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Collagen is a structural protein naturally found in mammals. Vertebrates and other connective tissues comprise about 30% of an
animal’s overall protein. Collagen is used in a variety of applications including cosmetics, biomedical, biomaterials, food, and
pharmaceuticals. The use of marine-based collagen as a substitute source is rapidly increasing due to its unique properties,
which include the absence of religious restrictions, a low molecular weight, no risk of disease transmission, biocompatibility,
and ease of absorption by the body system. This review discusses recent research on collagen extraction from marine-based
raw material, specifically fish by-products. Furthermore, pretreatment on various sources of fish materials, followed by
extraction methods, was described. The extraction procedures for acid soluble collagen (ASC) and pepsin soluble collagen
(PSC) for fish collagen isolation are specifically discussed and compared. As a result, the efficacy of collagen yield was also
demonstrated. The recent trend of extracting fish collagen from marine biomaterials has been summarized, with the potential
to be exploited as a wound healing agent in pharmaceutical applications. Furthermore, background information on collagen
and characterization techniques primarily related to the composition, properties, and structure of fish collagen are discussed.

1. Introduction

Collagen is a structural protein naturally found in mammals,
accounting for approximately 30% of total protein in the
various connective tissues of an animal’s body [1-3]. Colla-
gens derived from bovine, pig, and poultry sources are the
most commonly used and commercially viable in the pro-
duction of collagen products [4]. However, the use of bovine
and pig collagens is not acceptable by some religious and
ethnic groups. There are also infectious and contagious dis-
eases associated with pigs and cattle, such as Bovine Spongi-
form Encephalopathy (BSE). Therefore, the applications of

animal-derived collagen are frequently contentious and lim-
ited [1, 2]. Collagen is essential for structural support and
tissue development. Through mechanochemical transduc-
tion processes, it ensures tensile strength, firmness, and
elasticity of tissues for locomotion, regeneration, and main-
tenance as structural support [2, 5]. Additionally, it pro-
motes the formation of fibroblasts, a fibrous network of
cells that acts as a scaffold for the growth of new cells into
cartilages, bones, tendons, and skin tissues with distinct
physiological functions [5, 6]. Collagen is used in a wide
variety of industries, including food, biomaterials, cosmetics,
biomedical, and pharmaceutical such as wound dressing for
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the treatment of various refractory wounds [1, 4, 5, 7].
The unique functional as a wound healing agent, collagen
can protect and accelerates wound healing by preventing
pathogen absorption and spread, particularly of harmful
microorganisms [8].

In order to meet the increased need for collagen, several
researchers have been investigating into alternative sources
of collagen, such as marine sources, particularly fish by-
products [3, 9]. Many researchers are interested on it
because of its ease of extraction, low molecular weight, and
lack of hazards from animal diseases and pathogen [1, 2].
Moreover, collagen derived from fish by-products has high
biodegradability, biocompatibility, and antigenicity [5]. Fur-
thermore, because of the high daily consumption of fish and
the vast number of by-products created each year, which
totals more than 20 million tones including the head, fins,
skin, and viscera, are discarded as “waste” [6, 10]. Therefore,
more study is being undertaken on the extraction method
and characterization of collagen form from the fish by-
product, such as Nile tilapia (Oreochromis niloticus) [3],
Melanogrammus aeglefinus [11], Amur sturgeon (Acipenser
schrenckii) [12], silver catfish (Pangasius sp.) [13], black
ruft (Centrolophus niger) [9], sole fish (Aseraggodes umbra-
tilis) [14], Catla catla, and Cirrhinus mrigala [15]. The
goal of this review is to provide a current overview of col-
lagen production from various fish uses in medical and
pharmaceutical fields, with a focus on extraction and char-
acterization methods that are particularly relevant to the
content, properties, and structure of collagen from fish.
This review potentially leads to additional discoveries on
collagen’s potential as a wound healing agent in biomedi-
cal applications.

2. Collagen Molecular Structure

There are 28-29 varieties of collagens with various struc-
tures, sequences, functions, and molecular features in verte-
brate tissues, which are coded by at least 45 distinct genes [2,
3]. A multicollagen molecule can produce more collagen
than a single collagen molecule that is 300 nm long and
1.5-2.0nm in diameter [16]. Collagen is made up of basic
subunit called “tropocollagen” [17]. It had the characteristic
three-dimensional triple helical tertiary structure where the
three polypeptide chains are arranged in ideal geometry that
maximise structural stability through intrachain hydrogen
bonding in relation to the number of hydroxyproline and
proline [3, 18]. The collagen family can be divided into sev-
eral categories due to its significant structural variety. In
addition, type I found in connective tissues like skin, bone,
and tendons, type II in cartilage tissue, type III in muscle tis-
sue, and other types found in very small volumes and mostly
organ-specific [17]. Collagen is made up of all 20 amino
acids. Collagen of mammalian origin includes a high con-
centration of imino acids, particularly hydroxyproline and
hydroxylysine and proline and hydroxyproline [18]. Type I
collagen, a fibrous collagen with a triple helical structure, is
the most prevalent type of collagen found in mammals and
fish [19, 20]. It is also the most abundant type collagen found
in fish skin, bone, scales, and fins [6]. Fish collagens from
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various species have been demonstrated to differ signifi-
cantly in their amino acid content, notably the amounts of
proline and hydroxyproline. Furthermore, the composition
of amino acids is altered by environmental factors such as
temperature. It has been discovered that collagen obtained
from warm-water fish species has greater thermal stability
than collagen derived from cold-water fish species [18].
Thermal stability differences are also reported in warm-
blooded mammals and cold-blooded fishes. This could be
related to the content or concentration of the imino acid
hydroxyproline, which played a role in interchain hydrogen
bonds that contributed to stabilize helix structure of colla-
gen. This role of hydroxyproline, as well as its concentration,
has an effect on the thermal stability of fish collagen [21].
Therefore, collagen produced by fish raised in warmer cli-
mates, such as tilapia, will contain more imino acids (proline
and hydroxyproline) than collagen produced by cold-water
fish, such as cod [22, 23]. Tuna had a proline and hydroxy-
proline content of 230 residues/1000 residues [24], and grass
carp had a proline and hydroxyproline content of 161-181
residues/1000 residues [25]. Furthermore, the scale of Rohu
and Catla produces a 5% yield and a high imino acid con-
tent, resulting in a relatively higher thermal stability collagen
at Td 36.5°C [26]. In another study, fish scale collagens from
seabass (Lates calcarifer) showed a high denaturation tem-
perature (38.17 and 39.32°C) that could be explained by
the high amino acid composition, which facilitates the for-
mation of stronger intra/interchain bonds [6, 21].

2.1. Marine Collagen Source. In recent studies, it has been
discovered that collagen derived from marine resources
could be the most convenient and risk-free method of
obtaining high-quality collagen [18, 27]. Along with its low
molecular weight, it promotes rapid bloodstream circulation
and good absorption into the body by up to 1.5 times [1].
Furthermore, according to current research trends in the
biomedical field of tissue engineering, collagens of marine
origin outperform mammalian collagens and other alterna-
tive sources in biomaterial applications due to their signifi-
cant biocompatibility and biodegradability [28-30]. Marine
collagens can currently be obtained from a variety of fish
by-products. By-products such as fishbone, scales, skins,
and fins have been extensively researched and exploited as
a potential alternative for collagen recovery via a combina-
tion of different bioprocessing methods [15, 31]. Further-
more, the amino acid composition and biocompatibility of
marine source collagen are found similar to those of bovine
and porcine collagens [32]. As previously discussed, the
majority of fish collagen contains less proline and hydroxy-
proline than mammalian-based collagen, which results in
decreased cross-linking compatibility and stability [18, 27,
33]. Consequently, fish skin is extremely pure (approxi-
mately 70%) and is predominantly composed of type I colla-
gen, depending on the species, age, and season [34].
Numerous researchers discovered that collagen production
using of fish tilapia skin could yield a dry weight yield of
more than 40%, which is highly promising and competitive
in the industrial production of collagen peptides [3, 30]. Col-
lagen derived from fish skin has a high water retention
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capacity (about 6% of its weight after 24 hours of expo-
sure to 63% humidity), and it has no irritant potential,
making it appropriate for dermal applications [35]. Colla-
gen extraction yields (4.76 and 8.14 wt%) from Nile tilapia
(Oreochromis niloticus) skin fermentation-ASC (FASC) and
fermentation-PSC (FPSC) were slightly but not significantly
greater than chemical-ASC (CASC) and chemical-PSC
(CPSC) yields (4.27 and 7.60 wt%), respectively [3]. These
collagens denatured between 36.5 and 37.1°C and were highly
soluble at pH 1-4 and 3% (w/v) NaCl. The removal of the
nonhelical region by pepsin may have had an effect on the
collagen amino acid sequence [36], where the number of
imino acids is critical for collagen stability [27].

In other work, the extracted collagen uses acid soluble
collagen (ASC) from snakehead fish by-products, including
skin and a mixture of skin and scale, yielding 13.6% and
12.09%, respectively [23]. Collagen extracted from the skin
various species such as catfish, pomfret, and mackerel
requires a slightly lower extraction temperature than
13.26°C, with a longer extraction time (74 h), and produced
2.27% extraction yields [37]. For instance, fish scales are
made of extracellular matrix, which demonstrated good
water absorption and retention by 13.3% and 15%, respec-
tively, and composed of two 1 chains, one 2 chain, and
hydroxyapatite, which combine to form highly ordered col-
lagen fibres with tightly cross-linked regions [2, 38]. Further-
more, collagen extracted from silver carp fish scales
produced successful yields (5.09 and 12.06%) when ASC
and PSC were used [8]. Consequently, a complex tissue,
bone, is composed of a fibrous type I collagen composed of
two 1 and one 2 chains accumulating hydroxyapatite (HA)
crystals ((Ca)10 (PO4)6(OH)2) [2, 37]. Recently, collagen
derived from fishbones of Lutjianus sp. was obtained using
a hydroextraction method, which yielded 4.535% of the total
extract, with a protein concentration of 8.815 mg/mL [39].

3. Collagen Extraction Methods

3.1. Pretreatment. Recent research shows the use of various
collagen extraction methods on various parts of aquatic ani-
mals such as skin, scale, bone, or cartilage. The general pro-
cedure for collagen isolation begins with preparation, then
moves on to extraction, and finally to recovery [2]. Collagen
production consists primarily of pretreatment, extraction,
separation, purification, and characterization [40]. The first
step is known as preparation, and it varies depending on
the type of raw materials used. To reduce sample contamina-
tion, pretreatment procedures such as washing, cleaning,
and size reduction are required prior to extraction [41].
Acidic and alkali pretreatments are also commonly used to
remove noncollagenous substances such as proteins, fats,
and pigments in fish in order to achieve higher purity while
maximising the yield and quality of the extracted collagen. A
mild chemical solution of diluted acid or base is frequently
used to degrade cross-linked collagen in animal connective
tissue [42]. For example, acidic pretreatment is appropriate
for raw materials containing collagen with fewer cross-links,
as it allows noncovalent bonds to be broken under con-
trolled temperature. The raw materials are immersed in a

solution of acid. On the other hand, alkaline pretreatment
is typically used to depolymerize the inter- and intramolecu-
lar cross-links in thick, hard raw material in order to remove
noncollagenous substances [42, 43]. Sodium hydroxide, cal-
cium hydroxide, hydrogen peroxide, butyl alcohol, salt,
alkali, and a combination of alkali and detergent are cur-
rently used in common pretreatment methods. It is neces-
sary to treat collagen extraction raw materials like skin or
scales before using them. A combination of various degreas-
ing agents is also used sequentially [41, 44].

In addition, when performing alkaline pretreatment with
sodium hydroxide (NaOH), a concentration range of NaOH
(0.05-0.10 M) can be used and accommodated [42]. NaOH
is widely used because of its higher swelling ability, which
can aid in the extraction of collagen by maximising the rate
of mass transfer within the tissue matrix [25]. Furthermore,
pretreatment with a hydrogen peroxide solution (3% (w/v),
pH 10) prior to collagen extraction had a significant impact
on the structure of the collagen produced particularly for
removing snakehead skins [41]. Therefore, selection of an
appropriate method for pretreatment of raw material is
needed to avoid generating excessive waste liquid and form-
ing reagent residues in collagen, resulting in environmental
pollution [3]. Another pretreatment, known as the deminer-
alization process, is used to improve the efficiency of colla-
gen extraction. It is used in the extraction of collagen from
raw materials that contain of minerals including bone and
scales. The ethylenediaminetetraacetic acid (EDTA) is used
through demineralization process [43]. EDTA acts as a cal-
cium ion chelating agent by increasing the utilization of
the substrate [42].

3.2. Extraction Method. Currently, there are many proce-
dures available today that allow for better retention of the
substance such as collagen, with a focus on the extraction
methods to achieve higher collagen yields, primarily from
fish materials. The method used to extract collagen has an
impact on the amount of collagen produced and its proper-
ties [13]. Chemical collagen extraction methods which use
alkali and acid and biochemical collagen extraction methods
which use enzymes are both available using acid and enzyme
or acid and microorganisms [34]. In addition to the extrac-
tion methods, ultrafiltration and homogenization are used
to keep the collagen triple-helix structure, batch-to-batch
yields, and quality consistent from batch to batch [3]. For
instance, the most popular method of collagen extraction
involves using acid and enzyme [1, 13, 45-47]. Organic acids
such as chloracetic, citric, or lactic acid can be used to extract
collagen from cells using the acid method [13]. Based on
Table 1, the acid soluble collagen extraction and the
pepsin-solubilized collagen extraction method are the most
commonly used collagen extraction methods.

3.2.1. Acid-Solubilized Collagen (ASC) Extraction Procedure.
Acid-solubilized collagen (ASC) is a type of collagen that is
extracted solely with acid. The acid-collagen reaction breaks
cross-links in helix of the collagen, enhancing the quality of
collagen extracted. Because of this, the use of various acids to
maximise extraction efficiency, purity, and yield of collagen
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has always been an area of study. Based on collagen extrac-
tion of silver catfish skin, it was discovered that by using
0.5M acetic acid and a sample to solution ratio of 1:10
(w/v), a yield of 4.270.06% could be obtained after 24 hours
of incubation [13]. Recently, Kuwahara [27] has been
reported that the use of ultrafine bubbles of carbon dioxide
in a mild 0.1 M acetic acid solution for 5 hours can be con-
sidered as the most effective method to extract collagen from
tilapia scales with the yield of 1.58%. The interaction of col-
lagen molecules with the AcOH solution improved the colla-
gen yield from 0.518 to 1.581 mg/mL when the AcOH
concentration was increased from 0.1 to 2.0 M [48]. This
was supported by the findings of other study on extraction
of collagen from the skin of sole fish using AcOH at concen-
trations ranging from 0.2 to 1.0 M; resulted of using 0.6 M of
AcOH, the yield of collagen was 15.968 mg/g [14]. In addi-
tion, Truong et al. [23] revealed that yield of fish skin recov-
ered from snakeheads was 13.6%, and scale was 12.09% via
ASC extraction technique.

3.2.2. Pepsin Soluble Collagen (PSC) Extraction Procedure.
Generally, another method of collagen extraction that is fre-
quently used is pepsin soluble collagen (PSC) extraction,
where pepsin is added into the extraction process [24].
According to Yu et al. [49], three critical parameters for
the PSC extraction method were optimized: the best condi-
tions for the PSC extraction method are a pepsin concentra-
tion of 1389U/g, a solid-liquid ratio of 1:57, and a
hydrolysis time of 8.67 hours With these parameters, the
PSC extraction yield could reach 84.85%. According to Song
et al. [3], collagen was extracted from the skin of the Nile
tilapia using a fermentation method (FPSC) and a chemical
method (CPSC) pretreatment. Raw skin materials were
embedded in 0.5 M acetic acid at a 1:80 (w/v) ratio, contain-
ing 5% pepsin (w/w) for 24 hours. The yield of FPSC and
CPSC was 8.14 and 7.60%, respectively. In addition, the yield
of collagen from the mackerel skin extracted using PSC
method was 8.10% [50]. Besides that, it was reported by a
previous study that collagen was extracted from five different
tissues of bighead carp fins and scales, skins and bones, and
swim bladders through PSC after they were treated with
0.1M NaOH and alkaline solution [51]. Skins and swim
bladders yielded significantly more collagen (P < 0.05) than
fins, scales, and bones, which yielded 5.1, 2.7, 60.3, 2.9, and
59.0%, respectively. The variation in extracted collagen yield
could be attributed to differences in fish species, raw mate-
rials, pretreatment, and extraction method [3].

3.2.3. Ultrasound Extraction Methods. Ultrasound was previ-
ously reported as a method for increasing the efficiency of
collagen extraction from fish materials. However, the down-
side of this method is that ultrasound could negatively
impact the physicochemical and molecular characteristics
of collagen [45]. The ultrasound-assisted (UA) extraction
of collagen from clown featherback (Chitala ornata) skin
has been explored by Petcharat et al. [45] using different
amplitudes (20-80%) and duration (10-30 min). This signif-
icantly increases the yield of collagen (P <0.05), which is
from 27.18 to 57.35%. However, the extraction by using

UA treatment might influence collagen purity due to the
decreasing hydroxyproline content. This could be caused
by induced protein degradation, which would be particularly
apparent with increasing amplitude and duration. In addi-
tion, the other study had reported that the yield of collagen
from sea bass skin reached 90.40% after exposed to 24 hours
of UA treatment with 0.1 M acetic acid and an ultrasonic fre-
quency of 20 kHz with amplitudes of 80% [54]. Therefore,
the most effective duration time under UA was 3 hours. It
was showed the collagen extraction by the ultrasonic treat-
ment did not cause changes in the main components after
pepsin treatment. As a consequence, the use of ultrasonica-
tion under the right conditions has a high potential for
enhancing the extraction yield of collagen from fish mate-
rials. Furthermore, it may enhance the cavitation effect by
disrupting the cell walls in skin tissue, resulting in the liber-
ation of collagen [55].

The other method of extraction of collagen is the
extrusion-hydro-extraction (EHE) process. According to
Huang et al. [38], the EHE process produced a 2-3 times
higher protein extraction yield from tilapia (Oreochromis
sp.) fish scales than nonextruded scale samples, with
hydroxyproline (61-73 residues/1000 residues) and hydro-
xylysine (5-6 residues/1000 residues) found in all extracts.
Other than improving the yield, EHE process also offers
other advantages like possibility for continuous production,
simple in operation, and minimal waste production. Other
reactions such as thermal treatment, protein denaturation,
and mashing are typical reactions that follow the extrusion
process [2]. Table 1 summarizes articles on current colla-
gen extraction methods for isolating collagen from fish
by-products.

4. Collagen Characterization Methods

Characterization of isolated collagen establishes a logical link
between result and structural characteristics. A variety of
techniques can be used to characterize marine collagen, par-
ticularly its structure and morphological properties. In colla-
gen characterization, Fourier transform infrared (FTIR)
spectroscopy is a widely used technique for analyzing the
secondary structure of proteins. FTIR spectroscopy is rele-
vant because it reveals each absorption wavenumber in the
spectrum between 500 and 4000cm ™' [56, 57]. The amide
band FTIR spectroscopy confirmed the presence of amide
A, B, I, II, and IIT bands in collagen extracted from bones
of Lutjanus sp., where amide III showed the triple helix in
extracted collagen [39]. Other studies have used FTIR to
determine the type and chemical composition of collagen
as well as the presence of collagen. For example, Asaduzza-
man et al. [50] use FTIR spectra to characterize PSCs
extracted from mackerel (Scomber japonicus) bones and
skin. The findings revealed that type I collagen, a heterotri-
mer containing two identical al-chains and one a2-chain
in the molecular form, was primarily constituent of mackerel
bones and skin. Furthermore, the FTIR spectra of collagens
extracted from seabass scales using ASC and PSC extraction
procedures, with the results indicating that the collagen is
type I and the functional groups in the triple helix have



not been damaged by the treatment process [6]. Further-
more, the majority of the collagen from marine species was
discovered to be type I, and FTIR analysis has been shown
in numerous studies to be an effective structural characteri-
zation method for collagen. In addition, SDS-PAGE (sodium
dodecyl sulphate polyacrylamide gel electrophoresis) is a
technique that has been used for separating protein and pro-
tein fragments based on size. SDS-PAGE can be used to
determine the molecular weight of collagen [58]. When the
collagen bands are similar, it is possible to determine the
type of collagen by comparing it to collagen from other
sources. Collagen is composed of three « chains that can
be identical or dissimilar depending on the type of collagen.
According to Arumugam et al. [14], the collagen extracted
from the skin of sole fish contained three -chains, namely,
(al),, a2 (M.W. 118, 116kDa), and one 5 chain (M.W.
200kDa). Furthermore, circular dichroism (CD) spectrome-
try also can be used to determine the secondary structure,
folding, and binding properties of collagen proteins. CD
can reveal form of protein structure in extracted collagen
including its denatured form-coil structure or triple helical
structure. Collagen is composed of three alpha chains, the
number of which varies according to the type of collagen
[59]. According to Petcharat et al. [45], all collagen extracted
from crown featherback (Chitala ornata) skin using an
ultrasound-assisted extraction method exhibited triple-
helical structure characteristics by using CD spectrometry.
The CD technique, for example, can be viewed as a quick
way to investigate the folding of the proteins of the collagen
fragments. They can be difficult to fold and must be pre-
folded for several days on ice or several hours at 25°C before
CD analysis. For amino acid analysis, chromatographic tech-
niques can be used in separation, identification, and quanti-
fication of amino acids [2]. For example, Wu et al. [8]
reported that amino acid analyses from fish scale collagen
extracted of silver carp (Hypophthalmichthys molitrix) via
ASC and PSC were type I collagens with a high glycine
content of 34% and a low imino acid content of 20%
(Pro and Hyp).

5. Application Fish Collagen as Wound Healing

In some burn reactions, the use of synthetic drugs to treat
wound healing may result in drug resistance. Furthermore,
wound healing entails multiple phases, including coagula-
tion, inflammation, granulation, proliferation, matrix syn-
thesis and deposition, fibrogenesis, angiogenesis, wound
contractions, and reepithelization. All of these are challenges
to wound healing. As a consequence, it is necessary to inves-
tigate medications derived from natural substances. Compli-
cations and pain are occasionally exposed due to the
slowness with which the damage heals. Due to its biocom-
patibility, biodegradability, and greater ability to penetrate
lipid-free interfaces, collagen has numerous biomedical
applications. Importance of collagen in the biomedical field
stems from its ability to self-arrange and cross-link of colla-
gen fibres form with high strength and stability [60, 61].
Most researchers have proven that collagen hydrogels are
the best candidate materials for wound dressings. This is
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due to the three-dimensional structure, which is very similar
to the moisture at the natural extracellular of skin and
ensures that the wounds have the same moist environment
[30]. Collagen’s excellent properties as a wound healing
dressing have been proven, and the entire process has been
thoroughly investigated. It is nonantigenic, sensitive to gas-
eous exchange, and impermeable to bacterial contamination.
Furthermore, flexibility and elasticity of collagen allow it to
conform well to underlying topography while reducing pain
and healing time and increasing long-term aesthetics. Fur-
thermore, collagen is involved in the formation of extracellu-
lar matrix (ECM) as well as the development/migration of
cells and tissues. Apart from that, it can stimulate and pro-
mote the production of keratinocytes and fibroblasts near
the wound, which can improve the healing process signifi-
cantly. For example, collagen extracted from fish has anti-
inflammatory and immune-modulatory properties, as well
as antimicrobial activity and the ability to improve wound
healing [5, 60].

Elbialy et al. [30] investigated the ability of collagen
extracted from Nile tilapia (Oreochromis niloticus L.) skin
to improve cutaneous wound healing in rats. The study
employs a rat model that is under general anesthesia and
has full-thickness wounds on its back. Following that, the
wound was topically treated with tilapia collagen extract.
This study discovered that applying tilapia collagen to a
wound stimulated healing by increasing keratinocyte prolif-
eration, fibroblast and myofibroblast differentiation, and
ECM production. According to Shalaby et al. [60], the pur-
pose of this study was to explore the influence of tilapia
and grey mullet collagen on wound healing in rats. The
results obtained demonstrated that increasing cell adhesion
capacities improves wound healing, resulting in improved
wound resolution and closure. Moreover, hydroxyproline is
a particular element of the protein collagen, and its concen-
tration could be utilized as an indicator to estimate collagen
deposition and thus the efficiency of wound healing. Colla-
gens are involved in platelet aggregation, inflammation
modulation, angiogenesis, the formation of granulation tis-
sue, and wound reepithelialization. These receptors bind
matrix-integrated collagen and are involved in the regulation
of critical wound healing processes. These signaling mole-
cules’ loss of activity reduces keratinocyte growth and
collagen remodeling, resulting in weak wounds. However,
pathological processes including scar development cause
abnormal collagen signaling. As a result of the experiment,
it was revealed that fish collagen could be a promising candi-
date for wound healing applications. Table 2 summarizes
recent articles on the use of collagen extracted from fish
by-products for wound healing.

6. Current Trends and Future Perspective

Exploration of marine resources, which is a new trend, pro-
duces a lot of biowaste that benefits the environment. By-
products of marine processing have added value to what
was previously classified as biowaste. These often-discarded
by-products have been investigated for their potential to yield
high-value products such as collagen, enzymes, proteins, and
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fish oils. Previous research has demonstrated that a compo-
nent with an excellent potential can be extracted from fish
by-products. Additional research is required while the most
critical extraction and characterization methods for these
products are in limited supply. As a result, the quest for novel
approaches for extracting and purifying high-value items from
fish waste may represent an ideal opportunity for the fish pro-
cessing industries to add value to what has already been con-
sidered wastes. Collagen derived from fish by-products has
attracted biotechnologists’ attention, primarily for use as a
wound healing agent in biomedicine via collagenous extracts
from fish. Despite its numerous applications and potential in
tissue engineering, collagen is a critical biopolymer for tissue
regeneration. For instance, the demand and need for a more
sustainable and cost-effective source of bioactive peptide colla-
gen production become even more critical. The different tech-
nique of fish collagen extraction methods resulted the various
of collagen yield and compositions. The temperature, extrac-
tion time, and solvent concentration, all have an effect on col-
lagen extraction methods. The yield of collagen can be
increased by optimizing the extraction process. It is suggested
that future research look into the structure of marine collagen
by using the novel enzymatic and chemical technique. This
may improve the suitability of marine collagen as a wound
healing. Furthermore, collagen extraction is crucial in medical
tissue, particularly in bone tissue engineering, cartilage tissue
engineering, and skin tissue functional restoration. It is the
greatest template for cell growth due to its high biocompatibil-
ity. However, there are not many types of collagen on the mar-
ket right now. As a result, the application potential of all types
of collagen is vast. Collagen derived from fish has gained wide-
spread recognition as a novel biomaterial, attracting increasing
interest from clinical, medical, food, and other researchers.
Furthermore, thermal or acid/base treatments can also convert
collagen to gelatin. Acid, alkali, proteolytic enzymes, or heat
converts collagen’s insoluble fibrous structure into water-
soluble gelatin. Gelatin is widely used in food, medicine, cos-
metics, and photography.

7. Conclusions

According to current research, a particularly promising
source of natural collagen for nonporcine and nonbovine
sources, marine fish collagen has the potential to satisfy the
demands for natural collagen from nonporcine and nonbo-
vine sources. Among the available alternatives, fish can be
considered the best source of raw material for collagen
extraction due to its high availability, lack of disease trans-
mission risk, lack of religious barriers, and potential for
higher yielding collagen. Therefore, fish by-products are
becoming a more popular alternative source for collagen
extraction.
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