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Effects of Glycosidic Bond between Complex Carbohydrates and Glycerin on Degradability and 
Durability 
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The purpose of this project was to determine glycerin’s effect on the flexibility of bioplastics. 
Bioplastics in their current form are not viable because they are still too brittle and flimsy. 
Bioplastics are known to be too brittle and non-cost-efficient but the only way to decrease the 
plastic pollution in our oceans is to find alternatives that are cheap and degradable. To determine 
glycerin’s effect on the flexibility of bioplastics I began by creating multiple batches of 
bioplastics each with a different amount of glycerin added. After waiting three hours I measured 
the cracks formed on each of the bioplastics using a software called ImageJ. The bioplastic with 
the least cracks per square inch only had three to four drops added and any bioplastics with 5 or 
more began forming more cracks per square inch. Hopefully, with my data, future productions of 
bioplastics will be created with the correct ratio of glycerin to starch allowing bioplastics to be 
more flexible. 
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Questions and Variables 

Question: what the effects of a glycosidic bond between complex carbohydrates on degradability 
and durability? 

 
Independent: Different Starches  
Dependent: The degradability of bioplastic.  Plastic before placing in water was measured and 
documented in grams.  Bioplastic was placed in water for 5 hours. Bioplastic was taken out and 
set to d. Weight was measured and documented in grams. The weight lost was divided by the 
initial weight to find the percentage lost in grams. Bioplastic changed and procedure was 
repeated.  
 

Background research 

• According to the Environmental Protection Agency, Americans discard 77.9 tons 
of packaging per year, accounting for roughly 30% of total garbage generated in the 
United States. With so much packaging ending up in landfills every year, there needs 
to be more ecological and biodegradable solutions accessible. The issue with plastic, 
which accounts for the vast bulk of packing materials, is that it never decomposes. 
Instead, it degrades into smaller and smaller particles, eventually transforming into 
microplastics. Developing sustainable packaging is important as it could potentially 
decrease the hundreds of thousands of animals that are being entangled and killed in 
plastic (Emma Bryce 3). In addition to affecting wildlife humans are also being 
affected. Due to plastic packaging “every major human organ” shows to have plastic 
(Jacqueline Goodwin 2). Plastic packaging is damaging our ecosystem and killing 
us.   
• Food packaging is an important aspect of preserving the quality of food goods. It 
serves a significant function in keeping the packed product from the elements, 
preserving food quality, and increasing the packaged food's qualities during storage. 
However, regularly used packaging made of synthetic non-biodegradable polymers 
pollutes the environment severely. As a result, several recent studies have focused on 
the development of biopolymer-based biodegradable packaging materials (Karolina 
Kraśniewska 21) To achieve an overall benefit, biodegradable polymers must provide 
advantages for waste management systems. The potential influence of biodegradable 
plastics on packaging and waste management via landfill, incineration, 
recycling/reuse, and composting gives an overview of the major life cycle problems 
that are used to make decisions about the advantages of these materials over its 
conventional, petrochemical-based counterparts (A. Ashok 2).   
 
• Synthetic plastic's long life and nonrenewable source result in waste disposal and 
contamination of the environment. Nonrenewable plastics can be replaced by starch, 
and other “cellulose-based biodegradable zero waste polymers with equivalent 
packaging characteristics” (Joanna Jablonka 1). Starch is a great replacement due to 
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its wide availability, non-toxic characteristics, biodegradable character as well as low 
cost. Despite the advantages, starch films have a notable moisture sensitivity and low 
mechanical properties, compared to conventional packaging, which restricts their 
applications on food packaging. Moreover, films derived from starch are very brittle. 
In order to improve their handling, plasticizers incorporation, blending with other 
materials, chemical modification or a combination of these treatments are possible 
alternatives.   
• During the last decades, environmental issues concerning the reduction of the 
garbage amount derived from used packaging materials are becoming increasingly 
important. In this sense, the use of bio-based materials to design food packaging 
results in an alternative to overcome this problem. Packaging based on biopolymers 
must contain and protect the food products, maintain their quality and safety. It must 
also be relatively resistant to water and temperature. One of the most studied 
biopolymers is starch, due to its wide availability, non-toxic characteristics, 
biodegradable character as well as low cost. I believe starch to be a cost-efficient bio 
plastic to replace plastics, but I will still try to implement other bioplastics.  
• The most pressing concern confronting the commercial sector today is the 
depletion of our planet's natural resources. As the world's population grows, so does 
demand for a wide range of things, putting even more strain on the limited resources 
available to us. Due to the use of plastics animals are going extinct every day. These 
animals provide a functional and balanced ecosystem. With the loss of the animals 
and the incineration of non-decomposable plastics the climate is changing. 
Environmentally friendly packaging can potentially help alleviate some of the burden 
in terms of resource efficiency.  

  
Materials 

Materials: Microwave, glove, spoon, bowl, oil, cornstarch, tapioca starch, measuring 
scale, mouse, plate, spatula, tapioca starch, ruler, computer, phone  

Experimental Procedure 
Procedure for corn starch  

1. 1 tablespoon cornstarch was mixed with one tablespoon of water in the bowl.  
2. 3 drops of oil were added to the mixture  
3. Chosen amount of glycerin was added to the mixture  
4. The mixture was mixed until it formed a milky looking liquid  
5. Mixture was placed in the microwave   
6. The microwave was set too high for 30 seconds  
7. The bowl was taken out and set to cool for 5 minutes  
8. The mixture was taken out and kneaded for 5 minutes  
9. The mixture was molded into flat surface and left to consolidate for 24 hours 
underneath the sun.  
10. The bioplastic was placed on a measuring scale and measured  
11. The bioplastic was submerged in water for 24 hours   
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12. The bioplastic was taken out and dried for 2 hours under the sun  
13. The bioplastic was then placed on a measuring scale and measured.  

Procedure for tapioca starch  
1. 25 grams of tapioca starch into the bowl  
2. 150ml of water was added to the bowl and mix it until the starch is completely 
dissolved  
3. 1 teaspoon of vinegar was added  
4. Chosen amount of glycerin was added to the mixture  
5. Place the bioplastic in a microwave for 1 minute  
6. The bowl was taken out and set to cool for 5 minutes  
7. a spatula was used to spread out the mixture on a plate  
8. The bioplastic was placed under the sun for 24 hours  
9. The bioplastic was placed on a measuring scale and measured  
10. The bioplastic was submerged in water for 24 hours   
11. The bioplastic was taken out and dried for 2 hours under the sun  
12. The bioplastic was then placed on a measuring scale and measured.  

Brittleness  
1. The bioplastic was bent at a 90-degree angle than bent back  
2. The bioplastic was placed next to the ruler and an image was taken  
3. The file named ImageJ was opened  
4. The image of bioplastic was imported on the system   
5. The freehand tool was used to calibrate and set the scale  
6. The freehand tool was clicked and set to straight line.   
7. From the 5-centimeter mark to the four centimeter mark the line was drawn   
8. The freehand icon was clicked  
9. The outer edges of the fracture were traced using the freehand line  
10. Control M was clicked on the keyboard   
11. The information was recorded on the results page in the system  
12. Edit was clicked and copied and pasted into excel.  

 
Data analysis:  
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Bioplastics with zero drops and one drop of glycerin seems to have more flexibility. 
Additionally, as the drop of glycerin increases the tensile strength decreases. 

From this graph, we can conclude that increasing the drops of glycerin does not necessarily 
decrease the number of cracks per square inch. This does not mean glycerin increases 
brittleness, but it means that too much glycerin hinders the glycosidic bond 

 

 

One drop of glycerin had the least number of cracks per square inches after 24 hours. As the number of 
glycerin drops increased the number of cracks per square inches also increased. 

From this graph, we can conclude that increasing the drops of glycerin does not necessarily decrease the 
number of cracks per square inch. This does not mean glycerin increases brittleness, but it means that too 
much glycerin hinders the glycosidic bond. 
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As the drops of glycerin increased the number of cracks per square inches decreased when one 
to three drops of glycerin were added. From four to five drops of glycerin added to the 
bioplastic the cracks per square inches increased. 

As seen from the data tapioca starch and glycerin form a tighter glycosidic bond than 
cornstarch and glycerin. 

 

 
 
The data shown shows the cracks per square inch decrease as more drops are added until 
the cracks per square inch reaches the lowest at 4 drops. After 4 drops of glycerin are 
added the cracks per square inch increased dramatically. At 6 drops added the cracks per 
square inch reached the highest amount. In conclusion, my hypothesis that glycerin 
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increases flexibility was correct. However, once too much glycerin is added the 
glycosidic bond begins to weaken creating more cracks. 
 

Conclusion 

From the data collected, I concluded that glycerin does increase the flexibility of starches. First, I 
created multiple batches with different amounts of glycerin drops added in. Then, I waited 3 
hours and utilized ImageJ to measure the cracks per square inch. Next, I documented the data 
into excel and created multiple bar graphs. Through these bar graphs I saw that the cracks 
reached the lowest at three drops. Though, after three drops I noticed the cracks per square inch 
increase, indicating that glycerin only increases the flexibility up to a certain amount. These 
procedures were repeated, and the second bar graph revealed the same pattern. I concluded that 
too much glycerin interfered with forming a glycosidic bond between the glycerin and starch.  

 

My experiment had many flaws. Some of which are my methods, during the mixing and 
measuring process a lot of my bioplastics did not contain exact measuring leaving a large space 
for error. Additionally, when conducting my brittleness procedure, I did could not measure the 
crack’s width very well leaving some additional margin for error. Also, the biggest margin for 
error was the surface area of my bioplastic. Even though I measured the surface area using 
ImageJ and then calculated the cracks, the bioplastics with larger surface areas contained more 
cracks because of how thin it was. 

 

From my experiment I realized that glycerin only increases the flexibility of bioplastics up until a 
certain point. This makes sense because too much glycerin prevents a strong bond to form 
between the bioplastic and the starch. This realization disproved my previous hypothesis that 
glycerin will only increase the flexibility of bioplastics. 

 

The results of my experiment are useful for future creations of bioplastics because, the ratio 
between glycerin and bioplastic mixture must be a 2/ 7 ratio for the most flexibility. In the future 
I will conduct this experiment with accurate measuring tools as well as spread my bioplastic to a 
certain length and width. 
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