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Abstract - Biodegradable plastic film making has been done using a mix of tapioca starch and  corn starch, which functions 
as the main raw materials together with glycerin and other ingredients namely aquades which serves as a solvent, as well as 
nano Zinc Oxide and nano Titanium Oxide  that serve as an additives. Tapioca starch and cornstarch was chosen as the raw 
material for the manufacture of bioplastic, because it is cheap and easy to get, its use is also stillminimal compared to other 
starch. This research aims to make an eco-friendly plasticand to improve the quality of bioplastic by adding Zinc Oxide and 
Titanium Oxide nano particles, the influence on the mechanical properties,surface morphology, and thedecomposition rate 
of bioplastic was investigated.The materials used a mixture of nanoZnO and nanoTiO2with percentage composition are 
0:100, 25:75, 50:50, 75:25, 100:0 of each.  
Based on the results aboveit can be concluded thatthe addition of Zno and TiO2nanoparticles can increase the mechanical 
strength and elongation of bioplastics, but on the contrary rate of bioplastic degradability decreases with the addition of ZnO 
and TiO2. The highest tensile strength (0.21 N/mm2)was obtained of percentage composition of nanoZnO and nano TiO2 
25:75. On the other hand,the highest elongation (29.3%) was obtained of percentage composition of nanoZnO and 
nanoTiO2 0:100andbiodegradibility process during the 3 days showed that the easiet bioplasticfilm to decompose in the soil 
are bioplastic films without the addition of a substance of nanoZnO and nano TiO2. 
 
Index Terms - Biodegradable, tapioca starch, cornstarch, TiO2, ZnO 
 
I. INTRODUCTION 
 
Pollution of the environment is a very serious 
problem that needs the attention of all walks of 
life. One of them is the pollution caused by plastic 
waste. Plastic widely used in everyday life because it 
has a strong, stable and portable. But the plastic 
material is made of materials which cannot be 
updated and are not parsable by microbes, to resolve 
such matters then the plastic material can be made 
from natural ingredients namely starch. 
 
Starch is a carbohydrate biopolymers that can be 
degraded easily. In addition, the sources of starch is 
very easy and cheap to get in as a main ingredient in 
the process of synthesis of biodegradableplastic. In 
Indonesia, the utilization of tapioca starch as a 
bioplastic material is a good choice because of it’s 
availability and renewable (Fernandez-Kim,2004). To 
provide resilience and strength of mechanically on 
the starch, fillers on the form of metal and natural 
materials are usually added into the polymer matrix 
(Yuli, 2010). 
ZnO is one of frequently used metal booster 
because ZnO is a piezoelectric ceramics and anti-
microbial properties (Wang, 2007). The addition 
of zinc oxide can improve the nature of packaging 
such as mechanical strength, the nature of the barrier, 
and stability. Zinc oxide (ZnO) has a ratio of surface 
area and large volume is great, it can chemically alter 
the physical properties, increases the reactivity of the 
surface, the nature of thermal, mechanical, unique 
electricity, stable to heat, and is generally safe 
(GRAS), according to the FDA. Zinc oxide may be 

added in some polymers to produce antimicrobial 
nanocomposit packaging (Kanmani&Rhim 
2014).While TiO2is a material that is already widely 
applied in various aspects. In the last decade, 
TiO2 already used as anti-bacterial materials, the 
decomposition of water, the degradation of methylene 
blue, and many more other applications. TIO2 is a 
semiconductor that has a photoactivity and high 
chemical stability. TIO2 are also non-toksic,hasredox 
properties, that is able to oxidize organic pollutants 
and reduce a number of metal ions in the 
solution. TIO2 also has an inert, stable against 
corrosion caused by light or chemicals (Hoffmann et 
al., 1995; Gupta et al., 2011),abundance available in 
nature (Radecka et al, 2008). 
 
The use of bioplastic is expected to reduce plastic 
waste on the environment. This research aims to 
know the influence of the addition of a mixture of 
nanoZnO with nano TiO2 againstmechanical 
properties in bioplastic, knowing the surface 
morphology of bioplastic are microscopic and 
slowing the rate of degradation. 
 
II. MATERIALS AND METHODS 
 
Materials and Equipment 
The materials used in this research are nano zinc 
oxide (the result of synthesis of zinc acetate from 
waste zinc dross by chemical methods, particle size 
120 nm), nano titanium dioxide, tapioca starch brands 
rose brand, cornstarch, glycerine, acetic acid and 
silicon oil from Bratachemaquades as a solvent. The 
tools used in this research are an 
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oven memmert, magnetic stirrer, electric heater, 
petridish, mixer, digital scales, bucket, ground. The 
analysis of tensile strength and elongation is 
using universal tensile machine. 
 
METHODS 
 
Stepsof Manufacture of Bioplastic 
The process of bioplastic filmmaking is using a fixed 
variable compositions of earlier research that is 40 
grams of tapioca starchmixed with 10 g 
cornstarch. The changing variables obtained from the 
percentage composition ofnanoZnO and TiO2 nano-
 0:100, 25:75, 50:50, 75:25, 100:0. Aquades as much 
as 250 ml are added into the mix starch together with 
zinc oxide nanoparticle and nano titanium dioxide, 
glycerin added 30 ml 7.5 ml of acetic acid and then 
stirred for 35 minutes while heated and stirred using 
magnetic stirer at a temperature of 120 oCuntil the 
gelatinationsprocess is done perfectly. After that pour 
in mold petridish and then dry it in the oven at the 
temperature of 50 oC over the past 48 hours. On the 
temperature 27 oC remove the films from their molds. 
 
Film Characterization of Bioplastic 
Bioplastic films that is formed from mechanical 
properties were analyzed to find out the tensile 
strengthand elongation at break (elongation), physical 
surface of bioplastic, and biodegradable bioplastic 
analysis with a burialmethod, Chrisnayanti method 
( et al, 2000). 
 
III. RESULTS AND DISCUSSION 
 
The physical surface of bioplastic 

 
Figure 1. The surface of the physical composition of any 

bioplastic 
 Figure 1 .Indicates that the bioplastic produced from 
a mixture of cornstarch and tapioca starch without 
added substances has a chewy texture, dense, 
yellowish white, there is the presence of air 
bubbles. As for the bioplastic that has added 
substance nanoZnO and TiO2 nano on various 
composition visually indicates the absence of air 
bubbles trapped in bioplastic and surface 
texture bioplastic produced so smooth but stiffsoon as 
it is dry bioplastic is easily released from the mold..  
 

The analysis by the method of burial bioplastic 
biodegradation 

Degradation of bioplastic (day)
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Figure 2 . Degradation rate of bioplastic after certain days 
 

Figure2. Shows the process of testing biodegradable, 
where after doing burial for 3 days, the observations 
indicate that thebioplastic film from a mixture tapioca 
starch and corn starch without added substance can be 
degraded faster in the soil because there is content of 
cellulose materials that is used are easily described in 
the soil. While the bioplastic that isadded by 
substances nanoZnO and nanoTiO2  has lower 
degradation rate. This is caused by many factors, 
including the materials of nanoZnO metal 
reinforcement and nano TiO2 together on the 
antimicrobial properties of the bioplastic has caused 
the bioplastic film to be more long degraded naturally 
because it is more resistant to the presence of 
microbial activity in the soil. 
 
Mechanical properties analysis of bioplastic 
Tensile Strength 
Tensile strength is a measure for the strength of the 
film specifically, is the last before breaking up the 
maximum pull/tear. This measurement is done to 
know the magnitude of the force on the need to reach 
the point of maximum traction on any surface area of 
the film. Properties of tensile strength depends on the 
concentrations and types of ingredients material of 
bioplastic especially nature of cohesion 
structural. Structural cohesion is the ability of 
polymers to determine there is no strong or molecule 
or bonding between polymer chains (Fauzi,2013). 

 
Figure 3 . The Tensile Strength data for various composition of 

bioplastics 
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Figure 3. It can be seen that the addition of the 
composition of the material greatly influences the 
strong pull of the plastic film . The result of the 
highest tensile strength is produced from the mix 
addition of the percentage composition of nanoZnO 
and nanoTiO2 25:75 are 0.21 N/mm2. The picture 
above can also be seen that the more added 
ingredients nanoZnO and nano TiO2, then the value 
of the tensile strength of bioplastic produced is 
increasing compared to bioplastic withoutnanoZnO 
and nanoTiO2. On the other hand,to show that the rise 
is significant or unknown from the p value. The way 
to get p value by comparing the data of nanoZnO and 
nanoTiO2 25:75 with no added nanoZnO and 
nanoTiO2. The results shows that the p value are 
0,023,it is smaller than 0,05 and then the resulting 
increase is significantly. This is because the clusters 
on ZnO and TiO2 willcapture electrons from the 
hydroxyl (OH) in the polymer so that the cluster can 
bind. The tensile strength of film bioplastic was 
strongly influenced by the content of the bioplatic 
that you added. Due to the increased concentration of 
nano ZnO and nano TiO2it will raise the hydrogen 
bonding. In the film so it enlarges the capabilityof 
tensile strength. According to Okamoto the smaller 
the particle size the more filler material is evenly 
distributed in the polymer matrix its spread. Process 
incoming and bind ofZnO and TiO2 it would bolster 
it’spolymerstrength starch causing the bioplastic is 
getting stiff. 
Elongation 
Elongation is the change in the maximum length of 
the film before it was cut off. The higher of the 
elongation value of a plastic the more it does not 
quarante the quality of the plastic. The elongation 
percentage is also influenced by the mix of nanoZnO 
and nano TiO2. 

 
Figure 4 . The Elongation data for various composition of 

bioplastics 
 
Figure 4. It can be seen that the addition of material 
composition greatly affect the value of the elongation 
of the plastic film .The most high elongation values 

resulting in the addition of the mixture with the 
percentage composition of nanoZnO and nanoTiO2  
0:100 are 29.3%. While the lowest of elongation 
values resulting in the addition of the mixture with 
the percentage composition of nanoZnO and 
nanoTiO2  25:75% are 18.9%. This shows that on the 
percentage composition of nanoZnO and nanoTiO2  
25:75producethe lowest elongation compared to other 
compositions. 
 
CONCLUSION 
Based on the results above, it can be concluded that 
the bioplastic made from tapioca starch and corn 
starch with the addition of nanoZnO and nano TiO2 
has a higher mechanical strength than pure natural-
based bioplastic and also it has a longer degradibility 
time than the pure one. However,in the process of 
biodegradabletesting,after doing burial for 3 days 
after planting, the observations indicate that the film 
bioplastic that addedmetalmaterial ofnanoZnO and 
nano TIO2 have antimicrobial properties that cause 
film bioplastic will longer degraded naturally. 
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