Superworms and the Future
Introduction:
The consumption and use of plastics has dramatically increased with the world
population at an alarming rate. In fact, there are approximately 5.25 trillion pieces of
plastic waste estimated to be in our oceans, weighing around 269,000 tons.1 The most
abundant types of plastics are polyethylene (PE) and polystyrene (PS), which makes
up 90% of the trash in the oceans. Currently, there’s no common practice being
implemented to tackle the growing plastic waste production that pollutes nature,
ultimately creating an abundance of non-biodegradable waste that wrecks havoc on
the Earth’s ecosystem.
PE is a type of plastic that has a higher density than PS and is often used to make
products like plastic bags or plastic containers. The process of creating PE starts with
the distillation of hydrocarbon fuels (ethane in this case) into lighter groups called
“fractions,” and it is combined to create catalysts to produce plastics.2
PS, most commonly seen in Styrofoam, is a plastic that is often used to make clean
and transparent products like food packaging or lab equipment. Every year, the world
produces more than 14 million US tons of PS (often referred to as Styrofoam).3
However, the problem with plastics might have a surprising solution in superworms.
Superworms are the larvae form of the darkling beetle and are often mistaken for
mealworms. They are native to South and Central America, though they can be found
in various tropical regions across the globe. Like mealworms, many pet owners keep
superworms as feeder insects for reptiles, birds, and other pets.
Quite recently, scientists at the Beijing Institute of Technology in China discovered
that superworms are able to break down, degrade and mineralize Styrofoam.
Scientists identified an enzyme from the bacteria, called serine hydrolase, that
appeared to be responsible for most of the biodegradation.4 36.7% of the ingested PS
was converted into CO2, and they also learned that superworms could base their diet
solely on PS.5
My objective was to identify a solution to the increasingly worrying plastic waste
buildup in landfills and oceans. In addition, I wanted to evaluate the superworm’s
ability to break down different materials like PE and apples. I chose apple because
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20% of all the trash in landfills is food, and apples represents the food section of the
trash.
Body:
In order to observe different material breakdowns by superworms, I challenged
superworms with three different materials: PS (Styrofoam), PE (grocery plastic bag),
and an apple core. The first two materials are two different types of plastic, the first
one is PS (0.93 grams), which is a medium-sized plastic foam board. The second
material I used is PE, which I used an opened plastic bag I found in the kitchen
(0.9grams). The final material I used to conduct my last experiment is an apple
(71.71grams),
The first experiment I conducted was to put 50 superworms with 0.93 grams of PS
(Styrofoam) in a plastic container that I found in my kitchen and observed the speed at
which the superworms were able to ingest the Styrofoam after a period of 14 days (2
weeks). In the second experiment, I put 50 worms with 0.9 grams of PS (plastic bag)
and evaluated the changes to the plastic bag over the course of 2 weeks. The same
process goes for the 71.71-gram apple slice that I bought from the nearby grocery
store.
Materials used:
- 3 plastic containers with similar volume and size.
- Plastic gloves used to collect the data.
- 150 super worms to conduct my experiment.
- 1 0.9-gram plastic bag.
- 1 0.93-gram polystyrene foam board.
- 1 71.71-gram apple.
- A slightly humid and cool environment (corner of the room)
- Water sprays (one spray every two days to keep the humidity in the containers so the
superworms would not be cannibalistic).
- A mechanical scale to calculate the weight and changes for the three types of
materials.
Methods:
1. Prepare 3 medium-sized plastic containers for superworms by rinsing and drying
them with soapy water.
2. Separate the 150 worms into 3 piles of 50.
3. Collect the 3 materials needed to conduct the experiment (0.9g plastic bag, 0.93g
Styrofoam, 71.71g of apple).
4. Find a cool and darker place so that the superworms could adapt to the environment
faster.
5. Clean the materials and place it into the separate containers.
6. Proceed to put the 3 piles of worms into the containers.
7. Observe changes in mass for a 2-week period.

Collecting and storing data:
8. Every two days, take the containers out and leave it in the open air for a few
minutes to clear the smell.
9. One container at a time, take the tested material out, clear out the debris and weigh
the material on the scale.
10. Take a picture of the eaten materials and store it in a folder.
11. Check to see whether any superworms died during the experiment. If yes, take
note of it and throw away the carcass. If no, then proceed to the next steps.
12. Clean debris left behind and put the materials back into their respective containers.
13. Put the containers back to the corner of the room.
Results and analysis:
Styrofoam results analysis:
Figure 1 depicts the results of the PS experiment. Out of the three experiments I
conducted, the experiment that yields the best result is my Styrofoam experiment.
Fascinatingly, the 50 superworms ate 76.3 of the Styrofoam (Figure 1H).
As shown in Figure 1G, none of the superworms in this experiment died and they
were shedding their skin which means that they are actually thriving in this
experiment, contradicting previous literature showing a decreased survival rate over 2
weeks of a Styrofoam diet.6
By looking at the data chart (Figure 1H), we can clearly see a non-linear change in
this graph because the data had a big slope at the beginning and plateaued towards the
end. One hypothesis is that the superworms were initially fervent about ingesting
Styrofoam, however, as time passed, they realized that ingestion was not as necessary.
Figures 1A through 1G show the Styrofoam experiment every two days for 2 weeks.
The initial weight of the Styrofoam is 0.93 grams and at the end of the 2 weeks it lost
0.71 grams.
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Start of the
Styrofoam journey.
After the first week
of observing and
picture taking, the
Styrofoam lost 0.54
grams. 0.54 grams
is 55% of the of
initial weight of the
Styrofoam.

Figure 1A: One day after
putting superworms with the
piece of Styrofoam. The
superworms ate a couple holes
in the Styrofoam.

Figure 1B: Day 3 after the
initial start of the
experiment. The
superworms is munching
away at the plastic.

After one week of the
Styrofoam experiment.
The foam board is
filled with holes and
half of the Styrofoam is
see-through. On the
surface of the foam
board, we can small
bite marks and small
excrements made by
the superworms.

Figure 1C: Five days later. The
whole Styrofoam is filled with
holes and a small amount of
superworms feces.

Figure 1D: One whole week later.
The whole Styrofoam is filled
with holes and the a majority of
the foam board is see-through.

Two weeks had passed,
and the weight of the
Styrofoam decreased
by only 0.17 grams,
from 0.39 to 0.22
grams. We can clearly
see that the speed at
which the superworms
ingest the Styrofoam
slowed down.

Figure 1E: One week and
three days later. The insides
of the board are pretty much
eaten, and it is covered in
extensive holes.

Figure 1F: One week and 5 days
later, half of the board is eaten,
and it covered with superworms
excrements.

Figure 1G:Finally, after two whole weeks, the
Styrofoam lost 0.71grams of its weight.
76% of the plastic was ingested and then became
excrements which is the small white pellets visible
at the bottom of container. The pellets, according
to scientists, is able to be biodegraded and thus
could be used to plant plants.
The picture on the left also displays 2 of the
superworms ingesting the Styrofoam at the end of
the experiment. One of them is at the top left of
the picture and the second is on the big piece of
Styrofoam.
In this experiment, surprisingly, none of my
superworms died and all of them thrived off of my
plastic board.

DATA CHART ANALYSIS:
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Above is the chart for the rate of consumption of the Styrofoam by the superworms
every day for the past 2 weeks and a few days (which is shown as the blue line). In
addition, the red line presents the data in a clearer way with the power trendline which
has the similarity of 98% when compared to the blue line (R^2 = 0.9768).
The data shows that at the beginning (as mentioned at the start of the Styrofoam
analysis section) the rate of consumption started out as a pretty deep slope however
plateaued later (the data started to plateau at the 0.31 gram point when every time I
measured it afterwards, the decrease of mass by the foam board reduced).
Analyzing the data further, the mean of the rate of consumption every day is 44
milligrams which means that the average of the speed consumption by superworms is
around 44 milligrams every day. The mode of the rate of consumption in the two
weeks of observation is 0.1 grams. The mode is seen on day 9, 10, 11, 12, 13, 14, 15.
In addition, this data shows that superworms love Styrofoam! They ate 0.54 grams in
the first week and 0.15grams for the rest of the other week.
Detailed day to day data collection:
Mass (g)

Day #

Date

0.93
0.72
0.58
0.53
0.48
0.45
0.42
0.39
0.37

Day 0
Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7
Day 8

2020/12/22
2020/12/23
2020/12/24
2020/12/25
2020/12/26
2020/12/27
2020/12/28
2020/12/29
2020/12/30

0.31
0.3
0.29
0.28
0.27
0.25
0.24
0.22

Day 9
Day 10
Day 11
Day 12
Day 13
Day 14
Day 15
Day 16

2020/12/31
2021/1/1
2021/1/2
2021/1/3
2021/1/4
2021/1/5
2021/1/6
2021/1/7

Plastic bag result analysis:
Due to the fact that plastic bags are created by PE which is a type of hard plastic that
we usually found in our plastic containers, the superworms were not able to ingest a
substantial amount of it.
This data chart is very different compared to the data chart seen in the Styrofoam
experiment. The rate at which the superworms ate the plastic bag stayed roughly
linear.
I took pictures of the plastic bag experiment every two days for 2 weeks. The initial
weight of the plastic bag is 0.9 grams and at the end of the 2 weeks it lost 0.15 grams.
In this experiment, all my superworms remained at optimal state and all 50 stayed
alive throughout the 2 weeks.

The first day of the
experiment, the plastic sheet
was 0.89 grams. After the
next two days, superworms
were able to eat 0.01 grams
of plastic bag. Thus, after
the first three days, the
weight of the plastic bag
went from 0.9 grams to 0.88
grams.

Figure 2A: The first day of the
plastic bag experiment. Started at
0.9 grams.

Figure 2B: The third day of the
experiment. There are some visible
holes that the superworms bit
through. It is currently 0.89 grams.

After the first week of the
experiment, the superworms
ate 0.07 grams of the plastic
bag and thus the weight of
the plastic sheet then was
0.83 grams. There were
multiple holes caused by the
superworms.

Figure 2C: The fifth day of the
experiment. The superworms ate
0.05 grams of the plastic bag.

Figure 2D: After one whole week of
the experiment, superworms ate
0.07 grams of the plastic bag which
is 7% of the total plastic bag weight.

After a week and a half,
superworms ate a whopping 0.1
grams of the plastic sheet. Now,
the plastic bag has a few sections
that the hole is much bigger, and
the plastic bag seems to be more
torn.

Figure 2E: After one week and 3
days, the plastic bag has been eaten
from all sides and it has a few big
holes at the middle of the plastic
sheet.

Figure 2F: After one week and 5
days, although the plastic bag has a
few holes in it, the overall mass did
not change. The shape and size of
the plastic sheet remained pretty
much the same.

Figure 2G: After two weeks, the plastic bag is
almost covered with bites and traces that the
superworms had eaten it. In fact, after two
weeks of close observation and careful storing
the information, the final weight of the plastic
bag is 0.75 grams which is 0.15 grams lighter
than what the plastic bag started out as.
In addition, I noticed that superworms were able
to also live, solely, off polyethylene (plastic bag).
This is a great discovery because in the past,
scientists only proved that superworms are able
to break down and degrade Styrofoam, however,
now, with my new research, we conclude that
superworms can not only live solely off of
Polystyrene it could also solely live off of and
degrade polystyrene.
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This data chart shows the data collection for the plastic bag experiment for the past
eighteen days. The blue line shows the actual data collection and the red line is a
representation of the data in a polynomial format.
The initial weight of the plastic bag is 0.9 grams and after the seventeen days the
weight decreased by 0.15 grams which gives us 0.75 grams left. 0.75 grams is a 17%
(16.667 grams to be exact) decrease from 0.9 grams.

According to this data chart, it shows a roughly linear rate of consumption instead of
a power curve one that is previously seen in the Styrofoam experiment. A linear rate
shows that the rate is constant and steady.
The mean of the rate of consumption is 0.1 grams. In fact, eleven out of seventeen
days of the whole plastic bag experiment the consumption rate was 0.1 grams. The
mode of the rate of consumption is also 0.1 grams.
Detailed day to day data collection:
Mass (g)
0.9
0.89
0.89
0.88
0.87
0.85
0.84
0.83
0.81
0.81
0.81
0.8
0.8
0.78
0.77
0.77
0.76
0.75

Day #
Day 0
Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7
Day 8
Day 9
Day 10
Day 11
Day 12
Day 13
Day 14
Day 15
Day 16
Day 17

Date
2020/12/21
2020/12/22
2020/12/23
2020/12/24
2020/12/25
2020/12/26
2020/12/27
2020/12/28
2020/12/29
2020/12/30
2020/12/31
2021/1/1
2021/1/2
2021/1/3
2021/1/4
2021/1/5
2021/1/6
2021/1/7

Apple result analysis;
Apple was chosen initially to be one of my experiments because (as mentioned
before) 20% of the trash in landfill is food and thus I represented the food section as a
slice of apple.
In addition, 1.3 billion tons of food are annually thrown away, with 1/3 of it used for
human consumption. For instance, 40% of the food in America is thrown away and a
majority of it is to be left rotting in fields or landfills.7
https://en.reset.org/knowledge/global-food-waste-and-its-environmental-impact
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This data chart is very different compared to the data chart seen in the Styrofoam
experiment. The rate at which the superworms ate the apple maintained at a slope
with an incline downwards.
I took pictures of the apple experiment every two days for 2 weeks. The initial weight
of the slice of apple is 71.71 grams and after 2 weeks, the apple lost a whopping 27.35
grams!
In this experiment, six or seven of my superworms died to cannibalism and perished
during fights with their same species.

The first 3 days of the experiment,
5.37 grams of the apple was eaten.
On average, 1.79 grams of apple
would be eaten by the superworms.
The apple was bitten and eaten from
all the sides and the excrements
expediated the rotting of the apple.
Afterwards, the apple started the
process of becoming dark and rotting
away, creating a putrid smell.

Figure 3A: The first day of
the experiment. We can see
some superworms bites on a
few places on the slice of
apple.

Figure 3B: After three days,
the apple started rooting.
The worms were munching
on it from all sides.

After one week and a half later,
the apple was eaten 23.07
grams and the apple has been
rotten to the very core.
The smell was putrid and the
superworms started dying after
this period of time because
they are unable to survive in
moisture air (which was
released by the apple).

Figure 3C: After one week of
the experiment. The apple
has been completely rotten,
and the edges bitten away.
By now, only 54.34 grams
were left of the apple.

Figure 3D: This is the ninth
day of the apple experiment.
The apple has been rotten,
and the apple has been eaten
5.7 grams from the last time
it was recorded (since Figure
3C).
Figure 3F (The picture on the right):
the apple has been completely
rotten, and the mold has been
spreading throughout the whole
slice of the apple.
In the background, the superworms
died by the bunch and the other
worms ate the corpse of the
superworms and excrement black
material (poop) on the bottom of the
container. The excrement also
facilitated the further rotting and
mold growth.

Figure 3E (The picture on the left): After eleven days (a
day before the last), the apple has completely rotten, and
you can clearly see the molding on a few points located to
the middle of the slice of apple.
If you look closer, you can see the parts of the superworms
being bitten off and situated on the rotten apple. The
superworms died due to cannibalism or drowning due to
the amount of moisture or water in the container (caused
by evaporation).
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This data chart shows the data collection for the apple experiment for the past twelve
days. The blue line shows the actual data collection and the red line is a
representation of the data in a linear graph format.
The initial weight of the plastic bag is 71.71 grams and after the twelve days the
weight decreased by 27.35 grams which gives us 44.36 grams left. 44.36 grams is a
38% (38.1% to be exact) decrease from 71.71 grams
According to this data chart, it shows a linear rate of consumption like the one seen in
the plastic bag experiment. A linear rate shows that the rate is constant and steady.
The mean of the rate of consumption is 2 (around 2 grams) grams per day. Six out of
twelve days had the rate of consumption of 2 grams.
Detailed day to day data collection:
Apple(grams)
71.71
70.23
68.24
66.34
64.76
62.61
57.12
54.34
51.99
48.64

Day #
Day 0
Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7
Day 8
Day 9

Date
2020/12/26
2020/12/27
2020/12/28
2020/12/29
2020/12/30
2020/12/31
2021/1/1
2021/1/2
2021/1/3
2021/1/4

47.32 Day 10
45.34 Day 11
44.36 Day 12

2021/1/5
2021/1/6
2021/1/7

Conclusion
Superworms could be the solution to all of the plastic problems like climate change in the
future, and I think that my data shows that superworms can not only ingest Styrofoam
(polystyrene) but also polyethylene (plastic bag) and apple.
After the two weeks course for the Styrofoam experiment, 0.71 grams of plastic was eaten.
The average amount each worm ate during the two-week time period is about 0.89
milligrams. My workings: 0.68 (the amount is eaten) divided by 50 (the number of worms)
and divide it again by 16 (the number of days the experiments progressed), then finally times
the result by 1000 which will give us approx. 0.89 milligrams.
After 17 days course for the plastic bag experiment, 0.15 grams were eaten. The average
amount each worm ate per day is about 0.176 milligrams. My workings: 0.15 (the amount
consumed) divided by 50 (the number of worms) and divide that by 17 (the number of days
on this experiment) gives us 0.0001764705882 grams. Finally, we time that number by 1000
which turns the units into milligrams: 0.176 milligrams per super worms over the course of
17 days.
Finally, for the apple experiment, 27.35 grams of the apple was eaten. The average amount
each worm ate per day is about 45.58 milligrams (which is more than the other two
experiments). My working: 27.35 (the amount is eaten) divided by 50 (the number of
worms) divided by 12 (the number of days), then, finally times that result to 1000 to get the
units as milligrams.
To put into perspective, for the Styrofoam experiment, 1 million superworms could
potentially eat 890 grams (close to 1 kg) of Styrofoam in just a day! Imagine the
possibilities. In addition, 1 million superworms could eat 176 grams of polyethylene, and
45,580 grams (which is 4.56 kg) of food in landfills every day! A genuine game changer.
Next time, if I have the chance to do the experiment again, I would take observations every
12 hours instead of 1 day at a time. By doing this, I could have a much more accurate
calculation. In addition, I could potentially purchase millions of worms to conduct the same
experiment in the future. Finally, use different types of material to get more varied results
such as leather, paper, or even plastic cups.

