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Abstract

Despite the massive, life-saving improvements in skin graft technology over time, this technology still has practical
limitations when compared to human skin. These limitations include a lack of elasticity in a graft that is also
challenging to remove from a wound. This worsens the quality of life for the person with the graft while their skin
heals. In addition, skin grafting can be a very costly and complicated process, which reduces the accessibility of the
technology. While skin graft technology has and continues to improve, these gaps still persist and are often
unaddressed in the research and development of skin grafting. The study attempts to fill these gaps by using a novel
material for skin grafting purposes. A plastic derived from potato starch could serve as a temporary synthetic skin
without these limitations (Kobash et al). The development of this new product could provide a more efficacious
treatment for those in need of grafts without the need of synthetic polymers. To form this skin substitute, starch was
isolated from a potato and polymerized with glycerol. Previously, chitosan, a biopolymer that coagulates to form gels,
has been used in potato plastic recipes (Ismet et al), however this was mainly due to its biodegradability. Various
amounts of this potato polymer were mixed with hydrogel, collagen, water and isopropyl alcohol to form a
homogeneous mixture. The final pH of the mixture was adjusted to 6-8 using aqueous hydrochloric acid and sodium
hydroxide solutions. Once the synthetic skin was prepared, it was cured for several days under three different
humidities and the classroom’s temperature, about 26 C. After fully curing, elasticity, and absorptivity of the skin
substitutes were studied. It was determined that the optimal formulation contained approximately 17% potato polymer,
67% water (with NaOH, HCI), 1% collagen, 3% isopropyl alcohol, 12% hydrogel and cured at 35% and 85% humidity.
This potato-based plastic exhibits similar elasticity to human skin, and acts as a barrier to water. If made in a sterile
manner, the plastic could be adhered to a wound with glue or tape, act as skin for a short time, and then removed when
the wound was sufficiently healed.
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1. Introduction

Human skin, including both the dermis (middle layer) and epidermis (outer layer), is the largest and most effective
barrier that the human body has to protect against foreign bodies and pathogens. When this barrier is broken by injury,
the human body loses that protection, and infection and further injury can occur. When the body sustains a small
wound, the skin is able to repair itself, sometimes requiring external medical assistance, such as bandages or hydrogel.
However, in cases when a wound is too severe to be repaired this way, a skin graft is necessary. Skin grafts can either
be made from human skin or a synthetic material.

Allografts are made from the skin of another human or cadaver, while autografts originate from the undamaged
skin of the person receiving the grafts. Synthetic skin grafts can be created from a variety of artificial materials. Within
these basic categories, there are a variety of methods of application and preparation that can be used to successfully
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graft the skin onto a patient. For wounds of a particularly high intensity or where a skin graft will not properly adhere
to the body, a temporary graft can be administered. This allows the base layers of the skin to regenerate enough so
that a permanent skin graft can effectively be administered (Halim et al).

Temporary skin grafts are almost always made from some kind of synthetic membrane. Researchers at the Welsh
Center for burns and surgery studied the effectiveness of one of these types of membranes, Biobrane, as a temporary
skin substitute (Whitaker et al). Biobrane is a thin membrane that can be categorized as either Type A or Type B. Type
A is typically used for burn treatments, while Type B is used for wounds and other applications. When Type A
Biobrane was applied to mild to moderate burns, it attached to the open wound. This cover acted as another layer of
skin, which allowed the body to start to regenerate its own skin. As the skin under the cover healed, the Biobrane
would peel off on its own. While this study does discuss an effective synthetic temporary skin substitute, it focuses
on the actual mechanisms that the body uses to heal with Biobrane. The study discussed the behavior of the healed
skin, but not any limitations on the patients while they were being treated.

Another study conducted in Malaysia in 2010, also addressing moderate wounds, showed the effects of treating
allografts with glycerol before applying them to patients (Khoo et al). In a sample of patients with similar wounds,
some were treated with allografts soaked in 85% glycerol, and some with plain allografts. When these allografts had
healed into the rest of the skin, they had a greater ability to stretch with age, as well as a lower reported amount of
pain after healing. This demonstrates the positive effects of glycerol when both treating and preparing skin grafts.
However, this study was only conducted on permanent allografts. It did not discuss the immediate effects of glycerol
on a healing wound, and did not mention its effect on the skin graft itself. Neither study discussed how the actual skin
grafts were prepared, or how they behaved while the wound was healing.

While these studies provide useful information that informed the experiments discussed below, there are gaps in
the information, which this study intends to fill. This study will test to see if adding hydrogels and collagen powder
to a plastic derived from polymerized potato starch and curing it at high humidity will give it durability, elasticity, and
permeability similar to the skin of a healthy adult.

2. Materials and Methods

The temporary skin grafts that were studied were made from polymerized potato starch combined with glycerol,
0.01 M hydrochloric acid, 0.1 M sodium hydroxide, collagen, and hydrogel. The potato starch is used in place of a
synthetic polymer. Preparation of the potatoes was required to extract and polymerize the starch. While any kind of
potatoes can be used to create such plastics, this study uses russet potatoes due to their wide availability and high
starch content. To extract the starch from the potatoes, they were first finely grated. These potato gratings were then
combined in a mortar and pestle with enough water to cover them completely. As the gratings were pounded with the
mortar and pestle, they released starch which was held in the water. After the potatoes began to soften and break down,
the mixture was strained into a beaker and the potatoes were pressed to extract any extra starch. This starch solution
was then left to sit undisturbed until the water was mostly clear and the starch had formed a visible white layer at the
bottom of the beaker. The water was then carefully decanted, sometimes multiple times, and the remaining starch was
measured using a weight boat and balance.

Once enough starch had been measured and transferred to a beaker (17% of the plastic’s total mass), it was
combined with type 1 collagen powder. This step was completed after the starch was dry and before water-based
ingredients had been added, as collagen is hydrophobic and would not incorporate into the plastic as well. When the
collagen and starch were sufficiently mixed, distilled water, glycerol, and small amounts of 0.01 M hydrochloric acid
and isopropanol were added to the beaker. This mixture was thoroughly stirred before being placed on a hotplate set
between 150-200°C and covered with parafilm. Before the mixture started to boil, it was uncovered every few minutes
and stirred. After having boiled for several minutes, the mixture was taken off of the heat source and hydrogel was
stirred in. This was done while the mixture was still hot, because the hydrogel would dissolve best when the mixture
is heated. Then, 0.1 M sodium hydroxide was added to the mixture drop by drop until it was shown to have a pH of 7
from a color indicator.

After the plastic mixture was prepared, it was poured into petri dishes to dry and set. The amount of the plastic
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mixture poured into each dish was sufficient to form a thin layer on the bottom. These petri dishes were placed in
three different humidity conditions to dry for several days, or until they had solidified enough so that they would be
handled without deforming. They were placed in a 35% humidity chamber using potassium chloride, an 85% humidity
chamber using magnesium nitrate, a desiccation chamber, and left alone in the lab. They were left to dry in these
conditions for several days, or until they had solidified enough so that they would be handled without deforming. This
demonstrated the variety of environments in which the plastic could successfully be created.

Through the trials of the different plastic recipes, it was found that glycerol and collagen have a direct relationship
to the elasticity of the plastic. It was also found that hydrogel has a slight negative effect on the elasticity of the plastic.
However, hydrogel did increase the durability of the plastic. Unfortunately, these observations are qualitative and
were not quantified, as many of the unsuccessful plastic recipes were not tested with the methods described above.
Hydrochloric acid and sodium hydroxide were added to balance the pH of the plastic. The isopropanol served to help
homogenize the mixture.

Several quantitative tests were performed on the plastic to determine its similarity to human skin. The first of
these tests measured the elasticity of the plastics. To do this, the initial length of a strip of the plastic was compared
to the maximum length it could stretch to before tearing. The plastic was cut into strips of equal width, which were
measured to the tenth of a centimeter and taped to the edge of a lab table. A ruler was placed parallel to the strip and
the edge of the ruler was lined up with the plastic. The strip was then slowly stretched by hand so that the changes in
length could be easily measured. The length of the strip was recorded at the point where the strip began to tear. To
calculate the elasticity of the plastic, the original length was subtracted from the final length and the quotient was
divided by the original length. This decimal was then converted to a percentage of the original length. The two values
involved in this equation were the original length and final length after stretching.

The next tests performed on the plastic measured durability and absorptivity. These tests relied on qualitative
observations instead of quantitative measurements. For example, when measuring elasticity, the final lengths of the
plastic were not measured with accuracy greater than a tenth of a centimeter. Absorptivity was tested by stretching a
sample of the skin onto a ring clamp and pouring 1-2 mL of water over the skin. The skin was then left undisturbed
for several hours until the water had evaporated. At this point, it was recorded if any liquid passed through the
membrane or altered its properties. This process was repeated with the same amounts of hydrogen peroxide, ethanol,
methanol, and isopropanol. Durability was tested by placing the skin piece on a ring clamp in a similar fashion to the
absorptivity test, then placing weights from 50g to lkg in the middle of the skin piece. These weights increased in
increments of 50g. A weight would be removed before a new weight was added. The dependent variable in this
experiment was whether or not the skin would break.

3. Results

Several variations of this plastic recipe were created to observe the effects of each of the ingredients in the recipe
and what ratio of ingredients would create a plastic most similar to human skin. The most successful, or closest to
human skin, of the tested recipes (Trial 4 as described in table 1) consisted of 17% potato polymer, 67% water (with
NaOH, HCI), 1% collagen, 3% isopropyl alcohol, 13% hydrogel by mass. This resulted in a plastic that was pale
yellow, translucent, and slightly sticky to the touch. The different samples of the plastic varied slightly in thickness-
approximately 0.25 cm to 0.40 cm -with the thinner samples having slightly more elasticity. The various skin pieces
in Trial 5 did not differ in physical appearance, so humidity appears to have no effect on this property, though this is
purely based on observation and further testing is needed to confirm this. Some of the samples were soaked in glycerol
after being prepared. This was originally done to preserve moisture, but was eventually discontinued because the
plastic did not dry out much over several weeks. However, the glycerol did act as a protective coating to the plastic,
slightly increasing its resistance to punctures.

Several samples of the successful plastic trial were tested for elasticity. These strips stretched to 138%, 143%,
and 159% of their original lengths. Human skin can stretch to almost double its surface area under mechanical stress,
however in most cases stretches to about one and a half times its original surface area. The longer strips had the
greatest elasticity, which suggests that a thin sample with a large surface area would be optimized for elasticity. Neither
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water nor any of the organic solvents applied to the plastic passed through the membrane, nor did they alter the
appearance of the plastic or its physical properties that were tested. The plastic also did not break when any of the
weights were applied to it. However, the spot that the weight was placed on did deform slightly. The plastic can also
easily be punctured, which shows that it is more resistant to broad pressure.

Table 1. Amount of Component and Drying Conditions for Each Plastic Trial (Each trial involves using a different plastic
recipe)

Volume of | Mass of Mass of Drops of Volume Volume Volume
Hydrogel Collagen of HC1 Glycerol Drying Conditions
Starch NaOH IPA (mL
(mL) (@ ® (mL) ™D | L)

Original 26C, 65%
Recipe 0.0 0.0 4.0 10 3.0 0.0 3.0 humidity
Trial 1 12.0 0.0 4.0 20 5.0 2.0 5.0 26C, 65% humidity
Trial 2 10.0 0.0 4.0 15 5.0 3.0 5.0 26C, 65% humidity
Trial 3 20.0 0.5 4.0 25 3.0 3.0 5.0 26C, 65% humidity

. 26C, 85%
Trial 4 20.0 0.5 4.0 0.0 30.0 3.0 5.0 humidity chamber
) 0, 0,
Trial 5 0.0 05 40 0.0 30.0 3.0 50 | 26C85%, 0%, 35%
humidity chamber
Table 2. Percent by Mass of Each Component in Plastic Trial 4.
Hydrogel Collagen Water with NaOH & HCI Isopropanol Potato Starch
Percent by Mass 12 1 67 3 17
Table 3. Trial 4 Plastic Elasticity, Increase in Original Length Reported as Percent.
Run 1 Run 2 Run 3
Elasticity 143 % 158% 139 %
Table 4. Permeability of 2 mL Ethanol, Methanol and Isopropanol on Trial 4 Plastic.
Methanol Isopropanol Ethanol
Volume of Solvent (mL) 2 2 2
Effects none none none

4. Discussion

Polymerized potato starch, along with hydrogel and collagen, could be used to create a plastic that mimics the
elasticity, absorptivity, and durability of human skin. These properties of the plastic would enable patients who have
to receive temporary skin grafts to move and use the affected area normally. Elasticity in the graft would be especially
helpful to patients as it increases their physical abilities (Tepole et al). Such plastic would minimize concerns related
to the risks of using water or chemicals such as hydrogen peroxide with the graft, and it would not require any kind
of additional covering.

There are many applications for the plastic within the medical field. Since it is based on a naturally occurring
starch, and most of the other ingredients are common acids, bases, and alcohol, it could be created in places with less
developed infrastructure for skin treatments. When an area does not have easy access to synthetic skin grafts, or places
to safely store them, this could be created in any sterile environment. The procedure requires only basic laboratory
equipment, and the ingredients and finished graft will most likely be stable for long periods of time in a wide range of
conditions. Glycerol, isopropyl alcohol, hydrochloric acid, and sodium hydroxide do not degrade for years after being
made. Most hydrogels have a shelf life of about two years, as does collagen powder. Hydrogel and collagen are not
as readily available, however they are shelf-stable and could easily be transported to where they are needed and would
not be prohibitively expensive, as only small amounts are required. Other potential uses include treatment for wounds
in homeopathic medicine because it does not consist of synthetic polymers.

Despite the numerous advantages of potato-based plastic as a possible temporary skin graft, there are major
limitations in its testing and the data collected in this study. Most notably, the skin was not tested on human subjects.
This means that there was no data collected on the properties of the skin when actually acting as a graft. In addition,
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there may be limitations on the design of the plastic or its performance over time that can only be observed when it is
placed onto a person. The few characteristics that were used as markers of the plastic’s success were also not very
precise. Most of the tests relied heavily or entirely on qualitative observations, due to a lack of equipment to more
fully test its properties. For example, qualitative observation alone was not enough to determine if the liquid had
evaporated or had been absorbed in the plastic. Further tests, such as spectroscopy, are needed to determine this. In
addition, long term tests to determine the stability and quality of the plastic over time and in a variety of conditions
could be helpful.

5. Conclusion

This study aimed to determine if adding hydrogels and collagen powder to a plastic derived from polymerized
potato starch and curing it at high humidity will give it properties similar to the skin of a healthy adult. Its objective
was to use quantitative tests on elasticity, durability, and absorptivity to determine the validity of this hypothesis. The
results of the tests done on the skin sample support this claim, introducing a real possibility for potato plastic to be
used in this manner. The skin had enough durability to not easily break and contaminate a wound during everyday
activities, ability to keep out water and other foreign substances from the wound, and elasticity that would benefit the
patient. This is important because it shows the true potential of the skin to be used as an effective skin substitute.
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