

on a microtiter plate for 30 min at 80°C in an oven. The plates were cooled to room temperature 

and shaken thoroughly. The absorbance of the pellets was read at 625 nm using a microtiter plate 

reader. The glucose was calculated based on absorbance compared to the standard curve 

prepared with varying concentrations of glucose.   
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Isolation and characterization of microorganisms; 

The isolation and characterization of Candida tropicalis from kolanut had earlier been reported 

by Ebabhi et al., (2013b). A modified method of Nwachukwu et al. (2006) was adopted for the 

isolation of Schizosaccharomyces pombe from palm wine which had been allowed to ferment for 

72 h. From the stock, ten millilitre (10 ml) of palm wine was pipetted to prepare a serial dilution 

in sterile McCartney bottles from 10-1 to 10-6. Aliquot (0.1ml) of this was pipetted into sterile 

potato dextrose agar (PDA) plate.  The inocula were spread using sterile hockey stick (spreader). 

The plates prepared in triplicates were each supplemented with two drops of lactic acid and 

incubated at room temperature (28 ± 2°C) for a period of 48 h. Pure culture plates were  obtained 

by sub-culturing using streaking technique and stored on PDA slant in McCartney bottles 

(bottles were stored in refrigerator at 4°C). The isolates obtained were characterized based on 

standard procedures of colonial morphology, cultural characteristics and biochemical tests as 

described by Seeliger (1956); El-Zaatari et al. (1990); Olutiola et al. (2000). The biochemical 

tests carried out included sugar fermentation test using various carbon sources, germ-tube test 

and urea hydrolysis test. The identity of the isolates was confirmed by comparing the 

characteristics with those of known taxa using the scheme of Ellis et al. (2007). 

 

Molecular identification 

DNA extraction and analyses 

The DNA extraction and analysis was carried out at the Biotechnology Centre of the Federal 

University of Agriculture, Abeokuta (FUNAAB), Ogun State. Total genomic DNA was extracted 

with cetyl trimethyl ammonium bromide (CTAB) buffer as described by Graham et al. (1994). 

Some of the cell pellets of the isolate were aseptically picked into Eppendorf tubes from the 

incubated stock in the McCartney bottles. Five hundred microliter (500 µl| of cetyl trimethyl 

ammonium bromide (CTAB) buffer was added and mixed for homogenisation. This was 

incubated at 65°C for 15 mins and equilibrated to room temperature. To this, 10 µl of Protenase 

K solution (an equal volume of a mixture of phenol: chloroform: isoamyl alcohol (25:24:1, 

v/v/v) was added and incubated at 37 °C for 30 mins. This was done in order to remove the RNA 

molecules in the sample. On cooling, 500 µl of chloroform was again added and mixed for 5 

mins. The resultant mixture was centrifuged at 10,000 rpm for 10 mins in order to separate each 

component in the homogenous mixture. The supernatant was carefully collected into a fresh 

Eppendorf tube. Cold isopropanol (500 µl) was added to the supernatant and this was kept in a 

refrigerator for 1h at the temperature of -20°C. It was later brought out for centrifugation at 

10,000 rpm for 10 mins in order to separate the mixture. After which the supernatant was 

decanted carefully and 500 µl of 70% ethanol was added to the decanted supernatant which was 

mixed very well to achieve a homogenous solution. This 
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was centrifuged at 10,000 rpm for 10 min and the supernatant discarded. The pellet left was air 

dried for 1 h and then re-suspended in 200 µl sterile water. The samples were kept in sterilized 

microtubes for subsequent DNA sequencing analysis. 

 

Preparation of 1% Agarose Gel 

One percent (1%) of Agarose gel was prepared by mixing 1.5 g agarose with 150 ml 1X TBE 

Buffer. The mixture was boiled in a microwave until all agarose has dissolved. This was allowed 

to cool under running cold tap water. Then 6 µl of Ethidium Bromide was added (this was done 

in a fume hood) and swirled to mix. The gel was then poured into the tray and allowed to stand 

for at least 30 min before removing the combs after which it was placed in an electrophoresis 

tank. Five microlitres of loading dye was spotted for 10 µl of the DNA sample on a parafilm 

paper. Using a pipette, 15 µl of each sample was loaded into each “well” of the prepared 1 % 

agarose gel; also one-half microgram of 1 kb ladder (Lambda DNA Hind III) was loaded into the 

“marker” well. It was allowed to run for 45 min at 110 V. Genomic DNA was visualized in a Gel 

Documentation System LG 2020 (Hangzhou Langqi, Inco., China) under Ultra violet light 

source. 

 

PCR analysis and DNA Sequencing 

The extracted genomic DNA sample in properly labeled PCR tube was sent to Macrogen 

Incorporated, Washington USA for subsequent sequencing. Procedure – terms and conditions 

was applied (Macrogen Inc., Washington, U.S.A.).   

The sequenced ITS 1 and ITS 4 generated were blasted against Genbank database using the 

BLAST (Basic Local Alignment Search Tool) program as described by Altschul et al. (1990). 

This was done in order to compare the yeast genomic DNA sequences with the library database 

for similarity, identification and research purposes.   

 

Gelatinization and hydrolysis of agro-wastes with cashew nut extract 
A 10% (w/v) of powdered rice husk, sweet potato and cassava peels each was made into distilled 

water, heated to about 70°C to gelatinize and allowed to cool at room temperature (Ocloo and 

Ayernor, 2010).  

The natural cashew nut extract was obtained for saccharification of agro-waste by socking 

mashed cashew nut shell in ethanol at the ratio of 5:6 (w/v) for 72 h (Sofowora, 1993).The 

filtrate was concentrated through the rotary evaporator under reduced pressure, and controlled 

temperature and the pH was obtained using a pH meter. The natural plant acid was used to 

hydrolyze and saccharify the gelatinized mash as previously described by Ebabhi et al. (2013a). 

The mixture was autoclaved after an hour at 121°C for 15 min and immediately filtered using 

muslin cloth. The reducing sugar content in the hydrolysates was determined by dinitrosalysaclic 

method of Miller (1959). 
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Identification of specific simple sugars in the agro-waste hydrolysates 

The hydrolysates were analyzed on an HP 6890 Series GC powered with an HP ChemStation 

Rev. A 09.01 (1206) and a flame ionization detector (FID). Sample (2-3 μl) was injected from 

slit injector. The carrier gas was hydrogen at the flow rate of 1.0 ml/min. The fractionation was 

carried out in an isothermal temperature of 210°C. The injector and detector temperature were 

250°C and 325°C respectively. Typical coefficient of correlation for standard curve was 0.95-

0.99. Pecks were identified by comparison of retention times with those of standard glucose, 

xylose, arabinose, maltose, rhamnose, lactose, sucrose, ribose and fructose as previously reported 

by Ebabhi et al. (2013a).  

 

Fermentation of agro-waste hydrolysates 

The fermentation studies were carried out on the agro-waste hydrolysates in three replicates 

using C. tropicalis (IMI 398401) previously isolated from kolanut (Ebabhi et al. 2013b) and S. 

pombe (CU 329671.1) isolated from palm wine. The yeasts were separately added at the rate of 

1ml yeast broth/50ml of mixture, in order to study the effect of cashew nut extract on saccharif-

ication of agro-waste and ethanol yield. A twin fermentation experiment was set up with agro-

waste not pretreated with cashew nut extract to serve as the control. Fermentation was allowed to 

proceed for 72 h at 28-30ºC. 

 

Quantification of ethanol produced from agro-waste 

Fermented broth was dispensed into round-bottom flasks fitted to a distillation unit and heated in 

a heating mantle at 78°C. The volume of the distillate obtained was measured and the quantity of 

ethanol produced expressed in g/L was determined by multiplying the volume of the distillate by 

the density of ethanol (0.8033 g/ml) (Oyeleke and Jibrin, 2009).  

 

Statistical analysis 

The data presented in this stud were statistically analyzed using one way analysis of variance 

(ANOVA). Means were separated by the Duncan’s new multiple range test. Values were 

considered significant at p<0.05.  

 

RESULTS 

Proximate composition 

The proximate composition of agro-wastes including  rice husk, cassava peels and sweet potato 

peels were determined. The result obtained showed that the moisture, ash, fibre and cellulose 

content were higher in rice husk compared to either cassava or sweet potato peel, and least in 

sweet potato peel (Table 1). Also, protein and lipid content were highest in sweet potato and 

cassava peels respectively while tle leastwere recordedin rice husk. The difference compared to 

each of the other feedstock was statistically significant (p<0.05). 

Phenotypic and genomic characteristics of isolate 
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Table 1: Components of  the  agro-wastes 

---------------------------------------------------------------------------------------------------------- 

 Samples            Moisture       Ash              Protein(%)        Lipid            Fibre           Cellulose        

  Rice husk     18.33±0.061  2.77±0.015    4.50±0.038    3.19±0.051  10.54±0.012    80.8±0.917 

 Cassava peel 14.16±0.05   62.25±0.026    5.23±0.015   7.20±0.032     5.10±0.031  73.43±0.070 

 Sweet potato  13.04±0.01 21.12±0.021     7.70±0.042  4.66±0.050   1.81±0.040  49.8±0.473 

  Peel 

----------------------------------------------------------------------------------------------------------------------------- -- 

                Values are expressed as means  ±SEM  for three replicates 

 

Table 2: Phynotypic characterization of S. pombe 

------------------------------------------------------------------  

Biochemical characteristics S. pombe 

Gram reaction + 

Sucrose + 

Glucose + 

Starch - 

Lactose - 

Galactose + 

Maltose + 

Xylose + 

Fructose + 

Dextrose - 

Urease + 

---------------------------------------------------------------------- 

+ = Present    - = Absent      
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Table 3: Concentration of  different sugar components 

---------------------------------------------------------------------------- 

  Sugar component   Substrates 

  (mg/g)             Rice husk              Cassava peel        Sweet potato peel 

-------------------------------------------------------------------------------------------  

  Arabinose          1.17 5.38 x 10-5                  2.07x 10-4  

  Fructose   4.95                        1.21 x10-5            12.68  

  Glucose 11.60                        38.19                  15.70  

  Lactose 5.17x 10-5                                   5.13 x 10-5          1.67 x 10-4  

  Maltose 5.68x10-5                                     5.68x10-5           2.07x10-5  

  Rhamnose         3.55x 10-5                   4.87        5.55 x 10-5  

  Ribose 5.19 x10-1                                   1.10x 10-4           2.06 x10-4  

  Sucrose 6.67x 10-1                                   1.10 x 10-2                   23.76  

 Xylose               2.57 x 10-1                                    3.93            1.28 x 10-4  

 

Table  4:  Amount  of  bioethanol from agro-wastes 

----------------------------------------------------------------------------------------------- 

 Amount of bioethanol (g/L)    

Microorganism      C.tropicalis      Schizosaccharomyces    Control        %                                                                             

                          pombe                                      efficiency 

------------------------------------------------------------------------------------------------ 

Cassava peel          17.47±0.60        15.67±1.21              0.00±0.00     23.80 

Sweet potato peel   23.90±0.60        18.08±0.41              0.00±0.00      47.99 

Rice husk             10.65±1.01          7.43±0.60                0.00±0.00      13.18 

------------------------------------------------------------------------------------------------ 

Values are expressed as means±SEM for three replicates  
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Fig.1 Reducing Sugars yield in hydrolysate 

Schizosaccharomyces pombe colonies grew rapidly and covered a 9 cm Petri dish in about 36 h 

at 28-30°C. Initially, the colonies formed watery almost translucent flat entirely smooth surface. 

The growth form later became raised with distinct colony development in a somewhat chain 

pattern. The colonies appeared whitish. At maturity (in 72 h), the spores were producing 

constriction showing points of fission and measuring about 2.0-15.6 x 2.0-5.0 µm in diameter. A 

typical yeast odour was emitted as culture aged.  The cells were oval to round in shape. Table 2 

shows the phenotypic characteristics of the isolate.  

 

The sequence data of the isolate from palm wine revealed that the isolate belongs to the fission 

yeast Schizosaccharomyces. It is closest to the species S. pombe (CU 329671.1) which was 

isolated from a natural source and deposited in the Genbank database library. It shows 87% 

homology, which indicates the maximum identification alignment of the isolate with what has 

been deposited in the Genbank.  

 

Reducing sugar content 

The reducing sugar obtained after pretreatment of agro-wastes was highest 471.00±0.50 

mg/g in cassava peels, followed by 300.00±0.88mg/g in sweet potato peels and least of 

46.00±0.88mg/g in rice husk as shown in Figure 1. 
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Profile of simple sugars in the agrowaste hydrolysates 

 

The hydrolysates were subjected to Gas Chromatographic analysis in order to obtain the type and 

concentration of sugars present. The standards used were glucose, fructose, sucrose, arabinose, 

xylose, lactose, rhamnose, ribose and maltose. The correlation co-efficient of each selected 

standard is 0.99 g/L. The results showed the presence of the test sugars in varying 

concentrations.  However, in comparison with the profile of rice: The concentration of sucrose 

and fructose were highest in sweet potato peels while the highest concentration of glucose was 

obtained in cassava peels (Table 3). 

 

Bioethanol produced from agro-wastes 

The amount of bioethanol produced varied according to the type of agro-waste fermented and the 

type of innoculum used. It was significantly (p<0.05) higher with C. tropicalis and S. pombe in 

sweet potato peel compared to either cassava peel or rice husk; Table 4. The amount of ethanol 

produced by C. tropicalis was significantly (p<0.05) higher than S. pombe in all the agro-waste 

types (Table 4).  

 

DISCUSSION 

Many researchers are currently using biomass to find alternative fuels which can be used to 

replace fossil fuels. This is as a result of environmental issues and the ever fluctuating prices of 

fossil fuels in the international market (Bhatia et al., 2012; Yan, 2012). Waste from tubers and 

grains would be potential sources for biofuel, but they are usually ignored for commercial 

production of biofuel because of challenges in the hydrolysis of the wastes.  

 

The physiological and biochemical analysis carried out on the Schizosaccharomyces pombe 

isolated from palm wine showed that it could ferment both hexose and pentose sugars for growth 

while the molecular analysis showed the sequence data to be 87% homology with sequence of S. 

pombe species deposited in GenBank database library. Nwachukwu et al. (2006) had earlier 

confirmed the isolation of different species of yeast from palm wine. However, Okague (1988), 

Nwachukwu et al. (2006) and Bechem et al. (2007) had reported that palm wine predominantly 

consist of budding yeast. 

 

The proximate compositions of the biowastes used in this present study showed that each contain 

a reasonable amount of cellulose which can be hydrolyzed to produce bioethanol.  These 

cellulose form part of the lignocelluloses of the peels and husk of the wastes. Lignocellulosic 

ethanol (a type of bioethanol) is considered one of the most potential next generation automobile 

fuels for the future (Kumar et al., 2009). Lignocellulosic ethanol can be produced from various 

feedstocks such as lignocellulosic biomass, starchy materials, sucrose containing feedstock and 

microalgae (Mathiyazhagan et al., 2011; Templer and Murphy, 2012). 
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From indications cassava and sweet potato peels exhibited high amount of reducing sugar. 

Arumugam and Manikandan (2011) had stated that an initial pretreatment of fibrous peel 

residues breakdown its structure to make it more susceptible to enzymatic reactions. Likewise, 

significant concentration of sugar like glucose and sucrose were obtained after the pretreatment 

and hydrolysis of the waste which showed that the cellulases in the hydrolyzing agent (Ebabhi et 

al., 2013a) are potent enough for saccharification. Ohmiya et al. (1995); Hammond and Ayernor 

(2000) had respectively shown that poplar and rice extracts contain cellulases ideal for 

saccharification to produce high amount of glucose and sucrose.  

 

Recent findings have demonstrated that fermentation of hydrolysates using Candida tropicalis 

and S. pombe is feasible. Abubaker et al. (2012) had demonstrated the potentiality of S. pombe in 

ethanol production by using it in place of Saccharomyces cerevisiae because the formal produces 

high quality ethanol from high concentration of sugar. It was also reported that S. pombe can 

tolerate high sugar and ethanol concentrations. Likewise, Kathiresan and Saravanakumar (2011) 

had demonstrated the potentiality of C. tropicalis in bioethanol production. The concentration of 

bioethanol produced (23.90 g/L) from sweet potato peel using C. tropicalis as the fermenting 

organism was highest compared with the other two agro-wastes. It could be deduced that the 

organism effectively utilized the monomers.  However, sawdust at 120 h of fermentation, 

Kathiresan and Saravanakumar (2011) was able to produce 12.3  g/L of bioethanol with C. 

tropicalis. Recently, Ebabhi et al. (2013a) had obtained 16.47 g/L and 09.04 g/L of bioethanol 

from sweet potato peels respectively using Kluyveromyces marxianus and Pichia caribbica. 

 

CONCLUSION 

Bioethanol could effectively and sufficiently be produced from agro-wastes such as rice husk, 

cassava peel and sweet potato peel if the physico-chemical conditions of the substrates and 

fermenting organisms can be adequately monitored and controlled.  
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