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2Abstract— Density measurements are very useful for identification 
and characterization of different substances. It is a very important 
physical parameter in polymer engineering affecting production cost 
and profitability of the manufacturing process. A reduction in density 
reduces the raw material cost hence decreases the manufacturing 
costs. Therefore, the aim of this research was to study the factors 
affecting density of locally made bio-resin from raw banana peels. 
The raw banana peels were washed, boiled, pureed and treated with 
various ratios of glycerin to obtain a thermoplastic bio-resin. The 
effect of temperature, time, resin quantity, glycerin and water on bio-
resin density were studied through use of the central composite 
rotatable experimental design and regression analysis. Second order 
polynomial regression equation for density was fitted and exhibited 
an R2 value of  83.4%. From the predictive model, it was evident that 
to obtain the objective of density minimization, temperature , time, 
resin and water ratios needed to be increased up to optimal values. 
However, glycerin ratio required to be eliminated from the model 
since increase led to increase in density. However, the top five 
density alternative solutions presented in this research paper 
permitted room for particular glycerin ratios to be maintained. The 
developed banana peels resin had a density of 0.83g/cm3. This 
density value is above that of tapioca as a bio-resin and close to that 
of polypropylene as a synthetic resin, both commercially used in bio-
composites development.  
Keywords —Banana peels, bio-resin, density, regression analysis. 

I. INTRODUCTION 
Density is a physical property of matter that expresses a ratio 
of mass to volume. The density depends on the atomic mass of 
an element or compound. Other factors affecting density 
include water, glycerin, bio-resin ratios; temperature and time. 
Density measurements are very useful for identification and 
characterization of different substances. [1] It is a very 
important physical parameter in polymer engineering affecting 
production cost and profitability of the manufacturing process. 
[2] A reduction in density reduces the raw material cost and 
therefore decreases the manufacturing costs. [3] Therefore, it 
is very important to measure the density of polymers with 
good accuracy using a pycnometer, densymeter, areometer and 
ultrasonic pulse echo method. These instruments are usually 
used for measurement of liquid materials density under 
laboratory conditions. [4]  

The densymeter and aerometer are instruments for measuring 
the density or specific gravity of a solid or liquid substance. 
The most commonly used densymeters are based on the 
principle of vibrating tubes. [5] These meters have major 
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drawbacks. They are limited to pipe diameters below 60 mm 
and high pressure losses occur during the measurements. Also, 
aerometers and ultrasonic pulse echo methods are expensive. 
So, it can be suggested that the most appropriate method to 
measure the density of the locally made bio-resin is the 
pycnometer or specific gravity bottle method. The pycnometer 
is an instrument used for measuring fluid density based on 
Archimedes' principle. [1] 

Thermoplastic materials lately dominate as resins for bio-
composites production. Among these resin materials, 
polyetherethrketone (PEEK) is most widely used in bio-
composites development. Epoxy, which has higher adhesion 
and less shrinkage than PEEK, stands second for its high cost. 
[6], [7] However, biodegradable resins are explored as the best 
forms of polymers for composites apart from their synthetic 
alternatives, which are non-renewable. The best known 
renewable resources capable of making bio-degradable 
thermoplastics are starch. It is one of the least expensive 
material available on the global market. Bio-resins from 
different starch sources including potatoes, maize corn and 
wheat have been studied and used in bio-composites 
development. [8] Unfortunately, these starch sources are 
global food items. However, raw banana fruits possess about 
20% starch whereas ripe bananas have starch content between 
11-13%. Raw banana peels possess 3% starch, which reduces 
to between 1% - 2% in ripe banana peels. [9], [10] Although 
ripe banana peels have been used for production of bio-
plastics with a potential for use in insulation and cosmetic 
prosthetics, [11] raw banana peels have more starch than ripe 
peels. Several other studies on bio-degradable resins and their 
properties have been done. [12] – [14]  But no literature exists 
on the density of bio-resins from locally made bio-resin from 
raw banana peels. 

II. MATERIALS AND METHODS
A) Banana peels bio-resin development

Raw banana peels were obtained from Kyambogo University, 
Kampala (Uganda). The peels were weighed as 3kgs that were 
later washed and boiled in a saucepan using a charcoal stove. 
At boil, the water was drained from the saucepan leaving only 
the softened raw banana peels that were allowed to cool for 10 
minutes. The peels were then chopped into smaller pieces, and 
placed in a blender for pureeing to obtain the banana peels 
fluid paste. 250milli-litres of water were added in 500grams of 
raw banana peels in the blender for easy pureeing. The blender 
capacity being 1 litre required appropriate measurements that 
could fit the amount of chopped banana peels and water at a 
time. This explains the use of selected chopped banana peels 
and water measurements above. Five litters of the fluid paste 
obtained were stored in a freezer and tested over a period of 
two days. The fluid paste was treated with various ratios of 
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glycerin supplied by Desbro Uganda limited, before testing. 
Glycerin was selected over other plasticizers as it is a by-
product waste material in the bio-fuel industry that prevents 
brittleness and increase flexibility of the final bio-product. 
[15], [16] 
 

B) Banana peels bio-resin characterization 
The pycnometer, Mettler Toledo balance, measuring cylinders, 
glass containers and oven for bio-resin characterization were 
obtained from The Uganda Industrial Research Institute. 
Various resin, glycerin and water ratios were mixed in glass 
containers. The test samples were introduced to controlled 
temperatures in an oven over set time intervals. The density of 
starch samples was determined using a pycnometer according 
to ASTM standard D854-2010. This is a flask with a close-
fitting ground glass stopper with a fine hole through it, so that 
a given volume can be accurately obtained. This enables the 
density of a fluid to be measured accurately, by reference to an 
appropriate working fluid such as water, using an analytical 
balance. If the flask is weighed empty, full of water, and full 
of a liquid whose density is desired, then the density can easily 
be calculated. Density was measured in grams/cm3 [17] Three 
readings per experiment were taken and the average density 
considered.  
Table I presents density properties of selected commercial 
resins used globally in composites development. This provides 
a basis for comparison between these synthetic and bio-resins 
with the locally made bio-resin from raw banana peels. As can 
be noted, the densities range between 0.7g/cm3 to 1.46g/cm3 
that provides a comparison range for the developed and 
optimized bio-resin. This will also be critical in determining 
the bio-resin end uses in relation to the density properties of 
other commercially available resins. 

Table I: Density properties of common commercial resins 
Matrices/Resins Density 

(g/cm3) 
Reference 

THERMOSETS   
Epoxy @ 250C 1.06 – 1.18 [18] 
Green epoxy @ 250C - [19] 
Polyester  1.12 - 1.46 [20] 
Phenolic  - [21] 
THERMOPLASTICS   
Urea formaldehyde  1.0 – 1.3 [22] 
Polypropylene  0.85 – 0.96 [20] 
Poly vinyl alcohol 1.3 [20], [23] 

[20], [23] 
[20], [23] 

Cornstarch 1.21 
Tapioca @ 1130C 0.7 

 
C) Bio-resin experimental design and optimization 

Previous studies reveal that modern design of experiments, 
regression analysis and optimization of various responses can 
be achieved through computer software programs including 
Matlab, SAS, Design Expert, Monte Carlos and Minitab. [24] 
– [27] Therefore, using design of experiments under Minitab 
17.0.1, response surface designs were selected. However, the 
central composite half unblocked rotatable design was 
preferred over other experimental designs because of a few 
factors involved and optimization of a new experimental 

method required. [28] 5 factors at 5 levels were employed 
according to the design display to obtain a total of 32 
experimental runs. In order to achieve a wider sample size for 
better regression and optimization analysis, 3 replicates were 
considered hence a total of experimental 96 runs were used. 
Each run was weighed three times using a pycnometer and the 
average density recorded. Table II represents the relationship 
between factors and levels relating to the input data. The alpha 
(α) value was generated by Minitab automatically as 2. 
 

Table II: Relationship between factors and levels 
 

Factors Levels 

 -α Low Optimum High +α 
Coding 2 -1 0 1 2 

Temperature (0C) X1 25 40 60 80 100 

Time (min)  X2 20 30 40 50 60 

Resin (mls)  X3 20 40 60 80 100 

Glycerin (mls) X4 0 10 15 20 25 

Water (mls) X5 0 10 15 20 25 

 
The effects of several factors as outlined in the experimental 
design and table II can be investigated using multiple 
regression models, a well-established statistical tool. [29] The 
second order polynomial regression equation below was used 
to fit the model whereby Y = Density, b0 = Constant, b1 to b20 

= Model coefficients and X1 to X5 = Factors. 
Y = b0+b1X1+b2X2+b3X3+b4X4++b5X5+b6X1

2+b7X2
2+b8X3

2+ 
b9X4

2+b10X5
2+b11X1X2+b12X1X3+b13X1X4+b14X1X5+b15X2X3+ 

b16X2X4+ b17X2X5+ b18X3X4+ b19X3X5+ b20X4X5………….(1) 
 
 

III. RESULTS AND DISCUSSION 
A) Banana peels bio-resin experimental data  

From design of experiments under Minitab 17.0.1, an 
experimental datasheet at 5 factors and 5 levels was obtained. 
The entire test samples were subjected to different ratios of 
temperature (X1), time (X2), resin (X3), glycerin (X4), and 
water (X5) as the input to study their effect on density (Y)  as 
the output of the locally made bio-resin from banana peels. It 
was noted that each individual combination yielded different 
results of density. Central rotatable composite design was used 
to identify the five parameter combination sets that produced 
the most optimized sets in terms of yield. Modeling of the 
influence of the above factors and sensitivity analysis on the 
bio-resin properties was done using multiple regression 
analysis. A multiple regression model was developed for the 
yield in density of the bio-resin. According to the multiple 
regression report card obtained, the sample data of 96 points 
was a precise estimate of the strength of the relationship. 
There were no unusual data points to have a strong influence 
on the results. Furthermore, the normality test was passed 
since more than 15 data points were used. 
 

B) Density of developed banana peels bio-resin 
The objective of the density was to minimize yield attributed 
to reduction in final product density and costs. Therefore, the 
generated second order polynomial regression equation below, 
was employed for density yield minimization.  
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Y     =  1.0566 - 0.000479X1 - 0.005639X2 - 0.001164X3

- 0.00699X4 + 0.01604X5 + 0.000010X1
2 + 0.000051X2

2

+ 0.000011X3
2 - 0.000210X5

2 + 0.000017X1X2

- 0.000007X1X3 - 0.000038X1X4 - 0.000057X1X5 

+ 0.000122X2X4-0.000094X2X5+ 0.000068X3X4  
- 0.000051X3X5……………………………………………..(2) 

According to the density model summary report, the model 
strength (R2) exhibited was acceptable at 83.4%. This means 
that 83.4% of the variations in density (Y) could be explained 
by the regression model. The regression model was used to 
design a prediction and optimization report for density of the 
developed banana peels bio-resin to minimize density yield. 
Optimal settings (table III), the top five alternative solutions 
closest to the optimum settings (table IV) and sensitivity for 
the optimum solution (Fig. 1) below were also obtained. 

Table III: Density prediction and optimization report 

Goal: Minimize density Solution: Optimal settings 

Predicted density 0.834 X1 75.5 X4 0 
95% PI (0.796, 0.872) X2 60 X5 25 

X3 100  

Table IV: Density values close to optimal settings 

X1 X2 X3 X4 X5 Predicted Y1 

60 40 60 15 25 0.915 
80 30 30 20 20 0.925 
80 50 80 20 20 0.929 
80 30 80 10 20 0.932 
40 50 80 10 120 0.933 

Fig. 1: Settings and sensitivity for density optimal solution 

From table III and IV, the optimal settings required for 
obtaining the minimum density for this banana peels bio-resin, 
which was 0.83g/cm3 between predicted intervals of 
0.796g/cm3 to 0.872g/cm3 were presented. The top five 
predicted alternatives are between 0.92g/cm3 to 0.93g/cm3 

hence fall in the range of polypropylene thermoplastic resins. 
The alternatives could be considered in case the optimal 
settings were not viable in reality. From the predictive model, 
it was evident that to obtain the density objective of yield 
minimization, temperature (X1), time (X2), resin (X3) and 
water (X5) quantities had to be increased up to the optimal 
values. However, glycerin quantity (X4) required to be 
eliminated from the model since increase leads to increase in 
density as evidenced by fig. 1 above.  

1) Bio-resins density results discussion
Lower density yields relate to reduction in final product 
density and costs. This is according to [30], [31]. Therefore, a 
bio-resin with optimum properties would be termed as one 
with relatively low-density range of values. The density value 
of 0.83gms/cm3 within a predicted interval of 0.796 g/cm3 and 
0.872 g/cm3  is above tapioca bio-resin density and also falls in 
the range of low density polypropylene employed in 
composites development. However, the top five alternative 
solutions ranging between 0.92gms/cm3 and 0.93gms/cm3 are 
in the same range as High Density Polypropylene (HDPE). 
These facts are stipulated in table I above. Tapioca and 
polypropylene are commercial resins that have been used in 
natural fibre reinforced composites. [32, [33]  

IV. CONCLUSION
A viable locally made bio-resin from raw banana peels has 
been developed and characterized. The predictive regression 
used exhibited an R2 value of 83.4% implying that 83.4% of 
the variations in the density yield could be explained by the 
model. An optimum density value of 0.83g/cm3 within a 
predicted interval of 0.796 g/cm3 and 0.872 g/cm3 was obtained. 
This bio-resin’s density is above that of tapioca and in close 
proximity to polypropylene that have been used in bio-
composites development.  
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