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ABSTRACT 
This study entails the production of bioethanol from the peels of sweet potato of white 
cultivar variety obtained in Zaria, Kaduna State Nigeria. Fresh cultivar with the proximate 
composition of 72% moisture content, 9.71% ash content, 24.52% crude fiber, 78.74% 
total carbohydrate and crude protein of 6.42% were hydrolyzed with 3% sulphuric acid 
solution at 130oC and 60 minutes in an improvised reactor to generate 54.5ml of 
hydrolyzate after steam pretreatment step. The fermentable reducing sugar of 10.68% 
was achieved through glucose standardization with UV-spectrophotometer at 540nm 
wavelength. The fermentation of the hydrolyzate –yeast/media mixture (155ml) at 30oC 
for 72hours was achieved by commercial grade saccharomyces cerevisiae to yield 
20.5g/54.5ml, which corresponds to 0.8198g/ml specific gravity and 93.6% ethanol 
concentration. The molecular sieve was eventually adopted in dehydrating the bioethanol 
to 99.9% (0.8072g/ml) concentration and the final yield of 1.61% per 50g of w. cultivar. 
FTIR spectrum that declares the ethanolic identity with the stretching vibrations of O-H, 
C-O and C-H at 3391, 1055 and 2981cm-1 respectively with the symmetric stretching 
vibration of the methyl groups at 2930cm-1.  
Keywords: Acidic hydrolysis, Bioethanol, Fermentation, Saccharomyces cerevisiae, 
Samaru, Zaria. 
 

INTRODUCTION 

Ethanol is produced both as a petrochemical, 
through the hydration of ethylene and, via 

biological processes, by fermenting sugars with 

yeast, which is more economical depends on 
prevailing prices of petroleum and grain 

feedstocks. Certain species of yeast such 
as Saccharomyces cerevisiae metabolizes sugar, 

producing ethanol and carbon dioxide 

(Gumienna et al., 2014).  
Producing ethanol from starchy materials such 

as cereals must first be converted into sugars. 
Sugars for ethanol fermentation can be obtained 

from cellulose-containing agricultural by-
products, such as corncobs, straw, sawdust, 

starchy products, sugar cane bagasse, and 

energy crops into renewable energy resources 
and fermentable sugar sources (Liu et al., 2021).  

Agricultural-based industries produced a vast 
number of residues every year. If these residues 

are released into the environment without 

proper disposal procedure, serious 
environmental pollution and harmful effect on 

human and animal health remain inevitable. 

Most of the agro-industrial wastes are untreated 
and underutilized; therefore, they are either 

disposal by burning, dumping, or unplanned land 

filling.  
These untreated wastes create different 

problems associated with climate change by 
increasing the number of greenhouse gases 

(Sadh et al., 2018). Hence, it is a worldwide 

concern to dictates the improvement of 
alternative cleaner and renewable bio-energy 

resources as these wastes cause a serious 
disposal problem. Globally, approximately 147.2 

million metric tons of fiber sources are found, 
whereas 709.2 and 673.3 million metric tons of 

wheat straw residues and rice straws were 

estimated, respectively, in the 1990s (Sadh et 
al., 2018).   

As per the composition of these agro-industrial 
residues is concerned, they have a high 

nutritional perspective with more consideration 

for quality control and are also categorized as 
agro-industrial by-products (Sadh et al., 2018). 

Various studies reported that different kinds of 
waste such as pomegranate peels, lemon peels, 

and green walnut husks can be used as natural 

antimicrobials (Oliveira et al., 2013). Wastes 
from the organic compounds pose a great risk to 

the atmosphere, but represent a possible source 

http://dx.doi.org/10.4314/bajopas.v14i2.18 
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for making mushrooms as foodstuffs and other 
bio-based products like bio-energy and bio-

fertilizers (Kim and Han, 2017).  

Some of the agricultural residues are used for 
animal food. However, such wastes contain a 

high amount of proteins, sugars, and minerals. 
Due to high nutritional composition, these 

residues are not described as “wastes” but 

considered as raw materials for other product 
formations and developments. The availability of 

these nutrients in raw materials offers 
appropriate environments for the growth of 

microorganisms. These microorganisms can 
reuse the raw materials with the use of 

fermentation processes. These agro-industrial 

residues are used for solid support in solid-state 
fermentation developments for making different 

beneficial products.  
It also helps with the production of fermentable 

sugars by reducing the production costs based 

on food crops. In light of these developments, 
various studies have been carried out to 

determine the conversion of agricultural waste 
into sugar by using different microorganisms 

(Byadgi and Kalburgi, 2016). 
Specifically, the potato processing industry 

generates lots of waste. One-quarter of the 

potatoes that go into potato processing plants as 
input come out as waste. These wastes can be 

used as a carbon source for yeast during alcohol 
fermentation to produce bio-ethanol. The potato 

peel waste contains a sufficient amount of 

starch, hemicellulose, cellulose, lignin, and 
fermentable sugars, which make the potato, 

peel a suitable feedstock for ethanol production  
(Ojewumi et al., 2018). 

Fossil fuel is depleting day by day throughout 

the world. This limitation, combined with the 
issue of Green House Gas (GHG) emissions, 

leads to the discovery of environmentally and 
commercially viable alternative energy sources. 

On a daily basis, the dumping of a lot of 
cellulosic agro-based waste materials such as 

potato peels into the environment from which a 

valuable product such as ethanol is produced to 
trim down the energy demand for fossil fuel is 

being experienced (Shekhar et al., 2021). 
As transportation fuel, ethanol is a rapidly 

growing chemical product, with the EU aiming 

for renewables to provide 3.5 percent of 
transport fuels by 2030 (Meredith et al., 2021). 

Ethanol is predominantly made from sugar cane 

in Brazil, corn in the US, and grains in Sweden 
(Formann et al., 2020). Over the last few years, 

there has been a growing debate on whether 

ethanol from crops is justified from a resource 
point of view, with many millions of people 

starving. 
This study is important as the waste peel of 

sweet potatoes is a widely available and cheap 

feedstock for the alternative production of 
ethanol, which overcomes challenges related to 

energy security, promotion of rural development 
through job creation, environmental 

conservation, and decreasing greenhouse gas 
emissions. 

MATERIALS AND METHODS 

List of apparatus/equipment 
The following equipment was used during the 

experiment. Ziplock bags to collect and transport 
samples to the laboratory, Oven (GALLENKAMP) 

to dry the sample, blender to crush the dried 

sample, vacuum filter, analytical balance, digital 
pH meter (3310, JENWAY), hot plate with 

thermostats, test tube rack, fermentation, 
hydrolysis and distillation vessels, measuring 

cylinders (50, 100, 250 ml), autoclave 
(Sanoclave), pycnometer/ specific gravity bottle, 

shaker (EXCELLA E24R), blender, sieve, UV-

Spectrophotometer. 
List of reagents 

The reagents are; Hydrochloric acid (2.5 M), 
copper sulphate, potassium sulphate, titanium 

dioxide, ammonia, methyl red, anthrone 

reagent, sodium hydroxide, sodium carbonate, 
glucose, benedict’s reagent, yeast extracts 

(Agar), urea, dextrose sugar, yeast 
(Saccharomyces cerevisiae) and distilled water. 

Description of the sampling/study area 

About 83km north of Kaduna with an 
approximate latitudinal position of 1103-110N 

and longitudes of 7036-7045E. It falls within the 
central high plains of northern Nigeria and 

stands between 1800 and 2350 feet above sea 
level with the coordinate of 11016171 N, 7.6479° 

E. Zaria has a tropical continental climate, which 

is suggested by its latitudinal and continental 
location. The surrounding rural areas support a 

variety of grains and vegetables which provide 
commodities for retailing in urban Zaria. This 

includes groundnuts, cassava, maize, guinea 

corn, millet, rice, beans, yam and a variety of 
vegetables (Muhammed et al., 2021). 
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                 Plate1. Geographical map of Samaru, Zaria Kaduna State. 

 
Sample collection and processing 

They were washed with warm distilled water to remove all foreign matter, cut into pieces, air dried at 
room temperature and blended into 710µm powder mesh size. 

 

 
                                               

 
Proximate analysis 

Moisture content determination of the 

peels 
This was achieved according to standard method 

of Ngoma et al.,2019.  
                          

 
Where, W0, W1, and W2 are the weight of the 

dish, the dish and fresh sample, and the dish 
with the dried sample respectively.  

 
 

 

 

Ash content determination of the peel 

Fresh samples were weighed in triplicates. Dried 

and powdered samples were incinerated in a 
muffle furnace at 550°C for 4 h, cooled in 

desiccators and weighed until the weight is 
constant (Thiex et al., 2012). 

Crude fiber determination of the peel 

The fresh sample was weighed into the 
extraction unit, 150 mL of hot 0.2N H2SO4 was 

added and digested for 30 min. Then, the acid 
was drained and the sample was washed with 

hot distilled water for 1 h. The crucible was 
removed and oven dried overnight at 105°C, 

cooled, weighed, and heated at 550°C in a 

muffle furnace overnight and reweighed after 
cooling (AOAC, 1995). 
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The percentage of extracted fiber was calculated 
as: 

    

 
Crude protein determination of the peel 

Concentrated H2SO4, a mixture of 2.5 g of 
CuSO4, K2SO4 and TiO2 were added to the fresh 

sample for digestion in a Kjeldahl digestion flask 
at 380°C for 6 h until the mixture was clear. The 

digest was filtered into 500 mL volumetric flask 

and made up to mark with 100 mL distilled 
water and connected for distillation. The mixture 

of 20mL ammonia and 40% NaOH was steam 
distilled for an hour. 200mL of the distillate was 

collected in 250 mL conical flask containing 20 

mL of 0.2N H2SO4 and methyl red indicator. The 
ammonia-NaOH distillate in the receiving conical 

flask was reacted with 0.2 N H2SO4 and the 
excess acid in the flask was estimated by back 

titration against 20 mL of 0.1 N NaOH with color 
change from red to yellow. A blank distilled was 

collected in 250 mL conical flask containing 20 

mL of 0.2N H2SO4 and methyl red indicator. The 
distillate was titrated against 20 mL of 0.1 N 

NaOH.  Total nitrogen in the sample was 
calculated using colorimetric methods (Nielson, 

2010).  Crude protein content was obtained by 

multiplying the nitrogen content using factor 
6.25 (AOAC, 2005). 

        Crude protein =   N × 6.25  
 Total carbohydrate determination 

In a hot acidic medium, glucose is dehydrated to 
hydroxymethyl furfural. This compound forms 

with anthrone a green colored product with an 

absorption maximum of 630 nm. 100 mg of the 
sample will be weighed into a boiling tube and 

hydrolysed by keeping it in a boiling water bath 
for three hours with 5 mL of 2.5 N HCl and 

cooling it to room temperature. The mixture will 

then be neutralized with solid sodium carbonate 
until the effervescence ceases. The volume of 

the solution will be made up to 100 mL and 
centrifuged into 0.5 and 1 mL aliquots for 

analysis. Standards of 0, 0.2, 0.4, 0.6, 0.8 and 1 

mL of the working standard will be prepared. ’0' 
as blank. 

Make up the volume to 1 mL in all the tubes, 
including the sample tubes, by adding distilled 

water. 4 mL of anthrone reagent will be added 
to each and heated for eight minutes in a boiling 

water bath. They are rapidly cool as the green to 

dark green color is estimated at 630 nm in a 
spectrophotometer. A standard graph by plotting 

concentration of the standard on the X-axis 
versus absorbance on the Y-axis will be 

designed as the amount of carbohydrate present 

in the sample tube is directly extrapolated from 
the graph (Pons A et al, 1981). 

   

 
Steam pretreatment of the peel 

The fresh sample was soaked in 500 mL distilled 
water in conical flask for 24 hours. The conical 

flasks were capped with aluminum foil and the 

lingo-cellulosic peel was rapidly heated at 120°C 
by high-pressure steam without the addition of 

any chemicals in an autoclave. The 
biomass/steam mixture was held for 15 minutes 

to promote hemicellulose hydrolysis, and 

terminated by explosive decompression. After 
finishing the given pretreatment time, the 

sample in the autoclave was allowed to cool and 
the soluble portion was separated from the non-

soluble portion. The non-soluble portion was 
hydrolyzed in the next steps and the soluble 

solution was placed in another conical flask. 

Acid hydrolysis 
Dilute acid is used to hydrolyze the biomass to 

sucrose (Torget et al., 2000).  
The sweet potato peels (white cultivar) were 

actively hydrolyzed in the reactor at a 

temperature of 130oC for 60 minutes. After 
hydrolysis, the solid part was separated from the 

liquid in the hydrolysate by vacuum filtration to 
remove the non-fermentable lignin portion. After 

the solid part was separated, it was again 
washed with distilled water.  

The washing was performed to extract all 

soluble sugars from the peels. 
The hydrolysate was neutralized with 10 M 

NaOH until the pH became in the range of 4.9-
5.2. Then the soluble component was mixed 

with the previously filtered solution from the 

pretreatment step for the hydrolysate separation 
where the sugar solution was obtained in a 

separate vessel. 
Determination of the reducing sugar 

content of the hydroxylate 

Benedict’s solution is designed to detect the 
presence of reducing sugars. In hot alkaline 

solutions, reducing sugars reduce the blue 
copper (II) ions to brick red copper (I) oxide 

precipitate. As the reaction proceeds, the color 
of the reaction mixture changes progressively 

from blue to green, yellow, orange, and red.  

When the conditions are carefully controlled, the 
coloration developed and the amount of 

precipitate formed depends upon the amount of 
reducing sugars present. Hence, in most 

conditions, a sufficiently good estimation of the 

concentration of glucose-equivalent reducing 
sugars present in a sample can be obtained 

(Alexander et al, 2011). From the prepared 
concentrations of 11, 9.5, 8, 6.5, 5, 3.5, 2, 0.5, 

and 0%, 1ml of each of the standard glucose 
solutions is added into labeled test tubes, each 

containing 5 mL of Benedict’s solution, and 
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mixed by shaking. The labeled test tubes were 
heated in a 90oC water bath for 5 minutes. The 

test tubes were removed from the water bath 

and filtered samples using filter paper to remove 
any red precipitate formed when reducing sugar 

in the samples reacted with Benedict’s reagent. 
               

 
pH adjustment of the hydrolysate 

The pH has to be adjusted to prevent the micro-

organism from inactivity in a highly acidic or 
basic state. A pH of around 4.9 -5.2 is 

maintained (Lorenzo et al., 2018). 
 First, the pH meter was calibrated by using a 

buffer solution. The hydrolyzate solution is 
acidic, so it needs a highly basic solution to bring 

the pH into the range of 4.9-5.2.  

A sodium hydroxide solution (10 M) was added 
dropwise to the other flask with constant stirring 

until the pH reached a range of 4.9-5.2. If the 
pH goes beyond 4.9-5.2, concentrated sulfuric or 

hydrochloric acid will be added dropwise to 

maintain the pH in the range. 

Fermentation of the hydrolyzate 
This is conducted under anaerobic conditions at 

of 30oC and 200 rpm stirring conditions for 3 

days. Before conducting fermentation, the 
preparation of media for the yeast is a must. To 

prepare the media, favorable conditions for 
yeast growth must be established to supply the 

required amount of nutrients. For this, the 

following nutrients were mixed in their desired 
proportion (Uzman, 2001). To the 100 ml media 

prepared as above, 0.5 g of yeast, 
Saccharomyces cerevisiae (Arif instant) was 

added in a 250 ml conical flask. The conical flask 
was properly covered with aluminum foil. The 

conical flask was then placed in a shaking 

incubator for 48 hours at a temperature of 30oC, 
200 rpm, and then stored under 4oC before 

fermentation (Uzman, 2001). 
Fermentation 

The fermentation step was initiated by the 

addition of the media in the proportion of 10:1 
by volume. The shaker incubator (fermenter) 

was set for 72 hours at 30oC (Uzman, 2001). 

 

 

                                  
                                              Figure 2. Fermentation setup  

 
Distillation of the fermented hydrolyzate 

Ethanol turns into a vapor state before the water 

and can be condensed and separated 
(Mangwanda et al., 2021). Water and ethanol 

form an azeotrope; a 95% ethanol-5% water 
combination boils at 78.15°C. Pure ethanol has a 

boiling point of 78.3°C and water has a boiling 
point of 100°C.Therefore, the pure ethanol is 

distilled from the fermentation mixture. The 

carefully decanted amount of the fermented 
mixture was measured without disturbing it into 

a round-bottomed flask with some boiling chips.   
Determination of the specific gravity of the 

hydrous bioethanol distillate                                     

The 25 ml Pycnometer was cleaned and dried 
first and then weighed (W0), then after the 

bottle was filled with ethanol, a stopper was 

inserted and reweighed to give (W1) (Aleme et 
al., 2009). The ethanol was substituted with 
water after washing and drying the bottle and 

weighed to give (W2).   
 

The expression for specific gravity (Sp.gr) is: 
                                         

 
Where: W0- weight (g) of empty bottle, W1- 

weight (g) of bottle + sample (ethanol) 
W2 - weight (g) of bottle + water 
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Percentage yield determination of the 
dehydrated bioethanol distillate   

Bio-ethanol yield was determined accordingly 

(Nazli, 2020). 
                                   

 
Chromic acid oxidation test on the 

anhydrous bioethanol distillate                           

Chromic acid will oxidize primary alcohol first to 
an aldehyde and then to a carboxylic acid and it 

will oxidize secondary alcohol to a ketone. 
Tertiary alcohols do not react as the OH bearing 

carbon must have a hydrogen atom attached. 

Recall, that carbon is oxidized when it loses 
hydrogen or gains a more electronegative atom. 

Since the carbon atom is being oxidized in 
primary and secondary, the orange chromium 

Cr6+ ion is being reduced to the blue-green Cr3+ 
ion (Ghosh et al., 2013).  

Then, 3-4 drops of the test alcohol were added 

directly to each test tube and then, with 3-4 

drops of the test alcohol. Afterward, 2 drops of 
the chromic acid test reagent (Bordwell-Wellman 

Reagent) were added to each tube with vigorous 

shaking. 
FT-IR analysis of the anhydrous bioethanol 

distillate                                                
The identification of different covalent bonds 

that are present in the compound can establish 

the functional groups that are present. FT/IR-
4700 model was adopted.  

 
RESULTS AND DISCUSSION 

Proximate analysis 
The amount of moisture, ash, crude fiber, total 

carbohydrate and the crude protein are the 

indicators of organic macromolecules in an 
organic biomass.  

In this context, the results clearly indicate that 
the biomass material is significantly rich in sugar 

with significant amounts of water content, crude 

fiber, ash, and crude protein content 
respectively. 

 

Table 1: Proximate analysis of the sweet potato (white cultivar) peel. 

                  Parameter                                               Value  

               Moisture content (%)                                   72.00 

               Ash content (%)                                            9.71 
                Crude fiber (%)                                            24.25 

                Total carbohydrate (%)                                78.40 

              Crude protein (%)                                           6.67 

 

Benedict's reagent starts out as a blue solution. 

As it is heated in the presence of reducing 
sugars, it turns yellow to orange. The "hotter" 

the final color of the reagent, the higher the 
concentration of reducing sugar. In general, blue 

to blue-green or yellow-green is negative, 
yellowish to bright yellow is a moderate positive, 

and bright orange is a very strong positive. 

In addition, the result Interpretation of 

Benedict’s test is professed to be 0.1 to 0.5 
percent sugar in solution if the color upon 

boiling is changed into green, 0.5 to 1 percent 
sugar if it changes color to yellow, 1 to 1.5 

percent sugar when change to orange,  
1.5 to 2.0 percent sugar when change to red 

and 2 percent sugar when the colour change to 

brick red (Alejandro et al., 2020). 
 

 Table 2: Qualitative determination of reducing sugar using Benedict’s reagent 

                Test                                      Observation                             Inference 

Drops of Benedicts reagent        Brick-reddish precipitate               Presence of reducing 

Was added to the acidic                                                                   sugar   

Hydrolysate drop wisely 

 

Standard glucose calibration 
These curves then help determine the 

concentration of the unknown solution. The 

absorbencies of the prepared standards at the 
wavelength of 540nm for glucose were recorded 

accordingly (Maarebia et al., 2020). 
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                          Figure 3. The plot of the standard glucose solution 
 

 The starch content of a biomass determines the 
final ethanol production, since the sweet potato 

peel is mainly composed of starch and moisture 

(Kuan-Chen Cheng et al, 2015). The total 

reducing sugar of 10.68% (0.0981g/ml) at the 
wavelength of 540nm with 54.5ml hydrolysate 

(50g feedstock) prior to fermentation was 

achieved. 
 

Table 3: Total reducing sugar of the sweet potato peel (white cultivar)hydrolysate. 

                               Parameter                                    Value    

                          Absorbance at 540(nm)                     1.4610 

                          Sample weight (g)                                 50 
                      Hydrolyzate volume (ml)                          54.5 

                    Reducing sugar per ml (g)                       0.0980 

                Total reducing sugar (g/54.5ml)                    5.3410 

 

Specific gravity calculates the volume occupied 

by a product whose weight is known, or to 
calculate the weight of a product from its 

volume. It may be used to determine the 
composition of binary mixtures of pure chemicals 

according to ASTM D891-18 compared to a 

standard, usually water, at a specified 
temperature (Yu et al., 2020), (Liu and Li, 

2012). 

 
Table 4: Specific gravity of the hydrous bio-ethanol distillate 

Description                        Symbol                                        Weight(g) 

                                                                          1st Run               2nd Run       3rd Run 
Empty pycnometer (EP)       Wo                        50.0000             50.0000     50.0000 

EP + Ethanol                         W1                       70.4950             70.4960     70.4950 
EP+ Water                            W2                        75.0000             75.0000     75.0000 

Specific gravity (g/ml)                                        0.8198               0.8198       0.8198 

Average specific gravity (g/ml)                                                    0.8198 

 

                       
       Figure 4. Specific gravity of ethanol-water mixture at various temperatures  
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Ethanol's specific gravity is 0.79, which is lighter 

than water, but since it is water-soluble, it will 

thoroughly mix with water. The initial specific 

gravity of the bio-ethanol at 0.8198g/ml 

(93.6%) was dehydrated to 0.8072g/ml (99.9%) 

bio-ethanol with the percentage yield of 68.8%.
 

Table 5: Specific gravity and concentration of anhydrous ethanol 

3A Molecular sieve(g)          Specific gravity (g/ml)                      Ethanol (%) 

              10                                          0.8166                                           95.2 

              10                                          0.8122                                           97.4 
              10                                          0.8084                                           99.3 

              10                                          0.8080                                           99.5 
              10                                          0.8076                                           99.7 

              10                                          0.8072                                           99.9 

              10                                          0.8072                                           99.9 

 
The percentage yield of the bio-ethanol final 

distillate (37.5ml) from the acidic hydrolyzed 
(54.5ml) and fermented SPP was estimated to 

be 68.8 % from the basic initial weight of 50g of 
the SPP.  

Also, chromic acid oxidation test oxidizes 

aldehydes and alcohols and reduce the chromic 
acid, resulting in a color change. It is able to 

identify aldehydes, primary alcohol, and 
secondary alcohol. It cannot, however, identify 

tertiary alcohols (Lou,1990). 

Table 6: Chromic acid oxidation test 

                 Test                                    Observation                              Inference 

Four drops of the anhydrous        Appearance of blue-green       A positive test that  
bioethanol distillate was added              precipitate                      confirms the presence 

to 2ml of acetone and 2 drops                                                       of primary alcohol 

of Bordwell-wellman reagent                                                               
in a test tube with vigorous 

shaking for few seconds.   

 
Additionally, when run like a liquid film, the 

region 3500-3200 cm-1 with a very intense 

broadband indicates the O-H stretch of alcohols, 
while the region 1260-1050 cm-1 confirms the C–

O stretch. The bands at around 2880 and 2930 
cm-1 were assigned as the symmetric stretching 

modes of the –CH2 and –CH3 groups, 

respectively. This assures that the product 

obtained from the peels is exactly ethanol due to 
the confirmation of these regions as shown 

below (Nitin Mahendra Chauhan et al., 2021). 

 

                                
                           Figure 5. FT-IR spectrum of the bio-ethanol distillate   

 
Primarily, the purpose of pretreatment is to 

remove lignin, reduce cellulose crystallinity, and 
increase the porosity of the materials (Bernal-

Lugo et al., 2019). Pretreatment must meet the 

following requirements: improve the formation 
of sugar, avoid the degradation or loss of 

carbohydrates, avoid the formation of by-

product inhibitors, and must be cost-effective 

(Torget et al., 2000). 
The proximate analysis conducted on the sweet 

potato peels (white cultivar) were in terms of 

the amount of moisture, ash, crude fiber, total 
carbohydrate and the crude protein. These are 

indices of the quantitative analysis of organic 
macromolecules in an organic biomass. 
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The total carbohydrate of 78.40%, 72% 
moisture content, 24.25% crude fiber, 9.71% 

ash content, and 6.27% crude protein clearly 

indicate that the biomass material is ultimately 
rich in sugar with a significant amounts of water 

content, crude fiber, ash, and crude protein 
content respectively. The analysis also as 

demonstrated by ojewumi et al., 2018 declares 

that sweet potato peel contained sufficient 
amounts of starch and total carbohydrates to 

guarantee use for bio-ethanol production. 
Results from Solomon et al, 2015, Adegunloye 

and Oparinde (2017), and Alam et al.,2016, 
show significant differences to the results 

achieved with this work. These comparative 

differences might be due to the varieties and the 
environmental variations.  

Total reduced sugars are fermentable sugars 
that are obtained by hydrolysis of sugar, and 

then fermented into ethanol, which is the 

traditional conversion process that is still widely 
used today (Hossain et al. 2014).  

This biomass contains a sufficient amount of 
total reducing sugar (TRS), which can be 

extracted and further treated with microbial 
pathways to produce bio-ethanol.  

The extraction of TRS from potato peels by 

hydrolysis in dilute sulphuric acid was 
investigated.  

To obtain maximum conversion of starch into 
fermentable at the stated conditions to achieve 

10.68% (5.341g/54.5ml) at the wavelength of 

540nm with the 50g of the sweet potato white 
cultivar peels.  

However, Bhattacharyya et al., 2013 reported 
that sonication of hydrolyzed potato peel 

samples under 0.76% acid concentration and 

76.80% amplitude gives the best results with 
the outcome that was about 30% better in TRS 

than the results without a sonicated sample. 
Specific gravity remains an important property of 

fluids, being related to the density and viscosity 
of fluids. Knowledge of the specific gravity will 

allow determination of a fluid's characteristics 

compared to a standard, usually water, at a 
specified temperature  

(Tavana et al., 2009).  
 Alcohol in water is less dense than sugar in 

water and so this will result in a change in the 

specific gravity. Ethanol's specific gravity is 0.79, 
which indicates it is lighter than water, but since 

it is water-soluble, it will thoroughly mix with 
water.  

During fermentation the sugars in the liquid are 
converted by the yeast into alcohol and carbon 

dioxide. As the alcohol in water is less dense 

than sugar in water and so this will result in a 

change in the specific gravity as it will retain a 
specific gravity closer to that of water.  

The initial specific gravity of the sweet potato 

peel bio-ethanol at 0.8198g/ml (93.6%) was 
effectively dehydrated to 0.8072g/ml (99.9%) 

bio-ethanol. According to Mundy (1996), the 
same relationship of inverse proportionality 

between the specific gravities and the 

percentage concentrations were observed.   
Percent yield is important because many 

chemical reactions generate byproducts, 
meaning not all the reactants in the equation 

actually react (Syed et al., 2012).  
This is important in the manufacturing of 

products because a low percent yield would 

indicate incomplete and poor reactions. It is an 
important consideration in industrial chemistry 

as it is calculated to compare the actual yield 
(quantity) of the product obtained with what 

could have been obtained in theory, if all of the 

reactants were converted with no loss or waste. 
68.8 % bio-ethanol yield was achieved after 

dehydration with the molecular sieve.  
The maximum ethanol yield obtained by 

Ojewunmi et al, 2018 was 6.39g/L at pH 5.0, 
temperature of 32.5⁰C and inoculums size of 6% 

(v/v) after 48 hours of fermentation. 
The positive outcome of blue green precipitate 

confirmed the activity and presence of primary 
alcohol according to lou,1990. Similarly, Ghosh 

et al., 2013 was able to achieved fast rate of 
oxidation with Triton-X-100 catalyst and Sodium 

dodecyl sulfate (SDS)-Cetyl pyridinium chloride 

(CPC) co-catalyst with the oxidation of ethanol in 
aqueous acid media. 

The developed FTIR spectrum at the specified 
absorptions is characteristics of ethanol as 

established by Nitin Mahendra Chauhan et al., 
2021. 
The IR absorptions responsible with the O-H 

stretch, C-O stretch, and C-H stretching 
vibrations are obvious around the intense band 

of 3391cm-1, 1260-1050 cm-1 and 3500-3200 cm-

1 respectively. The bands at around 2880 and 

2930 cm-1 were assigned as the symmetric 

stretching modes of the –CH2 and –CH3 groups, 
respectively.  

These confirm the nature of product to be 
alcoholic according to Nitin Mahendra Chauhan 

et al., 2021. Similar range of results were 

reported by Elibol-Can et al., 2011 and (Ruzene 
and Gonçalves, 2007). 

 
CONCLUSIONS 

This study successfully examines the bio-ethanol 
yield with the selected agricultural waste 

biomass through acidic hydrolysis and anaerobic 

fermentation.
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The method could be adopted as a cost-effective 
alternative in the pursuit of ethanol fuel 

production protocol on a commercial scale. The 

peels of sweet potato (white cultivar) could 

therefore serve as cheap source of glucose 
framework that can be fermented locally for bio-

ethanol production. 
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