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Abstract 

Mixed fruit peels (Banana (BP) and Papaya (PP) bioethanol was produced using Saccharomyces cerevisiae. The proximate and 

compositional analysis of BP and PP was obtained about 6.67% moisture, 5.75% ash, 82.75% volatile matter, and 5% fixed carbon 

and 1.1gram, 38.1%, 15.7% and 45.1% extractives, hemicellulose, lignin, and cellulose respectively from BP and 8.165% moisture, 

5.5% ash, 81.25% volatile matter and 6% fixed carbon 2.08 gram, 42%, 8.6% and 47.32% extractives, hemicellulose, lignin, and 

cellulose respectively from PP. After Pretreat with KOH (5% w/v) optimize hydrolysis process parameters based on central 

composite design (CCD) to maximize fermentable sugars. The optimized hydrolysis conditions were 50:50 w/v% mixing of BP and 

PP, 1.75% H2SO4, and pH 5. The reducing sugar content was measured by DNS and results 11.737g/ml from fifty (50) grams of BP 

and PP. The maximum yield of bioethanol was 22.5% recorded after 72 hours. Fourier Transform Infrared Spectroscopy (FTIR) 

peaks associated with O-H, C-O, and C-H stretching and vibrations confirmed the presence of bioethanol in the product. The result 

confirms that the combination of BP and PP boosts bioethanol productivity than single peels. 
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1. Introduction 

Rapid rise in world population and industrialization has led 

to increased universal energy demand. The standard sources 

of this energy are fossil fuels such as petroleum, nuclear, coal, 

natural gas and hydropower. According to the International 

Energy Agency, 80% of the world energy utilization is based 

on oil, coal and natural gas. Demand for fuel oil, which is 

inversely proportional to the scarcity of existing raw material 

sources and awareness of global climate change, encourages 

the development of alternative energy sources to replace pe-

troleum. The world oil demand is proposed to increase by 1.6% 

each year [7]. Increase on world’s energy demand and the 

progressive depletion of oil reserves motivate the search for 

alternative energy resources, especially for those derived from 

renewable materials such as biomass. Bio-ethanol is produced 

by the fermentation of sugars such as glucose which abound in 

all plant life. 

The food and fuel conflict due to the production of first 

generation bioethanol from sugar and starch food materials is 

an important issue from the food security point of view. 

In order to avoid the competition with food, use of abundantly 

available and non-edible parts of plants, including agricultural 

wastes and fast growing aquatic plants, as feedstock [8]. The use 

of lignocellulosic biomass for bioethanol production is a recent 

alternative with great promise and still under research. It is an 
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efficient, cost-effective, and a food security-wise alternative. 

Such biomass includes residues from agriculture or forest, in-

dustrial and municipal wastes, and dedicated energy crops. The 

biomass is composed of cellulose (40–50%), hemicellulose (25–

35%) and lignin (15–20%). Cellulose is the dominant polymer 

among the three components. The efficient conversion of ligno-

cellulose biomass to fermentable sugars is the rate limiting step 

for efficient ethanol production [5]. 

The utilization of fruit wastes as the feedstock for bioeth-

anol production has number of advantages. Safe handling of 

fruit wastes in controlled condition leads the sustainable so-

lution of some environmental problems created in many 

countries. According to FAO, out of the global food waste, 

40-50% comes from fruits, root crops and vegetables. Every 

year, there is a loss of about 35-40% of fruits and vegetables 

as wastes which is a huge amount and its utilization to gen-

erate bioethanol would help in not only solving the problem of 

energy security but this may also help in solving the problem 

of waste management. Other favorable traits that make it 

potential biomass for bioethanol production is, large availa-

bility, easily degradable, rich in cellulose and hemicellulose 

and has low lignin contents and does not disturb human’s food 

chain and cost effective way [9]. 

The waste of banana (Musa acuminata balbisiana) and 

papaya (Carica papaya) peels play a significant role to pol-

lute our environment because they release toxic gases when 

they undergo decomposition and biodegradation. The most 

commonly used microorganism for bioethanol production is 

Saccharomyces cerevisiae due to its long history of utilization 

for both ethanol production and baking, and it has GRAS 

(Generally Recognized as Safe) status. 

Saccharomyces cerevisiae has extremely high ethanol yield, 

high ethanol tolerance, high selectivity, low accumulation of 

by-products, high fermentation rate, high fermentation rate, 

good tolerance to substrate concentrations, aptitude to grow in 

simple, high inhibitors tolerance, low nutrient requirement, 

robust growth with simple requirements allowing for the use 

of inexpensive media, tolerance to acidic pH or high temper-

atures in order to retard contamination and can use a wide 

range of hexoses and disaccharides [2]. 

The research aimed to optimize and produce bioethanol 

from mixed (Banana and Papaya) fruits peels using saccha-

romyces crevice. 

2. Materials and Methods 

The lists of materials, equipment’s and detailed method-

ologies that were used for the research work are discussed 

under this chapter. 

2.1. Equipments 

The equipment’s necessary to conduct the experimental 

works were disk mill, cutter, flasks, sieves, oven (Memmert 

100-800), PH meter (ph-13), balance (FA 2014 China), hot 

plate, graduate cylinder, Autoclave (RKB496B) Shaker, 

Muffle furnace (Nabertherm 30-30000C, Germany), distilla-

tion setup, airtight desiccator, Viscometer, Hydrometer 

(Naruekrit R3-XIKQ-AD0G), VIS-UV Spectro photometer 

(Lambda35/PerkinElmer, Singapore) and FTIR (FT/IR6600, 

Japan). 

Chemicals 

All the chemicals used in the experimental work are of an-

alytical grade. These are Sulfuric acid (H2SO4, 98%) for acid 

hydrolysis and determination of lignin, Potassium hydroxide 

(85%) for pretreatment, Acetone (99.5%) for extraction, So-

dium hydroxide (99.8%, Nor bright, China) for hemicellulose 

determination,(DNS, potassium sodium tartrate and Sodium 

hydroxide) to determine the reduced sugar, Yeast extract 

(agar), urea, dextrose sugar, MgSO4.7H2O and yeast (sac-

charomyces cerevisiae) to prepare fermentation media, Bar-

ium chloride (BaCl2, 99.0-102.0%) for titration and Potassium 

di chromate (K2Cr2O7, Merck, India) to determine the con-

centration of bioethanol. 

2.2. Sample Collection and Preparation 

Banana and papaya peels sample was collected from Ba-

hirdar fruit market. The peels then washed in distilled water 

until clean and free of dust. After that, it was oven dried for 24 

hours at 70°C. The dried peels was ground into a powder 

using a disk mill and sieved through a 0.5 mm mesh sieve and 

stored in a sealed polyethylene plastic bag until further use 

[1]. 

2.3. Raw Material Characterization and 

Analysis 

2.3.1. Proximate Analysis 

A proximate analysis was carried out following the pro-

cedure of ASTM E870-82. Proximate analysis was done to 

determine Physico-chemical properties like percentage vola-

tile matter, percentage ash content, and percentage fixed 

carbon in sample. It gives the composition of the biomass in 

terms of gross components such as moisture (M), volatile 

matter (VM), ash and fixed carbon (FC) contents. Percentage 

of fixed carbon content was obtained by difference of the 

sum on percentage volatile matter and ash content. Proxi-

mate analysis indicates the percentage of fuel burned in the 

gaseous and solid states, the quantity of non-combustible ash 

remaining on the ash pit, or entrained with flue gases. 

(i). Moisture Content 

The ASTM E-871 standard was used to determine the 

moisture content of the fruit peel [18]. It influences the 

physical properties and product quality of nearly all sub-

stances and materials at all stages of processing and final 

product existence. This approach is used to determine the 

proportion of water in a sample. Three (3) gram banana and 
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papaya peels were weighed in clean oven-dried crucibles of 

known weight to determine this. The samples and crucible 

were maintained in a 105°C oven overnight. After reaching 

room temperature, the crucible with samples was covered and 

transferred to desiccators, where they were weighed. It was 

done again and again until a steady weight was achieved. The 

loss of weight percent expresses the moisture content of fruit 

peels which is calculated as; 

Moisture content (%) 
     

  
100          (1) 

Where: W1 = original weight, W2 = weight after ov-

en-dried 

(ii). Volatile Matter 

The volatile matter of a fuel is the condensable (made of 

heavier molecules, condense upon cooling) and 

non-condensable (contains lower-molecular-weight gases 

like carbon dioxide, carbon monoxide, methane, ethane, and 

ethylene, these do not condense on cooling) vapor released 

when the fuel is heated. For the determination of volatile 

matter, the fuel is heated to a standard temperature and at a 

standard rate 950°C (±20°C) in a controlled environment (in 

the absence of air by using closed crucible). The volatile 

matter of peels was determined using muffle furnace (ASTM, 

E-872). To measure the volatile content, two (2) gram of 

each of sample was taken in a closed crucible and kept inside 

the muffle furnace at 700°C for ten minutes. The loss in 

weight of the sample was calculated and the percent of vola-

tile matter was calculated as, 

                 
                              

                                
     (2) 

(iii). Determination of Ash Content in Biomass 

Ash is the inorganic solid residue left after the fuel is 

completely burned. Its primary ingredients are silica, alumi-

num, iron, and calcium; small amounts of magnesium, tita-

nium, sodium, and potassium may also be present. The 

American standard testing method, ASTM D 482 procedure, 

was used to determine the ash content. Two (2) gram of each 

sample was taken in crucible and placed in a muffle furnace 

at 550°C for a period of five hours, then it was cooled to 

room temperature in a desiccators and its weight was rec-

orded. 

The percentage of ash in the sample was determined using 

the expression 

    ( )  
(                           )– (                  )

                           
      (3) 

(iv). Fixed Carbon 

The fixed carbon was determined by ASTMD 3172-13 of 

the sample calculated by subtracting% moisture, ash% and 

volatile matter% from 100. Due to that, the sample was taken 

on a dry basis. [17]. The values of fixed carbon (FC)) was 

indirectly obtained by using the following equations: 

FC (%) =                                      (4) 

2.3.2. Fruit Peels Composition Analysis 

The composition of fruit peels was determined following 

the experiment reported by the research of Maisyarah, A. et 

al [11]. The amount of three components of lignocellulosic 

(cellulose lignin and hemicellulose) in peels was determined 

by this method. 

(i). Determination of Extractives in Biomass Solvent 

Extraction 

For determining the amount of extractive in biomass sol-

vent extraction 300ml of Acetone added to twelve (12) gram 

of banana and papaya peels (A). Refluxing with the temper-

ature 68.9°C controlled by using a hot plate for two hour. 

After two hour the sample was dried in an oven. 

At 105°C until constant weight was obtained (B). The 

amount of extractive was identified as: 

(A-B) = Amount of extractives (g)      (5) 

(ii). Determination of Hemicellulose 

For determining the amount of hemicellulose in biomass 

solvent extraction 150ml of Sodium hydroxide (NaOH) solu-

tion (0.5mol/l) was added to one (1) gram extractive free 

banana and papaya peels (A). The temperature 80°C con-

trolled using a hot plate for 3.5 hour. After that the sample 

was filtered with vacuum filter washed with deionized water 

until it is free from Na
+
. The Na

+
 was detected by using pH 

and the reading should be closed to 7. The sample was dried 

in an oven at 105°C until constant weight was obtained (B) 

Then (A-B) =Amount of hemicellulose (g)   (6) 

(iii). Determination of Lignin 

To determine the amount of lignin in biomass solvent ex-

traction 30 ml of Sulpheric acid (72%) was added to one 

gram extractive free peels (B). The sample left at ambient 

temperature (18°C to 28°C) for 24 hour then boiled at tem-

perature of 100°C controlled by using a hot plate for 1 hour. 

The mixture was filtered and the solid residue was washed 

by using deionized water until sulfate ion undetectable. De-

tection of sulfate ion was done via titration process with 62 

ml of 10% barium chloride solution and five drops of meth-

ylene blue as color indicator and the color changed from 

black to grain color. The sample was dried in an oven at 

105°C until constant weight obtained (D). The final weight 

of residue is recorded as lignin content. 

(D (sample after dry)-B (original sample)) =amount of lignin (g) (7) 
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(iv). Determination of Cellulose in Biomass 

The cellulose content (% w/w) will be calculated by dif-

ference, assuming the extractives, hemicellulose, lignin and 

cellulose are the only component of the entire biomass [3]. 

The cellulose in the biomass was calculated by the value 

obtained for the corresponding lignin, and hemicellulose. 

              (                                ) (8) 

2.3.3. Alkali Pretreatment 

The substrates at a solid loading of 50% (w/v) was pre-

treated in autoclave with potassium hydroxide at concentra-

tions of 5% (w/v) as soaking agent for residence time 40 min 

at 121°C temperature and 15 psi (Pounds per square inch) 

pressure. After cooling, the contents were filtered with two 

layers of filter cloth and residues were washed several times in 

tap water to neutralize the pH followed by a final rinse in 

distilled water, after that residue was air dried by spreading on 

paper at 50°C for subsequent analysis [15]. 

2.3.4. Dilute Acid Hydrolysis 

Hydrolysis is used to break down the polysaccharides in 

processed lignocellulosic biomass from papaya and banana 

peels into monosaccharide subunits. The monosaccharaides 

formed during hydrolysis will promote Saccharomyces cere-

visiae in its fermentation process. Despite the fact that there 

are many different types of hydrolysis, dilute acid hydrolysis 

is a simple and productive process, and acid hydrolysis pro-

duces more alcohol than alkaline hydrolysis. Sulfuric acid 

concentration of 1%, hydrolysis temperature of 98°C, hy-

drolysis period of 24 hours, and biomass load of 10% were the 

best conditions for diluted acid hydrolysis [12]. In these re-

search, done by mixing different amounts of pretreated Ba-

nana and Papaya peels between 25 percent to 75 percent with 

different dilute Sulpheric acid (H2SO4) concentrations (0.5 

percent to 3 percent v/v) and varying PH value (ranging from 

4 to 6) to improve the productivity of fermentable sugars. All 

the process was carried out in the order of experimental design 

using design expert software version11, Central Composite 

design, and quadratic model with 20 runs. 

2.3.5. Determination of Reducing Sugar 

Total reducing sugar produced from the hydrolysis of fruit 

peels were estimated prior to the fermentation. Confirming 

the presence or absence of sugar prior to fermentation saves 

a considerable amount of time and effort. Estimation of 

reducing sugar was determined by using the 

di-nitro-salicylic acid (DNSA) method. DNSA method is 

depends on DNSA an aromatic compound that reacts with 

reducing sugars and other reducing molecules to form 

3-amino-5-nitrosalicylic acid, which absorbs light strongly 

at 540 nm (in case of glucose). The filtrate obtained after the 

hydrolysis step was used for the analysis of reducing sugar. 

The concentration of reducing sugar in each sample was read 

from the calibration curve of the standard glucose solution (a 

known quantity of glucose in a known quantity of water). 

The reducing sugar content of the hydrolyzed sample was 

determined by using the di-nitro-salicylic acid (DNSA) 

method. The filtrate obtained after the hydrolysis step were 

used for the analysis of sugar by the DNSA method. For this 

purpose, the standard glucose solution and DNSA reagents 

will be prepared. The DNSA reagents were prepared by 

dissolving 1.5gm of DNS in 30ml of 2M sodium hydroxide 

solution and 45gm of potassium sodium tartrate in 75ml of 

distilled water and finally mixing the two solutions thor-

oughly and make the volume to 150 ml by adding distilled 

water. The glucose standard (stock) was also prepared by 

adding 250mg of D-Glucose in 100ml distilled water and 

working standard is take 10 mL from this stock solution and 

make up the volume to 100 ml. Take 5 clean dry test tubes 

and pipette out standard sugar solution different concentra-

tion of 0.5, 1, 1.5, 2, and 2.5 mL in different test tubes and 

make up the volume of all test tubes to 3 mL with distilled 

water. Add 1 mL DNS reagent to all the test tubes and mix 

plug the test tube with cotton and keep the test tube in a 

boiling water bath for five minute. Take the tubes and cool to 

room temperature and read extinction at 540 mm against the 

blank. Prepare standard curves of the sugars provided and 

use them to estimate the concentration of the unknowns 

provided. 

2.3.6. Preparation of Inoculum 

In Yeast Extract Peptone and Dextrose (YEPD) broth, the 

cells of Saccharomyces cereviacae were aseptically cultivated 

after being purchased from the market. Dissolve ten gram of 

dextrose, five gram of yeast extract and five gram of peptone in 

500ml of distilled water. After the media had been carefully 

wrapped with aluminum foil and sterilized at 121°C for 15 

minutes, two point five gram of the yeast Saccharomyces 

cerevisiae was added. The conical flask was then placed in an 

incubator that shaken for 24 hours at 30°C and 120rpm. 

2.3.7. Fermentation 

The prepared yeast Saccharomyces cerevisiae was intro-

duced to the sample after it had undergone a full hydrolysis 

process in order to start the fermentation process. After 72 

hours of fermentation at 30°C, pH 5.0-5.5, and 2 g/L yeast 

load, papaya peel waste was converted into ethanol with the 

highest purity possible [12]. In my studies, a hydrolyte sample 

was prepared using various fermentation times (24, 48, 72, 

and 96 hours), PH 4-6, and a five percent inoculum size, and 

the samples were then put in a shaker incubator at 120 rpm. 

Separate hydrolysis and fermentation (SHF) were conducted 

at different incubation periods (24, 48, 72, and 96 hours) to 

maximize the bioethanol yield. 

2.3.8. Distillation 

After the fermentation process was optimized, the resulting 
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product was distilled for 4-6 hours to separate the bioethanol 

produced from the other component and to improve the eth-

anol's purity. The heating mantle's temperature was adjusted 

from 78°C to 60°C [2]. 

Table 1. Independent variables affecting Reducing sugar/ ethanol yield. 

Factors Units Low (-) High (+) Goals 

Mixing ratio % 25 75 Minimize 

Concentration of acid % 0.5 3 Minimize 

PH - 4 6 In range 

 

2.4. Determination of the Properties of Ethanol 

2.4.1. Determination of Concentration of Bioethanol 

The concentration of ethanol produced at different fer-

mentation times, such as 24, 48, 72, and 96 hours, should be 

known in order to determine the best fermentation time for 

bioethanol production. This can be done by mixing ten (10) 

grams of banana and papaya peels in 100 milliliters and using 

a potassium dichromate test to determine the results. The best 

fermentation time is then checked using a UV spectropho-

tometer at 580 nm against a blank. The concentration of bio-

ethanol was determined from the equation 

A=ℇbc                 (9) 

Where A=Absorbance, ℇ=Absorptivity of particular 

chemical=1.5M
-1

cm
-1

 

b=optical path length=1cm 

Volume of fermentation medium=500ml, Volume of puri-

fied bioethanol=200ml 

%Concentration 
               

                
      

2.4.2. Determination of Yield of Bioethanol 

After determining the ideal fermentation period, I scaled up 

the biomass (50:50) by combining 25 grams of banana peels 

and 25 grams of papaya peels hydrolysis in 500 milliliters of 

1.75 percent H2SO4 for 24 hours. I then fermented using the 

same procedure, and the purification was increased using 

double distillation. Based on bioethanol produced during 

fermentation and from the original sample, the yield of bio-

ethanol produced in these studies was calculated. 

Yield of bioethanol produced from the fermentation is cal-

culated as: 

%yield  
                    

                              
         (10) 

Yield of bioethanol produced from the original sample is 

calculated as: 

%yield=
                           

                            
          (11) 

2.4.3. Density and Specific Gravity Test 

After distillation, the specific gravity of fermented sample 

was determined using a hydrometer. Fill the cylinder with an 

ethanol sample first, then carefully put the hydrometer into the 

sample by holding it at the top of the stem. Release the hy-

drometer after it is roughly at its equilibrium position, and 

then record the reading. 

Specific gravity=density of substance/ reference density  (12) 

2.4.4. Viscosity Test 

At room temperature, the viscosity of the product was 

measured using a rotational viscometer (Viscostar plus L, 

Switzerland) with different spindles at a shear rate of 100 rpm. 

The sample was placed in the sample holder, and the selected 

spindle was lowered perpendicularly into the sample, being 

careful not to let the spindle hit the container's bottom. The 

spindle was connected to the viscometer and allowed to rotate 

at room temperature at a set speed [6]. 

2.4.5. Fourier Transform Infrared Spectroscopy 

(FTlR) Determination of Bioethanol 

The major functional groups present in the produced 

bio-ethanol were determined by using fourier transform in-

frared spectroscopy (FTIR-6600, Japan) with the help of IR 

correlation charts. The IR spectrum was reported by% trans-

mittance. The wavenumber region for the analysis was 

4000-400cm
-1

 (in the mid-infrared range). The OH stretch of 

alcohol found between 3500 - 3200 cm
-1

, while the region 

2924-2920 cm
-1

 confirms the C-H stretch of alcohols and the 

region 1260 -1050 cm
-1

 confirms the C-O stretch of alcohols 

and the C-C bond stretched around 1100 cm
-1

 [4]. 
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3. Results and Discussions 

3.1. Proximate Analysis of Banana and Papaya 

Peels 

The content of moisture, volatile matter, ash, and fixed 

carbon in the peels of the banana and papaya are determined 

by using ASTM standardized methods. The outcomes of each 

experiment were provided as means standard deviation, and 

each experiment was carried out in triplicate on a dry basis 

(Wt. percent). The proximate composition of banana and 

papaya peels was determined following equations 1-4, and 

the result is shown in Table 2. 

The findings of this study are generally consistent with 

those found by the researchers described previously. The 

dried samples had moisture content levels between 6.7 and 

11.6 percent, which is suitable for biomass because higher 

moisture content biomass requires more heat to evaporate, 

which has a negative impact on fuel energy values (HHV). 

According to biomasses with greater ash levels above 20%, 

they are not good energy converters. The ash contents were 

around 9 percent, which was ideal. Therefore, the optimum 

biomass feedstock for bioenergy conversion has minimal ash 

and high volatile matter concentration [10]. High fixed carbon 

contents are strong markers of the banana and papaya peels 

biomass suitability for bioenergy conversion, and the fixed 

carbon in this study exhibits greater values in comparison to 

the finding provided by [13]. This is the desirable attribute of 

the biomass. 

Table 2. Results of proximate composition of banana and papaya peels. 

Samples 

Components (wt% dry matter) 

Moisture content Volatile matter Ash content Fixed carbon References 

Banana peels 
6.67±0.33 82.75±0.25 5.75±0.25 5 This study 

6.70 85.26 5.01 2.7±0.78 [10] 

Papaya peels 

8.165±0.165 81.25±0.75 5.5±0. 5 6 This study 

8.04±0.06 ** 5.8±0.01 ** [13] 

** implies not determined 

3.2. Compositional Analysis of Banana and 

Papaya Peels 

Following the experiment described by ASTM standard-

ized methods. This technique was used to calculate the 

amounts of the three lignocellulosic components (cellulose, 

lignin, and hemicellulose) in peels. The findings of every 

experiment were provided as means standard deviation and 

were conducted on a dry basis (percent w/w) in triplicate. 

The compositional analysis of banana and papaya peels was 

determined following equations 1-4, and the result was 

shown in (Table 3). 

Table 3. The chemical composition of banana and papaya peels. 

Sample Extractives (gram) Hemicellulose (%) lignin (%) Cellulose (%) References 

Banana peels 
1.1 38.1 15.7 45.1 This study 

** 9.4 4.5 34.8 [16]. 

Papaya peels 

2.08 42 8.6 47.32 This study 

** 24.8 2.7 20.4 [16] 

 

The findings show that both fruit peels had lower lignin 

content (15.7BP, 8.6PP Wt. percent), higher cellulose content 

(45.1BP, 47.32PP Wt. percent), and hemicellulose (38.1BP, 

42PP Wt. percent). Despite a few differences in the amounts 
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of cellulose (34.8 BP, 20.4 PP Wt. percent), hemicellulose 

(9.4 BP, 24.8 PP Wt. percent), and lignin (4.5 BP, 2.7 PP Wt. 

percent), the results of this study are generally consistent with 

those of the aforementioned researchers [16]. This is because 

both biotic and abiotic factors, including as species differ-

ences, development stages, harvesting times, and pretreat-

ments, have an impact on the carbohydrate And lignin content 

of banana and papaya peels. 

3.3. Determination of Reducing Sugar by DNSA 

Method 

 
Figure 1. Plot of standard curve (absorbance versus concentration 

(g/ml)). 

The amounts of glucose after hydrolysis were measured by 

using UV-spectrophotometer. This device measured the ab-

sorbance of each sample at a wavelength of 540 nm and this 

absorbance value was converted into concentration using the 

standard curve. The standard curve is plotted as shown in 

(Figure 1). 

The concentrations of the unknown sample were deter-

mined from the equation 

y = 0.0738x + 0.1729, X=y-0.1729/0.0738*DF   (13) 

DF means Dilution factor is= 20*10
-1

. The value of 

R-squared from the standard cure plot of Figure 1 is 0.98 

which indicates that the equation is the best fit with the 

standards.
 

3.4. Analysis of Experimental Results 

To determine the percentage of reducing sugar in each run 

in different mixing ratio, hydrolysis acid concentration and 

PH done by design expert software for optimization of hy-

drolysis factors. 

The concentrations of the unknown sample were deter-

mined from the equation: 

Concentration= (0.606) − (0.1729)/0.0738*2 =11.737 g/ml. 

The greatest amount of reducing sugar produced during this 

investigation was 11.737g/ml, as shown in the Table 4, at run 

3 with a mixing ratio of 50:50 bananas to papaya peels, at a 

concentration of 1.75 percent Sulpheric acid, and in a hy-

drolysis period of 24 hours. The standard cure plot of 

R-squared value is 0.98, which shows that the equation offers 

the best fit to the standards. Following knowing of the high-

est-recorded run for reducing sugar, run 3, fermentation and 

distillation follow. 

Table 4. Experimental design for optimization of hydrolysis. 

Std Run 

Factor 1 Factor 2 Factor 3 Response 1 

A: Mixing ratio (%) B: Hydrolysis acid conc (%) C:PH Reducing sugar (g/ml) 

13 1 50 1.75 4 10.26 

9 2 25 1.75 5 9.25 

18 3 50 1.75 5 11.737 

14 4 50 1.75 6 10.22 

15 5 50 1.75 5 9.78 

7 6 25 3 6 6.19 

4 7 75 3 4 7.02 

10 8 75 1.75 5 9.33 

16 9 50 1.75 5 10.83 

19 10 50 1.75 5 10.92 

3 11 25 3 4 7.79 
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Std Run 

Factor 1 Factor 2 Factor 3 Response 1 

A: Mixing ratio (%) B: Hydrolysis acid conc (%) C:PH Reducing sugar (g/ml) 

8 12 75 3 6 8.38 

2 13 75 0.5 4 1.55 

17 14 50 1.75 5 10.72 

12 15 50 3 5 8.97 

11 16 50 0.5 5 4.42 

20 17 50 1.75 5 10.89 

5 18 25 0.5 6 0.598 

6 19 75 0.5 6 2.87 

1 20 25 0.5 4 3.056 

 

3.4.1. Analysis of Variance (ANOVA) 

The hydrolysis conditions were optimized using a central 

composite design with three parameters (Mixing ratio, acid 

concentration, and pH) at various fermentation periods and 

one response, which was Reducing sugar (percent). The cor-

relation coefficients of the model as a function of the response 

were discovered using statistical analysis. 

3.4.2. ANOVA for Response Surface Quadratic 

Model 

ANOVA analysis is used to examine whether or not the 

quadratic model is significantly impacted by the design pa-

rameters. The relevance of each coefficient was assessed 

using the probability values (P-values), which also high-

lighted the strength of each parameter's interaction. The sig-

nificance of the corresponding coefficient increases as the 

p-values decrease. 

3.4.3. Development of Regression Model Equation 

A model equation is a mathematical expression in which 

the whole model was expressed in a single equation that helps 

to maximize response. The model equation that correlates the 

response (reducing sugar) to the process variables in terms of 

actual value after excluding the insignificant terms was given 

below. The predicted model for the reducing sugar in terms of 

the coded factors is given in (equation 14). 

Final Equation in Terms of Coded Factors 

Reducing sugar =+10.80+0.2266A+2.59B-0.1418C+0.0817AB+0.8423AC+0.1122BC-1.49A2-4.09 B 2-0.5429 C2     (14) 

The mathematical model equation of yields was developed 

by using coded variables of each factor. The coefficients of 

each coded variable were obtained. This result also helps to 

predict which factor was affecting the ethanol yield positively 

and negatively. Positive coefficients affect the yield of etha-

nol positively and whereas negative coefficients affect the 

yield of ethanol negatively. The yield was as response and 

affected by linear terms such as mixing ratio (A), Hydrolysis 

acid concentration (B) and PH (C), and pure quadratics terms 

(A
2
, B

2
, and C

2
) and interaction quadratic terms (AB, AC, and 

BC). 

The coded factors A, B, AB, AC and BC have positively 

affected the yield whereas C, A
2
, B

2
 and C

2
 had negatively 

affected the yield. The intercepts for this equation were 10.80 

which help to predict the precise results of reducing sugar. 

Based on this, when the effect of factors A, B, AB, BC and 

AC increases, the yield was increased proportionally within 

the specified range. In the same way, when the effect of fac-

tors C, A
2
, B

2
 and C

2
 increases, the yield of reducing sugar 

was decreased. The coded variable was used for model equa-

tion development of bioethanol because it is simple to repre-

sent the equation and simple to understand. 

Final Equation in Terms of Actual Factors 

Reducingsugar = 10.68130 + 0.074894A + 10.64549B + 

3.44519C+0.002616AB+0.033690AC+0.089800BC-0.002389A2-2.61623B2-0.542864C2 

A=Mixing ratio B= Hydrolysis acid concentration C= PH 

http://www.sciencepg.com/journal/ajcbe


American Journal of Chemical and Biochemical Engineering http://www.sciencepg.com/journal/ajcbe 

 

53 

3.5. Interaction Effects of Experimental 

Variables on Bioethanol Yield 

In this study mixing ratio of banana and papaya peels, pH 

and acid concentrations are the main parameters optimized in 

hydrolysis process that affect Production of reducing sugar or 

bioethanol. The best way of showing the effects of this pa-

rameter on yield is to generate response surface plots. The 

three-dimensional response surfaces effect was plotted in 

Figures 2-4 as a function of the interactions of any two of the 

variables by holding the other value of the variable at the 

center point. 

3.5.1. Interaction Effect of Mixing Ratio and Acid Concentration 

 
Figure 2. Response surface plot of the interaction effects of mixing ratio and acid concentration on the yield of reducing sugar. 

Figure 2 clearly shows that the yield increases with in-

creasing both in interaction of mixing ratio and acid concen-

tration up to the center point, while further increasing these 

parameters results in a reduction of yield. This is because 

increasing acid concentrations tends to formation of unde-

sirable by-products along with sugar such as furfural and 

5-dihydroxymethyl furfural, which are toxic known to inhibit 

fermentation and as the solid loading increased beyond the 

maximum, sugar release decreases due to increase in viscosity 

which might lead to restrict the hydrolysis. 

3.5.2. Interaction Effect of Mixing Ratio and pH 

The yield reducing sugar was increases with increasing of 

both the interaction of mixing ratio and PH as shown in the 

Figure 3, while further increasing these parameters results in a 

reduction of yield. This is because Yeast needs a slightly acid 

environment in order to grow well, with increase in pH to 

basic conditions yeast produces acid rather than alcohol and 

this lead to the decrease in alcohol production as the pH in-

crease. 
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Figure 3. Response surface plot of the interaction effects of mixing ratio and PH on the yield. 

3.5.3. Interaction Effect of Acid Concentration and pH 

Figure 4 shows when increasing of acid concentration from 0.5 to 1.75% and PH from 4 to 5 the yield also increases, reversely 

further increasing of both parameters beyond optimum negatively affect the reducing sugar. Due to higher concentration of 

H2SO4 results in the formation of furfural and hydroxyl methyl furfural that are inhibitors of fermentation of sugars. 

 
Figure 4. Response surface plot of the interaction effects of mixing ratio and acid concentration on the yield of reducing sugar. 
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3.6. Optimization of Hydrolysis Parameters 

Using Response Surface Methodology 

A collection of statistical and mathematical methods called 

response surface methodology (RSM) can be used to create, 

enhance, and optimize processes. Additionally, it plays a 

significant role in the development, creation, and formulation 

of new products as well as the enhancement of current product 

designs. The optimization of hydrolysis conditions for re-

ducing sugar production from mixing of BP and PP was 

summarized in Table 5. 

Table 5. Constraints for optimization of yield. 

Name Goal Lower Limit Upper Limit 

A: Mixing. ratio minimize 25 75 

B: Hydro. conc is in range 0.5 3 

C: PH is in range 4 6 

Reducing sugar Maximize 0.598 11.737 

Table 6. Optimized solution of reducing sugar from banana peel and papaya peel. 

No Mixing. Ratio Hydrolysis acid concentration PH Reducing sugar Desirability 

1 50.000 1.75 5.000 10.801 1.000 selected 

 

3.7. Model Validation 

An experiment was carried out using the optimum condi-

tion that was acquired from the central composite design (i.e. 

In Table 6 10.801 percent of the yield was achieved. There-

fore, it is possible to conclude that this is fairly consistent with 

the outcome that was predicted. Because of this, we believed 

that the model can accurately and consistently estimate the 

ethanol yield. 

3.8. Characterization of the Produced Ethanol 

3.8.1. Determination of Concentration of Ethanol 

After distillation the concentration of bioethanol in differ-

ent fermentation time i.e. 24, 48, 72 and 96 hours was deter-

mined by potassium di chromate test in order to screen the 

best fermentation time with UV spectrophotometer at 580 nm 

against the blank was recorded. 

The high bioethanol percentage was found at 72 hours of 

fermentation. I scaled up the biomass (50:50) and combined 

25 grams of BP and 25 grams of PP hydrolysis in 500 milli-

liters of 1.75 percent H2SO4 for 24 hours before fermenting 

in the same manner as before but with greater purification. 

Read the absorbance following double distillations at 580 nm 

against a blank and the result was 0.908. The concentration 

of bioethanol was calculated based on equation (9), which 

came out 17.62 percent w/v. 

 
Figure 5. The concentration of ethanol in different fermentation 

time. 

3.8.2. Determination of Yield of Bioethanol 

The yield of bioethanol produced in these work was done 

based on bioethanol produced from the fermentation and 

produced from the original sample by using equation 10 and 

11. The yield of bioethanol produced from mixing of 

50:50%ratio of banana and papaya peels from fermentation 

and from original sample were 40% w/v and 55.68% respec-
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tively. The results obtained from mixtures of banana and 

papaya peels 55.68%w/w was higher than results recorded in 

single banana and papaya peels, since maximum yield of 

ethanol 13.84% obtained from banana peels and 8.0% from 

papaya peels [14, 17]. 

3.8.3. Viscosity of the Produced Bio Ethanol 

The viscosities of the bioethanol produced were determined 

by using a rotational viscometer (Viscostar plus L, Switzer-

land). The obtained result was 1.3m
2
/s. There was some de-

viation of the experimental value from the standard value of 

(1.2m
2
/s). This may be due to experimental or personal errors. 

Fuels tend to flow with much ease when their viscosity is 

excessively low such situations usually have an adverse effect 

as the lubricating film between moving and stationary parts in 

the carburetor or pump are not maintained. On the other hand, 

very high fuel viscosity hinders the atomization of the fuel 

into small droplets to facilitate good vaporization and com-

bustion. 

3.8.4. Density and Specific Gravity Test 

The specific gravity of the produced bioethanol from 

mixture of banana and papaya peel was determined by using a 

hydrometer. The result obtained shows a specific gravity of 

0.940. The density of bioethanol was also determined from its 

relationship with specific gravity by using (Equation 9). 

                                                    

                      

The density of pure ethanol was 0.787 g/cm. Hence, bio-

ethanol produced from mixing of banana and papaya peels 

0.95 / 3
 was denser than pure ethanol. The difference was 

resulted due to the existence of water as a mixture of produced 

ethanol. 

3.8.5. FTIR Characterization of Bioethanol 

 
Figure 6. FTIR Spectrum analysis of ethanol from mixed banana and 

papaya peels. 

The functional group of bioethanol was analyzed using 

Fourier-transform infrared spectroscopy (FTIR). The vibra-

tion of each bond stretch was obtained by using the absorb-

ance and transmittance analyzed by the FTIR machine. The 

X-axis was wavenumber and Y-axis was the percent of 

transmittance. The distillates were characterized by the in-

frared spectrum to understand some specific peaks for bio-

ethanol structure. 

When the liquid film runs between 4000 to 400cm
-1

 with 

varying broad bands indicates the OH stretch of alcohol found 

between 3500 - 3200 cm
-1

, while the region 2924-2920 cm
-1

 

confirms the C-H stretch of alcohols and the region 1260 - 

1050 cm
-1

 confirms the C-O stretch of alcohols and the C-C 

bond stretched around 1100 cm
-1

 [4]. This shows that the 

product obtained from mixture of banana and papaya peels is 

bioethanol due to the presence of these peaks. 

4. Conclusions 

It is concluded based on this research work, lignocellulosic 

waste (papaya and banana peels) is a promising alternative 

feedstock for bioethanol production in Ethiopia. Response 

Surface Methodology (RSM) based on central composite de-

sign (CCD) experiments was used to optimize process param-

eters for reducing sugar production from combination of ba-

nana and papaya peels. A statistical model for the optimization 

of hydrolysis conditions such as mixing ratio (25-75%), pH 

(4-6) and acid concentration (0.5-3%v/v) was developed using 

three-level CCD experiments with central and axial points in 

addition to fermentation time (24-96hr). 

The optimum conditions for diluted acid hydrolysis were: 

sulfuric acid concentration of 1.75%, 50:50% mixtures of 

banana and papaya peels and PH of 5 for 24 hours and ob-

tained highest reducing sugar (11.737g/ml). The maximum 

yield of bioethanol (55.68%) was achieved after 72 hours of 

fermentation. The choice of newer substrate for the produc-

tion of bioethanol is being a non-seasonal fruit available 

throughout the year. The waste from the fruit can be effi-

ciently utilized based on overall. 

5. Recommendations 

Further research work on bioethanol production from 

mixture of banana and papaya peels should investigate: 

(1) Optimize other hydrolysis parameters like different 

temperature and hours. 

(2) Optimize fermentation process in addition to fermenta-

tion time. 

(3) Repeated purification step and dehydration is required 

to increase purity of bioethanol. 

(4) Utilization of fermentation waste for further val-

ue-added product. 

(5) Increasing yield by screening good varieties of banana 

and papaya. 
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Abbreviations 

BP Banana Peels 

PP Papaya Peels 

DNSA Di-nitro-salicylic Acid 

YEPD Yeast Extract Peptone and Dextrose 

RSM Response Surface Methodology 

CCD Central Composite Design 

FTIR Fourier-Transform Infrared Spectroscopy 

PH Power of Hydrogen 
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