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Abstract

Effect of zinc oxide (ZnO) nanoparticles (NPs), manganese dioxide (MnO.) NPs
and their blends on the yield and quality of bioethanol produced from co-
fermentation of banana and potato wastes has been investigated. Thus, in this
study, ZnO, MnO; NPs and their novel blend were synthesized, characterized
and employed as additives to the fermentation processes, and their effects on the
yield and quality of bioethanol produced from various blends of the organic
wastes were evaluated. Potato peels (PP) and banana peels (BP) were collected
and prepared for sample characterization. Prepared samples were then
pretreated using acid pretreatment method before enzymatic hydrolysis, co-
fermentation and products analyses were carried out. Series of experiments were
carried out using the feedstock blends: 100 wt.%BP: 0 wt.%PP, 30 wt. %BP: 70
wt.%PP, 70wt.%BP: 30 wt.%PP, 50 wt. %BP: 50 wt.%PP and 0 wt. %BP: 100
wt.%PP. The ZnO, MnO, and ZnO+MnO, NPs were added to the feedstock
blends, and the blends without nanoparticles served as control samples. Study
results unveiled that the highest yield of bioethanol (29.72g/l) was obtained from
the sample blend, 100wt%BP + O0wt.%PP treated with ZnO NPs, and this was
followed by 28.52g/l of bioethanol obtained from 50wt.%BP + 50wt.%PP
sample blend treated with ZnO and ZnO +MnO; NPs. It was also observed that
the amount of bioethanol produced from addition of ZnO NPs to samples is
higher than those produced from control samples as well as from samples
treated with MnO and ZnO +MnO; NPs. This may be because ZnO acts as a
better catalyst, positively enhancing the enzymatic activity which accelerates the
conversion of sugars into ethanol than MnO, NPs. Product analysis results
further unveiled the effect of the nanoparticles on the quality of bioethanol
produced. Results of this study could enhance sustainability and economic
viability of bioethanol production from organic wastes using nanoparticles.

1.0 INTRODUCTION

Due to depletion of fossil fuels and resultant global
warming, researchers are exploring alternatives and
eco-friendly fuel options, with biofuels being one of
them. Besides being carbon neutral, biofuels are
globally and domestically available for energy
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security [1], [2], [3]. Bioethanol is a clean and
sustainable energy source often made by fermenting
organic materials, mainly sugary or starchy crops like
corn, sugarcane and wheat. The US, Brazil, the
European Union, China and Canada are the top global
bioethanol producers, with the US using corn and
Brazil using sugarcane as feedstock [1]. The current
feedstock situation presents a risk to food security due
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to the increasing global population and the decrease in
available arable land owing to rapid urbanization.
Consequently, relying on food-based biofuel
production is not a sustainable solution as it could
result in higher crop prices or food insecurity [4], [5],
[6]. However, a vast number of agricultural residues
or lignocellulosic wastes are available, amounting to
millions of tons. Unfortunately, there are no
economically and  environmentally  feasible
technologies currently accessible for converting these
residues into useful products [7].

Besides, to enhance bioethanol yield and quality, the
combination of distinct organic wastes through co-
fermentation has been recommended. This procedure
can amplify the variety of microorganisms in the
fermentation  process, leading to improved
fermentation efficiency and higher bioethanol
production. Likewise, the utilization of nanoparticles
as an additive has also been proposed. Nanoparticles
have the potential to act as a catalyst, augmenting the
fermentation rate, and elevating bioethanol yield and
quality [8], [9]. Various types of nanoparticles,
including silver, titanium dioxide, graphene oxide and
zinc oxide, have undergone test to determine their
effectiveness in promoting bioethanol production
[10], [11], [12], [13]. For example, Gupta and
Chundawat [14] investigated the enhancement of
bioethanol production from rice straw using ZnO
nanoparticles, as a catalyst, which was biologically
synthesized with fusarium oxysporum. The results
showed a significant increase in ethanol yield using a
certain concentration range during fermentation. Attia
et al. [15] conducted a study on production of
bioethanol from peels of potatoes using
saccharomyces cerevisiae treated with ZnO/g-C3N4
and ZnO nanoparticles. The results showed that the
method increased the yield of bioethanol with a
shorter period of hydraulic retention time. Koppram et
al. [16] investigated the co-fermentation and
simultaneous saccharification of corncobs for
production of bioethanol. They employed seven
different recombinant xylose utilizing Saccharomyces
cerevisiae strains and evaluated their fermentation
performance using the hydrolysates of steam-
pretreated corncobs. The result reported improved
bioethanol yield but could be enhanced with pre-
fermentation and a feed of substrate and enzymes.

Likewise, the effect of the nanoparticle (nickel oxide
(NiO)) on production of bioethanol was investigated
by Nduka et al. [17] using the substrates of banana
peels. The researchers recorded that the addition of
NiO NPs in the process enhanced the amount of
bioethanol produced by a factor of two, which

09 © 2025 by the author(s). Licensee NIJOTECH.
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unveiled that the addition of the nanoparticle (NiO)
could serve as a suitable biocatalyst in the production
of bioethanol from waste organic materials. Another
study, conducted by Sanusi et al. [18], examined the
effect of the nanoparticle (FesOs4) on bioethanol
produced from the hydrolysates of banana peels using
Saccharomyces cerevisiae BY4743. It was also
observed that the metallic oxide nanoparticles
enhanced the bioethanol production, with a maximum
bioethanol yield of 0.26 g/g, glucose utilization of
99.95%, fermentation efficiency of 51%, bioethanol
concentration of 5.24 g/L and 0.72 g/L/h maximum
rate of production. Thus, the application of
nanoparticles in bioethanol synthesis has greatly
revolutionized the fermentation technology of
converting carbohydrate-rich biomass into biofuels by
significantly reducing the technical glitches and high
costs associated with it through enhancement of the
surface activity and selectivity involved in the process.
As a result of this development, the application of
nanoparticles in bioethanol synthesis is currently one
of the most recent trends in bioethanol production
[14], [17], [18].

However, to this extent, no study has investigated the
integration of zinc oxide and manganese dioxide
nanoparticles in the production of bioethanol from
blends of organic wastes. Thus, in this study, ZnO,
MnO; NPs and their novel blend were synthesized and
characterized, the synthesized nanoparticles were
employed in production of enhanced bioethanol,
effects of the synthesized nanoparticles on the yield
and quality of bioethanol produced from various
blends of banana and potato wastes substrates were
also investigated, and finally, samples of bioethanol
produced were characterized to further unveil the
extent of the effects of the applied synthesized
nanoparticles. Results of this study would not only
provide valuable information for developing an
effective strategy for production of enhanced
bioethanol but will also serve as an efficient method
for resources recycling and wastes management as
well as for enhancement of the sustainability and
economic viability of bioethanol production from
various blends of banana and potato wastes.

2.0 MATERIALS AND METHODS

2.1  Collection of Banana and Potato Peels
Potato and banana peels were collected from local
potato fryer vendors and fruit sellers in Nsukka,
Enugu  State,  Nigeria,  respectively.  The
lignocellulosic materials were cleaned to reduce
impurities before undergoing any process. The banana
and potato peels were sun-dried for 5 days to final
moisture contents of 6.57+0.4% and 5.86+0.2%,
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respectively, and a milling machine was employed to
grind the dried materials into a powdered form.
Sieving was then performed with a 25nm sieve to
obtain samples of homogenized particles with small
sizes. Figure 1 presents the images of: (a) fresh banana
peels, (b) fresh potato peels, (c) powered sun-dried
banana peels and (d) powered sun-dried potato peels,
respectively.

| = © @
Figure 1:  Images of: (a) fresh banana peels, (b)
fresh potato peels, (c) powdered sun-dried banana
peels and (d) powdered sun-dried potato peels

2.2  Characterization of Potato and Banana Peel
Samples

Thermo-gravimetric and elemental analyses can be
applied to any biological material to acquire the
proximate and ultimate analyses parameters [19],
[20]. In this study, these analyses were conducted on
the two lignocellulosic materials, respectively.
Moisture and ash levels were assessed using the air-
oven and muffle furnace techniques, respectively,
following the established procedures outlined by the
Association of Official Analytical Chemists (AOAC)
in 2000. For the determination of volatile matter, the
American Society for Testing and Materials (ASTM)
standards, specifically ASTM EB870-82, were
followed. The Nitrogen/Protein contents of both
samples were determined using the Micro-Kjeldahl
method as specified by AOAC (2000). To assess the
Carbon content, the Wet method described by
Walkley and Black in 1934 was employed [21]. Crude
fiber and Crude fat contents were determined using
experimental methods consistent with AOAC (2000)
guidelines.

© 2025 by the author(s). Licensee NIJOTECH.
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2.3 Synthesis of Nanoparticles

Materials and chemicals used for synthesis of the
nanoparticles were obtained from Joechem Ventures,
Nsukka, Enugu State, Nigeria, and National Centre for
Energy Research Development (NCERD), University
of Nigeria, Nsukka (UNN). For the synthesis of zinc
oxide nanoparticles, 675 ml of 0.4M potassium
hydroxide (KOH) was stirred for 5 minutes at room
temperature. After, it was slowly added into 675ml of
0.2M zinc nitrate hexahydrate (Zn(NOs)..6H20)
solution at room temperature under vigorous stirring,
which resulted in formation of a white suspension.
The product was left undisturbed for 24 hours after
which it was decanted and centrifuged. The white
product was washed three times with distilled water
and thereafter washed with ethanol. It was dried at
80°C, grinded, and calcined in the muffle furnace at
500°C for 3 hours. The resulting nanoparticles
weighed 9.13g. For synthesis of manganese dioxide
nanoparticles, 100ml of 0.4M glycerol solution was
added drop-wise into 200ml of 0.3M potassium
permanganate (KMnO,) solution under vigorous
stirring with a digital magnetic stirrer (with digital
temperature display, speed-adjusting power of 200W,
and maximum mixing capacity of 1000ml) for 20
minutes at room temperature to ensure uniform
distribution of the reactants and reaction conditions.
The resulting gel was kept undisturbed for 24 hours.
After which it was decanted and centrifuged several
times to remove excess K* ions. The solid was dried
in an oven at 80°C. The dried manganese dioxide was
crushed to fine particles. Crushed nanoparticles were
calcined at 700°C for 6 hours and the resultant weight
is 5.53g.

2.4 Pretreatment of the Samples

10g of each of the sample blends (100 wt.%BP: 0
wt.%PP, 30 wt. %BP: 70 wt.%PP, 70wt.%BP: 30
wt.%PP, 50 wt. %BP: 50 wt.%PP and 0 wt. %BP:100
wt.%PP) was pretreated with 0.5% H2SO. in 40 ml of
distilled water at 100°C for 20 minutes in a heating
mantle to reduce the density, rigidity and crystalline
structure of cellulose into easily fermentable sugars
via hydrolysis. The solid residues were washed with
deionized water to a neutral pH. The solutions with 4
or less were neutralized using 5% NaOH to a pH range
of 5 to 6, and then transferred to an airtight bottle in
preparation for hydrolysis.

2.5 Simultaneous Saccharification and Ferme-
ntation

Polysaccharides in the processed lignocellulosic
biomass were hydrolyzed into individual
monosaccharide components to enhance the
fermentation process. Simultaneous saccharification
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and fermentation (SSF) was carried out as described
by Lavudi et al. [22]. For the Basal media preparation,
a composition of 1.2g NaNOQOgs, 1.4g (NH4)SO4, 3.0g
KH.PO4, 6.0g KoHPO, 0.2g9 MgS04.7H,0, 0.1g
CaClz, 0.1g MnSO4.H,0O, 0.1g ZnS04.7H,0, 1.4g
urea, 1% yeast extract, and 2% peptone were
meticulously combined in 500 ml of distilled water,
and the volume was adjusted to 1000 ml. The pH of
the media was adjusted to a range of 5.5 to 6.0, and
then the media was subjected to autoclaving at 121°C
and 15 psi for 15 minutes. For post-autoclaving, 5%
dextrose sugar was introduced into the media.
Subsequently, 100 ml of the prepared media was
dispensed into individual 250 ml flasks containing
pretreated samples. Each of these flasks was then
inoculated with 100 pl of cellulase under sterile
conditions. After 72 hours, 2.5ml of S. cerevisiae was
introduced into the control samples as well as the
samples treated with ZnO, MnO,, and ZnO + MnO,,
respectively, to initiate the fermentation process. 0.59
of ZnO, MnOz, and ZnO + MnO; (at the ratio of 1:1)
nanoparticles were added into the prepared samples,
consecutively. The bottles were then left to incubate
for an additional 72 hours at 28°C. Samples were
filtered to separate the solid substrate from the liquid
portion. Ethanol samples were obtained by subjecting
the separated liquid to distillation at a temperature of
78.37°C (Figure 2).

o

Figure 2: perimental setup for:

(@) the
filtration process and (b) the distillation process

2.6 Product Analysis

The produced bioethanol was characterized to
determine its fundamental properties, including
density, flash point, viscosity, specific gravity and
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refractive index. The characterization and other
research activities were carried out at NCERD, UNN
following the ASTM set standards.

3.0 RESULTS AND DISCUSSIONS

3.1 Characterization Results

The results of the proximate, ultimate and
composition analyses of the biomass samples are
shown in Tables 1, 2 and 3, respectively. Banana peels
had the highest moisture content of 12.87% when
compared to potato peels with 5.61%, and also
displayed higher values of crude fat, nitrogen, crude
protein and volatile solid contents of 3.52%, 2.73%,
17.06%, and 88.02%, respectively. Banana peels have
slightly higher fat content due to the presence of lipids
in the peels cell membranes, but generally, the fat
content in both peels is relatively low. Both banana
and potato peels contain some amounts of proteins,
but the protein content in banana peels tends to be
slightly higher due to the presence of more amino
acids in the plant tissues, though they are not a primary
source of protein in the human diet [2]. Banana peels
have a higher content of volatile compounds because
they contain a variety of volatile compounds that
contribute to their characteristic aroma and flavour.
However, ash content was highest in potato peel
(8.38%) than in banana peel (5.42%) owing to its
higher content of minerals [23]. Besides, potato peels
have higher crude fiber content (19.76%) and also
higher content of carbohydrate compared to banana
peels owing to their starchy tubers that store a
significant amount of carbohydrates.

Table 1: Proximate analysis results of biomass
samples

Moisture Volatile Ash content Crude Crude
content (%) matter (%) (%) fiber (%) fat (%)
Potato 5.61 64.60 8.38 19.76 1.56
Peel
Banana 12.87 88.02 5.42 17.20 3.52
Peel

Table 2: Ultimate analysis results of biomass samples

Parameters Potato Peel Banana Peel
Nitrogen content (%) 1.94 2.73
Carbon content (%) 44.08 35.65

Table 3: Composition analysis results of biomass
samples

Carbohydrate (%) Protein (%) Lignin (%0)
Potato Peel 72.32 12.13 6.20
Banana Peel 61.13 17.06 6.98

3.2 Results of the Characterization of the
Nanoparticles

Figure 3 shows the XRD characterization graphs of
zinc oxide (ZnO) and manganese dioxide (MnOy)
nanoparticles (NPs), respectively. X-ray Diffraction
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(XRD) analysis of nanoparticles is a common
technique used to characterize the crystalline structure
and phase purity of these nanoparticles. From Figure
3, the XRD patterns of ZnO NPs displayed the
characteristic peaks at specific 20 angles. These peaks
correspond to the diffraction from the crystal lattice
planes of the nanoparticles. Also, for the ZnO
nanoparticles, the sharp diffraction peaks of the
synthesized products indicate their good crystallinity
[24]. The diffraction peaks in the XRD pattern
exhibited the hexagonal crystal structure of ZnO NPs.
This correlates with the outcome of other researchers
like Hartanto et al. [25] who in their research on the
synthesis of ZSM-5 noted that sharp peaks indicated
that the ZSM-5 crystal has been formed. The results of
XRD analysis of the MnO, NPs typically provide
information about the crystalline structure, phase
identification and other structural characteristics of
the nanoparticles.
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Figure 3:  XRD graphs of: (&) ZnO NPs and (b)
MnO, NPs

The XRD pattern displays characteristic peaks at
specific 20 angles. These peaks correspond to the
diffraction from the crystal lattice planes of the MnO;
NPs. Based on the peak positions and crystallographic
data, the MnO;, NPs exhibit a tetragonal or rutile
crystal structure. A study conducted by Taranu et
al.[26] on a-MnO; nanowire structure obtained
hydrothermally (at low temperature) confirmed the
tetragonal crystalline structure of a-MnO-, that is

Q
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several micrometers long. The observed peaks were
compared to reference patterns in the International
Centre for Diffraction Data (ICDD) database, and the
pattern matched the MnO; phase.

3.3 Results of Quantity of Bioethanol Produced
(Bioethanol Yield)

Figure 4 presents the quantities of bioethanol
produced from all the sample blends. Collected
distillates were gquantified using a measuring cylinder
and converted into amounts of bioethanol in grams per
litre by multiplying the volume of collected distillates
by density of bioethanol (0.8033 g/cm?®) [27]. From the
figure, it can be observed that for all the samples, the
highest yield of bioethanol (29.72g/l) was obtained
from 100wt.%BP + Owt.%PP sample blends treated
with ZnO NPs, followed by the yields obtained from
50wt.%BP + 50wt.%PP sample blends treated with
ZnO NPs and ZnO+MnO; NPs (at 1:1) which yielded
28.52¢/1 of bioethanol, respectively. The least yield of
bioethanol was from the sample blend, 70wt.%BP +
30wt.%PP, treated with ZnO + MnO; NPs as well as
from 50wt.%BP + 50wt.%PP sample blend treated
with only MnO- NPs, of which both yielded 16.07g/I
of bioethanol. Compared to the control samples, the
addition of ZnO NPs increased the bioethanol yield in
all the feedstock blends as it positively enhanced the
activities of key enzymes involved in the fermentation
process, which in turn accelerates the conversion of
sugars into ethanol, leading to higher ethanol yields.
From the results, it can also be deduced that ZnO NPs
reacted positively to banana peels single feedstock
blend than the potato peels single feedstock blend.

Banana peels are known to contain higher levels of
cellulose and hemicellulose compared to potato peels
which are the primary sources of fermentable sugars
for bioethanol production. ZnO NPs typically have
high surface area and porosity, which can enhance
their adsorption capacity and catalytic activities, and
hence interact more effectively with the cellulose and
hemicellulose present in banana peels [28]. It can also
be observed that the addition of MnO, NPs to the
feedstock blends reduced the yields of bioethanol
compared to the yields produced by the control sample
blends and the reason may be because of the
concentration of the nanoparticle as an excess of
MnO; can disrupt the redox reaction equilibrium in the
fermentation process. This imbalance can interfere
with the metabolic pathways of the micro-organisms
and hinder their ability to convert sugars into ethanol
effectively. The only exception was the 70wt.%BP +
30wt.%PP feedstock blend treated with MnO2 NPs,
which yielded 23.30g/l of bioethanol with a slight
increase compared to the same feedstock blend in the
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control samples which yielded 21.69g/I of bioethanol.
It was also observed that the addition of blends of ZnO
and MnO2 NPs in the feedstock samples of various
blends increased the yields of bioethanol in 30wt.%BP
+ 70wWt.%PP, 50wt.%BP + 50wt.%PP and Owt.%BP +
100wt.%PP sample blends which gave 24.10g¢/I,
28.52¢g/l and 28.12g/I respectively compared to the
same feedstock blends in the control samples which
gave 23.30g/l, 17.67g/l and 27.51g/l respectively.
However, it was also observed that the addition of
blends of ZnO and MnO- NPs in the feedstock blends
reduced the yields of bioethanol in 100wt.%BP +
Owt.%PP and 70wt.%BP + 30wt.%PP sample blends.

I

Biosthanol produced (g/1)

100BP - OPP 0BP - 100PP 308! oPP 7OBP - 30PP SOBP - 50PP

Blending Ratio

Figure 4:  Chart showing the quantity of bioethanol
produced from all sample blends

3.4 Product Analysis Results

The product analyses’ results demonstrated how the
incorporation of nanoparticles impacted the quality of
bioethanol derived from the co-fermentation process
of banana and potato peels. Fuel properties of the
product (including density, flash point, viscosity,
specific gravity and refractive index) were determined
following ASTM procedures for petroleum products.

3.4.1 Density

The density of bioethanol produced was measured by
hydrometer method (ASTM D1298 standard) using a
Digital hydrometer (LCD English Display DH, BLS-
1298, USA). From Figure 5, the sample blend
(100BP:0PP) treated with ZnO NPs produced
bioethanol with the highest density of 0.9989 g/cm?,
while the blend (0BP:100PP) treated with ZnO +
MnO; NPs (atl:1 blending ratio) produced bioethanol
with the least density (0.9733 g/cm®). These values are
higher than the 0.74 g/cm? reported by Kheiralla et al.
[29] and also the ASTM standard for bioethanol
density which is 0.789g/cm?3[30]. Bioethanol with a
density in this range (0.9733 to 0.9989 g/cm?d)
typically contains more energy per unit volume
compared to pure anhydrous ethanol, leading to better
fuel efficiency and increased energy output [30].. It
can be well-suited for blending with gasoline to create
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ethanol-gasoline blends like E10 (10% ethanol).
However, high density bioethanol may not perform
optimally in engines calibrated to run on fuel meeting
the ASTM set standards. It can lead to engine
knocking, reduced fuel efficiency and even engine
damage. Fuel systems, such as tanks, pipelines and
dispensing equipment, designed for ethanol with
ASTM compliant density may not handle high density
bioethanol effectively. This can lead to equipment
wear and increased maintenance costs. Besides,
exceeding the ASTM set standard for bioethanol
density could indicate the presence of impurities or
contaminants like water in the bioethanol which can
be corrosive to certain materials. These impurities
may significantly affect fuel performance, engine
operation and environmental emissions, necessitating
further purification steps or quality control measures
such as distillation or molecular sieving to eliminate
water residues. The slightly higher density of
bioethanol compared to the ASTM D287 standard
may require adjustments to existing infrastructure,
including storage tanks and transportation systems.
This can be a disadvantage in terms of initial
investment and adaptation.

Density
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Figure 5:  Densities of bioethanol produced under
different treatments with nanoparticles

3.4.2 Flash point

Flash point of the produced bioethanol which signifies
its flammability and potential for hazards during
storage or transportation was measured using the
Penskey-Marton apparatus [31]. Figure 6 reveals that
the flash points of the produced bioethanol fall within
the limit of 35-42°C, which significantly exceeds the
ASTM-D93 set limit of 12-20°C. It can be deduced
that the bioethanol produced is less flammable when
compared to the ASTM-D93 set standard. A higher
flash point indicates that the fuel is safe for handling,
storage and transportation, even under mild
temperature conditions. However, this can create
safety concerns when it comes to engine operation. In
an engine, the fuel must ignite readily to ensure
efficient combustion. High flashpoint bioethanol may
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not ignite easily in the engine, leading to poor
combustion and potentially engine damage. Engines
are designed to work with fuels that have specific
ignition characteristics. If the fuel flash point is
significantly higher than expected, it can lead to issues
like misfiring, reduced power and poor fuel efficiency.

Flash Point
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Figure 6: Flash points of bioethanol produced
under different treatments with nanoparticles

Viscosity

100BP : OPP 30BP : 70PP 70BP : 30PP S0BP : S0PP OBP : 100PP
Bioethanol Blends

15

145

Viscosity (mps)

I v v v
[~ 7 T 7 I N
i o

B Control MWZnO MnO2 MZnO and MnO2

Figure 7:  Viscosities of bioethanol produced under
different treatments with nanoparticles

3.4.3 Viscosity

The viscosities of the produced bioethanol were
determined using the viscometer (Ubbeholde
viscometer 7143, India) according to the ASTM
D445-06 standard method. Viscosities of the
produced bioethanol at 20°C fall within the range of
1.32-1.45 millipascal-seconds (mPas) (Figure 7).
Importantly, this range is within the ASTM D445 set
limit of 1.10 to 1.5 mPas. The highest viscosity (1.45
mPas) was recorded with the feedstock blending ratios
of 50wt.%BP + 50wt.%PP and Owt.%BP +
100wt.%PP treated with ZnO NPs, and the least
viscosity (1.316) was recorded with 30wt.%BP +
70wt.%PP and 50wt.%BP + 50wt.%PP blends treated
with MnO; and ZnO + MnO. NPs, respectively.
Bioethanol viscosity that is higher than the ASTM
D445 standard can hinder the proper atomization of
the fuel in engines leading to inefficient combustion
and incomplete fuel mixing with air as well as a

Thls artlcle is open access under the CC BY-NC-ND Ilcense
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potential increase in emissions. In cold weather, the
produced bioethanol can cause clogging of fuel filters
and reduce the engine performance. These results
agree with other results in the literature that
nanoparticles addition improve the flash point, fire
point, kinematic viscosity and other properties, based
on their dosage [12], [13].

3.4.4 Specific gravity

The specific gravities of the samples of bioethanol
produced from the various feedstock blends were
determined using the Digital density meter (DDM
2910, USA) in accordance with the ASTM D4052-16
method. The specific gravities of the produced
bioethanol (Figure 8) can be observed to be within the
range of 0.973-0.999.. It is worth noting that this range
is higher than the ASTM standard value of 0.781.
Specific gravity that is above this limit may affect the
stability of ethanol-gasoline blends, the engine
performance and may require adjustments in the
blending ratios or engine settings to maintain optimal
performance. In addition, specific gravity higher than
this limit corresponds to high energy content per unit
volume, resulting in better fuel efficiency and
increased energy output when used as fuel. However,
bioethanol with higher specific gravity may
necessitate modifications to the existing fuel
infrastructure, storage tanks and transportation
systems to ensure proper handling and storage.
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Figure 8:  Specific gravities of bioethanol produced
under different treatments with nanoparticles

3.4.5 Refractive index

The refractive indices of the produced bioethanol
samples were obtained using a digital handheld
refractometer (DHR Misco PA202, USA) following
the ASTM procedure. Highest value of the refractive
index (1.3547) was observed with the bioethanol
produced from the Owt.%BP + 100wt.%PP blend
treated with MnO, NPs, and the lowest refractive
index (1.353) was observed by treating the same blend
with ZnO + MnO; NPs (Figure 9). The refractive
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indexes of the bioethanol produced range from 1.3533
to 1.3547 which is close to the ASTM D1218/12
standard value of 1.362. This slightly higher refractive
index could indicate the presence of impurities or
variations in the chemical compositions of the
bioethanol. Deviations in the refractive index may
prompt additional quality control measures, which can
increase production costs and complexity.

Refractive Index
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Refractive Index

M Control HWZnO MnO2 MZnO and MnO2

Figure 9: Refractive indexes of bioethanol
produced under different nanoparticles treatments

40 CONCLUSION

Thus, this study has investigated the effect of the
nanoparticles (ZnO, MnO., and their novel blend) on
the yield and quality of bioethanol produced from co-
fermentation of banana and potato peels using the
feedstock sample blending ratios:. 100 wt.%BP: 0
wt.%PP, 30 wt. %BP: 70 wt.%PP, 70wt.%BP: 30
wt.%PP, 50 wt. %BP: 50 wt.%PP and 0 wt. %BP: 100
wt.%PP. The study results unveiled that the sample
blend, 100wt%BP + Owt.%PP + ZnO NPs, gave the
highest yield of bioethanol of 29.72¢/l, and this was
followed by 28.52g/I of bioethanol obtained from the
sample blend, 50wt.%BP + 50wt.%PP, with the
addition of ZnO and ZnO + MnO NPs, respectively.
The results of the study also revealed that the amount
of bioethanol produced from addition of ZnO
nanoparticles to samples is higher than those produced
from the control samples as well as samples treated
with MnO; and ZnO + MnO; NPs. This observation
may be attributed to the catalytic nature of the ZnO,
which positively enhanced the enzymatic activity
accelerating the conversion of sugars into ethanol than
the MnO; nanoparticles. The results of product
analyses performed also further unveiled the effect of
the nanoparticles on the quality of the bioethanol
produced. Thus, the results of this study could
improve the sustainability and economic viability of
bioethanol production from organic wastes using
nanoparticles.
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