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Abstract— In this study, agricultural waste materials such as cassava, yam, and potato peels, as well as maize, millet, and sorghum 

brans, were used. These materials were ground into fine powder using a disc mill and sieved to ensure a consistent particle size. The result-

ing powders were labeled as cassava peel powder (CPP), yam peel powder (YPP), potato peel powder (PPP), maize bran powder (MaBP), mil-
let bran powder (MiBP), and sorghum bran powder (SBP). Chemical hydrolysis of the samples was carried out using Sulphuric acid and Sodi-
um hydroxide, and the effect determined by evaluating the percentage contents of lignin, hemicellulose and cellulose as well as glucose 

yields. The effect of microbial hydrolysis, using Bacillus amyloliquefaciens, was also investigated. Acid and alkali hydrolysis was performed 
using five different concentrations ranging from 0.01 M to 0.25 M. Optimization of microbial hydrolysis was carried out by varying pH values 
(5 to 9), substrate concentration (0.02% to 0.1%), temperature (30oC to 50oC) and duration of saccharification (over a period of 48 hours). Re-

sults of the acid hydrolysis indicated an increase in the lignin and cellulose contents of the samples with increasing acid concentration. Lig-
nin contents ranged from 8.50% (in SBP) to 45.16% (in MaBP), cellulose ranged from 61.80% (in CPP) to 78.57% (in SBP). The hemicellulose 
contents, however, reduced during acid hydrolysis as acid concentration increased, from 21.88% (in PPP) to 10.71% (in SBP).  Results of the 

alkali hydrolysis indicated a reduction in lignin, cellulose and hemicellulose contents of samples as concentration increased. For lignin val-
ues ranged from 16.08% (in PPP) to 9.10% (in SBP), cellulose values ranged from 36.89% (in SBP) to 20.27% (in M iBP), while hemicellulose 
values ranged from 16.40% (in CPP) to 10.16% (in PPP). Glucose yields for both acid and alkali hydrolysis increased with increasing concen-

trations of hydrolytic agents. In the microbial hydrolysis, the gravimetric results show a gradual increase in percentage lignin and cellulose 
contents, while hemicellulose did not show defined trend. The glucose yields increased with rise in incubation temperature, with higher 
yields between 35oC and 40oC. Glucose yields were higher at pH 7 than at acid or alkaline pH. Increase in substrate concentration improved 

glucose yields, with highest yields recorded in 1% substrate concentration. Glucose yields also increased with incubation time. Highest yield 
of 0.237 mg/ml was observed with CPP with substrate concentration of 1%, a starting pH 7, incubated at 35oC for 48 hours.  
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1 INTRODUCTION                                                                     

Bioethanol, which is produced through microbial fermenta-

tion, is the most commonly used liquid biofuel worldwide [1]. 
It is typically made from food crops such as corn, cassava, 
sugarcane, rice, and sweet potatoes. However, there are con-
cerns about the sustainability of producing bioethanol from 
food crops, leading to interest in using lignocellulosic biomass 
for bioethanol production as an alternative [2]. 

Lignocellulosic biomass refers to the non-edible por-
tion of food crops, which is made up of cellulose, lignin, and 
hemicellulose. This type of biomass is a rich source of hexose 
and pentose sugars, which can be used for the production of 
bioethanol [3]. The process of converting lignocellulosic bio-
mass into ethanol involves several steps, including pretreat-
ment, hydrolysis, fermentation, and ethanol recovery through 
distillation. The complex and resistant structure of lignocellu-
losic biomass requires the use of various pretreatment and 
hydrolytic processes in order to break down the carbohydrates 
into reducing sugars [4]. 

  Various pretreatment and hydrolytic methods have 
been suggested, depending on the purpose of removing hemi-
cellulose or lignin from the biomass. Dilute acid hydrolysis is 
promising as it is capable of high solubilization of hemicellu-
lose. This process degrades most of the hydrogen bonds in 
hemicelluloses and partially degrades cellulose and lignin. In 
addition, acid hydrolysis breaks down hemicellulose to pen-
toses and hexoses, removes some of the lignin, and makes the 

cellulose structure more accessible, converting fractions to 
glucose [5]. Alkali hydrolysis using Sodium hydroxide at 121 
°C has been shown to be effective in improving the digestibil-
ity of lignocellulosic biomass, by removing lignin, facilitate the 
digestibility of carbohydrates and enhancing reducing sugar 
yield [6]. Microbial saccharification of biomass has also been 
studied using fungi and bacteria. Several microorganisms 
have been proven to be capable of hydrolyzing biomass. Aer-
obic bacteria that require oxygen in the metabolism of the 
waste are much more effective in the degradation of waste rich 
in lignin content [7].  

The average annual agro-waste generated from the 
largest cultivated crops in Nigeria was estimated to be 12.06 
mega-tonnes [8]. The estimates of agricultural waste genera-
tion places cassava as the highest, generating 33.7%, followed 
by yam 26.8% [8] Others include; maize (6.2%), sorghum 
(4.7%), oil palm (5.7%), rice paddy (3.7%). However, this po-
tential reservoir of biomass is yet to be harnessed for bioetha-
nol production. The challenge has been the development of a 
technology that is economical for the breakdown of lignocellu-
losic biomass to fermentable sugars [9]. This work was, there-
fore, designed to evaluate the impact of acid, alkali and mi-
crobial hydrolysis on the yields of glucose from selected agri-
cultural wastes.  

 
2 Collection of Samples   
 

2.1 Agricultural Wastes 
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        For a period of one month in February 2020, peels of cas-
sava, yam, and potato, as well as brans of maize, millet, and 
sorghum were collected from farmers and food vendors in 
four locations - Ibienafe, Jattu, Iyerekwu, and Auchi - all locat-
ed in the Etsako West Local Government Area (6o 58’N 6o 18’E) 
of Edo State, Nigeria. The materials were collected in clean 
plastic buckets and transported to the laboratory for further 
processing. 
 

2.2 Processing of Agricultural Wastes 
 

        The peel and bran samples were oven-dried at 50oC for 48 
hr, ground using motorized blender (model: BL260500W) and 
sieved (0.2 mm) to have uniform particle size. They were then 
packed in clean plastic containers labeled; Cassava Peel pow-
der (CPP), Yam Peel Powder (YPP), Potato Peel Powder (PPP), 
Maize Bran Powder (MaBP), Millet Bran Powder (MiBP), and 
Sorghum Bran Powder (SBP). All the samples were stored in a 
refrigerator, prior to further treatment. 
 

2.3 Cow dung sample for isolation of Bacillus amyloliquefa-
ciens 
        Cow dung used for the isolation of B. amyloliquefaciens 
was collected from an abattoir also in Etsako West Local Gov-
ernment Area of Edo State, Nigeria. The cow dung was col-
lected in a sterile specimen bottle with which it was transport-
ed to the laboratory for further treatment. 
 

3 Materials and Method 
 

3.1 Hydrolysis of Samples 
 

3.2 Chemical Hydrolysis of Sample. Dilute Sulfuric acid and 
Sodium Hydroxide was used for this process.  
 

3.2.1 Acid and Alkali Hydrolysis  
        Five different concentrations of Sulfuric acid (H2SO4) and 
sodium hydroxide (NaOH) were used; 0.01M, 0.05 M, 0.1 M, 
0.2 M, and 0.25 M. Ten grams (10 g) of the sample was put into 
a 250 ml conical flask to which 100 ml of each of H2SO4, and 
NaOH of the various concentrations, was added respectively 
[10]. The flasks and its contents were placed in an autoclave 
and the hydrolysis was carried out at 121ºC for 1 hour “[11], 
[12]”.  
       After hydrolysis the samples were allowed to cool and 
neutralized with NaOH (for acid hydrolysate) and H2SO4 (for 
alkali hydrolysate). The hydrolysates was centrifuged at 6,000 
rpm, the supernatant was analyzed for reducing sugar content 
while the residue was dried and stored for gravimetric analy-
sis of lignin, cellulose and hemicellulose contents [13]. For con-
trol, the same process was carried out using distilled water in 
place of H2SO4 and NaOH respectively.  
 

3.3 Microbial Hydrolysis 
       This was carried out using the isolated Bacillus amylolique-
faciens. Fifty grams (50 g) of each of the waste samples was 
weighed into 500 ml conical flasks and made up to a final vol-
ume of 500 ml with distilled water, corked and sterilized at 
121oC for 15 min. After cooling, the concentration of the medi-
um was varied from 0.02% to 1.0% with sterile distilled water 

in 100 ml sterile conical flasks for hydrolysis [21].  
       The effects of temperature, pH, substrate concentration 
and duration of hydrolysis on the percentage yield of reducing 
sugars were investigated. Five substrate concentrations of the 
‘sample media’ were prepared ranging from 0.02% to 1.0%.      
Hydrolysis was carried out using five different temperatures; 
30oC, 35oC, 40oC, 45oC and 50oC. pH values ranging from 5 to 9 
were used in this investigation over a period of 48 hours. The 
sample media for each set-up was inoculated with 1 ml of a 24 
hours culture of B. amyloliquefaciens in Nutrient agar broth. 
Each set-up had an un-inoculated flask which served as con-
trol. A 10 ml aliquot of fermenting slurry of samples was 
drawn at interval, over the period of 48 hours for determina-
tion of glucose content (mg/ml) using DNS method [14]. 
 

3.4 Gravimetric Analysis of Hydrolyzed Samples 
 

3.4.1 Determination of Lignin, Cellulose and Hemicellulose 
Contents 
        The amounts of lignin, cellulose and hemicellulose con-
tents in the six agricultural wastes before and after hydrolysis 
were determined according to [15]. The experimental process 
involved the use of alcohol-benzene mixture (1:2), 72% H2SO4, 
concentrated HNO3 (1.50 ml), 95% absolute ethanol, and 5% 
NaOH.  
 

3.4.2 Determination of percentage glucose content of hydro-
lyzed samples 
          DNS method was used to estimate the percentage glu-
cose content for all samples hydrolyzed. Standard graph was 
plotted by using glucose solution (100μg/ml of working 
standard). Six (6) test tubes were used. 1 ml of the standard 
glucose solution was added to tube 1. Into tubes 2, 3, 4  5 and 6 
were added 0.8 ml, 0.6 ml, 0.4 ml, 0.2 ml and 0.0 ml of the 
standard glucose solution respectively. The volume of the 
tubes was then made up to 1.0 ml with distilled water. To each 
of these tubes was added 2.0 ml of DNS reagent, shaken 
properly and placed in a water bath maintained at 90oC for 5 
minutes. The tubes were cooled and 7 ml of distilled water 
added to stabilize the color. The absorbance was measured 
with a spectrophotometer at 540 nm, with solution in tube 6 
taken as blank. The above procedure was repeated for 1.0 ml 
of extract and 1.0 ml of water for unknown estimation. The 
sugar contents of sample extracts were calculated by compar-
ing their absorbance at 540 nm with the standard graph. The 
individual values were taken in duplicates [14]. The percent-
age saccharification was determined using the equation: 
 

 

The factor 0.90 was used to convert polysaccharide to mono-
saccharide accounting for water uptake during hydrolysis 
[14].  
 

3.5 Analysis of Data 
       The various treatments were carried out in duplicates and 
results expressed as mean ± standard deviation. The results 
were compared by one-way analysis of variance and Turkey 
HSD test. Significance was determined at P≤0.05 (95% confi-
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dence level) for acceptance.   
 
4 Results 
 

4.1 Result from Gravimetric Analysis 
        Results of percentage lignin contents of samples hydro-
lyzed with sulfuric acid (Table 1) shows a general increase in 
lignin contents with increasing concentration of acid. Highest 
range of increase occurred in maize bran powder (MaBP), 
from 2.36% (in untreated sample) to 45.16% (in sample hydro-
lyzed with 0.25M H2SO4). Lowest increase was observed in 
sorghum bran powder, ranging from 2.70% to 8.50%, in un-

treated sample and sample hydrolyzed with 0.2M H2SO4 

respectively.  
 

 
 
Percentage lignin contents of samples hydrolyzed with sodi-
um hydroxide (Table 2) show an increase in the lignin content 
as the concentration of NaOH increased. Highest increase was 
observed in CPP, with lignin content increasing from 16.34% 
(in untreated sample) to 46.70% (in sample hydrolyzed with 
0.25M NaOH). However, in YPP, percentage lignin content 
decreased from 14.34% (in untreated sample) to 9.54% (in 
sample hydrolyzed with 0.25 M NaOH).  
 

 
Results of percentage cellulose contents of samples hydro-
lyzed with sulfuric acid are presented in Table 3. In most of 
the samples (CPP, MaBP, MiBP and SBP), there was a slight 
increase in percentage cellulose content with increasing acid 
concentration.  
     Percentage cellulose contents of samples hydrolyzed with 
sodium hydroxide (Table 4) indicate a general decrease with 
increasing concentration of NaOH. In CPP, cellulose content 
reduced from 43.03% in untreated sample to 32.88% in sample 
hydrolyzed with 0.25 M NaOH. Similarly in YPP and PPP, 
cellulose contents reduced from 45.11% and 54.34% (in sample 

hydrolyzed with 0.01M NaOH) to 34.12% and 33.18% (with 
0.25 M NaOH) respectively. 
 

 
 

 
 
Percentage hemicellulose contents of samples hydrolyzed with 
sulfuric acid and sodium hydroxide (Table 5 and 6), showed a 
general decrease with increasing concentrations of acid and 
alkali. For acid hydrolysis, highest decrease was recorded in 
SBP, with hemicellulose content reducing from 25.95% (in un-
treated sample) to 10.71% (in sample hydrolyzed with 0.25 M 
H2SO4).  
 

 
 

 
 
The glucose yield (mg/ml) from the acid and alkali hydrolysis 
of samples is presented in Table’s 7 and 8. All samples showed 
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increase in glucose yield with increasing acid and alkali con-
centrations. Highest glucose yield of 104.07 mg/ml, was ob-
served in maize bran powder (MaBP) hydrolyzed at 0.25 M 
H2SO4. 
 

 
 

 
 
4.2 Optimization Microbial hydrolysis 
       Optimization of the microbial hydrolysis of sample using 
Bacillus amyloliquefaciens was carried out using different hy-
drolytic conditions such as substrate concentrations; 0.02% to 
0.1%, pH ranging from 5 to 9, incubation temperature ranging 
from 30oC to 50oC, and duration of incubation from 6 to 48 
hours. The gravimetric results of untreated samples and sam-
ples hydrolyzed using B amyloliquefaciens is presented in Table 
9. There was a general increase in the percentage lignin and 
cellulose contents for all the samples. This increase may be 
attributed to increase in microbial population in the hydrolytic 
broth. The percentage hemicellulose content, however, did not 
show a marked increase or decrease. 
 

 
 
Highest glucose yields were obtained after 48 hours of incuba-
tion at 1.0% substrate concentrations, and incubation tempera-
tures of 35oC the results shown in Figures 1.   
 

 
 

 
 

5 DISCUSION 
Chemical and microbial hydrolysis of six waste sam-

ples; peels of cassava (CPP), yam (YPP), potato (PPP) and 
brans of maize (MaBP), millet (MiBP) and sorghum (SBP), 
were carried out. Sulfuric acid and sodium hydroxide, at vary-
ing temperatures, pH values and duration were used for the 
chemical hydrolysis, while Bacillus amyloliquefaciens was used 
for the microbial hydrolysis (saccharification).  

The result of the gravimetric analysis of the samples 
(hydrolyzed and untreated) for percentage contents of lignin, 
cellulose and hemicellulose are presented in Tables 1 to 7. The 
percentage lignin contents of the samples hydrolyzed with 
sulfuric acid increased with increasing acid concentration. 
This may be attributed to acid breaking the matrix structure of 
the fibre contents of the sample into cellulose, hemicellulose 
and lignin. The process involves decrystallization of the fibre 
content and the subsequent hydrolysis to release fermentable 
sugars. This result is consistent with that of other wokers who 
reported increase in lignin content with increasing acid con-
centration and time of hydrolysis of sugarcane bagasse [16]. 
The authors attributed this increase in lignin content to the 
summation of lignocellulosic derivatives of lignin; pseudo-
lignin with lignin itself. The cellulose contents of the samples 
hydrolyzed with sulfuric acid also showed slight increase with 
increasing acid concentration. In CPP, percentage cellulose 
content increased from 46.75% (as seen in the untreated sam-
ple) to 61.80% (in 0.25M H2SO4). This trend was also observed 
in MaBP, MiBP and SBP, where cellulose contents increased 
from 42.28%, 54.31% and 63.84% (as observed in the untreated 
sample) to 67.74%, 65.22% and 77.21% (at 0.25M, H2SO4) re-
spectively. This result is also consistent with the findings of 
other researchers who reported a slight increase in cellulose 
contents of lignocellulosic biomass during acid and alkali pre-
treatments [17].  
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           Hemicellulose contents, generally reduced for all the 
samples hydrolyzed with sulfuric acid as concentrations in-
creased. This may be attributed to the amorphous nature of 
hemicellulose and the ease with which it is depolymerized 
[18].   

Alkali hydrolysis of the wastes samples resulted in a 
reduction in lignin, cellulose and hemicellulose contents as 
NaOH concentration increased. A number of reasons may be 
postulated for this occurrence; depolymerization of hemicellu-
lose, breakdown of the lignin-cellulose complex and the de-
polymerization of cellulose to dimeric and monomeric carbo-
hydrates. Previous workers noted that alkaline hydrolysis has 
the highest reaction rates followed by acid hydrolysis [19]. 
Sodium hydroxide treatment of lignocellulosic biomass causes 
swelling, leading to an increase in in the surface area, a de-
crease in crystallinity, separation of structural linkages be-
tween lignin and carbohydrates and disruption of the lignin 
structure [6]. 
 

The observed increase in glucose yield with increas-
ing acid concentrations is consistent with previous work  
where an  increase in reducing sugar yield up to 0.6 M H2SO4 
was recorded [20]. Glucose yields also increased with increas-
ing alkali concentrations. This may be associated with in-
creased solubility of lignin-cellulose complex, as well as in-
creased available polymers for hydrolysis. The observed lower 
glucose yield in samples hydrolyzed with sodium hydroxide 
compared with that of Sulphuric acid, may be due to its fast 
reaction rate and the possible decomposition of glucose to ac-
id. It has been documented that despite the high rate of alka-
line hydrolysis, obtaining high yield of sugar is difficult be-
cause mono and dimeric carbohydrates such as glucose and 
fructose are severely attacked by alkalis to form organic acid 
[19].  
 

Glucose yield in the microbial hydrolysis increased 
with rise in incubation temperature, with higher yields be-
tween 35oC and 40oC. This may not be unconnected to the op-
timum temperature growth range for B amyloliquefaciens. The 
decline in glucose yield in incubation temperatures above 
40oC, indicate a decrease in growth based on adverse condi-
tions of temperature. 

Higher glucose yields at pH 7 than at acid or alkaline 
pH, indicate B amyloliquefaciens prefer neutral pH to acidic or 
alkaline environment. Improved glucose yields with increase 
in substrate concentration can be related to increased substrate 
availability for microbial saccharification. Higher glucose 
yields with increased incubation time may be due to higher 
reaction time for microbial hydrolysis. The highest yield of 
0.237 mg/ml was observed with CPP with substrate concen-
tration 0.1%, a starting pH 7, incubated at 35oC for 48 hr.  

Comparing the percentage hydrolysis of the various 
samples (Table 10), acid hydrolysis portends to be more effi-
cient, followed by alkali and B amyloliquefaciens, respectively. 
Acid hydrolysis of cotton fibre has been reported to be five 
times higher than that of Trichoderma reesei [20]. They opined 
that the acid hydrolysis was more efficient due to surface sul-

fation. They however posited, that based on the energy needs 
and the environmental hazards of chemical hydrolysis, micro-
bial hydrolysis was still potentially more promising.   

6 CONCLUSION 

An overview of the percentage hydrolysis of the vari-
ous samples depicts acid hydrolysis to be most efficient, fol-
lowed by alkali and B amyloliquefaciens, respectively. The cellu-
lose contents of the samples hydrolyzed with sulfuric acid 
increased with a corresponding increase in acid concentration. 
Hemicellulose contents, generally reduced for all the samples 
hydrolyzed with sulfuric acid as concentrations increased. 
Alkali hydrolysis of the waste samples resulted in a reduction 
in lignin, cellulose and hemicellulose contents as sodium hy-
droxide concentration increased. There was a general increase 
in the percentage lignin and cellulose contents for all the sam-
ples hydrolyzed using B amyloliquefaciens, as microbial popula-
tion in the hydrolytic broth increased. From the study it can be 
deduced that acid hydrolysis of peels of cassava, yam, potato, 
as well as brans of maize, millet and sorghum gave a better 
glucose yield, followed by sodium hydroxide and B amyloliq-
uefaciens respectively. 
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