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Abstract
The improvement of biodegradable film used in the food packaging has been made possible through nanotechnology. This 

research was carried out to develop and optimize the cassava starch-zinc-nanocomposite films for potential applications in food 
packaging. The zinc nanoparticles were prepared by sol-gel method and established with the particle sizes ranging from 4 nm to 
9 nm. The films were developed by casting the solutions of 24 g cassava starch, 0% to 2% (w/w) zinc nanoparticles and 45% to 
55% (w/w) glycerol in plastic mould of 8, 10 and 12 mm depths. The average thickness of the films varied respectively with the 
depth as 15.14 ± 0.22, 16.21 ± 0.36 and 17.38 µm ± 0.13 µm. Permeability and stability of the films were determined at 27°C 
and 65% relative humidity and thermal range of 30°C to 950°C, respectively. Also, the mechanical properties were determined 
using the nano indentation technique. The films were optimised based on their characterized attributes using their desirability 
functions. The hardness, creep, elastic and plastic works, which determined the plasticity index of the films, decreased with 
thickness and zinc nanoparticles. The water vapour permeability increased with the concentrations of glycerol, zinc nanoparticles 
and thickness while the oxygen permeability decreased with the nanoparticles. The degradations of the Nanocomposites at 100°C 
were in the range of 2%-3%, which may indicate that the films are thermally stable. The optimum film whose desirability function 
is closer to the optimisation goal gave values of 49.29% glycerol, 17 µm thickness and 2% zinc nanoparticles for maximum 
thermal and mechanical properties. The low permeability, high thermal stability and low plastic work at higher concentration of zinc 
nancomposites may be essential in food packaging.
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Introduction
The study of the control of organic or inorganic matter at 

dimensions of roughly 1nm to 100 nm is termed nanotechnology. The 
addition of nanoparticles to renewable materials like starch and protein 
results in the formation of nanocomposite materials often transformed 
into flexible films [1-4]. The techniques involved in actualising this 
transformation are well understood, but their application in the food 
industry is greatly limited due to their poor service performance, 
especially in prolonging the shelf-life of food [5]. It is expected that the 
shelf-life of food should be improved by the addition of nanoparticles 
to flexible films, yet many nanocomposite materials are still unable 
to meet this packaging requirement [6,7] The addition of zinc 
nanoparticles as fillers to flexible films has proven quite promising due 
to their gas scavenging and antimicrobial activities, especially against 
gram-positive and gram-negative bacteria [8-10].

The thermal, mechanical and barrier properties of nanocomposite 
materials, which determined their suitability for packaging application, 
have been studied [6,11-16]. Zeng et al. [11], Taghizadeh and Sabouri 
[12] reported that the platelet nature of the nanoparticles usually
hinders the diffusion of gases and specifically contributes to the
improvement of their thermal and mechanical properties. Also, Huang 
and Yu [13] noted that introducing inorganic particles improved the
thermal stability and mechanical resistance of starch-montmorilonite
nanocomposite. The addition of chitosan in starch biofilms increased
the thermal stability and ultraviolet absorption of the films [14-16].
Azeredo et al. [6], who carried out a study on the nanocomposite edible 
films from mango puree reinforced with cellulose nanofibre, revealed
that the addition of the cellulose nanofibre significantly improved the
thermal and mechanical properties of the films. However, most of the
researches did not consider the antimicrobial and barrier scavenging

potentials of the nanocomposite materials, especially the roles of 
the nanoparticles in actualising these. Also, the methods presented 
in synthesising the nanoparticles are quite expensive. Besides, the 
materials are not environmentally friendly and are generally toxic to 
human cells, thus limiting their potential application in food packaging. 
Hence, there is the desire for an alternative nanocomposite packaging 
material which is cheap to synthesize, environmentally friendly and 
has strong potential for antimicrobial and barrier scavenging activities, 
higher mechanical strength and thermal stability. 

An excellent example of nanocomposite material with such desired 
packaging requirements is the one blended with zinc nanoparticles 
[9,10]. Unfortunately, the studies on such material have not been 
reported in the literature. The effects of thickness of the material, 
zinc nanoparticles and glycerol concentration, which is often added 
as plasticizer, have not been studied. Also, the information on the 
optimisation of the experimental variables leading to the development 
of suitable flexible films for food packaging has not been reported. There 
is therefore the need to fill the existing knowledge gap by undertaking 
the present study. The objective of this research was to develop and 
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optimize the cassava starch-zinc-nanocomposite film based on their 
barrier, thermal and mechanical properties for use in food packaging.

Materials and Methods
Preparation of cassava starch 

Freshly harvested gari cultivar cassava tubers (5 kg), obtained from 
Kasuwan, Gwari Market in Minna, Niger State was used to prepare the 
starch. The produce was pealed and soaked in a clean bowl containing 
water for 24 hours after which it was ground into pastes. The ground 
paste was sieved using a muslin cloth and the resulting filtrate was 
left undisturbed for another 24 hours to allow the starch to settle at 
the bottom of the bowls to obtain starch slurry. The prepared starch 
slurry was dried under the sun for one week until a moisture content of 
2% (wb) was achieved. The starch prepared from this cassava cultivar 
usually contained 16.3% amylase and 83.7% amylopectin [17].

Preparation and analyses of zinc nanoparticles

The sol-gel method, described by Fadeyibi et al. [18], was used 
to prepare the zinc nanoparticle at the Crop Processing and Storage 
Laboratory of the Department of Agricultural and Bioresources 
Engineering, Federal university of Technology, Minna, Nigeria. The 
method involves the mixture of two homogeneous solutions. The 
first solution was prepared by adding 30 mL of distilled water to 20 
mL of triethanolamine with constant stirring while adding 2 mL (100 
drops) of ethanol in drop wise. A 5.39 g of zinc acetate di-hydrate was 
added to 50 mL of distil water with continuous stirring, to obtain a 0.5 
M solution, as the second homogeneous solution. The two solutions 
were mixed together in 500 mL beaker and a solution of ammonium 
hydroxide and 10 mL distilled water was added, in drop wise, with 
continuous heating and stirring for 20 minutes. Shortly after 30 min, a 
white bulky solution was formed. It was then washed 8-10 times with 
distilled water and filtered using a filter paper. The resulting residue 
was dried in the oven at 95°C for 8h.

The size distribution of the zinc particles was established using the 
zetasizer equipment (version 7.01) at the Centre of Genetic Engineering 
and Biotechnology of the Federal University of Technology Minna, 
Nigeria. The morphology of the zinc particles was studied using Siemens 
Bruker D5000 Multipurpose X-ray Diffractometer with the CuK α 
radiation of 1.54A°. This provides information on the intercalation and 
exfoliation processes of the short-range order of the zinc particles. The 
test was performed at the Chemistry Laboratory of Sheda Science and 
Technology Complex (SHESTCO), Abuja, Nigeria. 

Development of cassava starch-zinc-nanocomposite film

The prepared starch from the cassava roots was mixed with the zinc 
nanoparticles and glycerol in definite proportions to form the different 
nanocomposites. The ingredients were homogenised with the help 
of an extruder, dried in an air circulated oven dryer (60°C and 80% 
RH) for 24 hours and ground to form the nanocomposites, as shown 
in Figure 1. This was followed by film casting in plastic moulds after 
adding 600 mL of distilled water to the nanocomposites and heated at 
95°C.

The plastic mould, designed by determining the surface area using 
the expression in Equation (1), was used for casting the solution of the 
starch-glycerol-zinc nanocomposite. The surface area of the mould 
was 350 mm × 180 mm and the depth varied as 8, 10 and 12 mm. The 
thickness of the dried film at the four edges of the films was determined 
using a plastic micrometer, and the average and standard deviation 
were computed. The plastic mould with 8 mm depth gave an average 

dried thickness of 15.14 ± 0.22 µm, while those with 10 and 12mm 
depths were 16.21 ± 0.36 µm and 17.38 ± 0.13 µm, respectively.

TSA Na e= +                 (1)

Where, N = number of equivalent biomaterials (500 g), a= surface 
area of the mould mm2, e = allowance (assumed 600 mm2) and TSA = 
total surface area of the mould (mm2).

Characterisation of the film

Determination of thermal stability of the film: The thermal 
stability of the cassava starch-zinc nanocomposite films was determined 
using the Thermo Gravimetric Analyzer (TGA), at the Centre of 
Genetic Engineering and Biotechnology of the Federal University of 
Technology Minna, Nigeria. The chilling compartment of the TGA was 
initially set at a temperature of 15°C to maintain the equipment in the 
right cooling condition. The temperature scan was also set in the range 
of 30°C to 950°C and nitrogen gas was passed into the chambers at a flow 
rate of 20 mL/min and pressure of 2.5 bars for a period of 30 min. The 
weight of the crucible was zeroed after which a mass 2 mg of the sample 
was loaded in the TGA thermo-balance, with continuous weighing 
as heating progresses. Finally the programme was initiated and the 
weight loss (%) and time (min) data were measured and recorded as 
the temperature approached 950°C. The procedure was repeated thrice 
for each sample of the cassava starch-zinc-nanocomposite films and 
the values of the temperature were plotted against the weight loss of 
the film.

Determination of barrier properties of the film

Water vapour permeability: The water vapour permeability 
(WVP) of the nanocomposite films was determined according to the 
ASTM Standard [19]. The film sample was cut into circle of 4 cm 
diameter and placed on petri dish filled with 50 mL solution of sodium 
chloride to expose the film to 65% relative humidity at 25°C. The petri 
dish was allowed to equilibrate for two hours before taking the initial 
weight. The final weight was taken at the end of every one hour. The 
procedure was replicated three times; and the average of water vapour 
transmission rate and permeability were determined empirically as 
expressed in Equations (2) and (3).

G
WVTR

tA
=                   (2)

WVTR
WVT L

p
= ×

∆
                (3)

Where, WVTR = Water vapour transmission rate (g/s. m2), WVP 
= water vapour permeability (g/m.Pa.s), G is the difference in mass (g), 
t is the time (h), and A is the area of the mouth of the petri dish (m2), L 
is the thickness of the test specimen (mm) and Δp is the partial pressure 
difference of water vapour across the film.

Starch (24 g) 

Nanoparticle, 0-2 % (w/w)  Extruder 

Glycerol, 45%-55 % (w/w) 

24h at 60°C, 80% RHFilm casting with mould 

Nanocomposite 

Casting solution after 

Heating to 95°C   

Figure 1: Process flow diagram for the preparation of cassava starch-zinc nanocomposite films.
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Figure 1: Process flow diagram for the preparation of cassava starch-zinc 
nanocomposite films.
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the areas under the loading and the unloading parts of the hysteresis 
loop [21-23]. 

PmaxH
A hc c

= 					                    (10)

Where, Pmax = maximum load, Ac = contact area (nm2), hc = contact 
depth (nm), H = hardness of the nanocomposite film.

2 21 1 1v vi
E E Er i

− −
= + 				                 (11)

where, Er = reduced modulus (MPa), v = poison’s ratio of the 
nanocomposite film, which was obtained by assuming that the material 
is isotropic in nature with the elastic modulus evenly distributed in all 
crystallographic directions = 0.5, vi = poison’s ratio of the diamond 
indenter = 0.25, Ei = elastic modulus of the diamond indenter = 1140 
GPa, E = Elastic modulus of the nanocomposite film.

heERP
h f

= 					                   (12)

Where, he = recovered depth (nm), hf = depth of the unloading 
curve of the profile (nm), ERP = elastic recovery parameter.

1 d
 

dt
hc

hc
∈= 	  				                  (13)

Where, hc = depth at the holding region of the profile (nm), t = 
holding time (0.5 < t < 1), ϵ = strain rate or creep (nm/s).

Optimisation of the experimental variables of the film

Development of optimisation framework: The Response 
Surface Methodology (RSM) was applied to determine the optimum 
conditions of the experimental variables (concentration of glycerol, 
zinc nanoparticles and thickness) based on the characterised attributes 
of the films, namely mechanical, barrier and thermal properties. A 
Box-Behnken Design (BBD), which includes 17 experiments formed 
by 5 central points, was employed in the optimization process because 
of its suitability for a 33 full factorial experiment. The optimization 
framework of the BBD protocol is shown in Equation (14).

 ( , , )1 2 3f X X X e∀Φ = + , subject to the constraints: 

15 17 1
45 55 %2
0 2 %3

X m
X
X

µ ≤ ≤


≤ ≤
 ≤ ≤

				                   (14)

Where, Φ = characterised attributes of the film (barrier, thermal, 
mechanical properties), X1 = thickness of the film, X2 = concentration 

Oxygen permeability: The oxygen permeability (OP) of the cassava 
starch-zinc nanocomposite film was determined empirically using the 
column absorption method [20]. This was achieved by cutting 1.23 cm2 
sample of the film in the absorption column, immersed in a water bath 
and equipped with a hose from the cylinder containing oxygen gas. 
The sample was exposed to the oxygen gas, by this arrangement, for a 
period of one hour at 63% RH and 25°C. The oxygen concentration (%) 
in the column was subsequently measured, using an electronic balance 
(0.0001 g sensitivity) at the end of one hour. The data of properties 
shown in Table 1 contains the values of some parameters, including 
an established correlation for the computation of PH2O

sat, used for the 
calculation of the oxygen permeability (Table 1).

The difference in the partial pressure (ΔP) was computed using Eqs. 
(4) to (7).

2
2 1000

mO
O

M
  =  					                    (4)

2
2 100

satRH PH O
O i RT

×
  = 

				                 (5)

[ ]
[ ]

2 100%2
2

O
O t O i
  = ×  				                  (6)

Therefore,  [ ] [ ]( ) .2 22
P O O Pt iO total∆ = − 			                (7)

where, [O2]t is the oxygen concentration inside the absorption column 
at time t, [O2]i is the initial column oxygen content, mo2 is the mass of 
oxygen gas absorbed by the cassava starch nanocomposite film in the 
column, M is the molar mass of oxygen gas (16 g/mol), R is the molar 
gas constant (8.31×107 m3 Pa.mol-1.K-1) .

The total pressure (Ptotal) was calculated by taking into account the 
influence of the temperature (T) on the saturation pressure of water 
vapour PH2O

sat) and the relative humidity (RH) as shown in Equation 
(8). The value of OP was subsequently computed from Equation (9).

.
2

satP P P RHtotal atm H O= − 			                   (8)

2
m x

OP
tA PO
∆ ∆

=
∆ ∆

				                 (9)

The procedure was repeated three times and the oxygen permeability 
was taken as the average of the oxygen permeability measured under 
the steady state condition.

Determination of mechanical properties of the film: The 
nanoindenter was used to determine the mechanical properties of the 
nanocomposite films. A typical profile of the load-displacement curve 
of the film, obtained from the nanoindenter, is shown in Figure 2. 

The profile was used to compute the hardness, Young’s modulus, 
elastic recovery and creep from the empirical relationships in Equations 
(10) to (13). The strain was computed as the ratio of the recovered 
depth to the original depth or thickness of the nanocomposite film. 
The stress was computed as the product of the strain and the Young’s 
modulus of the material. The elastic and plastic works correspond to 

 
Figure 2: Load-displacement profiles of cassava starch-zinc nanocomposite films at 45% (w/w) glycerol and 2% (w/w) zinc nanoparticles and different 

thickness. 
Figure 2: Load-displacement profiles of cassava starch-zinc nanocomposite 
films at 45% (w/w) glycerol and 2% (w/w) zinc nanoparticles and different 
thickness.

Parameter Value
Volume of the Column (Vv) 17.42×10-3 cm3

Density of Oxygen (𝜌o2) 0.00133 g/m3

Atmospheric pressure (Patm) 101325 Pa
Saturated pressure of water vapour (PH2O

sat) PH2O
sat = 190.2T(°C)-1536.7(Pa)

Film area (A) 1.23×10-4m2

Table 1: Data of properties used for the computation of oxygen permeability.
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of glycerol, X3 = concentration of zinc nanoparticles, e = error term of 
the optimisation function.

Desirability function: Desirability is an objective function that 
ranges from zero outside a limit to one at the goal. It is possible to 
alter the characteristics of a goal by either maximizing or minimizing 
the optimisation function. For several responses and factors, all goals 
can be combined into one desirability function [24]. Therefore, in this 
study the objective functions are to maximise the mechanical properties 
and minimise the permeability and thermal stability of the films. The 
reason for the choice of a particular objective function is centered on 
the need to select the most desirable film, whose characteristic feature 
is comparable to the conventional low density polyethylene material.

Results and Discussion
Establishment of zinc nanoparticles

The results of the size distribution of the zinc particles were 
shown in Figure 3. It can be seen that the size of the zinc particles are 
heterogeneous as it varied in the range of 4 nm-9 nm. The variation in 
the size of the zinc particles can be associated with the increase in their 
solubility in the water used as solvent [25]. Tang et al. [26] revealed that 
organic or inorganic particles having their particle size in the range of 
1-100 nm can be regarded as nanoparticles, especially when used for 
food packaging application (Figure 3). 

Moreover, Figure 4 showed the X-ray diffraction pattern of the 
zinc particles. The diffraction peaks obtained confirmed the presence 
of the heterogeneous structure of the zinc nanoparticles. It is possible 
that the galleries of the zinc nanoparticles are forced apart during the 
irradiation process thus leading to an increase in the gallery spacing 
(d-spacing) [27]. According to Bragg‘s law, this would cause a shift in 
the diffraction peak towards a lower angle. The peak, at the lower angle, 
becomes wider and finally broadens into the base line; thus revealing 
a complete heterogeneous structure. Similar behaviours have been 
observed for montmorilonite, which shows complete heterogeneous 
structure by the presence of distinct diffraction peaks [26,28]. The use 
of the zinc nanoparticles can help improve the performance of the film 
for food packaging application (Figure 4).

Thermal stability of the film

The thermal degradation curves of the cassava starch-zinc 

nanocomposite films are typically shown in Figure 5. It can be seen 
that the thermal decomposition of the films occurred in three main 
steps, which generally conforms to the three thermal degradation 
phenomena of most starch-based films reported in literature [29-31]. 
The initial stage of the thermal degradation of the films occurred at 
temperature less than 100°C. The weight loss of the cassava starch-zinc 
nanocomposite films at this stage are in the range of 2% to 3%, and 
can be associated with the evaporation or dehydration of loosely bound 
water molecules and low molecular weight compounds in the films. 
The cassava starch-zinc nanocomposite films show higher mass loss at 
50% glycerol concentration and 15 µm thickness compared with the 17 
µm counterparts at temperature lower than 100°C. This indicates that 
the films with 50% glycerol concentration and 0% zinc nanoparticles 
contain moisture than the ones with 50% glycerol concentration and 
2% zinc nanoparticles. The second stage of the thermal degradation 
of the films ranges from 150°C to 260°C, which corresponds with the 
evaporation of glycerol compounds together with chemisorbed water 
molecules (Figure 5). 

The degradation temperatures of the films agree with the findings of 
Zhong and Li [15] and Sanyang et al. [32] who reported the degradation 
temperature of glycerol-rich phase of kudzu starch-based edible films 
and biodegradable films based on sugar palm starch between 150°C to 
280°C and 120°C to 290°C, respectively. Further heating beyond 260°C 
induced the highest thermal degradation rate which is reflected by the 
sharp weight reduction of the films. The onset of thermal decomposition 
of starches occurred at the residual weight, which is around 300°C for the 
films. According to Nescimonto et al. [33], this stage corresponds to the 
elimination of hydrogen groups, decomposition and depolymerisation 
of starch carbon chain. Generally, the residual weights represent almost 
complete decompositions of the films since more than 80% of the films Figure 3: Size distribution of zinc nanoparticles.  Figure 3: Size distribution of zinc nanoparticles.

 
 

Figure 4: XRD pattern of the zinc nanoparticles. 
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Figure 5: Effect of experimental variables on thermal stability of the films. 
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have been degraded. Beyond this temperature range, the films become 
unstable and the weight loss of the films increased with an increase in 
temperature. Similar degradation responses with temperature change 
were obtained for other thicknesses and concentrations of glycerol 
and zinc nanoparticles, as was shown in Figure 5. It can be argued that 
the increase concentrations of the glycerol and the zinc nanoparticles 
are partly responsible for the slight difference in the three stages of 
decomposition of the films. The comparison of the behaviour of the 
cassava starch-zinc-nanocomposite film with that of the low density 
polyethylene material (LDPE) revealed that the thermal stability of the 
film is lower than the LDPE. According to Chatloff and Sircar [34], 
a single mass degradation step, occurring at 478°C, has often been 
observed for LDPE and other synthetic polymers. This is in sharp 
contrast to the thermal degradation behaviour of the cassava starch 
nanocomposite films, which revealed three mass degradation stapes. 
This study provides a fair knowledge about the thermal stability of the 
films for potential application in food packaging. 

Permeability of the films

The influence of the experimental variables (thickness, 
concentration of glycerol and zinc nanoparticles) on the average 
values of the water vapour permeability is shown in Figure 6. It can 
be seen that the water vapour permeability increased generally with 
increase in the concentrations of the glycerol, zinc nanoparticles and 
thickness. This means that the experimental variables played significant 
roles in promoting the water vapour permeability of the resulting 
nanocomposite material. The presence of zinc nanoparticles together 
with increased thickness of the material help create a composite matrix 
with higher water absorption ability [30,34-36]. The reason for the 
increase in the water vapour permeability of the films with increasing 
concentration of the nanoparticles could be explained by structural 
modifications of the composite matrix, which may result from the high 
surface area to volume ratio of the nanoparticles. Thus, in order to 
maintain the quality of agricultural produce, it is necessary to package 
the food in a material with high water permeability (Figure 6). 

The influence of the experimental variables on the oxygen 
permeability of the nanocomposite films is shown in Figure 7. 
The oxygen permeability decreased with increasing thickness and 
concentrations of glycerol and zinc nanoparticles. It is possible that 
the presence of the nanoparticles restricted the mobility of the gas 
molecules as they diffuse across the films. The mobility was altered 

with the increase in the concentration of the nanoparticles, which 
is associated with their scavenging potential and the decreasing 
porosity of the composite matrix. It is important to note that, lower 
gas permeability of the films is an advantage in the nanocomposite 
technology, especially when they are to be used for packaging purposes. 
Therefore, by this action, the nanocomposite films can be regarded as 
an active or intelligent packaging material. 

Mechanical properties of the films

The effects of thickness and zinc nanoparticles on the mechanical 
properties of the nanocomposite films are shown in Figures 8 and 9. The 
creep, which is essential in determining the strain rate sensitivity of the 
nanocomposite material, decreased with nanoparticles and thickness of 
the film. The hardness of the material decreased with thickness and zinc 
nanoparticles. The Young’s modulus and elastic recovery parameter 
increased with nanoparticles but their behaviours were found to be 
inconsistent with thickness of the films, as shown in Figure 8. These 
behaviours can be attributed to the increased displacement of the film 
with a slight change in the applied load as the thickness increased. 

The elastic and plastic works, which determine the plasticity 
index of the materials, generally decreased with thickness and zinc 
nanoparticles, as shown in Figure 9. This means that the higher the 
concentration of the nanoparticles and thickness, the lower the 
plasticity index and thus the viscoelastic behaviour of the resulting 
nanocomposite material. The strain and stress of the material decreased 
generally with thickness and nanoparticles. This may be associated with 
the increasing area of contact of the diamond indenter with the applied 
load. Jorge et al [36] corroborated our findings in their work on the 
mechanical properties of gelatin-montmorillonite nanocomposite 
film. The presence of montmorilonite increased the mechanical 
properties of the film. Hence, the nanoparticles be said to contribute in 
the improvement of the mechanical properties of the nanocomposite 
material due probably to their large surface area to volume ratio.

Optimally selected films

The optimum values of the permeability due to oxygen and 
water vapour of the nanocomposite films, which were determined 
by minimising the responses subject to the defined constraints of the 
experimental variables, is shown in Figure 10. The desirability function 
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Figure 8: Effect of experimental variables on creep, hardness, Young’s modulus, elastic recovery parameter of the films. 
Figure 8: Effect of experimental variables on creep, hardness, Young’s modulus, elastic recovery parameter of the films.
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Figure 9: Effects of experimental variables on strain, stress, elastic and plastic works of the films. 
Figure 9: Effects of experimental variables on strain, stress, elastic and plastic works of the films.
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of selecting the best combination of the experimental variables 
increased with thickness but decreased with the concentration of the 
glycerol regardless of the concentration of the zinc nanoparticles. The 
increased desirability may also be associated with the degree of the 
interaction among the experimental variables. Similarly, selecting the 
films based on their thermal stability also required higher degree of 
interaction among the experimental variables, as shown in Figure 11. 
It can be deduced from these observations that higher thickness and 
lower glycerol concentration will greatly influence the solution goals, 
which are to minimise the permeability and maximise the thermal 
stability (Figures 10 and 11). 

Additionally, the optimum film was selected based on the 
desirability of obtaining the maximum mechanical response, as shown 
in Figure 12. The desirability, in this case, was mainly influenced by 
the effective contribution of the interaction among the experimental 
variables on the overall acceptability of the solution goal. The 
individual contributions of the variables were lesser compared to their 
associated interaction. Hence, the optimum film whose desirability 
function is closer to the solution goals gave values of 49.29% glycerol, 
17 µm thickness and 2% zinc nanoparticles. The matrix of the ideal 
film, by implication, should be made of these values for better service 
performance with respect to the characterised attributes of the films 
(Figure 12).

Conclusion
The food industry has seen great advances in the packaging sector 

with many innovations occurring lately. These advances have led to 
improved food quality and safety. This research was undertaken to 
develop and optimize the cassava starch-zinc-nanocomposite films for 
potential application in food packaging. The films were found to be 
thermally stable with 2% to 3% of their weights degraded below 100°C. 
The water vapour permeability increased while the oxygen permeability 
decreased with the concentration of glycerol, zinc nanoparticles and 
thickness of the films. The mechanical properties decreased generally 
with the thickness and zinc nanoparticles. The optimum film whose 
desirability function is closer the optimisation goal gave values of 
49.29% glycerol, 17 µm thickness and 2% zinc nanoparticles for 
maximum thermal stability and mechanical properties. The lower gas 
permeability of cassava starch-zinc nanocomposite film can slow down 
the rate of respiration, just as the higher water vapour permeability can 
promote the keeping quality especially in packaged foods. It is likely 
that the oxygen scavenging effect of the zinc nanoparticles, which can 
retard ripening, senescence and consequent deterioration, may be 
responsible for the low gas permeability of the new packaging material. 
It can be deduced from the behaviour of the nanocomposite film that it 
has potential application in food packaging.
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