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Abstract- Biodegradable plastic utilizing sago starch blended with PVA are fabricated and characterized in this study. 
PVA/sago starch and PVA/sago starch acetate system was prepared via casting method and starch acetate having degree of 
substitution (DS) 0.30 was prepared by acetylation process. The different percentage ratios of 50 to 90% of sago starch (SS) 
and sago starch acetate (SSA) for PVA blends were hot solution casted and mechanical properties, water absorption properties 
and transition temperature blends were observed. From water absorption analysis up to 10days, weight gains were observed for 
all blends as they are hydrophilic and highly absorb water. All samples showed rapid increase in weight gain at initial 
hydration. Higher water absorption were obtained with PVA/SSA as compared to PVA/ SS with percent water absorption 
between 35 to 60% for PVA/SS and 15 to 44% at room temperature.  PVA/SSA blend had increased the hydrophobicity of 
starch and reduces swelling power of film. From DSC thermogram performed, the highest gelatinization temperature were 
obtained by the composition of 20% PVA / 80% SS of 241ºC.  PVA/SSA with 50%PVA/50%SA ratios had gelatinization 
temperature of 208 ºC.   The difference in gelatinization temperature indicated differences in the perfection of starch crystals. 
The higher the gelatinization temperature, crystals are more perfect in the crystal lattice.  Generally, PVA/SSA blend have 
higher Tensile strength compared to PVA/SS for all preparations.  Higher SSA content also increases the modulus and 
improved rigidity. Microscopy images also showed better dispersion and homogeneity of PVA/SSA compared to PVA/SS. 
Hence PVA/SSA using modified sago starch has improved mechanical and better resistant to water.  
 
Index Terms- Polyvinyl alcohol, Sago starch, Sago starch acetate, Tensile, Water absorption. 
 
I. INTRODUCTION 
 
Biodegrable polymers have of paramount interest for 
researcher to contribute to green environment, 
Combination of thermoplastic polymer and natural 
polymer such as starch can form biodegradable blend. 
For fully biodegradable plastic, PVA/Starch blend are 
the most popular a PVA can provide a stable support 
medium for starch films [1]. However, the addition of 
different starch gives different properties. Some 
composition of PVA and starches are not compatible 
when each are present in high concentration [2] .The 
application is limited by lack of water resistance and 
the poor mechanical properties. To compete with the 
existing thermoplastic, starch based material should 
have similar thermo-mechanical characteristic in order 
to be processable in existing standard plastic 
equipment and end use properties. They also need to 
be comparable to synthetic plastic. The major 
disadvantages of these starch based biodegradable 
materials are the particularly poor mechanical 
properties, generally attributed to the very branched 
structure of amylopectin along with their intrinsic 
hydrophilicity [3]. The development of new 
starch-based packaging material includes the chemical 
modification of starch or the addition of hydrophobic 
groups or components in the formulation [4].This 
chemical modification has been used to introduce new 
properties of starch that can be apply in various 
applications. In this study, we are attempt to make 
some changes by using the acetylation of sago starch 
and followed with the composition of starch acetate/ 
PVA adding with or without  fixed glycerol and  

 
phosphate as cross linker agent to investigate the its 
fabrication and characteristic for biomedical 
applications. Starch acetate was reported [5] to be 
considerably more hydrophobic than it native starch 
and has been shown to have better tensile property 
retention in an aqueous medium, improved solubility 
compared to native starch and it’s easily cast into film 
from common solvent. Starch maleate, acetate and 
sucinate are some example of esterified starch being 
manufactured. Use of starch acetate to biodegradable 
PVA can increase hydrophobicity of it. This study will 
explain on PVA starch acetate system. Some research 
has been done to improve and increase the 
performance of starch by incorporating additives. The 
study of starch blended with polymer PVA proved to 
improve starch properties [6] Cross linking can 
increase strength, rigidity and resistance to water for 
specific application. However, water resistance can be 
improved by increasing the hyrophobicity of the starch 
through starch acetylation. [7]. Starch acetate is more 
hydrophobic than natural starch. In this study, 
comparison of Sago Starch (SS) which is the native 
starch from Sarawak Malaysia and their derivatives, 
sago starch acetate (SSA) through acetylation of the 
sago are being used to blend with PVA. Sago starch 
consists of 27% amylase and 70-80% amylopectin. 
Both polymers have α-D-glucose units in 4C1 
conformation [8]. Tensile and thermal properties of 
PVA/SS blend and PVA/SSA blend are being 
characterized. Comparison of water absorption which 
is very important in the hydrolysis of PVA blends are 
also investigated.  
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II. EXPERIMENTAL 
 
Materials 
Sago starch (SS) were supplied by local supplier Bo 
Giap Sdn. Bhd and PVA supplied by R&M Marketing 
Essex Sdn. Bhd.  Materials were mixed according to 
formulation as in Table 1. Sago starch acetate (SSA) 
were prepared beforehand and it is used directly after 
undergoing acetylation, drying and sieving. 
 
Preparation of starch acetate 
Sago starch acetate firstly produced using glacial 
acetic acid (GAA), acetic anhydride (AA) and sago 
starch in ceramic bowl with lid (150ml) and heated 
under microwave at 180 ºC. Ratios used were 
SS/GAA/AA corresponding to 1/1/0.3. After heating 
for 30 minutes, starch acetate and SSA were dried 
overnight. Dried precipitates will then be sieved using 
1mm sieve. Degrees of acetylation performed via 
titration were 0.30 for the sago starch acetate 
produced.  
 
Preparation of starch/PVA and starch 
acetate/PVA  
All mixed ingredients as in Table 1 formulation were 
dissolved in water under continuous stirring and 
heated up to 80ºC. Crosslinker was added in the final 
stage and mixture was poured into mould and oven 
dried at temperature 60-70ºC. The procedure was 
repeated by using different composition of PVA/starch 
based on Table 1. Tensile properties were performed 
using dumb bell shape specimen with length, 70mm 
and gage length 4 mm following ASTM D638 with 
speed rate 20mm/min. Thermal analysis measurement 
was measured by DSC and TGA. For DSC, the testing 
was done at a rate of 10ºC/min. The samples were 
carried out within temperature 30-200ºC to determine 
the gelatinization temperature and enthalpy, (∆H). 
Water absorption test were determined using ASTM   .   
 
Table 1: Composition of PVA/SS or PVA/SSA with cross linker. 

 
 
III. RESULT AND DISCUSSION 
 
Water absorption 
From water absorption analysis up to 10days, weight 
gains were observed for all blends as they are 
hydrophilic and highly absorb water. All samples 
showed rapid increase in weight gain at initial 
hydration.   

Higher water absorption were obtained with PVA/SA 
as compared to PVA/ SSA with percent water 
absorption between 35 to 60% for PVA/SS and 15 to 
44% at room temperature.  PVA/SSA blend had 
increased the hydrophobicity of starch and reduces 
swelling power of film. 
 

 
Fig 1:  Graph of weight gain of various composition of PVA/ 

Sago Starch (SS) versus days 
 
Water adsorption pattern of various compositions of 
starch and PVA was carried for 10 days and results 
were obtained as in Figure 1. It was found that after 8 
days, all the sample reach saturation point where there 
is small significant different or no changes in weight 
gained. The amount of water adsorbs increase rapidly 
at initial of hydration. 
 

 
Fig 2: Graph of weight gain of various composition of PVA/ 

Sago Starch Acetate (SSA)  versus days 
 
Figure 2 has shown weight gain of various 
composition of starch acetate/PVA versus period of 
immersion in water. The weight gains for all samples 
have increase very rapidly at the initial of hydration. 
After day 2, the weight of all samples decreases but 
not as much as PVA/SS.  
The gaining in weight for PVA/SSA is less compared 
to PVA/SS. Percentage composition of PVA/SS and 
PVA /SSA also different hydrolysis behavior.  Highest 
weight gain or water absorption were found for 
PVA/SS composition of 10/90 while highest water 
absorption for sample PVA/SSA were exhibited by 
sample 30/70 (0.65). Similar composition of 30/70 
PVA/SS (0.2) however showed least water absorption. 
Least water absorption and weight gain for the 
hydrolysis of PVA/SSA is 50/50 and PVA/SS of 50/50 
and 30/70. Acetylation had reduced the water 
absorption capacity and hydrophobicity had been 
imparted through acetylation process of the starch.  
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Upon acetylation of SS, water absorption was reduced 
by 40% of SSA. 
Highest water absorption found for 10/90 is due to 
higher starch content with greater starch amylose 
being swelled much faster and can retain greater 
amount of water. After day 7, weight gains were all 
found to be constant up to 10 days as saturation had 
been reached. Water is first absorbed in amorphous 
space of starch, which leads to a swelling phenomenon 
[9]. Water then enters via amorphous regions the 
tightly bound areas of double helical structures 
of amylopectin. The amylose chains begin to dissolve. 
Penetration of water thus increases the randomness in 
the starch granule structure, and causes swelling, 
eventually soluble amylose molecules leach into the 
surrounding water and the granule structure 
disintegrates [10].  
 
Different Scanning Calorimetry (DSC) 
From DSC thermogram performed, the highest 
gelatinization temperature were obtained by the 
composition of 20% PVA / 80% SS of 241ºC.  
PVA/SSA with 50%PVA/50%SA ratios had 
gelatinization temperature of 208 ºC. The difference in 
gelatinization temperature indicated differences in the 
perfection of starch crystals. The higher the 
gelatinization temperature, crystals are more perfect in 
the crystal lattice.   
 

Table 2: DSC for different composition of PVA/Sago Starch 
(SS) 

 
 
Small endothermic peak between 199C and 214 C 
were obtained for various blends of PVA/SS. In this 
result, there was no obvious glass transition 
temperature (Tg) peak. The higher the melting 
temperature (Tm) value means the more stable the 
molecules are.  So, pure PVOH, SS and SSA (100/0) 
has more stable molecules than PVOH/SS blended 
film. Starch is discrete and has partially crytalline 
microscopic granules that are held together by 
entended micellar network of associated molecules so 
it does not show obvious Tg [11]. Melting range 
broadened with increasing sago starch. The 
broadening of the melting range in the graph indicates 
that the PVOH molecules were restrained by the starch 
molecules. Single endotherm peak of PVOH and SS 
showed blend were miscible with each other. When SS 
was increased up to 80%SS, the melting peak was 
highest ~241ºC. Lower Tm of 199ºC were observed 
for 60 and 70% SS.  Tm is increased slightly with 

50/50 composition of PVA/SS. The melting 
temperature decreases with the increase SS content as 
well as its total enthalpy (∆H). This finding has been 
supported by the other researcher [12]. The Tm and 
∆H of the melting peak are significantly higher in 
either pure PVOH or SS (0/100) than in blended 
PVOH/SS which indicated possible interaction 
between PVOH and SS which has interrupted the 
crystallization of PVOH. 
 

 
Table 3: DSC for different composition of PVA/Sago Starch 

Acetate (SSA) 
 
The highest melt temperature obtained by the 
composition of PVA/starch 20%PVA/80%starch 
(241ºC). Only at the PVA/SA composition of 
50%PVA/50%SA (208 ºC) shows the gelatinization 
higher than PVA/starch (201 ºC). The difference in 
gelatinization temperature indicated differences in the 
perfection of starch crystals. The more perfect the 
crystals in the crystal lattice, the higher the 
gelatinization temperature. Enthalphy of melting is 
much higher for 90 and 80% SSA composition 
compared to SS or lower SSA.   SSA were found to 
have higher enthalpy or cystallite content. This is so as 
SSA may have better reorganisation of crystal latice 
which had perfected the crystal. Upon higher PVA 
content (more than 3o% PVA) , the crystal lattice are 
disrupted as starch acetate crystal can be damaged  
upon retrogradation.  
 
The melting temperature of starch depends upon type 
of starch, the amount of water present, pH, types and 
concentration of salt, sugar, fat and protein in the 
recipe, as well as derivatisation of starch. The 
gelatinization temperature of modified starch depends 
also on the degree of cross-linking of the amylopectin, 
the degree of acid treatment, acetylation and on the 
amount of damaged starch granules.  
 

 
Fig 3: Graph on melting temperature versus % starch/starch 

acetate. 
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The effect of acetylation starch is lower the 
gelatinization temperature. This is the reason why the 
gelatinization of starch is higher than starch. This 
reduces the tendency of chains to realign (retrograde) 
following gelatinization of starch during heat 
processing. Substitution lowers the gelatinization 
temperature, gives freeze-thaw stability, increases 
viscosity, increases clarity, inhibits gel formation, and 
reduces syneresis. Weakening of the starch granules 
by acetylation leads to early rupture of the 
amylopectin double helices, which accounts for the 
lower values of transition temperatures. 
 
Tensile Properties 

 
Fig 4: Graph of elongation versus % starch/starch acetate 

 
From the figure above, the different pattern of 
elongation value obtain by various compositions of 
PVA/Sago Starch and PVA/Sago Starch Acetate 
(SSA). Refer to PVA/Sago Starch graph, from 
70%PVA/30%Sago Starch to 10%PVA/90% Sago 
Starch there is reducing value of elongation. The 
elongation is rise from 40%PVA/60%Sago Starch to 
30%PVA/70%Sago Starch. The range of elongation of 
PVA/Sago Starch system obtained is between 3.45mm 
to 13.51 mm. Meanwhile, for PVA/Sago Starch 
Acetate (SSA) system there is no change in elongation 
from 30%PVA/70%Sago Starch Acetate (SSA) to 
10%PVA/90%Sago Starch Acetate (SSA) with 
66.66mm. From 30%PVA/70%Sago Starch Acetate 
(SSA) to 50%PVA/50%Sago Starch Acetate (SSA) 
composition, the elongation is decreasing. In overall, 
the elongation of PVA/Sago Starch Acetate (SSA) 
system is higher than PVA/Sago Starch system. 
Having high elongation means the forming body is 
flexible because need high pressure or load to be 
ruptures.  
 

Fig 5: Graph of stress (MPa) versus % Sago Starch/Sago Starch 
acetate (SSA) 

 
The strength of the material can be related with the 
value of maximum stress obtained. The material is 
strong if the maximum stress is high. As we compared 

between starch and starch acetate, the highest value of 
stress obtained by the composition of 
40%PVA/60%SA PVA/starch acetate composition. 
At 30%PVA/70%SA, the stress value for starch 
acetate lower than starch. It might be due by the failure 
present at length of dumbbell sample for 
30%PVA/70%SA. The reason PVA/SA system have 
high stress than PVA/starch because it high flexibility 
and high strength. So, the product can maintain the 
strength upon application of pressure and load. It is 
suitable for the application that requires high strength.    
For PVA/starch system, the graph shows increasing 
and decreasing in stress. Basically, the stress should be 
increase with increasing percent of PVA added into 
the composition. From 50%PVA/50%starch to 
40%PVA/60%starch and 30%PVA/70%starch to 
20%PVA/80%starch, the graph of stress is decline. 
The stress obtained by 50%PVA/50%starch is much 
lower than 10%PVA/90%starch. This might be caused 
by environmental effect. The samples were exposed to 
the environment in a long period, the structure of film 
become rigid. 
While for PVA/SA system, the stress is increasing 
from 30%PVA/70%SA to 10%PVA/90%SA. The 
highest stress possess by 40%PVA/60%SA with 25.93 
MPa. But, the stress obtained by the controller of 
50%PVA/50%SA without plasticizer and crosslinker 
with 31.13 MPa is higher than 40%PVA/60%SA. 
Basically, the stress exihibited by the system without 
plastisizer and crosslinker is low than with plastisizer 
and crosslinker. Btu in this matter, the cause is 
environmental effect. 
 

 
Fig 6: Graph of modulus versus % starch/starch acetate 

 
Referring figure above, the graph shows modulus, 
MPa versus % of starch/starch acetate. For PVA/starch 
system, the modulus is decreasing from 
50%PVa/50%starch to 30%PVA/70%starch and when 
reached 20%PVA/80%starch the modulus is 
increases. The modulus is range between 174.5MPa 
and 553.7MPa. Low modulus indicates high flexibility 
and strength. Other than that, modulus of PVA/Starch 
acetate has the same pattern of graph. The modulus is 
decreasing from 50%PVA/50%SA to 
30%PVA/70%SA and when reached 
20%PVA/80%SA the modulus is increases. The 
highest modulus obtained by 50%PVA/50%SA with 
999MPa. 
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Microscopy images 

  
Fig 7: Dinolite microscope image of  10%PVA/90%SS (A), 

20%PVA/80%SS (B), 30%PVA/70%SS (C), 40%PVA/60%SS 
(D) and 50%PVA/50%SS(E). 

            
Due to the figure 7 above, the PVA/starch film at 
10%PVA/90%SS (A) a shows cracking occur in the 
film. This may cause by to effect of the drying or the 
exposure to the environment. Less cracking was 
observed in 20%PVA/80%SS (B). When cracking is 
reducing, the structure of the film will stronger. Refer 
to 30%PVA/70%SS (C), 40%PVA/60%SS (D) and 
50%PVA/50%SS (E), there is little roughness in the 
film. The roughness of the film reduces when the 
amount of PVA used increases.  
 

 
Fig 8: Dinolite microscope image of  10% PVA/90% 

SSA(F),20%PVA/80%SSA(G),30%PVA/70%SSA(H), 
40%PVA/60%SSA(I) and 50% PVA/50%SSA(J). 

 
Based on figure 8, cracking only occurs in 
10%PVA/90%SSA(F). When the amount of starch 
acetate used increasing, the structure looks stronger. 
From20%PVA/80%SSA(G),30%PVA/70%SSA(H),4
0%PVA/60%SSA(I) and 50%PVA/50%SSA(J), the 
surface roughness is decrease. Some inhomogeneous 
present in 30%PVA/70%SSA(H). The PVA/starch 
acetate is smoother than PVA/starch. There is no 
dislocation present in PVA/starch acetate film. 
 
CONCLUSION 
 
In conclusion, the current investigation confirmed that 
using modified starch by acetylation method into 
PVA/Starch system had improved the mechanical, 
physical and thermal properties. The use of Starch 
acetate had increased hydrophobicity of film.  The 
acetylation of starch was found to increase 
hydrophobicity and thus is useful approach towards 
increasing the water resistance of starch and decrease 
swelling power of film. In addition, the results in this 
research suggest that different composition of 
PVA/starch and PVA/starch acetate had affected 
thermal stability, mechanical properties, and water 
adsorption performance. These findings could provide 
a specified material for different application. For water 
adsorption, the aim of this study is to increase the 
hydrophobicity of film so that it can be apply as drug 
capsule. The 50%PVA/50%starch acetate was 
exhibited lowest water adsorption with 25%. 

Therefore, it showed the greatest water adsorption 
performance. For PVA/starch system, 
50%PVA/50%starch adsorb the lowest percent of 
water with 36.6%. Having modulus, stress and 
elongation have been into consideration, PVA/Starch 
system with 30%PVA/70%SA which exhibited high 
strength, high flexibility and highest elongation.  
Meanwhile, for PVA/Starch acetate system, 10% 
PVA/90%starch is the most flexible, ductile and high 
strength. It is because it has lowest elongation and 
highest modulus. The maximum stress for this sample 
also is the highest. Thermal properties such as 
gelatinization temperature and enthalpy were 
observed. The greatest forming body is obtained by 
PVA/starch acetate system with 10%PVA/90%starch 
is the most stable composition because have the high 
gelatinization temperature (210.34ºC) and enthalpy 
(22.12J/g). It could be potentially useful for packaging 
application. Next, from the result of Dinolite 
microscope, the defect was observed from each 
composition of both starch system. Cracking occurs in 
the composition with low percentage of PVA used.  
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