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Abstract: Biofuels have been identified as suitable in combating climate change as a result of green gas emissions from 
fossil fuels. Bioethanol is a biofuel from lignocellulosic biomass is considered a viable renewable energy alternative to fossil 
fuels. However, the recalcitrance of biomass feedstocks due to the presence of lignin, creates a barrier to glucose fermentation. 
This study compares enzymatic and dilute acid hydrolyses of cellulose substrates obtained from pretreated maize stalk. The 
cellulose substrates were hydrolysed into glucose using dilute H2SO4, dilute HCl and Cellulase enzyme. The glucose obtained 
was fermented using an active yeast strain (Saccaromyces cerevisae) and then distilled in accordance with ASTM D1078 to 
obtain bio-ethanol. High Performance Liquid Chromatography (HPLC) was used in quantitative analyses of the bio-ethanol 
produced while qualitative tests were done based on ASTM D7795-12 for physical tests (density, boiling point, miscibility, 
non-volatile residues, colour, flammability and distillation range) and chemical tests (Acidity, Alkalinity, Fusel oil, Readily 
carbonizable substances and readily oxidizable substances). Enzymatic hydrolysis gave a higher glucose yield, while there was 
no significant difference between hydrolysis using dilute acids. There was significant difference in extraction efficiencies 
between acid and enzymatic hydrolysis methods. The bio-ethanol produced has similar purity levels with qualitative properties 
to that of an industrial grade ethanol. 
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1. Introduction 

Bioethanol is a biofuels that has been introduced as a 
partial replacement for fossil fuels in countries such as Brazil, 
India and the USA [1, 2]. This biofuel has been produced 
from hydrolysis of starch which has created a competition 
between energy and food economies [3]. A more sustainable 
approach is the use of lignocellulosic biomass which 
basically utilizes wastes. There are several lignocellulosic 
biomass that have been identified as suitable renewable raw 
material for use in the biochemical industry; they are cheap 
and widely available [4-6]. Some of them which are 
agricultural by-products can be used to produce biofuels. 
Biofuels obtained from agricultural wastes can help mitigate 
the negative effects of non-environmental friendly fuels 
highly utilized globally. The production process in converting 
these biomass involves a pretreatment to remove lignin, 
followed by the conversion of complex sugars which are 
cellulose and hemicellulose into simple sugars such as, 

glucose and xylose, via hydrolysis. These are then processed 
into ethanol, xylitol, organic acids, and other substances [7]. 
Corn stalk is one of the biomass with high potential for 
profitable use as a raw material for biofuel production, 
especially in bio-ethanol synthesis. 

Corn (Zea mays) also known as maize is largely cultivated 
globally for consumption and has several residues after 
harvest. Over 1.4 billion metric tons of maize is produced in 
the world annually, with the United States, China and Brazil 
being the leading producers, amassing to about half of the 
total sum [8]. In Africa, an estimated 3.95 million hectares of 
land was cultivated and yielded about 6.8 million tonnes of 
corn in 2016, while about 6.9 million tonnes from 3.8 million 
hectares was recorded in 2017 [9]. Corn is usually produced 
for food, while other parts such as the stalks and leaves are 
residues. First generation biofuel plants produced ethanol 
from corn grains, and this led to a competition between 
energy and food economies. The use of lignocelluloses, such 
as residues from corn production, solves this problem, and 
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corn stalk is an agricultural biomass with over 90 percent 
lignocelluloses left unused after corn harvest. About 0.50kg 
of stalks, are gotten from every 1kg of dry corn grains 
produced [10]. In the United States of America alone, about 
250 million tons per year of corn stovers which is made of 
corn stalks, leaves and corn cobs constitutes 33 percent of 
solid wastes [11]. Also, a large quantity of the stalks is 
disposed via burning as reported in [12]; this has a negative 
effect on the environment. One can, thus infer that the corn 
stalk is an abundant natural resource, and a rational thing to 
do will be to utilize it profitably by converting it into useful 
products. The processing of corn stalk can thus be 
incorporated into existing first generation biofuel plants that 
use corn grain as the basic raw material. 

Some research in literature has utilized corn stovers which 
constitute the stalks, leaves and cobs as a single biomass. 
These constituents, however, have very different chemical 
and morphological compositions. For example, in an earlier 
study, Kolajo and Onilude [13] compared the physical and 
chemical assays of maize stalk fractions and found that corn 
stalk is an heterogeneous mix of pith and rind fractions with 
each having different morphology. This in turn will affect the 
processing of these fractions. Ximenes [14] also posits that a 
more efficient way of handling corn stalk is in breaking it 
into fractions before bioprocessing. Further details of the 
constituents of corn stalks and their utilization can be found 
in literature [15]. 

The use of acids for hydrolysis of cellulose materials is 
well dated [16]. As reported, it has been used on 
polysaccharide since the 19th century [17]. A list of some 
acids that have been used to hydrolyze corncob is reported in 
the work of Huang and Fu [18]. Acids hydrolysis, in general, 
may lead to formation of organic acid, and this has led to salt 
formation by reacting with ethanol which is the desired end 
product [19]. Additionally, they present issues ranging from 
corrosion, stressful recovery processes, to wastage [18, 20]. 
Using dilute acids can reduce some of these problems, but 
they require very high temperature and pressure, and still, 
would result in lower percentage yield [21, 22]. Concentrated 
acids, on the other hand, can give higher yield at lesser 
temperatures and pressures. However, they can take longer 
reaction time and it is usually stressful to separate the acid 
without losing much quantity of the glucose [22]. There are 
several techniques use to recover the acids from concentrated 
acids hydrolysis processes with each having its own pros and 
cons. One recent effective technique to get a balance between 
the levels of acid concentration is to adopt a two-step 
hydrolysis process with partial neutralization of the resulting 
glucose while using optimum conditions for high yield [23]. 

Enzymatic hydrolysis is the second technique of reducing 
cellulose material to glucose. For this method, pretreatment 
has been identified as a major factor that affects the 
efficiency of the conversion process. Some of the effective 
pretreatments applied so far have been reviewed [24, 25]. 
These methods were classified into biological, physical and 
chemical, with each and all having their respective pros and 
cons [26]. New pretreatment methods are still being 

researched anyway, and one of such is the use of microwave 
[27]. Pretreatment can, however, produce results deviant 
from one’s expectations [28]. So the focus has been to 
investigate the existing pretreatment method, seeking 
conditions for better efficiency and reduced cost. 

There are a number of reports on the enzymatic hydrolysis 
of corn and its residual parts, and a few of them is presented 
in this section. The effect of dilute acids and alkaline mix as a 
pretreatment method on corn stover components was 
investigated by Aboagye et al. [29]. Also by pretreating with 
dilute acid, corn straw was reduced to sugar using cellulase 
enzymatic hydrolysis [12]. Another study investigated the 
effect of ball milling, a mechanical operation, on the 
enzymatic hydrolysis of maize stem [30]. Different methods 
of pretreatments for corn stover were compared by Kim et al, 
[31]. They reported that for samples pretreated first with 
dilute acid and then disk milled gave the highest yield. They 
showed that the cellulase can be reused. A number of factors 
and the different type of enzymes used in the hydrolysis of 
corn stover were highlighted in the report of Aguilar et al 
[32]. There is however a dearth of information on the 
quantity of residual lignin that will inhibit cellulose hydroysis. 

The aim of this work is to compare the conversion 
efficiencies of enzymatic and dilute acids hydrolysis of corn 
substrates (alkaline pretreated corn stalk) and access the 
variability in associated alcohol levels of the end product 
(ethanol) Though several works has reported the hydrolysis 
of corncob, corn stover and corn stillage, a comparison of the 
two methods for hydrolyzing corn stalk is sparsely reported. 
With intention to breach this knowledge gap, corn stalk 
fractions were hydrolysed using enzymes and dilute acids to 
evaluate glucose yield and conversion efficiency and purity 
of bioethanol produced. 

2. Materials and Methods 

The cellulose substrate for hydrolysis was obtained from 
alkaline-pretreated maize stalks. The stalks were obtained 
from a private farm in Iseyin, Oyo State Nigeria. The stalks 
were from a 3-months maturation DMR-ESRW species 
obtained from the Institute of Agricultural Research and 
Training, IAR&T, Ibadan, Nigeria. The stalks were first 
reduced into 25mm to 40mm length and air-dried prior 
pretreatment. Pretreatment was done in a chemical reactor 
designed and fabricated for the purpose [33] using alkaline 
sulphite at 120°C and liquor to solid ratio of 10:1. This 
pretreatment schedule is the optimum obtained from previous 
work where alkali charges of 14, 16 and 18%w/v were used 
to pretreat maize stalk fractions for 60, 90 and 180 minutes in 
a full factorial experiment [34]. The criteria for optimization 
were highest cellulose yield with lowest residual lignin. 

2.1. Chemical Composition of Pretreated Substrate 

The chemical composition of the substrate was determined 
by Goering and Van Soest detergent fibre method of 1970, 
also adopted by Mertens [35] and Kolajo and Onilude [19]. 
Lignin content in substrate was determined by grinding the 
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air dried substrate to pass 1mm screen, weighing in 1g of 
ground substrate in a crucible. 100 ml of neutral detergent 
solution was added at room temperature into crucible with 
0.5 g of sodium sulphite and some drops of n-octanol. The 
mixture was heated to boiling and reflux 60 minutes from 
onset of boiling. It was then filtered and washed three times 
with boiling water, then twice with cold acetone. The residue 
was dried for 8 hours at 105°C and cooled in desiccators after 
which it was weighed. 
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Where: 
W1=Initial capsule weight (mg) 
W2=Sample weight (mg) 
W3=Capsule + Residue weight (mg) 
W4=Empty ashing crucible 
W5=Total ash (mg) 
C=Blank Correction for capsule solubility 
D=Capsule ash 

2.2. Enzymatic Cellulose Hydrolysis 

2FPU/ml of Novozymes Celluclast
®

 1.5L cellulase enzyme 
was added to 0.1g of each substrate and was incubated at 
50°C for 24hours and shaken at 128rpm. The mixture was 
filtered and glucose concentration was estimated using a 
spectrophotometer at 340nm. 

2.3. Acid Cellulose Hydrolysis 

10ml each of 0.2M H2SO4 and 0.2M HCl was added to 
0.1g of the samples in lightly capped test tubes. The reaction 
was carried out for 2 hours at 25°C. The reaction was stopped 
by neutralizing the acid and slightly reversing the pH by 
adding 5ml volume of concentrated potassium hydroxide 

solution. The resulting mixture was then filtered. The glucose 
concentration in the filtrate was measured as in Section 2.2. 

The glucose extraction efficiency is derived by: 

+�%� =
,-./0123∗56

,78797:.∗;7
× 100                         (6) 

Where, 

Mglucose=Mass of glucose in the hydrolysate (g) 

Minitial =Mass of dry biomass 

yi=Cellulose content in the biomass 

fh=Conversion factor (Cellulose is 0.9) 

2.4. Fermentation and Distillation 

Fermentation was carried out in an DNP-9052-1A 
Thermostat incubator at 37°C. 1.0g of an active yeast strain 
(Saccharomyces cerevisiae) was added to a 100ml cellulose 
sample each from the enzymatic and acid hydrolysed samples 
obtained above. The yeast was gently evenly mixed in, and 
the mixture was placed in the incubator for 48 hours. Ethanol 
yield was measured as a ratio of produced ethanol (g) over 
consumed glucose (g). The ethanol was distilled at 78°C. 
Simple batch distillation process was used in accordance with 
ASTM D86 method for distillation of petroleum products. 

2.5. Quantitative and Qualitative Tests 

Qualitative tests included physical tests (density, boiling 
point, miscibility with water, odour, non-volatile residues, 
colour, flammability and distillation range) and chemical 
tests (Acidity, Alkalinity, Fusel oil, Readily carbonizable 
substances and readily oxidizable substances). Acidity and 
alkalinity were determined using ASTM D7795-12 standard 
while JECFA (1996) standard [36] was adopted for 
determination of Fusel oil, readily carbonizable and readily 
oxidizable substances. 

Quantitative analysis was conducted using a High 
Performance Liquid Chromatogram (HPLC) at the 
Multidisciplinary Research Laboratory, University of Ibadan. 
The chromatogram obtained the degree of purity, the type 
and nature of impurities, associated alcohols or formation 
products present in the bio-ethanol produced. 

3. Results and Discussion 

3.1 Cellulose Pretreated Substrate 

Table 1. Chemical composition of pretreated substrates. 

Substrates: A B C D Average Untreated biomass* 

Cellulose (Glucan) 61.64 62.23 60.01 63.90 61.95±1.95 46.3±1.8 
Hemicellulose (Xylan) 13.37 10.4 14.9 11.01 12.42±2.48 23.4±0.4 
Lignin 4.93 6.26 4.48 4.31 5.0±1.26 15.6±0.9 

*Kolajo and Onilude, 2019 

All chemical components examined for the treated samples 
were found to be lower than the untreated samples (Table 1). 
This implies that pretreatment affected all three chemical 

components, with the highest effect seen in lignin removal, 
which is what the pretreatment targets. The recalcitrance of 
lignocellulosic biomass to hydrolysis is caused by the 
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presence of lignin. Various studies reported cellulose 
hydrolysis was improved with increasing lignin removal, 
although differences were reported in the degree of lignin 
removal needed [37-39]. There is however no complete 

selective removal of lignin without considerable removal of 
cellulose. This also means that there is no threshold where 
the amount of residual lignin does not inhibit cellulose 
conversion and the rate of hydrolysis. 

3.2. Enzymatic and Dilute Acid Hydrolyses 

Table 2. Enzymatic Hydrolysis and Extraction Efficiency. 

Sample Replicates Glucose yield Glucose Yield Average Extraction Efficiency Extraction Efficiency Average 

  
(mg/dL) (mg/dL) (%) (%) 

 
1 396  78.33  

A 2 394 395±1.0 77.93 78.13±0.20 

 
3 395  78.13  

 
1 402  79.52  

B 2 404 402±2.0 79.91 79.52±0.40 

 
3 400  79.12  

 
1 394  77.93  

C 2 395 395±1.0 78.13 78.13±0.20 

 
3 396  78.33  

 
1 398  78.73  

D 2 400 400±2.0 79.12 79.12±0.40 

 
3 402  79.52  

 
Glucose yield ranged from 394 to 404mg/dL, with an 

average of 398mg/dL for enzymatic hydrolysis. The 
extraction efficiency ranged from 77.93% to 79.91% across 
the samples (Table 2). These values are comparable with 
those reported by Xiang et al, (2018). These values may be 
enhanced with the removal of hemicelluloses from the pre-
treated biomass as the enzymatic digestion of cellulose has 
been shown to significantly improve with hemicellulose 

removal, proving that hemicellulose provides the key barrier 
to cellulose breakdown by enzymes as also reported by 
Rafaela et al [39] and Chum et al [40]. Also, the nature of the 
pretreatment process and its effect on hemicelluloses, affect 
overall glucose yield and extraction efficiency. When the 
hemicellulose is modified by the pretreatment process, 
enzymatic hydrolysis have higher glucose yields [41, 42]. 

Table 3. Chemical Hydrolysis and Extraction Efficiencies. 

Sample 

Code 

No. of 

Runs 
Glucose Yield (mg/dl) Glucose Yield Average (mg/dl) 

Extraction Efficiency 

(%) 

Extraction Efficiency Average 

(%) 

  
H2SO4 HCL H2SO4 HCL H2SO4 HCL H2SO4 HCL 

 
1 372 374 

  
73.58 73.98   

A 2 374 373 374±2.0 374±1.0 73.98 73.78 73.71±0.4 73.91 

 
3 372 374 

  
73.58 73.98   

 
1 375 376 

  
74.18 74.37   

B 2 374 376 375±1.0 376±1.0 74.37 74.37 74.18±0.2 74.31 

 
3 376 375 

  
73.98 74.18   

 
1 370 372 

  
73.19 73.58   

C 2 372 370 371±2.0 372±1.0 73.58 73.19 73.32±0.26 73.52 

 
3 370 373 

  
73.19 73.78   

 
1 375 375 

  
74.18 74.18   

D 2 375 376 375±1.0 376±1.0 74.18 74.37 74.24±-.13 74.30 

 
3 376 376 

  
74.37 74.37   

 
The results obtained for glucose yield and the extraction 

efficiencies are similar for both dilute H2SO4 and HCl 
hydrolysis (Table 3). The highest glucose yield was 
376mg/dL, with an average of 373mg/dL for both dilute 
H2SO4 and dilute HCl hydrolyses. Extraction efficiencies 
across the samples ranged from 73.19% to 74.37% for both 
hydrolyses methods. The extraction efficiency of 73.32% to 
74.31% obtained in this study is higher than 71.9% obtained 
by Hamzeh et al [43] who hydrolysed cellulose obtained 

from pine wood using dilute H2SO4. Extraction efficiencies 
from enzymatic hydrolysis are higher than for dilute acids. 
Hamzeh et al [43] also obtained higher extraction efficiency 
from enzymatic hydrolysis. Dilute acid hydrolysis performed 
better with starch hydrolysis than cellulose hydrolysis [43]. 

Enzymatic hydrolysis (398.00±3.49) have a significantly 
higher glucose yield compared to H2SO4 (373.91±2.06) and 
HCl hydrolysis (374.16±1.89) (p<.005). However, although 
HCl (78.73±.69) have slightly higher glucose yield than 
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H2SO4 (73.96±.41), T-test shows this difference is not 
significant (t (22)=-.31) at 95% confidence level. Comparing 
extraction efficiency between H2SO4 (73.96±.41) and HCl 

(74.01±.37), there is no statistical significance at 95% 
confidence level (t (22)=-.31, p>.05) (Table 4). 

Table 4. Summary one-way ANOVA showing the differences in glucose yield between acid and enzymatic hydrolyses. 

 N Mean±S. D Std. Error 
Scheffe post hoc Analysis 

1 2 3 

Enzymatic 12 398.00±3.49b 1.00755 - 24.08* 23.83* 
H2SO4 12 373.91±2.06a 0.59618   -0.25 
HCl 12 374.16±1.89a 0.54818    
Total 36 382.03±11.73 1.95444 * The mean difference is significant at the 0.05 level. 

 
Mean with the same letter are not statistical different at 

0.05 level of significance 

3.3. Qualitative and Quantitative Tests 

Qualitative test 
The results of qualitative tests carried out on the bio-

ethanol samples produced shows the physical properties of 
the sample compared with laboratory grade ethanol. The bio-
ethanol produced was a clear colourless liquid which boiled 
at 78°C. It had a density of 0.81g/ml. It had complete 

miscibility with water, with no haze or turbidity developed. It 
also had a sweet odour characteristic of ethanol. On 
evaporation, no residue was left and the distillation range was 
between 78°C to 79°C. In all, the physical properties of the 
bio-ethanol compared well with laboratory grade ethanol. 
The bio-ethanol exhibits chemical traits very similar to the 
laboratory grade ethanol (Table 5) in test for acidity, 
alkalinity, fusel oil, readily carbonizable substances and 
readily oxidizable substances. 

Table 5. Chemical properties of sample compared with laboratory grade ethanol. 

Chemical Test Laboratory grade ethanol* Result 

Acidity Not more than 1.0ml restored the pink colour Less than 1.0ml was required to restore the pink colour 
Alkalinity Not more than 2.0ml restored the red colour Less than 2.0ml was required to restore the red colour 

Fusel oil 
No foreign odour is perceptible as the last traces of ethanol 
evaporates 

No perceptible odour as the sample evaporated 

Readily oxidizable substances 
Mixture is colourless or has no more than either the acid or 
sample before mixture 

Colourless samples 

Readily carbonizable- substances Pink colour of remains Pink colour was restored 

*Analar® chemicals. 

Quantitative tests 

Table 6. Gas-Liquid Chromatography of the Bio-ethanol produced from Enzymatic hydrolysis. 

Peak # Component Name Time [mins] Are [uV*sec] Height [uV] Area [%] Raw Amount Adjusted Amount 

1 Ethanol 5.739 58482.29 6318.99 23.40 60.3323 60.3323 

2  6.094 128396.12 3914.50 51.38 0.1284 0.1284 

3  6.500 63039.21 3062.01 25.22 0.0630 0.0630 

   249917.62 13295.51 100.00 60.5237 60.5237 

Table 7. Gas-Liquid Chromatography of the Bio-ethanol produced from dilute acid hydrolysis. 

Peak # Component Name Time [mins] Area [uV*sec] Height [uV] Area [%] Raw Amount Adjusted Amount 

1 Ethanol 5.671 65695.97 8039.82 23.47 61.5581 61.5581 

2  5.844 31162.66 3615.22 11.13 0.0312 0.0312 

3  6.092 93037.29 3593.76 33.24 0.0930 0.0930 

4  6.504 84168.62 3508.23 30.07 0.0842 0.0842 

5  7.742 5840.56 394.53 2.09 0.0058 0.0058 

   279905.10 19151.57 100.00 61.7723 61.7723 

 
The bio-ethanol produced from enzymatic hydrolysis 

shows a percentage purity of 60.52%, with some 
associated alcohols accounting for about 1% and water 
accounting for the remaining parts (Table 6) while the 
ethanol produced from dilute acid hydrolysis had a 
percentage purity of 61.55% v/v ethanol in water, with 
traces of associated alcohols accounting for less than 1% 

of the product and water made up about 37.45% of the 
mix (Table 7). This ethanol concentration is lower than 
88.7–82.5% ethanol obtained by Ademiluyi and Mepba 
[44] from ethanol produced from maize starch. However, 
a higher ethanol concentration can be achieved by further 
distillation using fractionating columns or dehydration. 
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4. Conclusion 

Chemical compositions of pretreated cellulose substrate 
were determined before hydrolysis. Enzymatic and dilute 
acid hydrolysis schedules were successful, indicating 
sufficient biomass delignification. Enzymatic hydrolysis of 
corn stalk substrates yielded a higher glucose volume and 
extraction efficiency than dilute acid hydrolyses, using HCl 
and H2SO4. The bio-ethanol produced exhibits all the 
physical characteristics associated with ethanol produced 
from other sources. Acidity, alkalinity, fusel oil, readily 
carbonizable and readily oxidizable substances exhibited 
similar traits to laboratory grade ethanol. 
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