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INTRODUCTION 

The Nile tilapia (Oreochromis niloticus) is a species of 

tilapia that is abundant in the northern half of Africa and 

can be found prominently in the Nile River.1 In Thailand, 

various subspecies of tilapia are farmed including black 

tilapia, Mozambique tilapia, red tilapia, and pink tilapia. 

Tilapia, among other fish species, is one of the most 

important fish farmed for economic purposes in Thailand. 

Since its introduction to the country in the 1960’s, the 

demand for tilapia farming has remained robust and 

highly competitive in the supply chain, making Thailand 

amongst the world’s top producers. According to 

Thailand Department of Fisheries, in 2017, the country 

produced 176,463 tons of tilapia from its various 

aquaculture sectors and 7,975.4 tons of tilapia and tilapia 

by-products ranging from frozen fillets to processed 

tilapia parts were exported worth more than 598.5 million 

baht. However, the mass exportation causes waste from 

fish skins, scales, fins, and fishbones.2 

The sustainable supply of tilapia (Oreochromis spp.) can 

be exploited to reconsider the fish species as a huge 

potential as raw material for other useful by-products. In 

the recent years, tissue samples from tilapia have been 

used as innovative treatment for burns. The first medical 

use of Nile tilapia skin as a xenograft was first 
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documented in Brazil. In 2017, scientists at the Federal 

University of Ceara have found that that tilapia skin 

possesses moisture, collagen, and antibacterial 

characteristics similar to those of human skin, and could 

be beneficial for healing purposes.3 

The sustainable supply of tilapia stocks for supply chains 

in the country often overlook the huge amount of 

biowastes from tilapia processing companies. The 

researchers believed that this biowastes, though perceived 

as potential health and environment hazards can be 

processed and turned into lucrative products such as 

xenograft, which gains increasing acceptance to be one of 

the innovative treatments for burns. This prompted the 

researchers to explore this undertaking. The aims of this 

project are to characterize and quantify hydroxyproline 

(one of the major amino acids of COL-I) in Thai locally-

farmed tilapia skin in order to make a comparison with 

afore researched Nile tilapia skin. 

METHODS 

This experimental study was performed at Food Quality 

Assurance Service Center, Institute of Food Research and 

Product Development, Kasetsart University, Bangkok, 

Thailand from 15th to 30th of August 2022. Pink Tilapia 

and Chitralada I tilapia samples were selected according 

to the inclusion and exclusion criteria. The inclusion 

criteria included the age of the fish as fully matured ones 

ranging from 5 to 10 months old were picked for the 

research. The exclusion criteria included other subspecies 

of tilapia other than pink tilapia and Chitralada I tilapia 

and were not purely bred from a creditable local farm. 

Table 1: The properties of HPLC machine. 

Variables   

Column C18, 250 mm, ID 4.6 mm 

Detector FLD at Ex: 270, Em: 316 

Column temperature 30 °C 

Flow rate 0.7 ml/min 

Injection volume 20 µl 

Mobile phase 

Gradient monosodium 

phosphate: 

(methanol + acetonitrile + 

water) 

Run time 35 minutes 

The method of quantizing hydroxyproline was 

implemented from Hutson et al.4 First, 100 g of sample 

were measured. Second, 2 ml of 6 M hydrochloric acid 

were added to the sample. Third, the samples were heated 

with block heater at 110 °C for 24 hours. Fourth, the 

water level was adjusted by adding deionized water then 

the sample was injected into HPLC machine. Fifth, make 

the derivative by pipetting 1 ml of borate buffer into test 

tube and add 0.25 ml of 50% fluorenylmethyloxy-

carbonyl chloride then shake vigorously. Last, the sample 

was injected into the HPLC machine.  

The specification of the HPLC machine was HP 1260, 

Detector: Fluorescence Detector (FLD) from Agilent 

Technologies, Germany. The chemicals used were 

hydroxy L-proline 99% (from Sigma-Aldrich), 0.5% 

fluorenylmethyloxycarbonyl chloride, monosodium 

phosphate, 6 M hydrochloric acid, borate buffer, 

acetonitrile, and methanol. 

RESULTS 

The amount of hydroxyproline from the selected 

subspecies of fish are as follows, pink tilapia contains 

18.55 g/100g, Nile tilapia contains 10.28 g/100g, 

Chitralada I tilapia contains 9.01 g/100g respectively. 

 

Figure 1: The chromatograms obtained from HPLC 

machine. 

Table 2: The comparison of hydroxyproline amongst 

selected fish subspecies. 

Subspecies Hydroxyproline (g/100g) 

Pink tilapia 18.55 

Nile tilapia5* 10.28 

Chitralada I tilapia 9.01 

*Data obtained 

DISCUSSION 

Collagen is one of the major components that helps 
maintain the biological and structural integrity of the 
extracellular matrix.6 Among more than 27 types of 
collagen, type I collagen (COL-I) is found to be most 
abundant in human bone, skin, teeth, fibrocartilage, and 
tendon and has a prominent ability to form highly-
resistant fibrils.7 In order to compare the amount of COL-
I in the sample, hydroxyproline which is a major 
component of the protein collagen8 and composing 
approximately 13 to 14 percent of mammalian collagen is 
quantified.9 Xenografting has gained more popularity in 
the development of biomaterials which mostly contain 
collagen as their main constituent. Biomaterials have an 
important role in regenerative techniques like biological 
dressings used in burn therapy.10 According to the 
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research by Yamamoto et al, COL-I extracted from Nile 
tilapia skin is easier absorbed compared to bovine and 
porcine collagen, which is why Nile tilapia is often used 
in biomaterials and is a safe material with no following 
adverse skin reactions.11 Moreover, COL-I from Nile 
tilapia dominates porcine collagen in inducing human 
mesenchymal stem cell, crucial in skin rejuvenating.12 
But ultimately, the reason behind the suggestion of the 
tilapia skin as a potential xenograft for the burn injuries is 
because the tilapia skin contain more properties such as 
large amount of COL-I, and alike morphological and 
histological structure to the human skin.13 In addition, the 
tilapia skin promotes the healing of the patient’s skin 
without hematological and biochemical changes.14 
Likewise, it can enhance the synthesis of epidermal and 
fibroblast which help reduce the pain from burn wounds, 
patient cost, and human resource since there is no need of 
dressing changes.15 Hence, pink tilapia, Nile tilapia, and 
Chitralada I tilapia skin can be used as a potential 
xenograft substituting other costly and painful methods of 
treating burn wounds. 

CONCLUSION 

From the obtained Tilapia samples, the results showed 
that there is no significant difference in the amount of 
hydroxyproline amongst the three subspecies. Pink tilapia 
has the highest amount of hydroxyproline followed by 
Nile tilapia, and Chitralada I tilapia respectively. Pink 
tilapia has 8.27 g/100g higher yield of hydroxyproline 
compared to Nile tilapia. On the other hand, Nile tilapia 
has 1.27 g/100g higher yield of hydroxyproline compared 
to Chitralada I, whereas pink tilapia has 9.54 g/100g 
higher yield of hydroxyproline compared to Chitralada I 
tilapia.  

ACKNOWLEDGEMENTS 

We would like to express our thanks of gratitude to 
Assistant Professor Dr. Kathawut Sopalun for technical 
guidance and laboratory supervision. Special thanks to 
Mr. Bricor C. Briones for finalizing the paper. Lastly, we 
would like to thank our colleagues for helping us finish 
this research.  

Funding: No funding sources 
Conflict of interest: None declared 
Ethical approval: Not required  

REFERENCES 

1. Froese R, Walters C, Pauly D, Winker H, Weyl OL, 
Demirel N, et al. A critique of the balanced 
harvesting approach to fishing. ICES J Marine Sci. 
2015;73:1640-50.  

2. Lee TC, Mohd Pu'ad NAS, Alipal J, Muhamad MS, 
Basri H, Idris MI, et al. Tilapia wastes to valuable 
materials: A brief review of biomedical, wastewater 
treatment, and biofuel applications. Materials 
Today: Proceedings. 2022;57:1389-95.  

3. Whitaker P, Garcia P. Reuters: Brazilian doctors use 
fish skin to treat burn victims, 2017. Available at: 
https://www.reuters.com/article/cnews-us-health-
brazil-burns-idCAKBN18L1WH-OCATP. Accessed 
on 21 January 2023 

4. Hutson PR, Crawford ME, Sorkness RL. Liquid 
chromatographic determination of hydroxyproline in 
tissue samples. J Chromatography B. 2003;791:427-
30.  

5. Hu Z, Yang P, Zhou C, Li S, Hong P. Marine 
collagen peptides from the skin of Nile tilapia 
(Oreochromis niloticus): Characterization and 
Wound Healing Evaluation. Marine Drugs. 
2017;15:102.  

6. Cen L, Liu W, Cui L, Zhang W, Cao Y. Collagen 
Tissue Engineering: Development of novel 
biomaterials and applications. Pediatric Res. 
2008;63:492-6. 

7. Gómez-Guillén MC, Giménez B, López-Caballero 
ME, Montero MP. Functional and bioactive 
properties of collagen and gelatin from alternative 
sources: A Review. Food Hydrocolloids. 
2011;25:1813-27.     

8. Szpak P. Fish Bone Chemistry and ultrastructure: 
Implications for taphonomy and stable isotope 
analysis. Journal of Archaeological Science. 
2011;38:3358-72. 

9. Neuman RE, Logan MA. The determination of 
Hydroxyproline. Journal of Biological Chemistry. 
1950;184:299-306.   

10. Shpichka A, Butnaru D, Bezrukov EA, Sukhanov 
RB, Atala A, Burdukovskii V, et al. Skin tissue 
regeneration for burn injury. Stem Cell Res 
Therapy. 2019;10.  

11. Yamamoto K, Igawa K, Sugimoto K, Yoshizawa Y, 
Yanagiguchi K, Ikeda T, et al. Biological safety of 
fish (tilapia) collagen. BioMed Res Int. 
2014;2014:1-9. 

12. Matsumoto R, Uemura T, Xu Z, Yamaguchi I, 
Ikoma T, Tanaka J. Rapid oriented fibril formation 
of fish scale collagen facilitates early osteoblastic 
differentiation of human mesenchymal stem cells. J 
Biomed Materials Res Part A. 2014;103:2531-9. 

13. Alves AP, Lima Júnior EM, Piccolo NS, de Miranda 
MJ, Lima Verde ME, Ferreira Júnior AE, et al. 
Study of tensiometric properties, microbiological 
and collagen content in Nile tilapia skin submitted 
to different sterilization methods. Cell Tissue 
Banking. 2018;19:373-82. 

14. Lima Junior EM, Picollo NS, Miranda MJB, Ribeiro 
WLC, Alves APNN, Ferreira GE, et al. Uso da pele 
de tilápia (Oreochromis niloticus), como curativo 
biológico oclusivo, no tratamento de queimaduras. 
Rev Bras Queimaduras 2017;16:10-7. 

15. Chen J, Gao K, Liu S, Wang S, Elango J, Bao B, et 
al. Fish collagen surgical compress repairing 
characteristics on wound healing process in vivo. 
Marine Drugs. 2019;17:33. 

 

 

 

 

Cite this article as: Siriruck P, Pongpoon W. 
Comparative analysis of collagen-1 amongst locally-

farmed tilapia samples as potential xenograft for 

partial-thickness burns. Int J Sci Rep 2023;9(7):210-2. 


