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1 Faculty of Cosmetology, University of Education and Therapy, Grabowa 22, 61-473 Poznań, Poland;
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Abstract: Chemically speaking, polymers are multi-molecular compounds that have specific physic-
ochemical properties. Hair cosmetics utilize their ability to create a protective film and make the
cosmetic formulation more viscous, which facilitates its application. Natural polymers are encoun-
tered in nature, but, in hair cosmetics, artificially modified ones are more often used. Unfortunately,
artificially modified polymers are characterized by high resistance to biological factors, which creates
an ecological problem. Another reason for a search for natural polymers is their milder action when
compared to synthetic ones. One of the new sources of obtaining collagen is the waste connective
tissue materials of aquatic animals—skins, spines, dorsal chords and scales, and swim bladders.
These raw materials are most often disposed of in landfills, processed into fish meal, or destined for
food for animals. The conducted research was aimed at proving the action of natural collagen in hair
cosmetics as a substitute for synthetic polymers. In the patients using collagen laminate, it is possible
to notice the complete elimination of excessive sebum production, restoration of the correct pH value,
and reduction in skin inflammations.

Keywords: biodegradability; collagen; bio-based polymers; TrichoScope Polarizer Dino-Lite (MEDL4HM);
scanning electron microscope (SEM); cosmetics formulations

1. Introduction

Polymers can be found in all care and modeling preparations, such as gels, foams, and
sprays. This is due to their natural features; the compounds leave a characteristic film on the
hair, one that is difficult to remove during ordinary head-washing. These compounds add
volume to hair strands without causing them to clump together and make them easier to
comb. Conditioners use positively charged compounds that perfectly penetrate negatively
charged damaged hair. The strands covered with a delicate film become shiny and look
healthier. The film formed by polymers protects the hair very well against UV radiation and
high temperature. The search for new synthetic polymer alternatives has started mainly
due to the fact that, despite some of the positive properties of synthetic polymers, they
still accumulate on the hair shaft. Their filling properties create a protective layer on the
hair or skin, which, however, clogs the pores and makes it difficult for the skin to breathe,
acting as a blocker. In the case of hair, it creates a tight, aggravating film through which
no beneficial active substances can penetrate [1]. Long-term accumulation on hair may
cause it to break down completely [2]. The leveling and smoothing effect of polymers is
deceptive because it is only an optical impression, lasting during the use of the cosmetic
that contains synthetic polymers [3]. In order to remove the tight film formed by synthetic
polymers, stronger detergents should be used. This can destroy the natural lipid coat of
the scalp and weaken and dry the hair. Another negative feature of synthetic polymers is,
as mentioned earlier, their excessive accumulation on the surface. The hairstyle becomes
heavy and not amenable to styling [4–8]. The use of stylers with such polymers can also
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affect the coloring process since dye pigments cannot reach deep into the hair with ease.
The result is a shade of hair that differs significantly from the intended color. It is also
worth noting that the discussed polymers are not subject to biodegradation processes. As
already mentioned in the research, the introduction of alternative products was undertaken
for synthetically obtained polymers, which were used as products for styling and hair care.
These compounds were replaced with collagen obtained from fish waste.

Collagen is a building block of skin, bones, and connective tissue membranes. It
makes up about 30 percent of the protein contained in mammals. Thanks to its unique
physicochemical properties, it is widely used in industry, including the pharmaceutical and
cosmetic industries.

Fish processing for consumption generates significant amounts of various types of
waste materials, which are generally used as an ingredient of animal feed. There are
indications of the possibility of a more rational use of some of them for market products
intended for humans and not only for fodder.

Until now, mammalian collagen has been used in the world of cosmetology. However,
as a result of the Creutzfeldt–Jakob disease and BSE epidemic, this collagen has been
systematically replaced with a preparation obtained from fish with much better cosmetic
properties, which is related to the use of the so-called acid hydration, which allows the
structure of the triple helix to be preserved. This allows for the preservation of the bio-
logical activity of collagen, which, by penetrating the extracellular space of the epidermis,
influences the activity of keratocytes and fibroblasts, resulting in a number of cosmetic and
dermatological effects. Moreover, the solubility of collagen present in the skin of fish allows
obtaining the native form of collagen in the final product—collagen hydrogel—using an
extremely delicate method of obtaining this protein under conservative conditions [8,9].
The obtained collagen is used both in home hair care and also as an active substance consti-
tuting the basis for professional treatments, such as “Botox”, lamination, and collagen hair
straightening. According to statistics, hair care products are the most frequently chosen
care products in recent years.

The aim of this study was both to create cosmetic formulations used for hair styling,
washing, and conditioning based on natural polymers and to compare the results of
probands using synthetic organosilicon and natural polymers. The main active substances
were collagen obtained from fish and hyaluronic acid [9].

2. Materials and Methods
2.1. Materials

The research used collagen derived from fish skin (FS collagen—fish skin collagen)
obtained by acidic hydratation method patented by Przybylski [10]. It consists of hydration
of the cleansed skin in a solution of lactic acid at a concentration of 0.1 to 1.5%. The
hydration process is carried out in glass containers at the temperature ranging from 15 to
20 degrees Celsius for a period of 24 to 48 h. As a result of multiple filtrations with the use
of natural silk of increasing density, cell elements, pigments, and the remains of an acid
solution were separated from pure collagen. Natural silk filters have a structure similar to
that of collagen, allowing the preservation of its native structure [11].

The oil phase was prepared in a 100 mL beaker (basis weight and names of substances
are given in Table 1). This phase was melted in a water bath at 80–85 ◦C. After cooling the
mixture, collagen was added and hyaluronic acid was homogenized until a homogeneous
emulsion was obtained using IKA T 50 basic Ultra-Turrax homogenizer with rotational
speed of 6000 rpm [12]. All was then combined using a magnetic stirrer, mixing vigorously.
The mixture was left in the stirrer to cool completely. A gray homogeneous emulsion was
obtained (Figure 1A,B).
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Table 1. Recipe of collagen laminate.

Trade Name INCI

Phase I

Ceramide G and A Grapeseed/avocado Oil Aminopropanediol
Esters

Raspberry Raspberry Seed Oil/Tocopherol Succinate
Aminopropanediol Esters

Phase II

Collagen Collagen

Hyaluronic acid Sodium Hyaluronate

Parfum Srublet Bukiet
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The remaining active substances presented in Table 1 were added to the collagen
obtained in the above manner.

It is very important to test the pH value of the product, which is characterized by the
value of pH = 5.50 [±0.3].

2.2. Tests Confirming the Safety and the Manufacturer’s Declaration for the Collagen Laminate

In the subsequent part of the study, tests were performed in accordance with the
Act of 4 October 2018 on Cosmetic Products (Polish Journal of Laws of 2018, item 2227)
(Art. 11(3) [13]. Their aim was to assess the impact of the cosmetic on the safety of
human health—including studies on skin tolerance to the tested cosmetic at the place of
its application. Apparatus confirmation of the type of actions of the preparations declared
by the manufacturer was carried out. The research was conducted following the approval
of the Bioethics Committee, resolution number 640/20. Tests confirming or excluding
the properties and performance of collagen, a natural polymer, declared by the Ordering
Party, were carried out at probands’ homes and in the Dermatology Center (Centrum
Dermatologii Sp. Z o.o.) in Poznań under the supervision of a dermatologist, chemist, and
cosmetologist. The probands were volunteers. A group of 30 people was selected for the
study, corresponding to the indications for the use of the product submitted for experiments.
The selection of probands was carried out according to the preliminary assessment of the
condition of their hair, scalp, and health. Due to the intended use of the product, the study
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involved people who declared their willingness to improve the appearance and condition
of the scalp and hair [14].

Methodology of the research: at home (home panel).
The test probands qualified for the research received one package of collagen laminate.

They undertook to use the received sample on a regular basis in accordance with the
application rules suggested by the manufacturer. Probands should not have been using
preparations of the same or analogous purpose during the time of the study. Volunteers
were to observe the reaction of the scalp and hair at the application sites. They should
note in detail the remarks concerning the functional properties of the tested cosmetic. In
the event of any negative symptoms at the place of application of cosmetics, they were
to stop using cosmetics and contact the person conducting the examination immediately.
No special requirements were imposed on the participants of the study, assuming that
the effects of this type of cosmetic should be tested in the natural conditions in which it
will be used in practice. The results of the experiment could only be influenced by factors
such as health, type and condition of hair and skin, genetic conditions, individual traits,
individual preferences, lifestyle, environmental conditions, etc. A group of 30 people who
used cosmetics containing synthetic organosilicon polymers for conditioning, washing,
and styling their hair was also studied.

2.3. Apparatus Tests Carried Out with the Help of TrichoScope Polarizer Dino-Lite (MEDL4HM)

The research used the imaging method involving a trichological microcamera with
the assessment of the condition of the skin and the follicular area. TrichoScope Polarizer
Dino-Lite (MEDL4HM) is a device designed for the examination of the scalp and hair
analysis. With a very high magnification, up to 200 times, a single hair can be viewed in
great detail. The built-in polarization filter minimizes the effect of glare on the scalp or
hair [15]. As already mentioned, the collagen laminate study was conducted in cooperation
with the Symbiosis Dermatology Center on a group of 30 probands. Before starting the test,
each volunteer was assigned a cosmetic sample. For the subsequent 100 days, the study
participants were asked to test the samples at home (in-home-use-test methodology). With
the help of a microcamera, the experimenter examined the condition of the scalp area and
hair of the patients before and after using the preparations. A blank test was performed
prior to starting product application. The second test was carried out after 100 days, during
which the probands undertook to use the preparation regularly.

2.4. Apparatus Test Performed Using the SEM(Scanning Electron Microscope) Method

During the blank test, hair was collected from the probands’ both temples, the center of
the head, and the occiput in order to perform imaging studies using a scanning electron mi-
croscope. SEM is a kind of electron microscope enabling the observation of the topography
of the tested material (hair). It is used to observe materials on a nanometric to micrometric
scale. With scanning microscopy, it is possible to precisely establish the hair morphology,
the condition of the hair bulb and stem, the type and size of damage to the hair tissue, as
well as to identify factors affecting the hair to determine its structural changes or to analyze
its chemical composition. After a hundred days, the test was repeated. Subsequent samples
were taken from all probands, and imaging was performed using SEM. All participants
remained in the study until the end [16].

3. Results and Discussion
3.1. Instrument Tests Carried Out with the TrichoScope Polarizer Dino-Lite (MEDL4HM)

Probands using collagen laminate and preparations containing synthetic organosil-
icon polymers were tested during the blank test and after 100 days. The research used
the imaging method involving a trophological micro camera with the assessment of the
condition of the skin and the follicular area (TrichoScope Polarizer Dino-Lite (MEDL4HM)).
A compilation of photos presented below shows the difference before the application of
laminate collagen and after the 100-day study. In the most severe cases, the frequency of
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follow-up examinations was increased. The Figures 2–5 below were taken of different areas
of the scalp. In addition, people who applied synthetic organosilicon polymers to the scalp
and hair were examined as a control group.
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synthetic organosilicon polymers.

PATIENT A and B (blank determination)—a group of patients who started using
natural polymers in the form of a collagen laminate product.

PATIENT V and X (blank determination)—a group of patients who used and continued
the application of preparations containing synthetic organosilicon polymers.

The above patients had symptoms of peeling epidermis. They constitute examples of
wrong hair care as they used synthetic organosilicon polymers with siloxane structure in
which all silicon atoms are linked to alkyl or aryl groups. These compounds had a negative
effect—mainly on the scalp—and increased its pH value. An alkaline pH value leads to
the development of many dermatoses. As can be seen from the measurements of both zero
groups, along with the application time of the synthetic silicones mentioned above, the
probands struggled with seborrheic dermatitis. In some of the probands, the lesions turned
into irregular erythema spots with yellow scabs. There were also diffuse inflammatory
lesions covering the entire surface of the scalp [17]. The dried layer of dead skin and sebum
formed a crust. Moreover, the patients complained of itchy wounds, which they often
scratched. The hair was also thinned.

PATIENT A and B (test after 100 days)—a group of patients who used natural polymers
in the form of a collagen laminate product.

PATIENT V and X (test after 100 days)—a group of patients who used preparations
containing synthetic polymers.

In the patients using collagen laminate, it is possible to notice the complete elimination
of excessive sebum production, restoration of the correct pH value, and reduction in skin
inflammations. Based on the research, it can be seen that the active substances used confirm
the effects declared by the manufacturer. After just one application of the laminate, the
scalp was cleansed [18].

The substances used in the product are responsible for this effect. One of the few forms
of collagen that is not subject to chemical treatment in cosmetology and trichology is type
III collagen—interchangeably called native collagen or tropocollagen [19].

Type III collagen is obtained most often from the skins of young animals. Recently,
the consumption of marine collagen, isolated from fish processing waste, such as skin,
bones, fins, scales, etc., has been growing. Using waste instead of throwing it away
allows the maximum use of resources, and it is undoubtedly an environmentally friendly
approach [20]. The source of marine collagen created by our laboratory was fish. It is also
not without significance that collagen obtained from marine resources is characterized
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by biocompatibility and a low probability of sensitization; plus, it is soluble in water,
biodegradable, and easy to obtain [21].

It is these features of collagen obtained from sea water resources that made it the
main ingredient of the product. The formulation uses collagen derived from fish skins,
which plays a role analogous to that of tropocollagen. In addition, it is characterized by a
low molecular weight, thanks to which it effectively soothes irritations and supports skin
regeneration [22–24]. Unfortunately, after 100 days of the study, the control group that used
only formulations with synthetic organosilicon polymers did not achieve any improvement.
As already mentioned, these polymers create a strong occlusive film that does not allow the
scalp to breathe or active substances that could improve the skin condition of the probands
to penetrate deeper.

3.2. Apparatus Test Performed Using the SEM (Scanning Electron Microscope) Method

On the basis of research carried out with the use of a scanning electron microscope
(SEM) that enables the observation of the topography of the tested hair, differences in its
condition can be noticed (blank sample and tests after 100 days). A compilation of photos
presented below shows the difference before the application of the laminate collagen and
after the 100-day study. In the most severe cases, the frequency of follow-up examinations
was increased. The photos below were taken of different areas of the scalp. In addition,
people who applied synthetic organosilicon polymers to the scalp and hair were examined
as a control group.

PATIENT A and B (blank determination)—a group of patients who started using
natural polymers in the form of a collagen laminate product (Figure 6).
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PATIENT V and X (blank determination)—a group of patients who used and continued
the application with preparations containing synthetic organosilicon polymers (Figure 7).

The SEM analysis of the hair structure using a scanning electron microscope confirmed
its layered structure. Photos 5 and 6 show the outer layer of the hair—the cuticle. The
visible torn, cracked, and open hair cuticles testify to a high degree of damage. As can
be seen in the photo showing the hair before using the preparation, it was damaged and
characterized by hair sheath of open cuticles. A casing composed of open cuticles gradually
ceases to fulfill its protective function. The cuticles open, among others, under the influence
of alkaline pH and heat, resulting in high insolation, mechanical treatments, and poor
styling with the use of aggressive chemicals. The participants of the study subjected their
hair to mechanical and thermal treatments as well as the use of chemicals. Open cuticles
result in the hair losing water faster and becoming dry, dull, rough, and more sensitive to
external factors [25–27].
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PATIENT A and B (trial after 100 days)—a group of patients who used natural poly-
mers in the form of a collagen laminate product (Figure 8).
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Figure 8. (A) Photo of the hair from proband A after 100 days of application of collagen laminate
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of collagen laminate (100-micron × 550, 15 kilowatt-hours).

It can be said that the mechanism of action of collagen with a low degree of hydrolysis
(M = 125,000) consists in the production of a protective film that closes the exposed cuticles
and the cortex of the hair. It was found that further application would result in an increased
protection through the closure of hair cuticles, i.e., improvement of their condition. In
addition to the collagen used, the essential ingredients used in the product are biomimetric
ceramides synthesized by the participants of the study [28]. They were obtained in a green
chemistry process without the use of solvents from two saturated vegetable fatty acids.
These substances strengthen the hair fibers, smoothen the hair surface, improve resistance,
and give shine. Biomimetic ceramides are combined with avocado and grape oil. They
contribute to the strengthening of the hair structure.

PATIENT V and X (trial after 100 days)—a group of patients who used preparations
containing synthetic polymers (Figure 9).
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Figure 9 presents probands who continued to use synthetic organosilicon polymers
in whom no major change of the hair structure was noticed. The excessive application of
synthetic polymers resulted in the accumulation of this substance, the tilting of the hair
cuticle, and, in the final stage, complete tearing.

4. Conclusions

Our hair is exposed to numerous negative factors (Figure 10—Activoil Kerox Pro
Release; Innovacos Corp: Mount Arlington, NJ, USA, 2018–2020).

Knowledge of the biochemical structure of collagen follows the knowledge of the
amino acid composition. The collagen triple helix is made of three tropocollagen chains
connected with each other by means of covalent-technical bonds by introduction into the
middle-glycine. The spiral structure can be achieved with alanine, glutamine, histidine,
leucine, methionine, tyrosine, and tryptophan. Valine and isoleucine, due to the large size of
the chains, cannot participate in the formation of the structure of the helix generator. Serine,
threonine, proline, and hydroxyproline provide good helix structures. The first two groups
from the linkage of hydrogen bonds are formed by their hydroxyl ones [17–20]. In the case
of proline, the atomic atoms are in a heterocyclic compound, excluding the possibility of
rotation around the carbon–nitrogen bond and formation of hydrogen bonds inside. As a
first proposition of proline, the chain may bend or even form a loop. Thanks to the use of
natural biodegradable collagen combined with hyaluronic acid, ceramides, and raspberry
oil, an alternative has been created to the controversial synthetic organosilicon polymers.
This alternative also creates an occlusive film preventing against the negative effects of
solar radiation, temperature changes, pollution, pathogens, and aggressive products used
for hair styling [29–32]. In addition, the product is obtained from natural waste, which
protects our environment. Collagen laminate is a universal product that can be used for
washing, conditioning, and styling hair (Figure 11—Activoil Kerox Pro Release; Innovacos
Corp: Mount Arlington, NJ, USA, 2018–2020). The developed method allows to obtain
collagen in a native form in the final product. The collagen obtained in this way can be
used not only in the form of a gel or solution but also in a solid form, replacing the bovine
collagen used so far. The obtained collagen was used in the form of a gel as a hair care
product. Based on the assessment of the situation, the condition of the hair and skin can be
improved 100%.
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In the future, the team intends to conduct research on biodegradable polymers derived
from waste used in the food industry.

Techno Economic
As part of the project, on the basis of research and technological tests carried out in

laboratory conditions, it is assumed that optimal technological and technical solutions will
be developed, taking into account economic and environmental aspects, and, above all,
the health and commercial quality of obtaining products with increased added value. It is
also assumed that selected technological operations will be checked on a limited scale on a
model test stand and trial batches of new semi-finished products and products with defined
pro-health properties will be obtained on it. Based on the results obtained, assumptions for
a pilot line for processing fish waste materials will be developed.

Author Contributions: Conceptualization, J.I.-K.; methodology, J.I.-K. and E.K.-P.; software,
J.I.-K., E.K.-P. and S.P.-G.; validation: J.I.-K. and E.K.-P.; formal analysis, J.I.-K.; investigation, J.I.-K.;
resources, J.I.-K., E.K.-P. and S.P.-G.; data curation, J.I.-K.; visualization, J.I.-K.; supervision, E.K.-P.
and S.P.-G.; project administration, J.I.-K.; writing—original draft preparation, J.I.-K.; writing—review
and editing, J.I.-K., E.K.-P. and S.P.-G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Bioethics Committee consent, resolution number 640/20.

Informed Consent Statement: Not applicable.



Polymers 2022, 14, 749 11 of 12

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Support from University of Education and Therapy and Symbiosis Laboratory
is acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wright, S.L.; Kelly, F.J. Plastic and Human Health: A Micro Issue? Environ. Sci. Technol. 2017, 51, 6634–6647. [CrossRef]
2. George, A.; Sanjay, M.R.; Srisuk, R.; Parameswaranpillai, J.; Siengchin, S. A comprehensive review on chemical properties and

applications of biopolymers and their composites. Int. J. Biol. Macromol. 2020, 154, 329–338. [CrossRef]
3. Kalia, S.; Avérous, L. Biopolymers: Biomedical and Environmental Applications; Wiley: Hoboken, NJ, USA, 2011.
4. Jain, S.; Tote, D.; Kolte, G.; Jajoo, S.; Tote, S. Effect of moist dressing, collagen sheet dressing and epidermal growth factor in

healing of chronic wounds. Int. Surg. J. 2017, 4, 2594–2599. [CrossRef]
5. Rahul, V.G.; Nair, P.D. Biomaterials and designs supporting cartilage regeneration. In Biomaterials and Nanotechnology for Tissue

Engineering; Sethuraman, S., Krishnan, U.M., Subramanian, A., Eds.; CRC Press: Boca Raton, FL, USA, 2016; pp. 93–103. ISBN
9781498743747.

6. Kasalkova, N.S.; Slepicka, P.; Kolska, Z.; Svorcik, Z.K.A.V. Wettability and other surface properties of modified polymers. Wetting
Wettability 2015, 12, 323–356.

7. Rey, C.; Combes, C. Physical chemistry of biological apatites. In Biomineralization and Biomaterials: Fundamentals and Applications;
Aparicio, C., Ginebra, M.P., Eds.; Woodhead Publishing: Sawston, UK, 2015; pp. 95–127. ISBN 9781782423560.

8. Savoji, H.; Godau, B.; Hassani, M.S.; Akbari, M. Skin tissue substitutes and biomaterial risk assessment and testing. Front. Bioeng.
Biotechnol. 2018, 6, 86. [CrossRef]

9. Pahuja, M.P.; Arora, S.; Pawar, P. Ocular drug delivery system: A reference to natural polymers. Expert Opin. Drug Deliv. 2012, 9,
837–861. [CrossRef]

10. Przybylski, J.E.; Siemaszko-Przybylska, K. Electrical Conductivity of Fish Skin Collagen in the Temperature Range 290–380 K.
Polish Patent 190737, July 2002.

11. Matsushita, S.; Deki, S. Anomalous behavior of electrical conductivity of solubilized collagen solutions with thermal denaturation.
J. Appl. Polym. Sci. 2003, 50, 1969–1975. [CrossRef]

12. Mitkowski, P.; Szaferski, W. Production of emulsion in tank mixer with sieve bottom. ChERD 2016, 109, 618–627. [CrossRef]
13. The Cosmetics Act of 4.10.2018. Pol. J. Laws 2018, 11, 2227. Available online: https://www.cosmeticscare.eu/en/legal-provisions/

(accessed on 31 December 2021).
14. Rudnicka, L.; Rakowska, A.; Kerzeja, M.; Olszewska, M. Hair shafts in trichoscopy: Clues for diagnosis of hair and scalp diseases.

Dermatol. Clin. 2013, 31, 695–708. [CrossRef]
15. Rudnicka, L.; Olszewska, M.; Rakowska, A.; Slowinska, M. Trichoscopy update. J. Dermatol. Case Rep. 2011, 5, 82–88. [PubMed]
16. Phan, D.-N.; Khan, M.Q.; Nguyen, N.-T.; Phan, T.-T.; Ullah, A.; Khatri, M.; Kien, N.N.; Kim, I.-S. A review on the fabrication of

several carbohydrate polymers into nanofibrous structures using electrospinning for removal of metal ions and dyes. Carbohydr.
Polym. 2021, 252, 117175. [CrossRef] [PubMed]

17. Ali, N.; Zohra, R.R.; Qader, S.A.; Mumtaz, M. Scanning electron microscopy analysis of hair index on Karachi’s population for
social and professional appearance enhancement. Int. J. Cosmet. Sci. 2015, 37, 312–320. [CrossRef]

18. Harding, C.R. The stratum corneum: Structure and function in health and disease. Dermatol. Ther. 2004, 17, 6–15. [CrossRef]
19. Del Rosso, J.Q.; Levin, J. The clinical relevance of maintaining the functional integrity of the stratum corneum in both healthy and

disease-affected skin. J. Clin. Aesthet. Dermatol. 2011, 4, 22–42. [PubMed]
20. Holmes, D.F.; Lu, Y.; Starborg, T.; Kadler, K.E. Collagen fibril assembly and function. In Current Topics in Developmental Biology;

Litscher, E.S., Wassarman, P.M., Eds.; Academic Press Inc.: Cambridge, MA, USA, 2018; Volume 130, pp. 107–142. ISBN
978-0-12-809802-8.

21. Sheehy, E.J.; Cunniffe, G.M.; O’Brien, F.J. Collagen-based biomaterials for tissue regeneration and repair. In Peptides and Proteins as
Biomaterials for Tissue Regeneration and Repair; Barbosa, M.A., Martins, M.C.L., Eds.; Woodhead Publishing: Sawston, UK, 2018; pp.
127–150. ISBN 978-0-08-100803-4.

22. Henriksen, K.; Karsdal, M.A. Type I collagen. In Biochemistry of Collagens, Laminins and Elastin: Structure, Function and Biomarkers;
Karsdal, M.A., Ed.; Elsevier: Amsterdam, The Netherlands, 2016; pp. 1–11. ISBN 9780128098998.

23. Naomi, R.; Bahari, H.; Ridzuan, P.M.; Othman, F. Natural-Based Biomaterial for Skin Wound Healing (Gelatin vs. Collagen):
Expert Review. Polymers 2021, 13, 2319. [CrossRef]

24. Kubyshkin, V. Stabilization of the triple helix in collagen mimicking peptides. Org. Biomol. Chem. 2019, 17, 8031–8047. [CrossRef]
25. Silvipriya, K.; Kumar, K.; Bhat, A.; Kumar, B.; John, A.; Lakshmanan, P. Collagen: Animal sources and biomedical application. J.

Appl. Pharm. Sci. 2015, 5, 123–127. [CrossRef]
26. Jeng, W.M. Preparation of Biomaterials using Fish Collagen and Seaweed Alginate to Promote In Vivo Cell Growth and

Proliferation Activity. Ph.D. Thesis, Universiti Tunku Abdul Rahman, Ipoh, Malaysia, 2019.

http://doi.org/10.1021/acs.est.7b00423
http://doi.org/10.1016/j.ijbiomac.2020.03.120
http://doi.org/10.18203/2349-2902.isj20173395
http://doi.org/10.3389/fbioe.2018.00086
http://doi.org/10.1517/17425247.2012.690733
http://doi.org/10.1002/app.1993.070501114
http://doi.org/10.1016/j.cherd.2016.03.014
https://www.cosmeticscare.eu/en/legal-provisions/
http://doi.org/10.1016/j.det.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/22408709
http://doi.org/10.1016/j.carbpol.2020.117175
http://www.ncbi.nlm.nih.gov/pubmed/33183622
http://doi.org/10.1111/ics.12201
http://doi.org/10.1111/j.1396-0296.2004.04S1001.x
http://www.ncbi.nlm.nih.gov/pubmed/21938268
http://doi.org/10.3390/polym13142319
http://doi.org/10.1039/C9OB01646E
http://doi.org/10.7324/JAPS.2015.50322


Polymers 2022, 14, 749 12 of 12

27. Yamada, S.; Yamamoto, K.; Ikeda, T.; Yanagiguchi, K.; Hayashi, Y. Potency of fish collagen as a scaffold for regenerative medicine.
BioMed Res. Int. 2014, 2014, 302932. [CrossRef]

28. Law, J.X.; Liau, L.L.; Bin Saim, A.; Yang, Y.; Idrus, R. Electrospun collagen nanofibers and their applications in skin tissue
engineering. Tissue Eng. Regen. Med. 2017, 14, 699–718. [CrossRef] [PubMed]

29. Kim, Y.D.; Jeon, S.Y.; Ji, J.H.; Lee, W.S. Development of a classification system for extrinsic hair damage: Standard grading of
electron microscopic findings of damaged hairs. Am. J. Dermatopathol. 2010, 32, 432–438. [CrossRef]

30. Activoil Kerox Pro Release; Innovacos Corp: Mount Arlington, NJ, USA, 2018–2020.
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