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Abstract: Collagen is the most abundant protein in the animal kingdom. Industrial collagen is
mainly bovine and porcine origin. However, due to religious beliefs, allergic issues, and infectious
diseases, alternative sources of collagen as marine are gaining increasing interest. In this work, the
acid-soluble collagen (ASC) were extracted from salt-cured Atlantic cod (Gadus morhua) skin and
characterized. The extraction yield was about 2.0%, equivalent to the extraction yield reported for
other fish skins. The electrophoretic pattern showed the typical type I structure (α, β and γ chains).
UV-VIS and FTIR absorbance spectra suggested a very pure ASC with an intact triple helical
structure. The integrity and the adequate porosity required for different applications were then
confirmed by electron micrograph. Our findings allow us to say that, for the first time, we extracted
acid-soluble type I collagen from salt-cured Atlantic cod skin, with characteristics suitable for
application in various fields, such as biomedical.
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1. Introduction
Collagen is a general term for structural proteins present in the extracellular matrices of animals.
This is one of the major proteins among the body's total proteins, comprising about 30% [1].
Generally, collagen is formed by polypeptide chains constituted by repeating triplets Gly-X-Y of
Glycine and two other amino acids, where proline and hydroxyproline (Hyp) are the most common,
including ca. 1000 total amino acids [2,3]. Collagen polypeptide chains adopt a 3D superhelical
structure that provides an ideal geometry for inter-chain hydrogen bonding. The triple helices selfassemble in a staggered formation to form collagen fibrils. Those fibrils are also packed together to
form collagen fibres, responsible for the tensile strength of this material [4]. So far, about 29 types of
collagen have been recognized as structural and biologically active components in multifarious
tissues including skin, bone and cartilage [5].
Type I collagen is the most abundant and is widely used for food, cosmetic, biomedical, and
pharmaceutical applications [6]. Due to the dominant presence of hydrophobic amino acids, it
exhibits high emulsifying ability for hydrophilic-hydrophobic partitioning. Owing to its unique
physical and biological properties, collagen has several applications. In food industry as a food
additive to improve the texture, water holding capacity and stability of several food products and in
packaging industries for microencapsulation and light-sensitive coatings formation. In biomedical
industry for the encapsulation of drugs and in cosmetics for production of creams and gels with high
moisturizing, anti-ageing, anti-wrinkle or UV radiation protective actions [7]. In particular, its low
immunogenicity and high biocompatibility make collagen a biopolymer of high interest for
biomedical applications [8]. Moreover, collagen-derived peptides have numerous other bioactivities
such as antimicrobial activity, mineral-binding capacity, lipid-lowering effect, immunomodulatory
activity and beneficial effects on the skin, bone, or joint health.
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However, the source from which it is extracted can affect these properties, mainly due to
contamination, loss of stability. Besides, the source may also constrain the consumer acceptance due
to moral or religious reasons. Collagen is primarily obtained from land animal sources like bovine
and porcine origin. In the last years, due to the outbreak of diseases such as Bovine Spongiform
Encephalopathy (BSE), Transmissible Spongiform Encephalopathies (TSE), and Foot and Mouth
Disease (FMD) among that animals, the search for alternative sources of collagen has increased [2].
In the past two decades, academia and industry have explored marine by-products as a reliable and
economic source of collagen. It includes marine fish, starfish, sponges, jellyfish, squid, etc. [1,3,6,9].
The work performed till date proves that marine fish may be a promising source.
Worldwide, Portugal is the 3rd highest fish consuming country globally [10], with a consequent
large fishing industry that produces the largest amount of fishery waste. The pattern of fish
consumption in Portugal includes not only the most abundant species in national waters but
imported salt-cured cod (Gadus morhua), which represents one of the main sources of fish residues in
the country. Those residues may account for an average of 60% of the total fish weight, being 30%
skin and bones. More than 80% of the cod skin's protein content is collagen [3], which positions it as
a source of high-value collagen that is currently wasted or used in animal feed.
Some studies already characterised the collagen and gelatine from the skin of some cod species
(Baltic cod [11] and Pacific cod [9,12]); however, nobody has yet performed studies on salt-cured
Atlantic cod (Gadus morhua). So, the aim of this study was to extract collagen from discarded saltcured cod skin and demonstrate the feasibility of technology. Besides, for the extracted collagen it
was analysed the quality and stability of the extracted collagen to envisage suitable future use in
several applications such as food, cosmetic and biomedical.
2. Results
2.1. ASC extraction
The most used methodology to extract collagen from fish by-products has been the acid
extraction [13]. In this process, the collagen is extracted with a dilute weak acid solution (e.g. acetic,
lactic), and the product obtained is usually called acid-soluble collagen (ASC) [4]. We were able to
extract ASC from the salt-cured cod skin with a yield ca. 2.0% based on the dry weight.
2.2. ASC electrophoretic pattern
The ASC was analysed by Tricine-SDS-PAGE (Figure 1). Lane 2 shows the electrophoretic
pattern of the cod skin ASC, with the presence of the typical subunits of type I collagen (α1, α2, β and
γ). For α1 and α2, the observed molecular masses were 135 kDa and 125 kDa, respectively, while for
the β chain (dimers) and γ chain (trimers) higher than 200 kDa. The existence of those last two high
molecular mass components indicates that cod skin ASC contains inter- and intra-molecular crosslinked proteins. The observed pattern was like the calf skin type I collagen (lane 1).
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Figure 1. SDS-PAGE: Calf skin type I collagen (lane 1), collagen purified from cod skin by acid
methodology (lane 2); molecular mass marker in kDa (lane 3).

2.3. UV-VIS spectra
The UV-VIS absorbance data of cod skin ASC and calf skin type I collagen are presented in
Figure 2. The cod skin ASC exhibited a maximum absorption at 213 nm, which was closer to calf skin
type I collagen (229 nm). Both spectra also showed a subtle peak around 280 nm.

Figure 2. UV-VIS spectra of calf skin type I collagen and cod skin ASC.

2.4. FTIR spectra
Figure 3 shows the cod skin ASC FTIR spectra. The amide A band of cod skin ASC was observed
at 3297 cm−1, which corresponds to N-H stretching vibration. The amide B band is usually close to 3080
cm−1 and is associated with an asymmetrical CH2 stretch. In cod skin ASC, the amide B band was at
3077 cm−1. The amide I, II, and III bands of cod skin ASC were at 1645, 1548, and 1238 cm−1, respectively.
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The amide I, II, III bands correspond to the molecular-order degree of collagen [14]. Moreover, another
important parameter to determine for collagen is the absorption area ratio between the amide III band
and the CH2 bending band at 1450–1454 cm−1. The ratio for cod skin ASC was 1.083.

Figure 3. FTIR spectra of cod skin ASC.

2.5. SEM analysis
Figure 4 shows the electron micrographs of the lyophilized cod skin ASC and calf skin type I
collagen. The cod skin ASC exhibited random windings of coil-like structures, with a porous and
three-dimension interconnected fibre structure like calf skin type I collagen (Figures 4.B and 4.D). In
the case of the cod skin ASC, we saw a less compact random winding structure concerning calf skin
type I collagen, which could indicate a greater porosity.
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Figure 4. SEM images: A) cod skin ASC, x190 magnification; B) calf skin type I collagen, x190
magnification; C) cod skin ASC, x500 magnification; D) calf skin type I collagen, x500 magnification.

3. Discussion
The performance of the extraction is consistent with what has been reported so far. Sionkowska
et al. [15] and Arumugam et al. [16] reported lower yields, 1.5% (from Brama australis skin) and 1.9%
(from Sole fish skin), respectively. On the other hand, similar and higher yields have been reported
for cuttlefish and balloon fish, 2.0% [17] and 4.0% [2], respectively. Furthermore, Sousa et al. [18]
obtained about 5.72% from the same species of cod (Gadus morhua) here studied, but not from the
skin but the swim bladders. The ASC provides an idea of the amount of collagen that could be present
in the skin or body part of a particular specie; however, it is not a quantitative extraction of collagen,
since there is evidence that part of the collagen cannot be extracted using this simple procedure [18].
This approach is widely used since the methodology can be easily applied for industrial extraction of
collagen. However, despite presenting relevant yields, this value is still low, when we know that 80%
of the protein content of fish skin is collagen. It is important to highlight that in all the mentioned
studies no one used salt-cured fish, just fresh material; so this is the first report for fish salt-cured
material, with the main challenge being the effect of the drying process with a high amount of salt
since the collagen is a very unstable molecule.
The observed electrophoretic pattern was similar not only to the calf skin type I collagen, but to
the Atlantic cod swim bladders collagen [18], and the skin collagen of most other fish species [1,2].
Regarding its UV-VIS characterization, a well-established characteristic of triple-helical collagen
is a maximum absorbance between 210-240 nm. Wang et al. showed a maximum absorption peak at
218 nm for the loach skin ASC [1]. Similarly, Pacific cod skin and channel catfish skin ASCs exhibited
maximums at 231 nm [9] and 232 nm [19], respectively. The UV-VIS absorption is possibly related to
-COOH, CONH2 groups in polypeptide chains and n→π* transition of C=O in peptide bond [20].
Besides, as Figure 2 shows, low absorbance was obtained at 280 nm, due to the low presence of
aromatic amino acids in ASC, which is an evidence of the high purity of the ASC (low presence of
non-collagen proteins). Similar findings were reported in collagen from eel-fish [21], loach skin [1]
and balloon fish skin [2].
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In the FTIR spectra we observed five typical amide bands similar to other type-I collagens [1].
Hukmi et al. showed that the amide A peak of ASC of silver catfish skin collagen is at 3457.07 cm -1
[22]. Arumugam et al. reported that the N-H stretching vibration of sole skin fish is shifted to 3310.21
cm−1 [16]. According to Doyle [23], N-H stretching vibration ranges from 3400 to 3440 cm−1 and when
the NH group of a peptide is associated with a hydrogen bond the peak position is shifted to a lower
frequency. Our result revealed that the NH groups of cod skin ASC formed hydrogen bonds with
carbonyl groups present in the peptide chain. In comparison, Sionkowska et al. reported the amide B
band of Brama australis collagen at 3079 cm−1 [15]. Similar results showed the amide B bands of loach
skin ASC at 2928 cm-1 [1] and for turbot skin ASC at 2913 cm−1 [24]. The amide I, II, and III bands of
cod skin ASC were also in agreement with the findings of Sun et al. [9], who studied the Pacific cod
skin ASC and reported the corresponding wavelengths at 1655.52 cm −1, 1540.21 cm−1, 1232.74 cm−1.
The absorption area ratio between the amide III band and the CH2 bending band at 1450–1454 cm−1
may reflect the stability of a triple helical structure, being stable at a ratio close to 1.0 [25]. The ratio
for cod skin ASC (1.083) was close to 1.0, indicating the intact triple helical structure in the obtained
product. Similar findings were reported for other ASCs: Pacific cod skin [9]; turbot skin [24]; Spanish
mackerel skin [26]; and loach skin [1]. We consider important to highlight this integrity because it
means that even under the condition of curing and salting the collagen was preserved in the native
structure.
Typically, random windings of coil-like structures are characteristic of the fibrous nature of the
collagen [16]. As seen in the electron micrographs, the cod skin ASC exhibited this kind of
morphology, not only calf skin type I collagen but acid-soluble collagen from Pacific cod bone [27].
Other authors reported similar structures for the silver catfish skin [22], sole fish skin [16] and Pacific
cod bone [27] with the typical structure of type I ASC (flaky and porous). We related the lace-like
fibres to the native helical structure of collagen, which reinforces our FTIR results. The microstructure
patterns (pore size, porosity, interconnectivity and surface area) is widely recognized as important
parameters for a biomaterial to understand its biomedical importance. The space between the
interlaced sheets represents the porosity of the collagen, which facilitates the incorporation of any
compound, such as a drug [16]. The greater porosity we saw may indicate greater incorporation
capacity per mass unit. At the same time, this can make the cod skin ASC material more fragile than
calf skin type I collagen. This may be related to the lower imino acid content (Hyp) of cold-water fish
collagen [28]. The Hyp plays a very important role in stabilizing the triple helix. That is why the
collagens of mammals and even warm-water fish are more resistant and more thermally stable, as
they have more compact and stable helical structures due to their higher Hyp content [29].
4. Materials and Methods
4.1. Materials and cod samples
Calf skin type-I collagen was purchased from Sigma-Aldrich (St. Louis, MO, USA) and
molecular weight marker was purchased from NZYTech, Lisboa, Portugal. All other reagents used
were of analytical grade.
Salt-cured cod skin from Atlantic cod (Gadus morhua) was kindly provided by Pascoal & Filhos
S.A. The skin was obtained as by-product before the cutting and processing of fish meat to obtain
different portions to sell or for ready to eat meals. The samples were transported at room temperature
and stored at -20 ℃, before processing.
4.2. Pre-treatment of skin
The pre-treatment of skin was carried out following the methodology of Arumugam et al. [16],
with some modifications. First, the cod skins were washed with tap water 3 times at 4 ℃ to remove
the salt, residual fat and flesh of fish (by the action of high salt concentration) and then cut into small
pieces. Then, those pieces were mixed with 0.1 M NaOH at 4 ℃ to remove non-collagenous proteins
and pigments at a sample-to-solution ratio of 1:10 (w/v), about 4 h. The mixture was centrifuged
(Hettich Universal 320R) at 3857 RCF for 15 min at 4 ℃. The resulting solid residue was washed with
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distilled water 3 times until neutral (pH 7) at 4 ℃ and then centrifuged according to the conditions
described above.
4.3. Extraction of acid-soluble collagen (ASC)
The extraction of ASC was carried out following the methodology of Arumugam et al. [16], with
some modifications. After the pre-treatment, the solid residue was soaked in 0.5 M acetic acid with
solid (initially weighed)/solvent ratio of 1:30 (w/v) at 4 ℃. After 24 h, the mashed was centrifuged at
3857 RCF for 15 min at 4 ℃, and the obtained supernatant was salted-out by the addition of ground
NaCl to a final concentration of 0.9 M. The mixture was left overnight and centrifuged at 3857 RCF
for 30 min at 4 ℃. The resulting precipitate was dissolved in 0.5 M acetic acid and dialysed
(Spectra/Por 4 Dialysis Membrane MWCO 12-14 kD, Spectrum Laboratories Inc.): against 0.1 M acetic
acid the first 24 h; against deionised water the subsequent 48 h. The dialysate was renewed every 8
h. Finally, the purified acid-soluble collagen (ASC) was lyophilized, sealed in polythene bags and
stored at -20 ℃ for subsequent analysis.
4.4. Tricine-SDS-PAGE
Tricine-SDS-PAGE [[30]] was prepared using 4% stacking and 10% resolving gel. 1.0 mg/mL cod
skin ASC and calf skin type I collagen (calf skin ASC) were mixed in 0.5 M acetic acid, diluted ½ with
sample buffer, incubated at 80 ℃ for 20 min, and centrifuged at 21382 RCF for 10 min. Twenty
microliters of supernatants were loaded in gel. The electrophoresis ran at a constant voltage of 75 V
for about 5 min followed by 150 V. After electrophoresis, the gel was stained in Coomassie blue G250 (0.25%, w/v), staining solution for 1 h and discoloured overnight. The final image was acquired
with the ChemiDoc™ XRS+ and analysed by the Imaging System Image Lab™ Software Version
6.0.1.34.
4.5. UV-VIS measurement
The ASCs (cod skin and calf skin) were dissolved in 0.5 M acetic acid to a concentration of 1.0
mg/mL and centrifuged at 4146 RCF for 10 min at 4 °C. The spectra were recorded using a microplate
reader (Multiskan GO, Thermo Scientific) in the range of 200–400 nm.
4.6. ATR-FTIR analysis
Lyophilised cod skin ASC FTIR spectra were acquired at an average of 30 measurements and a
resolution of 4 cm-1 from 4000 to 400 cm-1 and were expressed as normalized absorbance according to
the maximum of each spectrum. The used infrared spectrometer was ABB MB3000 (ABB,
Switzerland), equipped with a deuterated triglycine sulphate detector and provided with a
horizontal reflection accessory MIRacleTM (PIKE Technologies, USA), for attenuated total reflectance
(ATR), with a diamond crystal plate/Se.
4.7. Scanning Electron Microscopy (SEM)
The ASC morphology was evaluated by SEM using JSM-5600 Lv Microscope (JEOL, Tokyo,
Japan). The samples were coated with gold/palladium using a Sputter Coater (Polaron, Bad
Schwalbach, Germany). SEM was operated at low vacuum mode at a voltage of 30 kV.
5. Conclusions
We obtained for the first-time acid-soluble collagen from salt-cured Atlantic cod with an
extraction yield about 2.0%. The obtained ASC consisted mainly of type I collagen with the typical
subunits: two different α chains; β chains (dimers) and γ chains (trimers). The UV-VIS absorbance
spectra suggested a high purity product with the typical triple-helical pattern, which was confirmed
by FTIR and SEM. In short, it was possible to extract type I collagen with high purity from a new fish
source, which is one of the largest fishery wastes in Portugal. However, the weak point of our study,
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as well as the majority of those carried out so far, is the low extractive yield, and there is still a lot of
material to recover, that is, a lot of lost value. This leaves the doors open to the need to optimize
process variables as well as develop new, more efficient processes.
As the last assessment, considering the wide range of applications that have been recognized for
collagen, as well as the many others that would be unveiled in the future, this work makes an
important contribution by providing an alternative and sustainable source of such material.
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