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Abstract: Eel (Anguilla japonica) is an important and valuable food fish in East Asia and its by-
products have been reported to include bioactive and profitable components. This study aimed to
extract, characterise and compare the structure and properties of acid-soluble collagens (ASCs) and
pepsin-soluble collagens (PSCs) from the skin and bone of eel (Anguilla japonica), providing insights
into their composition, structure and properties for various applications. The yields of ASC-S (from
skin), PSC-S (from skin), ASC-B (from bone), and PSC-B (from bone) were 12.16%, 15.54%, 0.79%, and
1.34% on dry weight basis respectively. Glycine, the dominant amino acid, accounted for 16.66% to
22.67% of total amino acids in all samples. SDS-PAGE and FTIR analyses showed the typical triple-
helical structure of type I collagen with slight variations in molecular order in extract and
intermolecular cross-linking between skin and bone collagens. The denaturation temperature (Tmax1)
measured by differential scanning calorimetry (DSC) is 81.39 °C and 74.34 °C respectively for ASC-B
and ASC-S. The bone collagen has higher thermal resistance than skin collagen. Surface morphology
imaged using scanning electron microscope (SEM) showed that the bone collagen had a denser
network structure, whilst the skin collagen was more fibrous and porous. The findings suggest that
eel-derived collagens from skin and bone, can serve as potential alternatives in food, cosmetic, and
healthcare industries.

Keywords: eel; acid-soluble collagen; pepsin-soluble collagen; structure; property; denaturation
temperatures

1. Introduction

Collagen, a pivotal biological macromolecule, constitutes the main structural component of
animal connective tissues and accounts for 25-30% of the total protein in the body. Among its 29
known types, Type I collagen is the most abundant, predominantly found in connective tissues such
as skin, bones, and tendons. The unique triple-helical structure of collagen enables its diverse
bioactive functions, including antioxidant, ACE inhibitory, and immunomodulatory activities,
making it a critical material in the food, cosmetics, biomedical, and pharmaceutical industries [1-3].
In recent years, collagen sourced from land mammals such as cows and pigs has faced challenges
due to concerns over disease transmission and cultural restrictions. This has spurred interest in
alternative sources, particularly from aquatic species, which offer advantages such as lower
antigenicity and hypoallergenicity [4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Fish by-products like skin, bones, and scales are particularly rich in collagen and are increasingly
recognized for their sustainability and potential economic value. Numerous studies have successfully
extracted collagen from fish, including hybrid sturgeon and tilapia, highlighting its viability as a
substitute for mammalian collagen in medical biomaterials and other applications [5-7]. However,
there remains a lack of comprehensive studies on the structural and functional properties of collagen
derived from eel (Anguilla japonica), despite its nutritional and medicinal significance in East Asia
and its contribution to substantial by-product waste during processing.

This study focuses on extracting and characterizing acid-soluble collagen (ASC) and pepsin-
soluble collagen (PSC) from the skin and bone of eel. Previous research has identified Type I collagen
in eels [8], but comparative insights into the structural and functional properties of collagen from
different eel tissues are limited. By employing methods such as SDS-PAGE, FTIR spectroscopy, and
SEM imaging, this study aims to elucidate the molecular, thermal, and morphological characteristics
of eel-derived collagen. These findings not only expand our understanding of collagen's diversity
across tissues but also reinforce its potential applications in industries ranging from food and
cosmetics to healthcare.

2. Materials and Methods

2.1. Materials and Reagents

Eels (Anguilla japonica) were purchased from Yong Hui Supermarket (Fuzhou, China) and stored
at —20 °C until use. Pepsin (enzyme activity: 3,000 U/mg) was obtained from Sigma Chemical Co. (St.
Louis, MO, USA). L-Hydroxyproline was purchased from Beijing Solarbio Science & Technology Co.,
Ltd. (Beijing, China). All other chemical reagents, including sodium hydroxide, butyl alcohol, acetic
acid, and hydrochloric acid, were of analytical grade.

2.2. Proximate Composition Analysis

Moisture, crude protein, crude fat, and ash contents were determined using standard AOAC
methods [8].

2.3. Preparation of Eel Skin and Bone

Skin and bone were separated from the eels, cut into small pieces, and washed with distilled
water. The samples were soaked in 0.1 mol/L sodium hydroxide at a sample-to-solution ratio of 1:10
(m/V) for 48 h to remove non-collagenous proteins, with the solution replaced every 12 h. Afterward,
the samples were rinsed with cold distilled water (4 °C) until a neutral pH was achieved. Lipids were
removed by soaking the samples in 10% butyl alcohol for 48 h, with the solution replaced every 12 h.
The defatted samples were thoroughly washed with cold distilled water until the wash water was
clear. All procedures were conducted at 4 °C to maintain sample integrity [9].

2.4. Isolation of Collagen from Eel Skin and Bone

2.4.1. Skin Collagen

Collagen extraction from eel skin was performed with modifications to the method described by
Nagai et al. [10] and Senaratne et al. [9]. The pretreated skin was soaked in 0.5 mol/L acetic acid at a
sample-to-solution ratio of 1:10 (m/V) for 24 h to extract acid-soluble collagen (ASC). The mixture
was filtered through two layers of cheesecloth, and the filtrates were collected. The residue was re-
extracted under the same conditions, and the filtrates were combined. Sodium chloride was added
to the filtrates to a final concentration of 2.6 mol/L to salt out collagen. The precipitate was collected
by centrifugation at 15,000 x g for 30 min at 4 °C using a refrigerated centrifuge (3H24R1, Hunan
Xiangyi Laboratory Instrument Development Co., Ltd., Hunan, China). The precipitate was dissolved
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in 0.5 mol/L acetic acid, dialyzed sequentially against 0.1 mol/L acetic acid for 48 h and distilled water
for another 48 h (solution changed every 12 h), and lyophilized to obtain ASC from skin (ASC-S).

The residue from the ASC-S extraction was further processed to prepare pepsin-soluble collagen
(PSC-S). The residue was soaked in 0.5 mol/L acetic acid containing 2% pepsin for 24 h and filtered
through cheesecloth. The filtrates were pooled, salted out, and dialyzed as described above. The
lyophilized product was PSC-S.

2.4.2. Bone Collagen

The bone collagen was extracted following the method of DeNiro et al. with modifications
[11].The pretreated bones were decalcified by steeping them in 6 mol/L hydrochloric acid for 3 h,
with the solution replaced hourly. The samples were washed with cold distilled water until neutral
pH was achieved. ASC from bone (ASC-B) and PSC from bone (PSC-B) were extracted using the same
protocols as described for skin collagen.

2.5. Collgen Extractable Yield
The yield of collagen extractables was calculated using the following equation [12]:

M
% Extractables yield (dry basis) = —dryextract 100 @)

initial,dry

2.6. Amino Acid Composition Analysis

The amino acid composition was determined using a modified acid hydrolysis method as
described by Ahmed et al., with slight adjustments to the parameters [13]. Samples (200 mg) were
hydrolyzed with 10 mL of 6 mol/L hydrochloric acid under nitrogen at 110 °C for 24 h. The
hydrolysates were centrifuged at 5,000 x g for 30 min at 4 °C, and the supernatant was analyzed using
an amino acid analyzer (L8900, Hitachi High-Tech Corporation, Tokyo, Japan).

2.7. SDS-PAGE Analysis

SDS-PAGE was performed to analyze collagen patterns. Samples were dissolved in distilled
water containing 5% SDS to a concentration of 10 mg/mL and incubated at 85 °C for 1 h. After
centrifugation at 10,000 x g for 10 min, the supernatants were mixed with a loading buffer, boiled,
and loaded onto a gel (7.5% separating gel, 5% stacking gel). Gels were stained with 0.2% Coomassie
brilliant blue and decolorized by boiling [14].

2.8. Fourier Transform Infrared (FTIR) Spectroscopy

FTIR spectra of collagen samples were measured using a Vertex 70 spectrometer (Bruker Co.,
Ettlingen, Germany). Samples (1 mg) were mixed with 200 mg potassium bromide, pressed into
pellets, and scanned over 4,000-400 cm™ [15].

2.9. Scanning Electron Microscopy (SEM)

The microstructure of collagen samples was observed using SEM (Nova Nano SEM 230, FEI,
Hillsboro, Oregon, USA) after sputter coating with gold. Images were captured at magnifications of
500x%, 2,000%, and 5,000 [16].

2.10. Differential Scanning Calorimetry (DSC)

The DSC profiles of ASCs and PSCs were analyzed using a differential scanning calorimeter
(DSC 214, Netzsch Co., Bayreuth, Germany), following the method described by Safandowska et al.
[17], with appropriate modifications. Briefly, an accurately weighed amount of lyophilized collagen
was placed in a sealed aluminum pan. The samples were scanned and heated from 0 to 200 °C at a

d0i:10.20944/preprints202501.0508.v1
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heating rate of 10 °C/min, with a nitrogen flow rate of 50 mL/min in the sample chamber. An empty
aluminum pan was used as the reference. The maximum denaturation temperature (Twmw) was
determined as the peak temperature of each endothermic transition, while the total denaturation
enthalpy (AH, ]/g protein sample) was calculated from the area under the corresponding endothermic
peak.

2.11. Ultraviolet (UV) Absorption Spectroscopy

The UV spectrum of the collagen solution was analyzed using a UV spectrophotometer (Nicolet
iN10, Thermo Fisher Scientific Inc., Waltham, USA). Lyophilized collagen was dissolved in 0.5 mol/L
acetic acid to prepare a 0.5 mg/mL solution. Baseline calibration was performed using 0.5 mol/L acetic
acid as the blank. UV spectra were recorded in the range of 190-400 nm at 0.5 nm intervals, with a
slit width set to 5 nm [18].

3. Results

3.1. Approximate Component Analysis

Based on the data presented in Table 1, eel skin and eel bone show distinct differences in their
proximate composition. Eel skin has a significantly higher moisture mass fraction of 75.54%
compared to eel bone, which contains 46.25%. Both materials are rich in crude protein, with eel skin
containing 19.00% and eel bone slightly higher at 20.86%. These findings highlight the unique
nutritional profiles of eel skin and bone, which could guide their utilization in different applications.
For instance, the mineral-rich nature of eel bone could be leveraged in mineral-fortified formulations.

Table 1. The comparison of proximate content of eel skin and bone.

Position Moisture mass  Crude protein Crude fat mass Ash mass
fraction (%)  mass fraction (%) fraction (%) fraction (%)

Eel skin 75.54 £ 0.54 19.00 £ 0.46 1.40 £0.08 0.58 +0.03

Eel bone 46.25 +0.23 20.86 + 0.07 25.92 +0.32 6.21+0.24

3.2. Yield Analysis of ASCs and PSCs from Eel Skin and Bone

Collagen extraction from eel skin and bone resulted in yields of 12.16% (ASC-S), 15.54% (PSC-
S), 0.79% (ASC-B), and 1.34% (PSC-B), calculated on a dry weight basis. The extraction data suggested
that acetic acid alone could not fully extract collagen, particularly from bone. This phenomenon might
be attributed to the presence of cross-linking formed by the reaction of aldehydes with lysine and
hydroxylysine residues, which reduce the solubility of bone collagen. To improve the yield, pepsin
was employed as a supplemental enzymatic treatment. This approach demonstrated that pepsin
effectively enhanced collagen solubility, facilitating further extraction.

Interestingly, the yields of PSCs from both skin and bone were higher than those of ASCs,
consistent with observations in other species. For example, Wang et al. [19] reported yields of 22.42%
for ASC and 27.32% for PSC from loach skin, while Faralizadeh et al. [20] observed yields of 2.24%
(ASC) and 9.62% (PSC) from silver carp skin. On the other hand, some studies have shown higher
ASC yields, such as Barzkar et al. [21] for fringescale sardinella and Indriani et al. [22] for Asian
bullfrog. These variations suggest that collagen yield is species-dependent, reflecting differences in
biochemical composition and structural properties of the source materials.

3.3. Amino Acid Composition of Eel Collagen

Collagen consists of 18 amino acids (Table 2), with glycine (Gly) being the most abundant,
followed by proline (Pro) and hydroxyproline (Hyp) in the characteristic Gly-X-Y sequence. In eel
bone collagen, glycine accounts for 19.94% (ASC-B) and 16.66% (PSC-B) of the total amino acids,
whereas in eel skin collagen, glycine contributes 22.67% (ASC-S) and 19.86% (PSC-S). These


https://doi.org/10.20944/preprints202501.0508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0508.v1

5 of 14

proportions align with the typical amino acid composition of collagen, as reported in related studies
[13]. Generally, acid-soluble collagens (ASCs) exhibit higher amino acid contents compared to
pepsin-soluble collagens (PSCs), with the exception of specific amino acids, including valine (Val),
methionine (Met), leucine (Leu), tyrosine (Tyr), arginine (Arg), proline (Pro), and hydroxyproline

(Hyp)
Table 2. Amino acid composition of eel skin and bone collagen.
Amino acid The protion of amino acids (%)

category ASC-S PSC-S ASC-B PSC-B

Asp 5.86 5.66 6.25 5.41

Thr 3.33 3.22 2.53 2.21

Ser 4.72 4.63 3.13 2.82

Glu 10.88 9.94 9.22 8.76

Gly 22.67 19.86 19.94 16.66

Ala 11.14 10.24 10.74 7.77

Cys 0.24 0.11

Val 1.89 2.15 2.45 3.13

Met 0.50 0.67 3.03 3.59

Ile 2.00 1.29 3.47 244

Leu 2.52 2.78 3.18 3.29

Tyr 0.31 0.43 0.34 0.39

Phe 2.11 1.87 2.25 2.13

His 1.32 0.82 1.28 1.15

Lys 3.97 3.42 3.67 3.04

Arg 6.99 8.34 8.77 14.19

Pro 14.89 16.91 7.23 7.71
Hyp 6.41 7.77 12.29 15.18
Essential amino 16.32 15.40 20.58 19.83

acid
Hydrophobic 35.05 35.91 3235 30.06
amino acid

Aromatic amino

. 2.42 2.30 2.59 2.52
acid

Note: ASC-S, acid-soluble collagens from skin; PSC-S, pepsin -soluble collagens from skin; ASC-B, acid-soluble

collagens from bone; PSC-B, pepsin -soluble collagens from bone.

All four collagen types contain seven essential amino acids—Met, Leu, Val, lysine (Lys),
isoleucine (Ile), threonine (Thr), and phenylalanine (Phe) —which account for 16.32% (ASC-S), 15.40%
(PSC-S), 20.58% (ASC-B), and 19.83% (PSC-B) of the total amino acid content. Hydrophobic amino
acids make up 30-36% of the total amino acids, including Leu, Val, histidine (His), Tyr, and Pro,
which contribute significantly to the antioxidant properties of collagen. Notably, amino acids such as
alanine (Ala), Thr, Val, Pro, Ile, Leu, Met, and Phe, located in the C-terminal region, have been linked
to angiotensin-converting enzyme (ACE) inhibitory activity [23]. In addition, aromatic amino acids,
which constitute approximately 2.3-2.6% of the total amino acid content, further enhance the
antioxidant properties of collagen due to their specific side chain structures [24].

These findings suggest that eel-derived collagen is a promising source for the production of
bioactive peptides with antioxidant potential, aligning with the growing interest in natural
compounds for health and cosmetic applications.
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3.4. SDS-PAGE Analysis

Figure 1 illustrates the SDS-PAGE patterns of collagen extracted from eel skin and bone,
highlighting distinct protein profiles for ASC and PSC. The electrophoretic results confirmed the
presence of type I collagen, characterized by two different a chains, al and a2, and their associated
[ chains. Notably, the molecular weights of the al and a2 chains were approximately 100-135 kDa,
while the 3 chains were around 245 kDa. These findings align with previous studies, such as those
involving collagen extracted from Miiuy croaker scales (Miichthys miiuy) [25] and channel catfish skin
(Ictalurus punctatus) [26], which reported similar molecular weight profiles.

P - — 7
245kDa —P . - - —
180kDa —p s TR ‘

135kDa—> ey a1
-

100kDa —p- S

P -

75kDa —P -

63kDa =P "
48kDa —P

35kDa —p 2B & s 4

Marker ASC-S PSC-S ASC-B PSC-B

Figure 1. SDS-PAGE of collagen isolated from eel fish skin and bone.

The electrophoretic patterns also revealed subtle differences between ASCs and PSCs. The PSC
samples displayed more pronounced bands within the molecular weight range of 100 kDa,
accompanied by additional smaller fragments below 35 kDa compared to ASCs. This phenomenon
is likely attributable to the enzymatic activity of pepsin during PSC extraction, which partially cleaves
collagen into smaller peptide fragments while preserving its primary structural components. The
greater density of the al chains compared to a2 chains across all samples further supports the
classification of the extracted collagen as type L.

In conclusion, the SDS-PAGE analysis verified that the collagen extracted from eel skin and bone
predominantly comprised type I collagen. The observed differences between ASCs and PSCs
underscore the influence of the extraction process on collagen's molecular integrity.

3.5. FTIR Analysis of Collagens Extracted from Eel Skin and Bone

Figure 2 presents the FTIR spectra of collagens isolated from the skin and bone of eel. These
spectra exhibited characteristic absorption peaks of type I collagen, namely amides A, B, I, II, and III,
which provide insights into the molecular structure and secondary conformations of collagen.
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Figure 2. FTIR spectra of collagen isolated from eel fish skin and bone.

The amide A band is related to N-H stretching vibrations, which occur between 3400 and 3440
cm™ for free N-H groups. When N-H participates in hydrogen bonding, the stretching frequency
decreases [7]. The amide A bands for ASC-S and PSC-S were observed at 3326 cm™ and 3327 cm™,
respectively, whereas those for ASC-B and PSC-B appeared at 3322 cm™ and 3326 cm™. This shift
indicates the involvement of N-H groups in hydrogen bonding, suggesting strong structural stability
of the extracted collagen.

The amide B band, which arises from asymmetric CH, stretching vibrations, reflects the integrity
of the protein's tertiary structure. The observed amide B peaks were located at 2931 cm™ (ASC-S),
2932 cm (PSC-S), 2924 cm™ (ASC-B), and 2933 cm™ (PSC-B), consistent with previous findings on
collagens extracted from various fish species [27].

The amide I band, appearing between 1600 and 1700 cm™, is primarily associated with C=O
stretching vibrations coupled with N-H bending and C-N stretching. This band is particularly
sensitive to the secondary structure of proteins. The amide I peaks for ASC-S, PSC-S, ASC-B, and
PSC-B were observed at 1662 cm™, 1661 cm™, 1657 cm™, and 1660 cm™, respectively. Collagens from
eel skin exhibited higher wavenumbers, indicative of a greater degree of molecular order compared
to those from eel bone. A lower amide I wavenumber is associated with increased hydrogen bonding
and a reduction in molecular order [27-29]. Furthermore, the predominance of 3-turn structures in
the amide I region (1660-1700 cm™) was evident, with minor contributions from oa-helices and
random coils, as observed in other fish collagens [27].

The amide II band, corresponding to N-H bending vibrations and C-N stretching, typically
occurs between 1500 and 1600 cm™. In this study, the amide II peaks were found at 1545 cm™ (ASC-
S), 1546 cm™ (PSC-S), 1544 cm™ (ASC-B), and 1546 cm™ (PSC-B). These consistent values suggest that
N-H groups in eel collagens were engaged in bonding with adjacent a-chains [28].

The amide III band arises from CH, wagging vibrations of glycine backbones and proline side
chains, typically appearing in the range of 1200-1300 cm™. In this study, the amide III peaks were
identified at 1233 cm™ (ASC-S), 1236 cm™ (PSC-S), 1236 cm™ (ASC-B), and 1235 cm™ (PSC-B). These
results indicate that the triple-helical structure of the collagens was well-preserved across all samples
[27].

In summary, the FTIR spectra confirmed the typical infrared absorption peaks of type I collagen,
consistent with SDS-PAGE analysis. While the structural properties of collagens from eel skin and
bone were generally similar, collagen from eel skin exhibited a higher degree of molecular order and
intermolecular cross-linking compared to bone collagen. These differences likely result from the
distinct structural compositions of skin and bone tissues.
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3.6. Morphological Analysis Using SEM

The SEM images clearly reveal the fibrous and porous network structures of different collagen
samples, reflecting the significant effects of extraction methods and tissue sources on their
microstructures.

Figure 3. SEM images of (A-1, B-1, C-1) ASC-S, (A-2, B-2, C-2) PSC-S, (A-3, B-3, C-3) ASC-B, and (A-4, B-4, C-4)
PSC-B. A, x 500; B, x 2 000; C, x 5 000.

At lower magnifications (x500; A-1, A-2, A-3, A-4), both ASC-S (A-1) and PSC-S (A-2) exhibit
loose fibrous networks with uniform and interconnected pores, without noticeable differences in
density or compactness. Bone-derived samples, ASC-B (A-3) and PSC-B (A-4), display relatively
denser networks compared to skin-derived samples, suggesting that the mineral matrix in bone tissue
contributes to a higher degree of intermolecular cross-linking.

At medium magnifications (x2,000; B-1, B-2, B-3, B-4), the arrangement and details of the fibers
become more evident. ASC-S (B-1) and PSC-S (B-2) show similarly well-defined fibrous structures,
with no significant differences in fiber density or pore size. In contrast, ASC-B (B-3) and PSC-B (B-4)
exhibit denser networks, with PSC-B showing more compact and organized fiber bundles. This could
be attributed to pepsin digestion altering the molecular structure and enhancing cross-linking [30].

At higher magnifications (x5,000; C-1, C-2, C-3, C-4), the microscopic details of the fibers are
further revealed. ASC-5S (C-1) and PSC-S (C-2) display relatively uniform fibrous structures, but no
significant differences in fiber tightness or pore size are observed. Bone-derived samples, ASC-B (C-
3) and PSC-B (C-4), show more compact and tightly arranged fibers, with PSC-B exhibiting the most
organized bundles and smallest pores. This further supports the notion that bone-derived samples
have higher cross-linking density, and pepsin digestion influences the microstructure.

In summary, bone-derived collagen (ASC-B and PSC-B) demonstrates higher fiber density and
more compact networks compared to skin-derived collagen (ASC-S and PSC-S), reflecting intrinsic
differences in tissue composition. Pepsin-treated samples (PSC-S and PSC-B) exhibit particularly
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dense and compact structures, especially in bone-derived collagen, suggesting that enzymatic
treatment modifies the microstructure of collagen fibers.

The fibrous and interconnected porous network observed in these collagen samples indicates
their potential for biomedical applications, such as promoting cell attachment, proliferation, and drug
delivery. This aligns with previous studies that highlight collagen’s significance in tissue engineering
and wound healing [31].

3.7. Thermal Stability Analysis

The thermal stability of collagen is a critical indicator for assessing its potential for commercial
applications. Figure 4 presents the DSC thermograms of ASCs and PSCs. In this study, two
endothermic peaks were observed in all four collagen samples, which is consistent with previous
findings [28,29,32]. The first endothermic peak (Tmu1) corresponds to the thermal denaturation
process, representing the disassembly of the triple helix structure, while the second peak (Tma2) is
associated with further conformational changes and material degradation. Higher Twwi and AH:
values typically indicate greater thermal stability of collagen.

Hest flow (mW )
Heat flow (mW )

L : . L T S S S S S S S S S S T S S
2 0 @ W 10 120 0 10 2 0 @ W00 120 1% &

Tempeyure (T) Temperture (T )

Tnax] <10873 T

Heat flow (mW )
Heat flow (mW)

P S S L A SO S S S S SR SR S S S '
MW 0 O 0 100 120 140 160 1% 20 40 6 %0 100 120 140 160 10 20 20 240
Temperure (T)

Tempertae (T

Figure 4. DSC thermograms of collagen isolated from eel fish skin and bone. A, ASC-S; B, ASC-B; C, PSC-S; D,
PSC-B.

For ASC-S, ASC-B, PSC-S, and PSC-B, Twi was observed at 74.34°C, 81.39°C, 79.86°C, and
74.23°C, respectively, with AH: values of 9.88 J/g, 21.61 J/g, 3.14 J/g, and 23.11 ] /g, respectively. Higher
Tmax1 values were recorded for ASC-B and PSC-S compared to PSC-B and ASC-S, suggesting a higher
denaturation temperature. Moreover, ASC-B and PSC-B exhibited higher AH: values than ASC-S and
PSC-S, indicating that collagen derived from bone possesses greater heat resistance and structural
stability than collagen extracted from skin.

Compared to mammalian collagen, which has a denaturation temperature of approximately
41°C, eel skin and bone collagens exhibited superior thermal stability. This characteristic makes them
potential alternatives to mammalian collagen. Furthermore, in the food industry, collagen is widely
utilized after denaturation. Due to their relatively lower Twa1 and AH: values, eel skin collagens may
be more suitable for food applications than eel bone collagens. In summary, the distinctive thermal
stability of eel skin and bone collagens underscores their potential as versatile biomaterials in various
industrial applications.

3.8. UV Absorption Analysis

Figure 5 displays the UV absorption spectra of collagen extracted from eel skin and bone.
Collagen molecules contain chromophoric groups such as -COOH, -CONHz, and -C=0O, which
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exhibit strong UV absorption. The UV absorption spectrum is the result of the combined
contributions of these chromophoric groups, making it a vital indicator for determining collagen type.
The characteristic absorption peak of the collagen triple-helix structure typically appears in the
wavelength range of 210-240 nm [33]. In this study, UV absorption spectra showed that both PSC
and ASC had significant absorption peaks in this range, consistent with findings from sturgeon fish
skin collagen [34], marine eel-fish (Evenchelys macrura) skin collagen [33], and balloon fish (Diodon
holocanthus) skin collagen [35]. These results confirm the extracted collagen's type I characteristics.

12 —PSC-B

0.8 |-

0.6 |

Absorbance

04

200 250 300 350 400
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Figure 5. UV spectra of ASC-S, PSC-S, ASC-B, and PSC-B.

Additionally, due to the small amounts of tyrosine and phenylalanine present in collagen, a
secondary absorption peak was observed at 280 nm. Among the samples, ASC-B demonstrated the
most prominent peak at 280 nm. The absence of additional peaks beyond those near 223 nm and 280
nm indicates that the extracted collagen is of high purity with minimal contamination by other
proteins. This is consistent with the FTIR and SEM results, indicating that ASCs and PSCs retain a
high level of structural integrity throughout the extraction process.

The absorbance of acid-treated collagen (ASC) was notably higher than that of pepsin-treated
collagen (PSC), as seen in Figure 5. This suggests that enzymatic treatment reduces collagen's UV
absorption capacity, likely due to partial structural disruption caused by enzymatic hydrolysis.
Furthermore, among the samples, ASC-B exhibited the highest absorbance, indicating that acid
treatment retained a more complete triple-helix structure compared to enzymatic treatment. These
findings are consistent with the structural integrity observed in FTIR spectra and SEM images, which
further confirm the higher purity and structural preservation of collagen treated with acid.

4. Discussion

This study comprehensively compared the biochemical, structural, and thermal properties of
ASC and PSC derived from eel skin and bone. The results revealed distinct differences between skin-
and bone-derived collagens, as well as the effects of extraction methods, providing valuable insights
into the functional characteristics of these materials.

The differences in collagen yields between ASC and PSC reflect the influence of extraction
methods on collagen recovery. The higher yields of PSC from both skin and bone align with the
enhanced solubility imparted by pepsin, which cleaves non-helical telopeptides and facilitates the
release of collagen from tightly cross-linked matrices. This trend is consistent with findings in loach
skin [19] and silver carp skin [20], highlighting the efficiency of enzymatic extraction for tissues with
high-density cross-links. However, the lower yields of ASC-B compared to ASC-S suggest that the
cross-linking in bone tissue poses additional challenges for acid extraction, which primarily targets
native triple-helical structures. This emphasizes the importance of selecting appropriate extraction
techniques to optimize collagen recovery based on tissue type.
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The structural differences between ASC and PSC were confirmed by SDS-PAGE and FTIR
analyses. While both methods verified the type I collagen composition of all samples, the additional
low molecular weight bands in PSC samples reflect partial hydrolysis during enzymatic extraction.
This hydrolysis, though potentially beneficial for applications requiring smaller peptides, may
reduce the integrity of collagen's triple-helical structure, as indicated by shifts in FTIR amide A and
amide I bands. These observations suggest a trade-off between yield and structural preservation,
with enzymatic extraction offering higher solubility but potentially altering collagen's native
structure. Previous studies on marine collagen have similarly reported structural disruptions in PSC
compared to ASC [22,33,36,37].

Thermal stability analysis revealed that bone-derived collagen exhibits superior thermal
resistance compared to skin-derived collagen, as evidenced by higher Twa: and AH: values. This
enhanced stability can be attributed to the dense fibrillar network and higher degree of
intermolecular cross-linking in bone collagen, as observed in SEM images. Interestingly, despite its
lower Twmaxvi, skin collagen retained significant structural integrity, which may reflect differences in
amino acid composition. The higher content of proline and hydroxyproline in bone collagen
contributes to its stability, a characteristic noted in other fish species [24,25]. These results suggest
that bone collagen may be more suitable for applications requiring structural robustness, such as
tissue engineering, while skin collagen's lower stability could make it advantageous for food and
cosmetic applications.

The UV absorption spectra further highlight the purity and structural characteristics of the
extracted collagens. The prominent absorption peaks at 223 nm confirm the presence of the collagen
triple-helix structure, consistent with findings in balloon fish [35]. The peak at 280 nm, particularly
pronounced in ASC-B, suggests higher aromatic amino acid content in bone collagen, potentially
contributing to antioxidant activity. The absence of additional peaks indicates minimal
contamination by non-collagenous proteins, underscoring the effectiveness of both acid and
enzymatic extractions in yielding high-purity collagen.

The interplay between structural and functional properties observed across experiments
highlights the influence of tissue origin and extraction method on collagen characteristics. For
example, the denser microstructure and higher thermal stability of bone collagen correlate with its
higher degree of cross-linking and distinct amino acid composition. In contrast, the relatively looser
fibrillar arrangement and lower thermal stability of skin collagen reflect its adaptation for flexibility
and ease of processing. These complementary properties suggest distinct yet overlapping application
potentials for skin and bone collagen, ranging from food and cosmetics to biomedical uses.

From a broader perspective, the findings underscore the versatility of eel collagen as a
biomaterial. Bone collagen, with its superior stability, is particularly promising for applications
requiring mechanical strength and thermal resistance, such as wound healing scaffolds and drug
delivery systems. Conversely, skin collagen, characterized by its easier denaturation and processing,
could be leveraged for functional food products and skincare formulations. These results contribute
to the growing interest in utilizing marine collagen as a sustainable alternative to mammalian
collagen, addressing concerns related to zoonotic diseases and religious restrictions.

Future research should focus on exploring the bioactivity of collagen peptides derived from eel
skin and bone, particularly their antioxidant and ACE inhibitory properties. Investigating the
mechanical and biocompatibility properties of collagen-based materials in vivo would provide further
validation for biomedical applications. Additionally, optimizing extraction protocols to balance yield,
purity, and structural preservation could enhance the scalability and economic feasibility of eel
collagen production. Comparative studies across different marine species could also elucidate the
relationship between tissue origin, collagen properties, and functional performance, further
expanding the scope of marine collagen applications.

Author Contributions: Conceptualization, Ningning Zhang; Data curation, Ningning Zhang, Shaoli Guo and
Yuting Zheng; Formal analysis, Ningning Zhang, Shaoli Guo and Yuting Zheng; Investigation, Shaoli Guo and


https://doi.org/10.20944/preprints202501.0508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0508.v1

12 of 14

Yuting Zheng; Methodology, Ningning Zhang; Supervision, Weili Li; Visualization, Shaoli Guo and Yuting
Zheng; Writing — original draft, Ningning Zhang; Writing — review & editing, Weili Li.

Funding: This research was funded by the "Study and Application of Anti-freezing Denaturation in Aquatic
Frozen Foods" project (KH230175A).

Data Availability Statement: The original contributions presented in this study are included in the article.
Further inquiries can be directed to the first author.

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

References

1.  Zhang, S.Y,; Zhao, Y.Q.; Wang, Y.M.; Yang, X.R.; Chi, C.F.; Wang, B. Gelatins and antioxidant peptides
from skipjack tuna (Katsuwonus pelamis) skins: Purification, characterization, and cytoprotection on
ultraviolet-A injured human skin fibroblasts. Food Biosci. 2022, 50, 102138.
https://doi.org/10.1016/j.fbio.2022.102138

2. Lu, W.C; Chiu, C.S,; Chan, Y.J.; Mulio, A.T.; Li, P.H. Characterization and biological properties of marine
by-product collagen through ultrasound-assisted extraction. Agquac. Rep. 2023, 29, 101514.
https://doi.org/10.1016/j.aqrep.2023.101514

3. Rosmawati; Tawali, A.B.; Said, M.I.; Zzaman, W.; Kobun, R.; Huda, N. Characteristics of gelatin from skin
and bone of snakehead (Channa striata) extracted with different temperature and time. Potravin. Slovak J.
Food Sci. 2021, 15, 648-661. https://doi.org/10.5219/1639

4.  Jongjareonrak, A.; Benjakul, S.; Visessanguan, W.; Nagai, T.; Tanaka, M. Isolation and characterization of
acid and pepsin-solubilized collagens from the skin of bigeye snapper (Priacanthus tayenus). Food Chem.
2005, 93, 475-483. https://doi.org/10.1016/j.foodchem.2004.10.026

5. Jafari, H,; Lista, A.; Siekapen, M.M.; Ghaffari-Bohlouli, P.; Nie, L.; Alimoradi, H.; Shavandi, A. Fish collagen:
Extraction, characterization, and applications for biomaterials engineering. Polym. 2020, 12, 2230.
https://doi.org/10.3390/polym12102230

6.  Halim, N.R.A; Yusof, HM.; Sarbon, N.M. Functional and bioactive properties of fish protein hydrolysates
and peptides: A comprehensive review. Trends Food Sci. Technol. 2016, 51, 24-33.
https://doi.org/10.1016/j.tifs.2016.02.007

7. Asharaf, F.; Rajan, R. Bioconversion of eel skin waste into valuable collagen: Isolation, spectral
characterization, and biocompatibility assessment. Waste Biomass Valorization 2024, 15, 4773-4783.
https://doi.org/10.1007/s12649-024-02505-4

8.  Horwitz, W. Official Methods of AOAC International, 17th ed.; Association of Official Analytical Chemists
(AOAC) International: Gaithersburg, MD, USA, 2000.

9.  Senaratne, L.S.; Park, P.J.; Kim, S.K. Isolation and characterization of collagen from brown-backed toadfish
(Lagocephalus gloveri) skin. Bioresour. Technol. 2006, 97, 191-197.
https://doi.org/10.1016/j.biortech.2005.02.024

10. Nagai, T.; Suzuki, N. Isolation of collagen from fish waste material —skin, bone and fins. Food Chem. 2000,
68, 277-281. https://doi.org/10.1016/S0308-8146(99)00188-0

11. DeNiro, M.J.; Epstein, S. Influence of diet on the distribution of nitrogen isotopes in animals. Geochim.
Cosmochim. Acta 1981, 45, 341-351. https://doi.org/10.1016/0016-7037(81)90244-1

12.  Noorzai, S.; Verbeek, C. J. R.; Lay, M. C.; Swan, J. Collagen Extraction from Various Waste Bovine Hide
Sources. Waste Biomass Valorization 2020, 11, 5687-5698. https://doi.org/10.1007/s12649-019-00843-2

13. Ahmed, R.; Hag, M.; Chun, B.S. Characterization of Marine-Derived Collagen Extracted from the By-
Products of Bigeye Tuna (Thunnus obesus). Int. ]. Biol. Macromol. 2019, 135, 668-676.
https://doi.org/10.1016/j.ijpiomac.2019.05.213

14.  Zhao, W.H.; Chi, C.F.; Zhao, Y.Q.; Wang, B. Preparation, physicochemical and antioxidant properties of
acid-and pepsin-soluble collagens from the swim bladders of miiuy croaker (Miichthys miiuy). Mar. Drugs
2018, 16, 161. https://doi.org/10.3390/md 16050161


https://doi.org/10.20944/preprints202501.0508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0508.v1

13 of 14

15. Huang, C.Y.; Kuo, ] M.; Wu, S.J.; Tsai, H.T. Isolation and characterization of fish scale collagen from tilapia
(Oreochromis sp.) by a novel extrusion-hydro-extraction process. Food Chem. 2016, 190, 997-1006.
https://doi.org/10.1016/j.foodchem.2015.06.066

16. Yang, Y.; Li, C; Song, W.; Wang, W.; Qian, G. Purification, optimization and physicochemical properties
of collagen from soft-shelled turtle calipash. Int. ]J. Biol. Macromol. 2016, 89, 344-352.
https://doi.org/10.1016/j.ijpiomac.2016.04.048

17. Safandowska, M.; Pietrucha, K. Effect of Fish Collagen Modification on Its Thermal and Rheological
Properties. Int. ]. Biol. Macromol. 2013, 53, 32-37. https://doi.org/10.1016/j.ijpiomac.2012.10.026

18.  Yoon, S. Biomedical and Pharmacological Applications of Marine Collagen; MDPI-Multidisciplinary Digital
Publishing Institute: Basel, Switzerland, 2023; p. 184.

19. Wang, J.; Pei, X.; Liu, H.; Zhou, D. Extraction and characterization of acid-soluble and pepsin-soluble
collagen from skin of loach (Misgurnus anguillicaudatus). Int. ]. Biol. Macromol. 2018, 106, 544-550.
https://doi.org/10.1016/j.ijbiomac.2017.08.046

20. Faralizadeh, S.; Rahimabadi, E.Z., Bahrami, S.H., Hasannia, S. Extraction, characterization and
biocompatibility evaluation of silver carp (Hypophthalmichthys molitrix) skin collagen. Sustain. Chem. Pharm.
2021, 22, 100454. https://doi.org/10.1016/j.scp.2021.100454

21. Barzkar, N.; Sukhikh, S.; Babich, O.; Venmathi Maran, B.A.; Tamadoni Jahromi, S. Marine collagen:
purification,  properties and  application.  Front.  Mar. Sci. 2023, 10,  1245077.
https://doi.org/10.3389/fmars.2023.1245077

22. Indriani, S.; Benjakul, S.; Kishimura, H.; Karnjanapratum, S.; Nalinanon, S. Impact of extraction condition
on the yield and molecular characteristics of collagen from Asian bullfrog (Rana tigerina) skin. LWT 2022,
162, 113439. https://doi.org/10.1016/j.1wt.2022.113439

23. Chang, C;Ma, Y,; Yang, Y.; Su, Y,; Gu, L.; Li, J. Strategies to Improve Hydrolysis Efficiency of Fish Skin
Collagen: Study on ACE Inhibitory Activity and Fibroblast Proliferation Activity. Foods 2024, 13, 3869.
https://doi.org/10.3390/foods13233869

24. Silva, I; Vaz, B.M.; Sousa, S.; Pintado, M.M.; Coscueta, E.R.; Ventura, S.P. Gastrointestinal delivery of
codfish Skin-Derived collagen Hydrolysates: Deep eutectic solvent extraction and bioactivity analysis. Food
Res. Int. 2024, 175, 113729. https://doi.org/10.1016/j.foodres.2023.113729

25. Li, L.Y.; Zhao, Y.Q.; He, Y.; Chi, C.F.; Wang, B. Physicochemical and antioxidant properties of acid-and
pepsin-soluble collagens from the scales of miiuy croaker (Miichthys miiuy). Mar. Drugs 2018, 16, 394.
https://doi.org/10.3390/md16100394

26. Tan, Y.; Chang, S.K. Isolation and characterization of collagen extracted from channel catfish (Ictalurus
punctatus) skin. Food Chem. 2018, 242, 147-155. https://doi.org/10.1016/j.foodchem.2017.09.013

27. Zhu, B,; Dong, X.; Zhou, D.; Gao, Y.; Yang, J.; Li, D.; Zhao, X,; Ren, T.; Ye, W.; Tan, H.; Wu, H.; Yu, C.
Physicochemical properties and radical scavenging capacities of pepsin-solubilized collagen from sea
cucumber (Stichopus japonicus). Food Hydrocoll. 2012, 28, 182-188.
https://doi.org/10.1016/j.foodhyd.2011.12.010

28. Liu, D,; Liang, L.; Regenstein, ].M.; Zhou, P. Extraction and characterisation of pepsin-solubilised collagen
from fins, scales, skins, bones and swim bladders of bighead carp (Hypophthalmichthys nobilis). Food Chem.
2012, 133, 1441-1448. https://doi.org/10.1016/j.foodchem.2012.02.032

29. Ahmad, M.; Benjakul, S. Extraction and characterisation of pepsin-solubilised collagen from the skin of
unicorn leatherjacket (Aluterus 1M0N0Cerous). Food Chem. 2010, 120, 817-824.
https://doi.org/10.1016/j.foodchem.2009.11.019

30. Zhang, J.; Elango, J.; Wang, S.; Hou, C.; Miao, M; Li, J.; Na, L.; Wu, W. Characterization of Inmunogenicity
Associated with the Biocompatibility of Type I Collagen from Tilapia Fish Skin. Polymers 2022, 14, 2300.
https://doi.org/10.3390/polym14112300

31. Iswariya, S.; Velswamy, P.; Uma, T.S. Isolation and characterization of biocompatible collagen from the
skin of puffer fish (Lagocephalus inermis). J. Polym. Environ. 2018, 26, 2086-2095.
https://doi.org/10.1007/s10924-017-1107-1


https://doi.org/10.20944/preprints202501.0508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0508.v1

14 of 14

32. Goémez-Limia, L.; Carballo, J.; Rodriguez-Gonzalez, M.; Martinez, S. Proximate composition and amino
acid profile of European eel skin: influence of body weight. Eur. Food Res. Technol. 2022, 248, 1437-1446.
https://doi.org/10.1007/s00217-022-03978-0

33. Veeruraj, A.; Arumugam, M.; Balasubramanian, T. Isolation and characterization of thermostable collagen
from the marine eel-fish (Evenchelys macrura). Process Biochem. 2013, 48, 1592-1602.
https://doi.org/10.1016/j.procbio.2013.07.011

34. Atef, M.; Ojagh, SM.; Latifi, AM.; Esmaeili M., Udenigwe, C.C. Biochemical and structural
characterization of sturgeon fish skin collagen (Huso huso). ]. Food Biochem. 2020, 44, e13256.
https://doi.org/10.1111/jfbc.13256

35. Huang, Y.-R.; Shiau, C.-Y.; Chen, H.-H.; Huang, B.-C. Isolation and characterization of acid- and pepsin-
solubilized collagens from the skin of balloon fish (Diodon holocanthus). Food Hydrocolloids 2011, 25, 1507—
1513. https://doi.org/10.1016/j.foodhyd.2011.02.011

36. Kittiphattanabawon, P.; Benjakul, S.; Visessanguan, W.; Nagai, T.; Tanaka, M. Characterisation of acid-
soluble collagen from skin and bone of bigeye snapper (Priacanthus tayenus). Food Chem. 2005, 89, 363-372.
https://doi.org/10.1016/j.foodchem.2004.02.042

37. Carpio, K.C.R.; Bezerra, R.S.; Cahti, T.B.; Monte, F.D.; Neri, R.C.A; Silva, ].D.; Inhamuns, A.]. Extraction
and characterization of collagen from the skin of Amazonian freshwater fish pirarucu. Braz. |. Med. Biol.
Res. 2023, 56, 12564 https://doi.org/10.1590/1414-431X2023e12564

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202501.0508.v1

