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Abstract

Marine species present a rich source of natural bioactive compounds. Collagen and gelatin are
one of the most abundant valuable products, which can be an alternative source for
pharmaceutical and biomedical applications. Pufferfish species are not consumed due to its
toxicity, since containing tetrodotoxin (TTX) in their body. Therefore, it is important to gain
economic value for an environmental issue. In the present study, collagen and gelatin were for the
first time isolated and characterized from the skin of silver cheeked pufferfish (Lagocephalus
sceleratus) by characterizing acid-soluble collagen (ASC). The process extraction efficiency for
collagen and gelation was found to be a yield of 50.9% and 20.63 %, respectively. The extracted
collagen was characterized by proximate analysis, scanning electron microscopy (SEM), Fourier
transformed infrared spectroscopy (FT-IR), amino acid analysis and SDS-PAGE gel
electrophoresis. The mixtures collagen and gelatin extracts were found to be highly pure. The
LC/MS/MS analysis revealed that there was no detected TTX in the extracted collagen,
indicating the biocompatibility of the extracted collagen. This study exhibit the efficiency of this
approach and the economic potential of pufferfish skin or other parts to obtain marine collagen
with properties suitable for pharmaceutical and biomedical applications.
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Introduction

Collagen is considered to be one of the most useful biomaterials because it has a wide-ranging of
industrial applications (Schmidt et al., 2016). That is a major essential protein in the connective
tissue of animal skin and bone and composes about 30% of the total proteins (Ogawa et al., 2003;
Li et al., 2013). Collagen has been isolated from the skins of land-based animals, such as cow and
pig, and widely used in food, cosmetic, biomedical and pharmaceutical industries (Li et al.,
2013). It is used as a vehicle for drugs, proteins, and genes, as well as a substitute for human skin,
blood vessels and ligaments (Gomez-Guillén et al., 2011). However, they are no longer preferred
because these sources carry many diseases such as transmissible spongiform encephalopathy
(TSE), foot and mouth disease (FMD) and avian influenza. There is a strong need to develop new
collagen sources as a result.

Recent research has focused on alternative sources for the extraction of collagen, with
particular emphasis on fish by-products (Tang et al., 2015). It is extremely interesting to find
collagens from the aquatic environment, such as the skins of ocellate pufferfish (Nagai et al.,
2002), black drum and sheepshead seabream (Ogawa et al., 2003), brown-backed toadfish
(Senaratne et al., 2006), Baltic cod (Sadowska et al., 2003), Nile perch (Muyonga et al., 2004),
bigeye snapper (Jongjareonrak et al., 2006), skate (Hwang et al., 2007), grass carp (Zhang et al.,
2007) deep-sea redfish (Wang et al., 2007), dusky spine foot, sea chub, eagle ray and stingray
(Bae et al., 2008) and brown-banded bamboo shark (Kittiphattanabawon et al., 2010).

Gelatin is a partially hydrolyzed form of collagen, and mostly it has been used as a
potential agent in the food and packaging industry. Fish gelatins are normally produced through
acid extraction method reported properties typically known for the similar gelatin group. Film-
forming applications of gelatin, which is derived by partial hydrolysis of collagen, in the
pharmaceutical and food industries, include microencapsulation of ingredients and manufacture
of tablet and capsule coatings (Jeevithan et al., 2013).

Pufferfishes are marine fish species that are distributed in tropical and subtropical areas of
the Atlantic, Indian and Pacific Ocean. Puffers include 28 genera and approximately 184 species
all over the world marine waters within the Tetraodontidae family (Farrag et al., 2016), among
which at least ten are found in the eastern Mediterranean (Turan et al., 2017). Several large
species used for human consumption as delicious food in few countries, particularly in China,
Korea, Japan and Taiwan most pufferfish species have not commercial value. The Tetraodontidae
family is famous for the occurrence of a powerful toxin in their skin and organs called
tetrodotoxin (TTX). TTX is a very potent neurotoxin and one of the strongest marine paralytic
toxins (Kosker et al., 2016, 2019). According to the current European legislative requirements
(European Commission, 2004), poisonous fish of the family Tetraodontidae and products derived
from them must not be placed on the market. However, not consuming and fishing of this fish
causes an increase in their population in the Mediterranean.

Among collagen alternatives, fish provide the best source of raw material because of its
high availability, no risk of disease transmission, no-religious barriers and the possibility of
higher-yielding collagen. Up to now, little information concerning the characteristics of marine
fish skin collagen especially from not commercially important species such as pufferfish has been
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reported. Collagen and gelatin have been recently used in the preparation of biodegradable
biomedical products such as tablets, shields, films, sheets, microspheres and scaffolds, etc.

Therefore, the aim of this study is to isolate and characterize collagen from commercially
invaluable and unexploited pufferfish silver cheeked pufferfish (Lagocephalus sceleratus).

The silver cheeked pufferfish (Lagocephalus sceleratus) was caught from Iskenderun Bay
by using trawler. All the samples were put in plastic bags individually and frozen at -20 °C till
they were transported to the laboratory. The skins were manually removed with a lancet and
washed with cold distilled water. The clean skins were cut into small pieces (1 x 1 cm?) using a
lancet (Figure 1). All the prepared samples were stored at -20°C prior to collagen extraction.

Figure 1. a: Peeled skin of silver cheeked pufferfish (Lagocephalus sceleratus) b: Colorless jelly-
like structure of collagen extracted from L. sceleratus skin.

Acid soluble collagen (ASC) was extracted using the method of Nagai & Suzuki, (2000)
and Li et al., (2013) with slight modification. All processes were carried out at +4°C with
continuous stirring. To remove noncollagenous proteins, the prepared skin was mixed with
NaOH. The mixture was continuously stirred for 2 days at +4°C. The pretreated skins were
defatted with 10% butyl alcohol. Defatted skin was washed with cold water, followed by soaking
in acetic acid. The collagen was precipitated by adding NaCl to a final concentration of 2.6 M.
The resultant precipitate was collected by centrifuging and dissolved in a minimum volume of
acetic acid and successively dialyzed against 0.1 M acetic acid for 2 days and distilled water for 2
days with a change of solution once per 12 h.

Moisture, ash, fat, protein contents and amino acid analyses of all the collagen samples
were determined according to Antoine et al., (1999). This method is based on that of Joseph and
Marsden (1986) with several modifications. The HPLC column was used without a guard
column. A Spectroflow 980 programmable fluorescence detector fitted with a 5 uL flow cell was
used with an excitation monochromator setting at 330 nm and an emission cutoff filter of 418
nm. Other detector settings are 0.1 PMT signal, 10% zero offsets, 1.0 s response (rise time units),
and 10-3 A full-scale output range. Data analysis was carried out using the SAS general linear
models procedure.
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Electrophoretic patterns were measured according to the method of Laemmli (1970) with
a slight modification, using 10 % resolving gel and 5 % stacking gel. After electrophoresis, the
gel was stained with silver nitrate. High molecular weight protein markers were used to estimate
the molecular weight of proteins. Calfskin type I collagen (CSC) (Sigma Aldrich) was used as a
standard. The infrared spectra of all the collagen samples were recorded in potassium bromide
(KBr) disks with a Fourier transform IR spectrophotometer. One milligram of the dry sample was
mixed with 100 mg of dry KBr, and the mixture was pressed into a disk for spectrum recording.
The spectra with automatic signal gain were collected in 32. Collagen was redissolved in 0.5 M
acetic acid at a concentration of 5% (w/v), followed by dialyzing against distilled water. The
morphologies of the electrospun fibres and membrane were observed under a scanning electron
microscope (SEM).

The presence of TTX in fish skin collagen was investigated using LC/MS/MS. TTX
extraction was carried out using the method of Silva et al., (2012). The LC/MS analysis was
done according to the method of Rodriguez et al. (2012), with minor modification. The
LC/MS/MS system consisting of an Agilent 6460 triple quadrupole mass spectrometer coupled to
an Agilent 1200 HPLC system was used (Agilent Technologies, Inc., Santa Clara, CA, USA).
Data were subjected to analysis of variance (ANOVA) and mean comparisons were carried out
by using Duncan’s Multiple Range Test (Steel & Torrie, 1980). For pair comparison, the T-test
was used. Statistical analysis was performed using the Statistical Package for Social Sciences
SPSS (Pallant & Manual, 2010)

Collagen and gelatin were isolated from the skin of L. sceleratus yield of 50.9 % and
20.63 %, respectively. The yield of the isolated collagen after salt precipitation at neutral pH was
50.9 % on the basis of lyophilized dry weight. The yield of collagen of silver cheeked pufferfish
was higher or closer than the collagen yield obtained from other marine fish skins, bones (Nagai
and Suzuki, 2000), fins (Nagai, 2004) and other marine organisms such as jellyfish, cuttlefish,
etc. (Nagai et al., 2000, 2001; Nagai and Suzuki, 2002).

According to the proximate composition results, the silver cheeked pufferfish skin was
found to have fairly high moisture content (75.1%). The present result could be explained by the
fact that collagen molecule in the skin was most likely cross-linked by covalent bonds through
the condensation of aldehyde groups at the telopeptide region as well as the intermolecular cross-
linking, leading to a decrease in the solubility of collagen (Foegeding et al., 1996; Zhang et al.,
2007).

The protein contents of skin collagen Lagocephalus sceleratus was 2.45 %. By the
extraction process, the bulk of the protein was obtained; meanwhile, the great mass of water was
excluded with the help of freeze-drying.

Glycine concentration in the amino acid composition of examined collagen was 35.1 %.
Glycine is the most dominant amino acid in collagen pronounced as Type 1 described by
Muyonga et al. (2004), and all members of the collagen family are characterized by domains with
repetitions of the proline-rich tripeptides. Glycine is involved in the formation of the triple helix,
except for the first 14 amino acid residues from the N-terminus and the first 10 amino acid
residues from the C-terminus of the collagen molecules (Foegeding et al., 1996). The other
highest contents of other amino acids found in the silver cheeked pufferfish skin collagen was
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imino acid (17.2 %), alanine (15.01 %), hydroxyproline (7.2 %), glutamic acid (6.8 %) and
proline (5.6 %) in descending order. The detected imino acid (17.2 %) content of in the silver
cheeked pufferfish skin collagen was lower than those of porcine skin collagen reported by
Ikoma et al. (2003). Generally, imino acid content in fish collagen was lower than those in
mammalian collagen (Foegeding et al., 1996).

The collagen extracted from the silver cheeked pufferfish skin consisted of chains (a; and
ay), and the band intensities of a;-chains were approximately 2-fold that is higher than those of a,
chains. High molecular weight components, particularly b components, small amounts of g
components, and other cross-linked molecules with higher molecular weight were also observed
in the skin collagen. In higher vertebrates, type | collagen is widely known as the major fibrillar
collagen that is found in most organs and also was the first collagen to be identified (Saito et al.,
2001). The kinds of skin collagen were mainly composed of type | (Foegeding et al., 1996) which
were also found in other fishes (Nagai et al., 2002; Nagai & Suzuki, 2000; Muyonga et al., 2004).

LC/MS/MS method was used in order to determine TTX level in the obtained collagen
from the silver cheeked pufferfish L. sceleratus. TTX was not determined in the obtained skin
collagen with LC/MS/MS method.

In conclusion, the collagen was for the first time successfully isolated from the skins of
silver cheeked pufferfish L. sceleratus which showed high solubilities in the acidic pH ranges.
However, the solubility’s were decreased in the presence of NaCl at concentrations above 2%.
Therefore, the use of skin wastes of pufferfish is an economic alternative source to the cattle and
porcine collagen for industrial purposes. This study revealed the efficiency of the used approach
and the economic potential of pufferfish skin or other parts to obtain marine collagen/gelatin with
properties suitable for pharmaceutical and biomedical applications.

Acknowledgements

This study is a part of Servet Ahmet Dogdu’s PhD thesis. Thanks to the Iskenderun Technical
University for supporting the Research Project (2019LTB-01). Thanks to the Scientific &
Technological Research Council of Turkey (TUBITAK-2211/C National PhD Scholarship
Program for Priority Areas) for support.

References

Antoine, F. R., Wei, C. I, Littell, R. C., & Marshall, M. R. (1999). HPLC Method for Analysis of
Free Amino Acids in Fish Using O-Phthaldialdehyde Precolumn Derivatization. Journal
of Agricultural and Food Chemistry, 47(12), 5100-5107.

Bae, 1., Osatomi, K., Yoshida, A., Osako, K., Yamaguchi, A., & Hara, K. (2008). Biochemical
Properties of Acid Soluble Collagens Extracted from the Skins of Underutilised Fishes.
Food Chemistry, 108(1), 49-54.

European Commission (2004). Regulation Of The European Parliament and of the Council of 29
April 2004 Laying Down Specific Hygiene Rules For on the Hygiene of Foodstuffs,
853/2004/EC. Official Journal, 50(30/04/2004).



Natural and Engineering Sciences 313

Farrag, M., El-Haweet, A. A., & Moustafa, M. A. (2016). Occurrence of Puffer Fishes
(Tetraodontidae) in the Eastern Mediterranean, Egyptian Coast-Filling in The Gap. Bio
Invasions Record, 5(1).

Foegeding, E. A., Lanier, T. C., & Hultin, H. O. (1996). Collagen. Food chemistry, 3, 902-906.

Gomez-Guillén, M. C., Giménez, B., Lopez-Caballero, M. A., & Montero, M. P. (2011).
Functional and Bioactive Properties of Collagen and Gelatin from Alternative Sources:
A review. Food hydrocolloids, 25(8), 1813-1827.

Hwang, J. H., Mizuta, S., Yokoyama, Y., & Yoshinaka, R. (2007). Purification and
Characterization of Molecular Species of Collagen in the skin of Skate (Raja kenojei).
Food Chemistry, 100(3), 921-925.

Ikoma, T., Kobayashi, H., Tanaka, J., Walsh, D., & Mann, S. (2003). Physical Properties of Type
| Collagen Extracted from Fish Scales of Pagrus major and Oreochromis niloticas.
International Journal of Biological Macromolecules, 32(3-5), 199-204.

Jeevithan, E., Qingbo, Z., Bao, B.,, & Wu, W. (2013). Biomedical and Pharmaceutical
Application of Fish Collagen and Gelatin: A review. Journal of Nutritional
Therapeutics, 2, 218-227.

Jongjareonrak, A., Benjakul, S., Visessanguan, W., & Tanaka, M. (2006). Skin Gelatin from
Bigeye Snapper and Brownstripe Red Snapper: Chemical Compositions and Effect of
Microbial Transglutaminase on Gel Properties. Food Hydrocolloids, 20(8), 1216-1222.

Joseph, M. H., & Marsden, C. A. (1986). Amino Acids and Small Peptides. HPLC of Small
Peptides. IRL Press, Oxford, 13-27.

Kittiphattanabawon, P., Benjakul, S., Visessanguan, W., Kishimura, H., & Shahidi, F. (2010).
Isolation and Characterisation of Collagen from the skin of Brownbanded Bamboo
Shark (Chiloscyllium punctatum). Food Chemistry, 119(4), 1519-1526.

Kosker, A.R., Ozogul, F., Durmus, M., Ucar, Y., Ayas, D., Regenstein, J.M., Ozogul, Y. (2016).
Tetrodotoxin Levels in Pufferfish (Lagocephalus Sceleratus) Caught in Thenortheastern
Mediterranean Sea. Food Chemistry. 210, 332e337.

Kosker, A. R., Ozogul, F., Ayas, D., Durmus, M., Ucar, Y., Regenstein, J. M., & Ozogul, Y.
(2019). Tetrodotoxin Levels of Three Pufferfish Species (Lagocephalus sp.) Caught in
the North-Eastern Mediterranean Sea. Chemosphere, 219, 95-99.

Laemmli, U. K. (1970). SDS-page Laemmli method. Nature, 227, 680-5.

Li, Z. R., Wang, B., Chi, C. F., Zhang, Q. H., Gong, Y. D., & Tang, J. J. (2013). Isolation and
Characterization of Acid Soluble Collagens and Pepsin Soluble Collagens from The
Skin and Bone of Spanish Mackerel (Scomberomorous niphonius). Food Hydrocolloids,
31(1), 103e113.



Natural and Engineering Sciences 314

Muyonga, J. H., Cole, C. G. B., & Duodu, K. G. (2004). Characterisation of Acid Soluble
Collagen from Skins of Young and Adult Nile Perch (Lates niloticus). Food Chemistry,
85(1), 81-89.

Nagai, T. (2004). Characterization of Collagen from Japanese Sea Bass Caudal Fin as Waste
Material. European Food Research and Technology, 218(5), 424-427.

Nagai, T., & Suzuki, N. (2000). Isolation of Collagen from Fish Waste Material Skin, Bone and
Fins. Food chemistry, 68(3), 277-281.

Nagai, T., Suzuki, N., & Nagashima, T. (2008). Collagen from Common Minke Whale
(Balaenoptera acutorostrata) Unesu. Food chemistry, 111(2), 296-301.

Nagai, T., Yamashita, E., Taniguchi, K., Kanamori, N., & Suzuki, N. (2001). Isolation and
Characterisation of Collagen from the Outer Skin Waste Material of Cuttlefish (Sepia
lycidas). Food Chemistry, 72(4), 425-429.

Ogawa, H., Ueda, T., Aoyama, T., Aronheim, A., Nagata, S., & Fukunaga, R. (2003). A
SWI2/SNF2- type ATPase/helicase Protein, mDomino, Ineracts with Myeloid Zinc
Finger protein 2A (MZF- 2A) to Regulate Its Transcriptional Activity. Genes to Cells,
8(4), 325-339.

Pallant, J., & Manual, S. S. (2010). A Step by Step Guide to Data Analysis Using SPSS.
Berkshire UK: McGraw-Hill Education.

Rodrguez, P., Alfonso, A., Otero, P., Katikou, P., Georgantelis, D., & Botana, L. M.(2012).
Liquid Chromatographymass Spectrometry Method to Detecttetrodotoxin and Its
Analogues in the Puffer Fish Lagocephalus sceleratus (Gmelin, 1789) from European
Waters. Food Chemistry, 132(2), 11031111.

Sadowska, M., Kotodziejska, 1., & Niecikowska, C. (2003). Isolation of Collagen from the Skins
of Baltic Cod (Gadus morhua). Food Chemistry, 81(2), 257-262.

Saito, M., Takenouchi, Y., Kunisaki, N., & Kimura, S. (2001). Complete Primary Structure of
Rainbow Trout Type | Collagen Consisting of al(l) a2(l )a3(l) Heterotrimers. European
Journal of Biochemistry, 268, 2817e2827.

Schmidt, M. M., Dornelles, R. C. P., Mello, R. O., Kubota, E. H., Mazutti, M. A., Kempka, A. P.,
& Demiate, 1. M. (2016). Collagen Extraction Process. International Food Research
Journal, 23(3).

Senaratne, L. S., Park, P. J., & Kim, S. K. (2006). Isolation and Characterization of Collagen
from brown backed toadfish (Lagocephalus gloveri) skin. Bioresource technology,
97(2), 191-197.

Silva, M., Azevedo, J., Rodriguez, P., Alfonso, A., Botana, L. M., & Vasconcelos, V.(2012).
New Gastropod Vectors and Tetrodotoxin Potential Expansion Intemperate Waters of
the Atlantic Ocean. Marine Drugs, 10(4), 712726



Natural and Engineering Sciences 315

Steel, R. G. D., & Torrie, J. H. (1980). Duncan's New Multiple Range Test. Principles And
Procedures Of Statistics, 187-188.

Tang, L., Chen, S., Su, W., Weng, W., Osako, K., & Tanaka, M. (2015). Physicochemical
Properties and Film-Forming Ability of Fish Skin Collagen Extracted from Different
Freshwater Species. Process Biochemistry, 50(1), 148-155.

Turan, C., Giirlek, M., Ergiiden, D., Uyan, A., Karan, S., & Dogdu, S. A. (2017). Assessing DNA
Barcodes for Identification of Pufferfish Species (Tetraodontidae) in Turkish Marine
Waters. Natural and Engineering Sciences, 2(3), 55-66.

Wang, L., An, X., Xin, Z., Zhao, L., & Hu, Q. (2007). Isolation and Characterization of Collagen
from the Skin of Deep- Sea Redfish (Sebastes mentella). Journal of Food Science,
72(8), E450-E455.

Zhang, Y., Liu, W., Li, G., Shi, B., Miao, Y., & Wu, X. (2007). Isolation and Partial
Characterization of Pepsin-Soluble Collagen from The Skin of Grass Carp
(Ctenopharyngodon idella). Food Chemistry, 103(3), 906-912.


https://www.researchgate.net/publication/338007811

