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Abstract: Methylcellulose and chitosan served as promising ingredients for a thermoresponsive hair
styling gel after successful application in the medical industry. Both ingredients uphold the clean
beauty standard without infringing on performance. By combining these two ingredients, a hair gel
can be created that promises an extended hold of style once a heated external stimulus, such as a
curling wand, is applied to the hair. Chitosan serves as the cationic biopolymer to adhere the gel to
the hair, whereas the methylcellulose acts as the smart biopolymer to lock the desired hairstyle in
place. Various ranges of chitosan and methylcellulose concentrations were explored for formulation
optimization with rheology and curl drop testing. The rheology testing included a flow sweep test
to understand the shear-thinning behavior of the sample as well as the effect of concentration on
viscosity. Another rheology test completed was a temperature ramp test from room temperature
(25 ◦C) to 60 ◦C to study the effect of heat on the various concentrations within the samples. A curl
drop test was performed as well, over a 48-h period in which the different samples were applied to
wet hair tresses, dried, curled, and hung vertically to see how the style held up over a long period of
time with the influence of gravity.

Keywords: smart materials; rheology; thermal response; smart polymers; sustainable; chitosan;
hairstyling; methylcellulose

1. Introduction

Smart materials are taking over the beauty industry for their personalization, differentia-
tion, and device combination abilities after being used for years in other industries like fashion,
automotive, and athletics [1]. Methylcellulose is a great example of one of the many smart
materials on the market today. This ingredient has been used throughout the medical industry
in numerous ways but is being implemented here for hair gel application. In this application,
methylcellulose reaches its critical temperature after the use of an external stimulus (a heated
curling wand), which initiates its sol-gel transformation [2]. This same sol-gel transformation
is triggered by human body temperature in medical utilization [2–5]. The methylcellulose
hydrogels are loaded with delivery components such as drugs or cells, which in the in-situ
system go through the sol-gel transition once they are injected into the human body [5],
another example of its smart abilities. Products that are formulated with smart materials tend
to feel more personalized to the consumer, appealing to a much larger market.

Consumers love the personalization that smart materials add to a product. When an
external stimulus is used, the product feels as though it has been revamped [1]. Throughout
the beauty industry, this external stimulus is the adoption of device combinations that also
support the profits of the brand. The thermosensitive ingredient within this formulation is
methylcellulose, which is heat-activated once blow-dried after wet application, locking in
any style when a heat-activated styling tool is used. As you apply the high-temperature
styling tools to hair coated with these smart gels, the storage modulus (G’) increases
with temperature, which in hand builds the crystalline structure that makes that gel-like
consistency lock into place [6,7]. There is a consumer-driven desire for device combinations
already in the industry, as Neutrogena has a Light Therapy Acne Mask [8] and Clarisonic [9]
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has a line of ultrasonic brushes that they recommend in combination with their cleansers
for maximum results, as the LED light would penetrate the skin’s dermis or the Clarisonic
would provide a “better-than-just-your-fingers clean.” [10]. Consumers are not only looking
to purchase these personalized products, but they are often looking for more sustainable
alternatives to products they already love.

The potential of formulations that use both methylcellulose and chitosan as possible
natural ingredients that bring in smart gel benefits is yet to be explored. The consumers of
the beauty industry are driving the clean beauty initiative as customers would rather have
naturally derived ingredients in their products than synthetic ones. In the consumer industry
today, customers are prioritizing sustainability in their purchases. The raw materials must be
derived from environmentally and labor ethical means while upholding the original quality
and performance of the initial product. These replacement ingredients must also uphold the
necessary shelf-life expectancy of cosmetics or general consumer goods [11].

While there has been plenty of research done on both chitosan and methylcellulose
separately, there has been little done on the combination of both ingredients. In this
paper, both methylcellulose and chitosan are combined to form smart gels for hairstyling
applications. Hair itself has a negative charge, so there is a need for a cationic polymer
when creating this formulation. Chitosan is the cationic polymer used to ensure that
the gel itself sticks to the hair, while methylcellulose is used as the thermoresponsive
polymer that will lock the hairstyle in place. Frizz could make hair more difficult to
manage and is often a result of hair having a negative charge as static increases and the
charges start to repel each other. A temporary fix for this is coating the hair with a cationic
polymer [12]. For maximum benefit, proper spreadability is required for any hair product.
According to Pingali et al. [13], varying chitosan concentrations have a ranging viscosity
between 10−1 and 101 Pa.s, which is an ideal range for spreadability, pumping, and rubbing.
Chitosan is commercially produced from chitin. Various concentrations of salt are used
to deacetylate the chitin into chitosan. Chitosan is unique in its polysaccharide chemical
structure as it has an amino group attached to the C2 position in place of a hydroxyl
group [14,15] (Figure 1) [16]. Even though chitosan has a comparable chemical structure
to cellulose, it differs from the latter by an additional acetyl amine group that gives the
ingredient entirely different attributes than cellulose [14]. Since chitosan is cellulose-based
on chemical structure, it tends to have a greater intrinsic viscosity compared to other
biopolymers with similar molecular weights [14]. Chitosan, as mentioned before, has
a positive charge that makes it ideal for hair application. The strength of this positive
charge is dependent on the concentration of sodium hydroxide that was used to deacetylate
the chitin in production. Chitosan is an ingredient of surging interest in the consumer
goods industry for its clean beauty aspects: biocompatibility, biodegradability, film-forming
technology, and chelating agent ability [17,18]. Chitosan is also easily produced because
it is the second most abundant naturally derived biopolymer behind cellulose due to its
plentiful resources like crustaceans, fungi, algae, and insects [19,20]. Not only is chitosan
abundant in nature, but it is also the only cationic polysaccharide abundantly found in
nature. The overwhelming majority of polysaccharides found in nature are either neutral
or negatively charged. [14] Any other polysaccharide would not support the attachment
to hair and skin needed by cosmetic or personal care goods [21]. The second ingredient
used in this research, methylcellulose, is also a biodegradable polymer and falls ahead of
chitosan as the most abundant biopolymer in nature. Not only is methylcellulose largely
available, but it is also a very affordable option for a biopolymer [22]. There has been
a large amount of research conducted surrounding chitosan and its ability to build up
viscosity [13,14]. Several different articles have been used to understand how chitosan
concentrations affect the viscosity of the sample [13,14,17,18].
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Figure 1. Deacetylation of chitin (left) into chitosan (right). 

Previous articles that have been studied prior to beginning this research have shown 
that ranging chitosan concentrations from 0.25% to 2.5% had consistent behavior where 
at low shear rates it remained a constant zero viscosity since the rate of disentanglement 
was the same as the rate of fresh entanglements. Meanwhile, in the power-law region, this 
zero-viscosity behavior changed since the rate of entanglement occurred faster under 
higher shear rates than the new entanglements could develop. Hwang et al. [14] observed 
a decrease in the viscosity of chitosan due to this behavior. Their article also observed a 
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rent ones decreased. Therefore, as the shear rate was increased and disentanglement oc-
curred, it then took longer to produce fresh entanglements again. Due to this lack of space, 
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shear rates [13]. There have not been detailed rheological studies on chitosan to the best 
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plateau, whereas at high shear rates, the shear thinning behavior was noticed. Following 
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addition of polymer concentration. The effect of temperature on the rheology of methyl-
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originally Newtonian plateau at the low and in-between shear rates increased with tem-
perature towards high shear rates. As the temperature increased from 5 to 35 °C, the vis-
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Previous articles that have been studied prior to beginning this research have shown
that ranging chitosan concentrations from 0.25% to 2.5% had consistent behavior where
at low shear rates it remained a constant zero viscosity since the rate of disentanglement
was the same as the rate of fresh entanglements. Meanwhile, in the power-law region,
this zero-viscosity behavior changed since the rate of entanglement occurred faster under
higher shear rates than the new entanglements could develop. Hwang et al. [14] observed
a decrease in the viscosity of chitosan due to this behavior. Their article also observed a
consistent trend where the chitosan concentration increased with shear-rate-dependent
viscosity. As the number of entanglements increased, the space for movement for the
current ones decreased. Therefore, as the shear rate was increased and disentanglement
occurred, it then took longer to produce fresh entanglements again. Due to this lack of
space, as the concentration of chitosan increased, the Newtonian behavior disappeared at
lower shear rates [13]. There have not been detailed rheological studies on chitosan to the
best of our knowledge.

With chitosan being used as the natural thickener for this hair gel system at room
temperature, a smart polymer was needed to add the personalization aspect to this gel. As
the smart gel of choice, methylcellulose was used due to its prior research within various
industries for its smart applications. Methylcellulose is used across the food, ceramic,
and pharmaceutical industries over the cosmetic industry and is most popularly found in
gluten-free food products. This polymer is also newly introduced to the cosmetics world for
its thickening and emulsifying capabilities [23]. Its rheology is dependent on a multitude of
environmental and conditional factors: additives, temperature, pH level, molecular weight,
polymer concentration, and ionic strength [23,24].

R. Moreira et al. [23] completed a study on the steady and dynamic rheology of
methylcellulose at a temperature below gelation. They examined methylcellulose gum
at 25 ◦C with varying concentrations of polymers at 7.5, 10, 15, and 20 g/L. During their
experiment, the increased polymer concentration made the viscosity increase as well
as expected at each shear rate. In their shear rate versus viscosity plots of the varying
methylcellulose concentrations, there was one region with a Newtonian plateau and another
with shear thinning behavior. At low and in-between shear rates, they observed the
Newtonian plateau, whereas at high shear rates, the shear thinning behavior was noticed.
Following this, there was a proportional increase in methylcellulose concentration and
zero-shear rate viscosity. The zero-shear rate viscosity increased exponentially with the
increased addition of polymer concentration. The effect of temperature on the rheology
of methylcellulose in their study was only completed at a polymer concentration of 20
g/L. The originally Newtonian plateau at the low and in-between shear rates increased
with temperature towards high shear rates. As the temperature increased from 5 to 35
◦C, the viscosity decreased. Ultimately, their results were shear-thinning behavior at low
temperatures. When they monitored pH as an effect on the rheology of the methylcellulose,
there was no change in the viscoelastic behavior [23].
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Smart gels have been explored for cosmetic applications, but research based on the
combination of chitosan and methylcellulose is extremely limited. The application of
thermoresponsive smart gels was investigated in mascara-based research by Chen and
Amin [25]. The same thermoresponsive and shape memory polymer technology that
emphasized the curvature of eyelashes was applied to the formulation of this hair gel
for maximum hairstyle hold. Hairstyling is a part of everyday life, for some it is more
demanding than others. The motivation to improve this aspect of everyday life through
sensory aspects, time management, innovative technology, and so forth drives the cosmetic
industry. Since there has been no work done with this technology in hairstyling, this hair
gel was batched with the call-out ingredients methylcellulose and chitosan. The objective
of this was to study the combination of methylcellulose and chitosan together to study
long-term styling benefits. This paper explores the effect of both concentrations and further
optimizes smart gel response and spreadability.

2. Materials and Methods

The smart hair gel was formulated with deacetylated chitosan, methylcellulose (400 cPs
viscosity), and acetic acid (glacial). Chitosan is water-insoluble and can only dissolve in
acidic solutions; in this case, a diluted acetic acid mixture was used [26]. This dilution was
created by combining 0.574 g of acetic acid and filling the beaker up to the 100 mL line with
deionized water, creating the 0.1 M dilution needed to dissolve chitosan. Cellulose is also
water-insoluble due to its strong hydrogen bonds [27].

2.1. Formulation Design

Ten different formulations (10 g each) were batched with varying methylcellulose
levels and constant chitosan levels or constant methylcellulose levels and varying chitosan
levels as seen in Table 1.

Table 1. Smart Gel Sample Formulations.

Sample Number Chitosan Concentration (%) Methylcellulose Concentration (%)

1 0.25 0

2 0.25 0.10

3 0.25 0.50

4 0.25 1.00

5 0.25 2.75

6 0 1.00

7 0.25 1.00

8 0.50 1.00

9 0.75 1.00

10 1.00 1.00

Formulations 1 through 5 held chitosan constant at 25% but varied the methylcellulose
at 0%, 0.1%, 0.5%, 1%, and 2.75%. The following 6 through 10 samples held methylcellulose
constant at 1% and varied the chitosan levels at 0%, 0.25%, 0.50%, 0.75%, and 1%. All three
ingredients were weighed out for each sample and mixed in separate labeled vials on an
unheated stirring plate for four hours, or until the gels were fully mixed through. Each gel
was left on the bench, capped off for 24 h after mixing to reach equilibrium before testing.
pH values were measured and not varied. They were kept constant at a value of 4.67 for
every sample formulated. A low pH value is ideal for safe application to hair, with no
frizzing or damage applied to the hair itself.
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2.2. Rheology

The varying concentrations of methylcellulose and chitosan were evaluated with
rheology using the Discovery Hybrid Rheometer (DHR-3) from TA Instruments [Delaware,
USA]. For each of the rheological tests, a 40 mm cone plate with a 2-degree angle was used.
Rheological tests were performed to understand the spreadability of each sample as well
as the shear thinning behavior that each sample exerts and finally its response to thermal
activity. The spreadability and shear thinning behavior of each sample were tested by
running a flow sweep test at room temperature (25 ◦C) with an increasing shear rate range
from 1 to 1000 s−1. To better understand how each sample reacts to a thermal stimulus, a
temperature sweep test was performed from room temperature (25 ◦C) to 60 ◦C. As the
gel heats up, the structure of the gel will change from fully amorphous to fully crystalline,
locking in any hairstyle or shape [1]. Finally, an amplitude sweep test was also performed
at a constant angular frequency of 10 rad/s to understand the linear viscoelastic region of
each sample. All measurements were taken under steady-state conditions.

2.3. Curl Drop Test

A visual hair curl drop test was completed with each of the ten smart gel formulations.
Eleven hair tresses that were the same thickness, color, and style of hair were selected for
testing. Each hair tress was washed with sodium lauryl sulfate (SLS) until the hair was
fully clean of any impurities. One gram of formulated smart gel was applied to each wet
hair tress, immediately followed by hair drying. A control piece of hair was washed and
dried without any gel on it for each of the two 48-h tests that were run. After drying was
completed, each hair tress was held around a Foxy Bae 25mm ceramic curling wand for 15 s
at 410 ◦F (210 ◦C). The hair tresses were then hung up vertically in either increasing chitosan
concentration or increasing methylcellulose concentration next to a labeled control piece.
Each hair tress post styling was monitored by a curl drop test at 0, 24, and 48 h to see the
effect of either concentration. The curl drop test was performed in a 75◦F (approximately
24 ◦C) room with little to no humidity.

3. Results and Discussion
3.1. Rheological Testing: Flow Sweep (Viscosity vs. Shear Rate)

One type of rheological test that was performed was a flow sweep to understand the
relationship between varying amounts of methylcellulose and chitosan and their viscosity.
This data gives more insight into the spreadability factor of the hair gel and how it will
perform while being applied to hair. As the sample is subjected to more shear, it will exhibit
typical shear thinning behavior. Ideally, the faster the sample loses viscosity at higher shear
rates, the better the product will spread once applied to the hair. Figures 2 and 3 show the
results of methylcellulose and chitosan concentration on the viscosity of the hair gel as the
shear rate increases from 1 to 1000 s−1.

As the methylcellulose concentration increases, the viscosity of the hair gel increases
very slightly when the chitosan concentration remains constant at 0.25%. This trend can be
clearly seen in Figure 2 as the methylcellulose concentration increases from 0% to 2.75%,
with Sample 5 having the highest viscosity out of Samples 1, 2, 3, and 4. The samples
show typical shear-thinning behavior, with viscosity decreasing as the shear rate increases.
Methylcellulose does not impact the viscosity of the samples as much as chitosan does at
room temperature. The thinner samples (1–5) provide more difficulty when being applied
to the hair versus the thicker samples (6–10). Figure 2 confirms that the thinner samples do
not have the best spreadability due to them not losing as much viscosity over time as the
samples in Figure 3.
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As noted previously, increasing the overall concentration of chitosan within the so-
lution at room temperature increases the viscosity of the sample, which can be seen in
Figure 3. As the concentration of chitosan increases, the number of entanglements within
the sample also increases, increasing viscosity and shear stress [28]. Sample 10, the sample
containing the highest concentration of chitosan, has the highest viscosity and a very intense
viscosity-shear rate relationship compared to any of the samples tested. The viscosities
of these samples decrease rapidly, and the ending viscosities, especially of Sample 10,
are quite different from their starting viscosities, changing by values as large as 7 Pa s.,
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Sample 5 (which can be seen in Figure 2) also exhibits this behavior. With these substantial
changes in viscosity over a shear rate ranging from 1 to 1000 s−1, these samples have better
spreadability factors when compared to Samples 1 through 4. Thickness did become an
issue during the curl drop test that was performed later in the research, especially when
dealing with Sample 10.

3.2. Rheological Testing: Temperature Ramp (G’ vs. Temperature)

When the smart gels are applied to hair, they are activated via a heat source such
as blow drying. Application testing was done on both wet and dry hair, concluding that
application of the gel on wet hair results in a more evenly distributed product versus dry
hair, which resulted in the separation and clumping of hair. As the temperature of the smart
gel increases, the gel itself should start to thicken, indicating that its structure is becoming
more crystalline and solid. This is due to the thermoresponsive behavior of methylcellulose,
which gels as temperature increases due to highly substituted hydrophobic groups forming
attractive complexes [29]. Figures 4 and 5 show the results of methylcellulose and chitosan
concentration effects on the elastic behavior (G’) of the smart gels versus increasing temper-
ature. As the temperature of the gel increases, gel formation should occur and the values
of G’ should increase, telling us about the solid-like behavior of the gel. For increasing
methylcellulose concentrations, this relationship is noted in Figure 4 by the sharp increase
in G’ values for Sample 5 which has the highest concentration of methylcellulose (2.75%).
This relationship is not noticeably clear between Samples 1, 2, and 3, which have low
amounts of the thermosensitive ingredient. Sample 4 was created using twice the amount
of methylcellulose used in Sample 3 and its linear relationship with G’ is clearly seen in
Figure 4. The thermal responsiveness of the system is enhanced as the methylcellulose
concentration increases [30]. This idea should coincide with the curl drop test, suggesting
that higher methylcellulose concentrations should result in a longer-lasting curl due to its
more elastic solution. The structure of the gel at high methylcellulose concentrations would
“lock” the curl in place as its structure becomes more crystalline, granting a longer curl
hold time.
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Chitosan itself does not have thermoresponsive properties, but when it is used in a
system with an acid (in this case, acetic acid), it forms a thick gel at room temperature [31,32].
Therefore, in Figure 5, there is no clear trend between increasing chitosan concentrations and
increasing temperatures. There is an increase in G’ values for all samples as temperature
increases, but the chitosan concentration has no linear effect. The upward transition
temperature is impacted by the concentration of chitosan due to the interactions between
chitosan and methylcellulose as relative amounts of each are changed. While formulating
each sample, the viscosity of the sample can be increased by increasing the concentration
of chitosan [33]. The smart gel should ideally be thick enough to hold its shape once it
is on the consumer’s hand without flowing off, but it should not be too thick that it is
difficult to remove from its container. Samples 6 and 7 had little to no viscosity due to their
exceptionally low levels of chitosan. This product would not sell very well on the market
if it were labeled as a “gel” yet had an incredibly low viscosity. Sample 10 was the most
viscous out of all ten samples, which rendered it almost impossible to remove from the
sample vial to test.

3.3. Curl Drop Test

Eleven hair tresses were washed with SLS, had 1 g of their respective smart hair gel
applied directly to the wet hair tresses, were immediately dried with a blow dryer, and
curled with a Foxy Bae 25 mm ceramic curling wand for 15 s at 410 ◦F (210 ◦C). These hair
tresses are labeled below: Figure 6a–c show a control next to samples 1, 2, 3, 4, and 5 from
right to left, and Figure 7a–c show a control next to samples 6, 7, 8, 9, and 10 from right
to left. Hair tress C (control) was washed with SLS, but no smart hair gel was applied,
immediately dried with a blow dryer, and curled using the same method. Hair tresses
1 through 5 had a constant chitosan wt % at 0.25 and a varying methylcellulose wt %
between 0 and 2.75. Hair tresses 6 through 10 had a constant methylcellulose concentration
of 1% but a varying chitosan wt % between 0 and 1.
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The curl drop test is a great way to picture how the smart gels will react after being
applied to the hair. These hair gels are formulated using shape memory polymers (SMPs)
that allow the hair to be deformed into a temporary style (in this test, a curl) due to the
hard and soft segments within the SMPs [34,35]. Once an external stimulus is applied,
in this case, both the hair dryer used to dry the wet tresses as well as the curling wand,
the SMPs within the hair crosslink, which provided a longer-lasting styling effect [36].
Looking at Figure 6a–c, it can clearly be seen that the hair tress with Sample 5 has the
longest-lasting curl over a 48-h period compared to the other samples. This sample has the
highest methylcellulose concentration and when compared to Figure 4, it can be concluded
that this sample has the highest thermal responsiveness out of all the samples formulated,
which, in turn, results in a longer-lasting curl. Samples 1, 2, 3, and 4 all experienced a large
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drop in curl over the 48-h period compared to the control piece, which had no product on
it. The control piece managed to sustain quite a curl over 2 days. Sample 2 had the most
exaggerated drop in curl, showcasing the slightest bend at the 48-h mark. Samples 3, 4, and
5 all experienced a little bit of hair separation and clumping at the ends of the hair due
to higher levels of methylcellulose causing strands of hair to stick together. This is very
minimal and is only noticed up close, but it is something to account for when it comes to
the aesthetic properties of the gel. This issue is also highlighted in Figure 7a–c.
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next to Samples 6 (next to control) through 10 (far right) curl drop test. Photo was taken 24 h after
gel application. (c): Control piece of hair (far left) next to Samples 6 (next to control) through 10 (far
right) curl drop test. Photo was taken 48 h after gel application.
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The next part of this curl drop test studied the effects of chitosan on the longevity of
the curls. Chitosan exhibits an excellent ability to form a film around the hair tresses, acting
as a protectant between the hair itself and damaging heat [37,38]. As seen in Figure 7a–c,
there is quite a bit of separation between the strands of hair as the chitosan concentration
increases, especially in Samples 9 and 10. After a total of 48 h, Samples 8, 9, and 10 held the
best curl compared to Samples 6 and 7. Although they provided the best curl, Samples 9
and 10 also created lots of separation and a “crunchy” sensation to the hair tresses, which
would not be an ideal sensory aspect for the consumer. Formulations containing higher
levels of chitosan often have significantly lower levels of acceptability when it comes to
sensory testing [39]. Since each sample formulated only contained 10 g of sample, as more
chitosan was added to the system, less acetic acid was added. A higher amount of acid
promotes a smoother and less “crunchy” film [40]. Overall, Sample 8 had the best curl of
this second batch of samples over a 48-h period.

4. Conclusions

Inspiration for this research was drawn from an increasing need for more personalized
products within the cosmetics industry. By employing ingredients that are labeled as “smart”
materials, products can be formulated on a large scale yet feel like they were made specifically
for the consumer who purchases it. There has been much research done on both chitosan
and methylcellulose formulations, but not a ton of research done on formulations combining
the two. Methylcellulose, a clean beauty ingredient with thermoresponsive behavior, was
included in this smart hair gel after its success in medical technology and its sustainability
aspects. Five various levels of methylcellulose (ranging from 0% to 2.75%) were used with a
constant level of chitosan (0.25%) to see the effects of varying methylcellulose levels on the
gels. This set of gels experienced an extremely low viscosity, making the application onto
wet hair tresses quite difficult. Chitosan, a natural thickener derived from the shell of shrimp,
was used as the viscosity builder in this gel. When combined with acetic acid, a gel-like base
is created. Five various levels of chitosan (ranging from 0% to 1%) were used in a constant
level of methylcellulose (1%) to see how the various levels of chitosan affect the gels. Adding
elevated levels of chitosan resulted in very viscous products, some being too thick to flow out
of the test vial for hair application. Combining all three ingredients together provides a thick,
thermoresponsive gel that is sustainable.

Rheology was used as the main point of testing to understand how the gel would
react once it was applied to hair. A flow sweep test was completed at room temperature
with an increasing shear rate range from 1 to 1000 s−1 to understand the spreadability
aspect of the gels. An ideal gel should be quite thick but should still flow out of the test vial
without any extra force. If the sample is too thin, it will be exceedingly difficult to apply
to the hair. On the other hand, if a sample is too thick, it may clump up on the hair and
make it impossible to fully coat the hair. The more chitosan that was added to the samples,
the higher the viscosity levels they experienced. These samples also experienced a much
larger drop in viscosity over this shear rate range, concluding that their spreadability, when
compared to the first set, is better. The samples ranging in methylcellulose concentration
did not see a large decrease in viscosity after a flow sweep test was performed, relating
to the impact of spreadability on the hair. These samples with varying methylcellulose
levels resulted in thin samples that were too difficult to apply to the hair. A temperature
sweep test was also completed on the rheometer at a temperature range increasing from
25 ◦C to 60 ◦C to study the thermoresponsive properties of the gels. In rheology testing,
the storage modulus (G’) increased with temperature, which was highest for sample 5,
with the greatest methylcellulose concentration at 2.75%. Since chitosan does not have
a thermoresponsive element, its relationship with temperature would not be established
based on storage modulus with rheology testing. Finally, a curl drop test was performed
with all 10 samples over a 48-h period to see how the gels would apply and style. Increased
chitosan concentration hinders positive sensory experience as it causes separation and
crunchiness, sample 8 had the best curl without this negative consumer issue.
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Creating a thermoresponsive hair gel is a great alternative to the many types of hair
gels on the market that advertise holding a style in place for an extended period. This
smart gel will enable hairstyles to truly be “locked” into place due to the addition of smart
biopolymerssetting the hairstyle in place for hours on end. This idea was confirmed by
performing a curl drop test to see how different methylcellulose levels lock the curls in
place. The addition of chitosan is also a more sustainable option since methylcellulose is
derived from shrimp skin. Methylcellulose is also another sustainable ingredient derived
from plants, making this simple hair gel formulation a great sustainable alternative to the
many different types of gels on the market. Applying this smart gel on hair acts as both a
heat protectant due to the chitosan acting as a film-former on the hair, protecting it from
any heat damage and acting as an ultra-hold hairspray on top. This, in turn, results in the
need for fewer products on the hair, which can save costs in the end. It also provides the
need to use less heat on the hair, since the hairstyles will hold for a longer period without
the need for heat touchups.

5. Next Steps and Recommendations

Since chitosan is derived from shrimp, which is a widely known food allergen, the
vegetable-derived chitosan should be applied and tested in this hair gel for greater con-
sumer use. Moreover, since the cosmetic lab at Manhattan College does not have a con-
trolled humidity chamber, a frizz test should be performed on the formulations for contin-
ued optimization. The final optimization of this formulation would include more ingredi-
ents to enhance the hair’s aesthetic beyond the baseline ingredients presently included. Due
to the lack of financial resources, a large-scale consumer study for ideal sensory experience
on differing formulations is also required. At this point, this step is beyond the scope of
this study. Lastly, a differential scanning calorimeter (DCS) should be used to understand
the temperature at which the crystallization may occur [41].
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