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The attractive factors of starch as a packaging material are its low price and degradable 
properties. However, brittleness hindered the starch from functioning well as a 
packaging film. Researchers have done a few studies about numerous types of starch 
but have had no reports on sago starch (SS). The incorporation of polyvinyl alcohol 
(PVA) and chitosan nanofillers (CSN) into SS formulations was aimed at improving 
mechanical properties. Synthesis of packaging film was then formulated by Design 
Expert 13.0 with three independent variables, which were compositions of sago starch 
(SS), chitosan nanoparticles (CSN), and polyvinyl alcohol (PVA) at 100 wt % of solution 
basis. Seventeen experimental designs produced the probability error of tensile 
strength and swelling index at p < 0.05. The ANOVA shows that both responses give 
the p-value at 0.0177 and 0.0106, respectively. This has confirmed that the 
optimization of film formulation has been achieved accordingly. 
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1. Introduction 

 
The production and widespread use of nondegradable plastics exacerbate waste disposal 

challenges [1]. This issue arises partly because consumers are not adequately exposed to measures 
for preventing pollution. In recent decades, there has been a global surge in demand for green 
packaging materials to maintain environmental cleanliness and reduce pollution [2]. These efforts 
aim to minimize reliance on petroleum-based plastics. Researchers are actively working to enhance 
biodegradable packaging plastics, advancing this innovative solution. Packaging materials provide 
physical protection and help create optimal physicochemical conditions for food. Key factors for 
improving biodegradable packaging include protecting food from oxygen, water vapor, ultraviolet 
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light, and both chemical and microbiological contamination [3]. New developments in packaging 
materials focus on extending food shelf life and ensuring consumer safety by reducing foodborne 
illnesses [4]. After their intended use, these materials should ideally biodegrade within a reasonable 
timeframe without causing environmental harm. 

Starch has gained significant attention for its potential as a biodegradable thermoplastic polymer 
[5]. Agricultural products like starch offer a cost-effective and sustainable alternative for developing 
degradable materials. In Malaysia, sago starch derived exclusively from the Metroxylon sagu plant 
shows immense potential for creating biodegradable packaging materials. The properties of starch-
based films and modification techniques for enhancing their physicochemical and mechanical 
characteristics have been extensively studied. This research uniquely highlights using sago starch (SS) 
as a promising material for producing innovative bioplastics reinforced with polysaccharide 
nanofillers. Nanotechnology involves manipulating materials at the nanometer scale to achieve 
desirable properties for novel applications [6]. Researchers have invested considerable effort in 
developing polymer-based nanocomposites, representing a breakthrough for biopolymer 
applications in the food packaging industry by addressing the limitations of traditional biodegradable 
plastics [7]. Incorporating nanofillers into biodegradable plastic films enhances their properties. 
Among these, chitosan (CS), a natural biopolymer, is frequently chosen due to its ease of synthesis, 
nontoxicity, biodegradability, biocompatibility, and cationic polysaccharide structure [8]. 

This study focuses on improving the physicochemical properties of sago starch–chitosan 
nanofiller films with additional polyvinyl alcohol (PVA) into the formulation, as well as developing 
new systems to extend their shelf life. These advancements align with the goal of preserving food 
using biodegradable packaging. The production of these bioplastics represents an economical and 
environmentally friendly approach to mitigating global pollution issues and ensuring sustainable 
future solutions. 

 
2. Methodology  
2.1 Optimization 

 
Optimization of dependent variables was analyzed using Box-Behnken Design (BBD) from Design 

Expert 13.0 software as the statistical analysis may assess the effect of processing parameters on the 
response variables. Analysis of variance (ANOVA) statistically produced a set of data that comprised 
the probability of error (p-value) and F-value for the regression model and residual. A polynomial 
equation was developed from ANOVA data, which summarizes the interaction between the process 
parameters. An F-test was carried out to support the earlier results obtained from ANOVA. 

 
2.1.1 Design of experiment 
 

Levels of process parameters were determined to assess the optimization process. Table 1 
portrays the range of factors used in the formulations of sago-based film. BBD was used to produce 
the same seventeen sets of experimental designs with different formulation ratios. Dependent 
variables, which consist of tensile strength and swelling index, were analyzed based on the 
experimental results. Statistical analysis was utilized to show the significance of the regression model 
and residuals and compare them with the F-test. The accuracy of the results was shown as the null 
hypothesis from the F-test was accepted. The interactions between factor variables were 
summarized into polynomial equations, Pareto charts, and response surface plots of process 
variables. 
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        Table 1 
        Levels of independent variables for optimization process 

Independent variables Symbol Range Increment Fixed Variable 

SS (wt%) X1 10 < X1 < 90 Δ40 Concentration of 
Sorbitol 

(Plasticizer) 
CSN (wt%) X2 20 < X1 < 80 Δ30 

PVA (wt%) X3 20 < X1 < 70 Δ25 

 
3. Results and Discussion 
3.1 Optimization by Response Surface Methodology (RSM) 

 
The experimented response variables were analyzed based on the analysis of variance (ANOVA) 

at p < 0.05. The ANOVA was estimated to express the effects of linear, quadratic, and interaction 
coefficients on the responses. This part described the relationship between tensile strength and 
swelling index based on the quadratic model chosen to optimize the independent variables of SS, 
CSN, and PVA composition in a solution. In order to estimate the significance value of the model 
chosen, the F-value was used as the indicator to measure the confidence level obtained for the 
experimental design. The significant probability of error in the statistical analysis can be regarded as 
the p-value being higher than 0.05. The model was considered as significant as estimating a 
confidence level above 95 %. Based on the preliminary experiments, the optimization of process 
conditions was analyzed to determine the suitable conditions for synthesizing sago starch-based film 
(SBF). BBD was used to design the solution's experimental formulations of SS, CSN, and PVA 
composition. These variables were formulated and normalized based on basis of solutions at 100 wt 
%. BBD developed seventeen sets of experimental formulations with five replicates for the central 
point.  
 
                Table 2 
                ANOVA for tensile strength 

Sources Sum of 
Square 

Degree of 
Freedom 

Mean 
Squares 

F-value p-value 

Model 2253.68 9 250.41 5.48 0.0177 

Residual 319.63 7 45.66 - - 

Lack of fit 247.04 3 82.35 4.54 0.0890 
Pure Error 72.58 4 18.15 - - 

Total 2573.31 16 - - - 

 
The null hypothesis for the polynomial model was tested based on comparing the F-value. In 

order to test the null hypothesis of the polynomial model, the F-value calculated was compared to 
the F-value from the table. ANOVA produced an F-calculated value of 5.48. As for the F-tabulated 
value, it gained from the table based on the values obtained between the degree of freedom of 
regression, 9, and degree of freedom of residual, 7, at a 95 % confidence level. From table F critical 
points from Appendix A, the value of F-tabulated was 3.685. The condition was shown when F at (9, 
7, 0.0177). The F-calculated value was higher than the F-tabulated value, which summed up to the 
null hypothesis for the response was accepted at a significance level, α = 5%. This indicates a good 
statistical analysis for tensile strength.  

The analysis showed the model terms of X1, X2, X12, X22, X32, X1 X3 were significant for the 
analysis. Based on the coefficient estimate from the table, the values described the significance of 
each term in the formulation. The model terms were manipulated toward developing good tensile 
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strength of film plastic. Apart from that, the standard error illustrated the standard deviation for each 
term in the optimization process. Data analysis showed a small standard error for each, which can be 
summarized as a lower deviation from the mean values. Regression coefficient analysis revealed the 
actual values from the F-value and p-value for the model terms. The values regarded the probability 
of obtaining good data analysis from the process variables. Design Expert 13.0 software produced 
these statistical terms for the expression of coefficient interactions. It was then supported by a Pareto 
chart from Statsoft Statistica software to estimate the significance value for each model term. 
 

 
Fig. 1. Pareto chart of tensile strength 

 

The Pareto chart plotted in Figure 1 portrays the significant model terms for the tensile strength. 
The most significant term in this response study was the linear term of CSN, X2; meanwhile, the 
second most significant estimation for the response was the quadratic term of PVA, X32. These 
process variables created good tensile strength conditions for the developed plastic. There were 
contributions of quadratic terms of CSN, X22 and SS, X12 respectively in accordance to increase the 
tensile strength of SBF. In addition, the interactions between SS and PVA in linear terms, X1 X3 ensure 
the decrement of brittleness for the plastic film. SS in linear terms was reported to provide a 
significant difference to tensile strength as it contained plasticizer to provide much higher strength 
for the plastic. The coefficients for the model terms were constructed in Equation 1. 
 
Ytensile = 114.48 + 0.45 X1 -1.18 X2 -1.53 X3 - (4.38x10-3) X12 + (9.89x10-3) X22 + 0.017 X32 + (2.95x10-3)  
X1 X2 - (6.71x10-3) X1 X3 + (7.53x10-3) X2 X3                                                     (4.1) 
 

ANOVA was crucial to the coefficient estimations as standard deviation and R2 value influenced 
the plotting. The analysis of tensile strength created a standard deviation of 6.76, revealing the actual 
average between the experimental data sets. The lower number of standard deviations indicates a 
good analysis of the response. The study of tensile strength granted the value of R2 at 0.8758 for this 
model. This implied a good correlation between the experimental and predicted value of the 
response. The developed model was considered statistically accurate by the estimated R2 value of 
more than 70% [9]. 
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3.1.1.1 Analysis of response surface plot for tensile strength 
 

Based on the Pareto chart, CSN played the most important role in developing good tensile 
strength of plastic. The linear terms of CSN showed a significant effect on the response as the p-value 
was lower than 0.05. The surface plot, as shown in Figure 2, portrayed the fitted response based on 
the factors of SS and CSN compositions. The figure showed the fluctuation of results due to 
undesirable factors. However, the results from the tensile strength analysis were then supported 
theoretically. 

 
Fig. 2. Response surface plot of tensile strength as a function of SS and CSN 

The highest tensile strength value was obtained from the interactions between the highest 
composition of CSN and a moderate amount of SS composition after five data replications. According 
to the response surface plot, as the CSN composition was increased to a low amount of SS 
composition, the tensile strength of the plastic increased dramatically. This happened due to 
nanofiller functions that can completely meet the requirements for experimental formulation. A 
higher SS composition in the formulations caused the excessive hydroxyl groups in the medium. 
Therefore, van der Waals forces took place due to higher hydroxyl groups [10-12]. The amide group 
of CSN was insufficient relative to the available hydroxyl group; hence, the bonding inside the film 
became weaker. The experimental results exhibited the values that followed the theory of chemical 
interactions. 

The response surface plot in Figure 3 revealed the tensile strength value as a function of SS and 
PVA compositions. As the composition of SS and PVA increased, the film's tensile strength also 
increased. The phenomenon occurred due to hydrogen bonding inside the formulation. The 
molecular structure of SS and PVA allowed the H+ and OH- to interact [13-14]. There should be 
adequate SS and PVA compositions so that the interactions between the functional groups occur 
simultaneously. 
 

 
Fig. 3. Response surface plot of tensile strength as a function of SS and PVA 
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The interactions between CSN and PVA were summarized in the response surface plot in Figure 
4. The findings were based on the compositions used in the film. As the composition of CSN and PVA 
increased, the developed film's tensile strength was also increased. The curvature shown in the 
surface plot provided information about interactions that should be in the correct ratio of 
compositions. The lowest ratio of both materials, which lay at 20 wt. % revealed a higher tensile 
strength of the plastic film. This concluded the composition ratio used in the solution was properly 
chosen for the formulations. Concentrations of process variables from the experimental designs were 
normalized into 100 wt % of solution basis. Therefore, the tensile strength of the plastic film was in 
the maximum state as the basis of the solution influenced the composition used in the solution.  

 

Fig. 4. Response surface plot of tensile strength as a function of CSN and PVA 

3.1.2 Significance estimation for polynomial model of swelling index 
 

ANOVA of the swelling index produced 0.0106 for p-value, which indicates the model terms were 
significant. Lack of fit showed the residual was insignificant in plotting the regression model as a p-
value at 0.4719. ANOVA for the swelling index was tabulated in Table 3. After obtaining the significant 
value for the error probability, an F-test analysis was carried out.  

 
Table 3 
ANOVA for swelling index 

Sources Sum of 
Square 

Degree of 
Freedom 

Mean 
Squares 

F-value p-value 

Model 4579.87 9 508.87 6.59 0.0106 
Residual 540.25 7 77.18 - - 

Lack of fit 234.25 3 78.08 1.02 0.4719 
Pure Error 306.00 4 76.50 - - 

Total 5120.12 16 - - - 

 
F-values from mathematical and tabulated values were compared to test the null hypothesis for 

the polynomial model. The null hypothesis of the polynomial model was tested by comparison of F-
calculated and F-tabulated values. ANOVA table constructed all the information about the response, 
which also expressed the value of F-calculated at 6.59. The f-tabulated value was the data obtained 
from the degree of freedom of regression, 9, and degree of freedom of residual, 7, at a 95 % 
confidence level. Table F critical points on Appendix A expressed the value of F-tabulated at F (9, 7, 
0.0106) was 3.685. As ANOVA produced the value of F-calculated higher than the F-tabulated value, 
the conclusion for the F-test showed the null hypothesis was accepted at a significance level, α = 5%.  
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The analysis exhibited that X2 was the only significant model term. The Pareto chart for the swelling 
index response was constructed in Figure 5. This statistical chart supported the values obtained from 
the coefficient estimate value. 

 

Fig. 5. Pareto chart of swelling index 

The Pareto chart portrayed the significant coefficient terms for the swelling index. The most 
significant term in this response study was the linear term of CSN, X2. The explanation was about the 
chemical formula of CSN, which contained a phosphate group due to cross-linking. The interactions 
between CS and TPP may transform CSN into composite material. Therefore, the swelling for the SBF 
is influenced by the composition of CSN used in the solution. As the ratio of CSN increased, the 
swelling index gradually decreased. The actual coefficients for the model terms are explained in 
Equation 2. Positive and negative signs illustrated the dependency of response in boosting or 
depleting the process variables for producing good properties of plastic film. 
 

Yswelling = 188.10392 - 0.53 X1 -1.43 X2 + 0.35 X3 + (1.95x10-3) X12 + (4.86x10-3) X22 - (6.60x10-3) 
X32 + (4.17x10-3) X1 X2 + (6.50x10-3) X1 X3 + (3.33x10-4) X2 X3                                                         (4.2) 
 

The analysis of the swelling index created a standard deviation of 8.79. The study of the swelling 
index produced the value of R2 at 0.8945. A good correlation between the experimental and 
predicted value of the response was shown based on the standard deviation and R2 value obtained 
from ANOVA. Polynomial response models were analyzed based on the quadratic model from the 
Box-Behnken design.  
 

3.1.2.1 Analysis of response surface plot for swelling index 
 

The Pareto chart showed the significance term of CSN (X2) as the variable prevented the water 
permeation into the plastic film. The linear term of CSN showed a significant effect on the response 
as the p-value was lower than 0.05. The response surface plot, as shown in Figure 4.6, portrayed the 
fitted response based on the factors of SS and CSN compositions. The experimental results exhibited 
a high degree of swelling as a low amount of CSN spread over the film. According to the figure, when 
the CSN composition was increased, the degree of swelling was gradually decreased. As CS undergoes 
the ionotropic gelation with TPP, the phosphate group will be attached to each nanoparticle [15-17]. 
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The environment created non-polar particles as the NH3+ interacts with PO4- [18-20]. Thus, it will 
induce protection against the permeation of water into the film. 

 

Fig. 6. Response surface plot of swelling index as a function of SS and CSN 

The response surface plot in Figure 7 exhibited the value of the swelling index as a function of SS 
and PVA compositions. As the composition of SS and PVA increased, the swelling index of plastic films 
also increased. Maximum degrees of swelling were achieved as the SS and PVA compositions were 
at the maximum state. Biocomposite plastic gradually swelled up as it was immersed in deionized 
water. This phenomenon happened due to hydrogen bonding between SS and PVA which allowed 
the permeation of water into the film. Water molecules also provided the hydroxyl group, hence the 
polarity may cause the molecules to interact through hydrogen bonding [21]. 

 

Fig. 7. Response surface plot of swelling index as a function of SS and PVA 

The interactions between CSN and PVA were summarized in the response surface plot in Figure 
8. The findings were based on the compositions used in the film. At a high composition of CSN, the 
degree of swelling for the plastic films was steadily low. A similar condition happened as the CS was 
transformed into nanoparticles; the crosslinking agent of TPP allowed the formation of non-polar 
nanoparticles. The phenomenon induced to composite blending of CSN into the film solution. The 
plotting was theoretically accurate since it revealed that nanofillers were sufficient to be dispersed 
in the solution, which consequently conferred a low swelling index. 



Future Energy and Environment Letters    

Volume 1, Issue 1 (2024) 48-59 

 

56 
 

 

Fig. 8. Response surface plot of swelling index as a function of CSN and PVA 

3.1.3 Multiple response optimization 

Optimization of biocomposite plastic film required maximum tensile strength and minimum 
swelling index values. Therefore, the goals for process variables and responses were estimated during 
the analysis in the initial statistical analysis phase. The range of conditions for the independent 
variables was set into ‘in range’ values using the numerical optimization function of Design Expert 
13.0. The lower and upper limits for independent and dependent variables were determined based 
on preliminary experiments and ANOVA. Preliminary experiments helped to evaluate the range of 
levels from the experimental results, whereas ANOVA measured the significant value of model terms. 
There should be optimum conditions for developing SBF. Statistical analysis from the software 
produced a set of optimum conditions for those three independent variables. Table 4 shows the 
optimized values for process variables and response values with high desirability functions. Based on 
the tabulated values, it revealed that SBF demanded CSN in high composition as the parameter may 
trigger toward high tensile strength and low swelling index. The expected value for tensile strength 
was as much as 95.98 MPa, whereas the swelling index was expected to be low for up to 38.07 %. 

 
        Table 4 
        Optimum values for variables 

Parameters Goal Optimum Values 

SS In range 21.73 
CSN In range 78.50 
PVA In range 64.18 

Tensile Strength Maximize 95.98 
Swelling Index Minimize 38.07 

 

Figure 9 explains the ramp function graph of desirability for tensile strength and swelling index. 
The ramp for each variable was designed based on the conditions selected earlier in the experimental 
design. Point on the ramps illustrated the optimized value gained from statistical analysis. As the 
process variables were manipulated, the experimental values from both responses reflected the 
compositions needed to be used for the formulations of film and gave the expected results for the 
process of re-synthesis of film. 

 



Future Energy and Environment Letters    

Volume 1, Issue 1 (2024) 48-59 

 

57 
 

 

Fig. 9. Ramp function graph of desirability for responses 

The histogram in Figure 10 presented the overall desirability function of tensile strength and 
swelling index. Desirability ranged from 0 to 1, as parameters were measured to determine the 
optimum conditions for the formulations. In addition, the functionality of desirability could be the 
turning point to understanding the closeness of the response to the desired outcome. The study 
obtained the maximum desirability which summarized the whole statistical analysis was in good 
condition. In explanation, the statistical analysis from this optimization process served a good quality 
of process using those three process variables. Based on the experimental results from seventeen 
sets of data, it concluded that the aim of the study was to obtain the maximum tensile strength and 
minimum swelling index. Therefore, the selection of the process variables range was on target as it 
produced the optimized SS, CSN, and PVA values, which can provide the desired values for both 
responses. The graph showed the desirability of process variables and responses, and their 
combination was 1. This condition indicates the maximum desirability obtained from the statistical 
analysis. 

 

Fig. 10. Histogram of desirability for tensile strength and swelling index 

The statistical analysis of the film formulations demonstrated significant results for the selected 
model in the optimization process. In the BBD quadratic two-way interaction, the p-value for tensile 
strength is 0.0177 at a 95% confidence level. Similarly, the swelling index yielded a p-value of 0.0106, 
indicating significance at p < 0.05. These values confirm the reliability of the findings regarding tensile 
strength and swelling properties, underscoring the validity of the analysis. The optimized values 
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derived from the statistical analysis were subsequently re-synthesized to ensure accuracy in the final 
characterization results. 
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