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Abstract

Materials

The purpose of this project was to investigate various methods of
extracting chitin from crustacean shells in an effort to identify the
most effective chitin-based hydrogel for use in
agriculture. Shrimp and Lobster shell fragments were collected
from local fish markets and various methods were used to remove
the proteins and calcium carbonate bound to the chitin. One
molar HCl was a constant and used in each extraction method in
combination with varying molarities of NaOH and digestive
proteins including gastric pepsin. Following this removal, the
chitins were baked at 150 ºC and ground into a fine powder using
a mortar and pestle to produce a hydrogel supplement for the
soil. The effectiveness of each product’s ability to maintain soil
moistness was tested using tomato seedlings with total water
input and average height being calculated after two
weeks. Additional supplements including raw lobster and raw
shrimp, as well as no chitin, served as control groups. It was
concluded that all of the chitins increased the rate of growth and
decreased the amount of water required for growth, as compared
to the controls, and that the purest form of chitin, had
significantly better water absorbency as compared to the other
supplements.

American Lobster (Homarus Americanus) and Pink Shrimp (Pandalus
Borealis) were obtained from Fjord Fish Market in Greenwich. A hammer
and scissors were used to break down the shells into smaller pieces. For the
breakdown of these shells HCl (1 M), NaOH (1 M and 4M), formic acid
(2M), and pepsin 56000 ug were used. These chemicals were held in 500 ml
beakers, and a hot plate was used for heat, as well as a magnetic stirrer to stir
the protease. The raw chitin was processed using a toaster oven and a mortar
and pestle. Finally, for growing, tomato seeds were used, as well as seedling
trays, and finally potting soil. Throughout experimentation, gloves and
goggles were used when handling acids.

Discussion

Results

Breakdown of Shells
Shrimp and lobster shells have a composition of about 20% chitin(Toliba, Abbas and Rabie,
2014). Therefore the treatment with HCl (1 M) and NaOH (1 M) resulted in samples of about
half chitin, half protein/calcium carbonate in both the shrimp and lobster. The treatment with
HCl (1 M) and NaOH (4 M) was slightly more effective in producing pure chitin, but still about
only ⅔ was pure. Finally, pepsin proved to be ineffective at breaking down the proteins in the
shrimp shell, resulting in the least pure chitin of the three shrimp supplements. But the pepsin
worked well with breaking down the lobster and the chitin had a similar purity to that of the 1 M
HCl, 1 M NaOH lobster supplement.
The Shrimp had more protein breakdown than the lobster. However, since the shrimp shell is
made of only about 27% protein, it means that the NaOH was breaking down some other parts of
the shell. Further research would have to be conducted to figure out what this part was. The
opposite happened in the lobster shell where a higher quantity of calcium carbonate was removed
by the HCl. This is because there is a higher concentration of calcium carbonate in lobster shells,
due to their thicker exoskeleton.
To obtain a purer chitin chemically, there would have to be more acid baths with stronger
acids. To improve the breakdown of the pepsin, conditions would have to be tweaked
slightly. This would mean lowering the molarity of the formic acid, increasing the temperature,
or using more pepsin. Further tests would have to be conducted to figure out the best conditions.
Water Required for Plant Growth
All of the chitins required significantly less water than the control. This shows that the chitin’s
water-absorbing properties worked well in the soil. The raw lobster and raw shrimp used more
water than the chitins, but less water than the control. This is likely because they acted as mulch
and made the soil denser, and not because the chitin was actually absorbing the water. This
shows that breaking down the shells into pure chitin is more efficient than just placing raw shells
into the soil.
Among the two different types of shells, it seemed as though there was no significant difference
between the lobster and the shrimp. The only place there was any major difference was in the 1
m HCl, where the lobster used much less water. However, as the photo after 14 days shows,
there was limited growth in that tray, which means that less water was required for plant growth,
and so the data is irrelevant. There was also a slight difference between the two pepsins, but that
can be attributed to the shrimp’s low breakdown, as compared to the lobsters

Introduction
With the steady increase in the global population, more water is required to
produce food for the population. At the same time, global warming is
causing many regions throughout the world to undergo droughts. This puts a
strain on agriculture in these regions, as water is allocated to other areas
first. For example, California is currently undergoing a drought, which has
led total agricultural cash receipts to drop 3.3% compared to the year
before(CDFA, 2021).
There have been many attempts to fix this problem, which usually use
different types of mulching or compost. A newer practice has been to use
hydrogels, which are artificially created polymers that absorb water and
expand in size. However, these are often not sustainable, as they leave
behind undesired pollutants in the soil.
To combat this problem, scientists have experimented with forming natural
hydrogels from cellulose. For example, a cellulose hydrogel was extracted
from Okara, a common waste product of soybean production(Cui, Lee, and
Chen, 2019). Although these hydrogels aren’t as efficient as the synthetic
ones, they biodegrade and don’t leave behind any pollutants.
Chitin has similar water absorbing properties to cellulose and is the second
most abundant natural polymer. It is found in the exoskeleton of a variety of
organisms including fungi and crustaceans(Younes and Rinaudo, 2015). The
extraction of chitin from shellfish is particularly sustainable, as it is a way to
recycle the millions of tons of seafood waste that are disposed of by
dumping back into the ocean. This leads to the reduction of oxygen in the
ocean, the smothering of living organisms, and the introduction of diseases
to environments(EPA, 2021).

Methodology

Stage 1: Preparation of Shells
The lobster and shrimp shells were boiled for 10 minutes to remove any excess muscle/meat
and dried out in the oven at 175 ºC. The lobster shells were then hammered and broken
apart into pieces approximately 10 mm in size, while the shrimp shells were cut with
scissors into 10 mm pieces as well.
Stage 2: Breakdown of Shells
For the first procedure, 6 g of shrimp shells were massed and added to a beaker. HCl (1 M)
was added until they were fully covered with acid. After 24 hours they were washed
with water to remove any excess acid, added to an oven at 150 ºC, until fully dry and
massed. Next, they were added to a beaker, and fully covered with NaOH (1 M). The
beaker was heated to 60 ºC and after 8 hours, the shells were removed and rinsed with
water. Once again the shells were put in the oven at 150 ºC until dry and massed. The exact
same steps were repeated with lobster, however, it started with 10g of shell and the NaOH
was added first, and then the HCl was added.
The next procedure followed the exact same steps, however, the NaOH had a molar value of
4.
In the next procedure, 6 g of shrimp shells were added to a beaker with 2 m formic acid at
50 ºC. After 5 minutes, pepsin 56000 ug was added to the mixture. Pepsin should be added
at 8% the weight of the starting sample, so 0.5 g was added. This mixture was spun at 300
rpm and maintained a temperature of 50 ºC for 5 hours. Afterward, the shrimp were rinsed
thoroughly with water and dried out at 150 ºC. The mass was recorded. HCl (1 M) was
added until it covered the shells. After 24 hours the shells were rinsed, dried out at 150 ºC,
and massed. Lobster followed the exact same steps, except that it started with 10 g and the
pepsin should be added at 10.5% of its starting weight.
Finally, 6 g shrimp were massed and added to 1 m HCl. After sitting for 24 hours, they were
removed, dried out at 150 ºC, and massed. Lobster followed the exact same procedure,
except it started with 10 g.
Using a mortar and pestle, all of the chitins were then ground into pieces smaller than 3
mm. If a sample would not grind, it would be added to the oven for five minutes, and then
reground. All of the chitins were then separated into containers.
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In both the shrimp and lobster, it appears that the higher the percentage of breakdown, the greater
the water absorption of chitin. The shrimp and lobster chitin made from 1 m HCl/4 m NaOH
worked the best and were the most broken down. The shrimp and lobster chitin made from 1 m
HCL/1 m NaOH worked the second-best and were the second most broken down. Finally, the
lobster broken down with pepsin/HCL worked about as well as the 1 m HCL/ 1 m NaOH, and it
had a similar percentage of breakdown to that supplement.

For the controls, about 3 g of raw lobster and 3 g of raw shrimp were heated at 150 ºC and
ground with the mortar and pestle. Once again these were set to the side in separate
containers.
Stage 3: Growing Plants
About 0.3 g of each chitin was mixed with potting soil in a seedling pod. In total each type
of chitin had six seed pods. For the control 0.3 g of the raw lobster and shrimp were added
to six seed pods each. Finally, twelve seed pods had just regular soil. Three cherry tomato
seeds were planted in each pod about ½ inch deep in the soil. And 100 mL water was added.
The pods were put under a grow light for 12 hours each day for the next two weeks. The
plants were watered every day until the soil reached saturation and water leaked out the
bottom of the pod. The total water required was calculated, as well as the number
of sprouts per day.

Finally, the shrimp shells that only had the calcium carbonate broken down were not as effective
as the shrimp shells with calcium carbonate and protein breakdown and used only slightly less
water than the raw shrimp. This shows that in order to form an effective chitin, it is necessary to
break down both the calcium carbonate, as well as the proteins.
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Plant Growth
Aside from one group (Lobster, 1 m HCl), all of the groups ended up with 14-18
sprouts. However, on day 7 the three controls had an average of 5 sprouts and the chitin groups
(ignoring the one error) had an average of 11.7 sprouts. This suggests that the chitin was able to
speed up the rate of germination of the plants because the water was held close to the seeds.
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Furthermore, the pictures show that all of the plants (aside from the one error) seemed to grow
more than the control group with no chitin. This further proves that the chitin was effective in
speeding up the growth of the plants.
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Conclusion
In conclusion, chitin was extracted from shrimp and lobster shells using proteases, NaOH
and HCl. However, the supplements were never fully pure, with the purest being only 65%
chitin. Despite this, all of the chitin supplements led to a significant decrease in the amount
of water required for plant growth. Even the raw lobster and raw shrimp helped decrease
the amount of water necessary for the plants, most likely because they acted as
mulch. Among the chitin supplements, the purer the chitin, the better the water absorbency,
with the supplement broken down by 1 m HCl and 4 m NaOH being the best by a significant
margin. In addition to using less water, all of the chitins were able to speed up the
germination process of the plants. This suggests that chitin extracted from shellfish would
be an effective addition to the soil in low water areas.
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