
Pollution caused by the accumulation of non-

biodegradable plastic waste is an enormous 

environmental issue that plagues bodies of water. 

More than 8 million metric tons of plastic wash 

into the oceans each year including 7.5 million 

straws (Borenstein, 2018). Traditional polymer 

straws are made with non-biodegradable materials 

which prevent them from breaking down. To 

combat this statistic, biodegradable straws made 

from paper have been developed. While paper 

straws are still more environmentally friendly than 

their plastic counterparts, millions of trees must be 

cut down to make the paper. Therefore, the best 

option to reduce pollution and protect trees is to 

use a prevalent waste product to construct the 

straw.

Waste from corn husks is a promising option as 

1.07 billion metric tons of corn are produced 

annually (Norashikin, 2009). The vast majority 

of corn husks left over from producing products 

such as canned corn becomes agricultural waste. 

Cellulose, the main organic compound from 

which paper is made, can also be found and 

removed from corn husks. Once extracted, the 

cellulose can be processed into a paper like 

material composed of recycled corn husks 

therefore avoiding the need to cut down trees. The 

straw will biodegrade at a rate comparable to 

paper straws, providing an environmentally 

friendly alternative to both polymer and 

traditional paper straws.

Introduction

The purpose of this project is to develop a 

biodegradable straw out of a natural waste 

product that functions as an alternative to 

both polymer and paper straws.

Purpose

A straw developed from processed corn husks 

and coated with chitosan and paraffin 

will function for a minimum of one hour in 

liquid while demonstrating 

comparative functionality to a standard paper 

straw.

Hypothesis

Figure 1. Test samples at start of Experiment 1

Experiment 1

The first experiment was performed to compare four test straws: untreated cellulose (A), cellulose + paraffin (B), 

cellulose + chitosan (C), cellulose + chitosan + paraffin (D). The test straws were submerged in room temperature 

water for one hour with data collected every 15 minutes. Each straw was given a number one through ten to measure the 

durability of the straw in water at each timepoint. The judging criteria was functionality (can water be sucked easily 

through the straw), shape maintenance (did the straw become soft or begin to unravel), and debris (were any wax or 

straw particles floating in the liquid).

Data collected at each experimental timepoint is shown in Figure 5. All straws started with a durability score of 10 that 

decreased over time in the water. The type of coating placed on the straw contributed immensely to the functionality of 

the straw. A coating of chitosan and paraffin scored the highest, followed closely of paraffin. The next two sample 

showed a notable gap in ratings; the straw coated with chitosan softened more than the previous two straws but distinctly 

less than the straw without a coating.

Additional testing observations are shown in Table 1. The two test straws without paraffin coating (A and C) were 

functional throughout the test period but both absorbed water, softened, and could be unraveled easily at the end of the 

test. Test straws B and D both maintained performance and remained tightly bound. The chitosan + paraffin straw (D) 

performed well with no noticeable changes in strength and appearance throughout the experiment.

Experiment 2

Experiment 2 compared the two most successful straws from the previous experiment. Four test straws were compared: 

(A) & (B), both paraffin and (C) & (D), both chitosan + paraffin. Each test sample was submerged in Coke for 60 

minutes to determine if the straw is durable enough to withstand an acidic solution (pH 2.6). The judging criteria was the 

same as Experiment 1.

Experiment 2 proved that the straw performs similarly in both acidic and neutral solutions. The paraffin coated samples 

(A & B) showed a slight increase in degradation compared with the results in experiment 1. The chitosan + paraffin 

samples ( C & D) also degraded slightly more quickly than they had in the neutral solution of Experiment 1. 

Comparatively, the test straws with a duel coating, (C & D), performed better than the test straws with just a paraffin 

coating, (A & B).

Testing and Results

Production Methods

Part 1: Extracting pulp from corn husks

Begin by shucking 10 ears of corn. Pour 2 gallons of water into one large metal pot and mix 

with 8 tablespoons of Sodium Carbonate. Place corn husks into the pot and heat water to a 

boil. Once the water boils, reduce heat to a simmer for two hours. Remove corn stalks from 

water and rinse thoroughly. Place shucks over a hard surface and smash the husks with a 

metal mallet until individual fibers are broken and the husks are fully mashed. Place two 

cups of mashed corn husks into a blender with two cups of water and blend for 20 seconds.

Part 2: Producing a flat sheet of cellulose using paper making techniques

Fill a basin with water and place a mold and deckle on the water’s surface. Poor blender 

contents into the center of the mold and lower into the water enough to spread the pulp 

evenly over the screen. Lift the mold and deckle and allow the water to drain to separate 

water from the pulp Remove the deckle and place a sheet of cotton on top of the pulp and 

press down firmly with a sponge to remove water. Flip the mold and cotton sheet over so 

that the cotton sheet is on the bottom and remove the mold. Place a second cotton sheet 

overtop of the pulp sheet and use a sponge to transfer water to the cotton sheet through a 

process called couching. Repeat this step until the cellulose sheet is nearly dry.

Part 3: Constructing a straw

Take the sheet of the newly made cellulose and cut it into 1.5in by 8in strips. Use a thin 

skewer to roll the strip into a straw shape.

Part 4: Coating with chitosan and paraffin

Dissolve 2 grams of chitosan flakes in a 5% acetic acid solution. Stir until the solution 

thickens. Dip a newly formed straw into the chitosan solution for 15 seconds. Allow this 

straw to completely dry before adding a coat of paraffin by dipping the straw in a trough 

that holds the melted wax. Figure 4. Finished straw

Figure 3. Cellulose sheet

Figure 2. Corn husks

Conclusions

The results indicate that a functional straw can 

be developed using food waste when coated 

with chitosan and paraffin wax. Chitosan 

combines with cellulose to fill in microscopic 

holes in the straw material (Wang, 2016). This 

increases durability and allows the straw to 

last longer in liquid. After this coating is 

applied, dipping the straw in paraffin wax 

makes the straw water proof and seals the 

chitosan. Once completed, this straw has 

proven to withstand 60 minutes in solutions of 

water and soda without displaying any 

degradation besides the slightest 

of softening in material. Because this 

straw functions as well as its paper 

counterparts while reusing recycled materials, 

it provides a superior alternative to both 

traditional paper and plastic straws. 

Incorporating these straws into the global 

market has the potential to significantly 

reduce plastic, agricultural, and paper waste.
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Experiment 1

Experiment 2

15 Minutes 30 Minutes 45 Minutes 60 Minutes Results

A

Cellulose

It took in 

slightly 

more water,

but you can 

still easily 

drink from 

the straw.

Fairly soft 

but you are 

still able to 

use it.

The top has 

begun to 

unravel, but 

it still 

functions.

Held well, 

but very 

soft.

Unravels 

easily when 

you take it 

out of water, 

but it’ s 

durable.

B

Cellulose +

Paraffin

Essentially 

the same. Not 

that much 

change.

Still very 

tightly 

wound and 

able to drink 

from it.

Still tightly 

wound and 

high 

functioning. 

Little 

change.

Almost no 

change from 

start to 

finish. 

Excellent 

straw.

Does not 

unravel when 

you take it 

out of 

water. It has 

a little weak 

spot that has 

a 

slight separat

ion in the 

seam.

C

Cellulose +

Chitosan

You can 

drink from it 

normally.

Has gained a 

little mass 

because of 

water 

absorption 

but very 

minor change 

in how it 

functions. 

Feels soft.

Functions 

properly, 

feels less 

tightly 

wound.

Less soft 

than only 

cellulose, but 

distinctly less 

tightly 

wound 

than B and D.

Unravels part

ly when you 

take it out of 

water. Fairly 

soft.

D

Cellulose +

Chitosan + 

Paraffin

You can 

drink 

from it norm

ally.

Easy to drink 

from. A 

speck of wax 

floating in 

the drink. 

Still floating 

and has 

absorbed a 

little water.

Still floating, 

clear water

Practically no 

change from 

0 mark.

Still very 

rigid. Did not 

unravel. 

Looks 

essentially 

the same as 

when we 

tested it at 5 

minutes.

Figure 6. Experiment 2 test results

Figure 5. Experiment 1 test results

Table 1. Experiment 1 

Straw Functionality

Biodegradable Straw Utilizing Recycled Corn Husk 
Waste with Chitosan and Paraffin Coating 
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