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1. Introduction 
 
Due to its biocompatibility, biodegradability, film-forming ability, water-binding capacity, and functional 
behaviour in gel, emulsion, and foam systems, collagen is widely used in food, nutraceutical, cosmetic, 
pharmaceutical, and biomedical applications (Coppola et al., 2020; Gaikwad & Kim, 2024). Nowadays, 
however, conventional bovine and porcine collagen sources are increasingly challenged by concerns related 

ABSTRACT 

The present work investigated the effect of acetic acid concentration on the yield and 
physicochemical properties of acid-soluble collagen extracted from red tilapia skin. 
Treated fish skin was extracted using three acetic acid concentrations, namely 0.1 M, 
0.5 M and 0.9 M, followed by evaluation of collagen yield, hydroxyproline content, 
moisture, protein, ash, pH, colour and relative viscosity. Collagen extracted using 0.5 
M acetic acid produced the highest yield, with values of 5.88 ± 0.87%, 12.42 ± 1.84% 
and 12.81 ± 1.91% on wet, dry and protein bases, respectively. The same treatment 
also showed the highest hydroxyproline content (55.59 ± 0.11 mg/g) and protein 
content (88.73 ± 2.14%), indicating better collagen purity. Moisture content remained 
low across all treatments, while ash content increased significantly (p<0.05) with acid 
concentration. The pH decreased from 4.37 to 3.68 as acetic acid concentration 
increased, reflecting greater residual acidity. Colour analysis showed that 0.1 M 
produced the lightest collagen powder, whereas 0.5 M provided better compositional 
quality. Relative viscosity declined with increasing temperature in all samples, but 0.5 
M collagen consistently showed the highest viscosity, suggesting better molecular 
integrity and thermal-related functional stability. Overall, 0.5 M acetic acid was the 
most suitable concentration for extracting acid-soluble collagen from red tilapia skin. 
Further studies should evaluate the structural, functional, and application-related 
properties of the purified collagen to establish its suitability for food, nutraceutical, 
cosmetic, and biomaterial applications. 
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to disease transmission, religious restrictions, consumer acceptability, and sustainability. Hence, waste 
valorisation and circular use of aquaculture resources can be achieved through fish-processing by-products 
such as skin, scales, bones and fins as valuable sources of collagen. 

Tilapia is widely farmed and commercially processed, particularly for fillet production, with fillets 
accounting for only about 30–33% of the whole fish and approximately 60–70% remaining as processing 
by-products, including skin, scales, heads, frames and viscera (Peñarubia et al., 2023). Therefore, red 
tilapia skin represents a potentially abundant industrial by-product that can be valorised as a raw material 
for collagen recovery and other value-added applications. Tilapia-derived collagen has been demonstrated 
to be type I collagen and to have potential functional properties for food, biomedical, and biomaterial 
applications (Song et al., 2021; Huang et al., 2024). In this regard, tilapia by-products, such as skin and 
scale, have also been found to be acceptable collagen sources (Menezes et al., 2020; Kittiphattanabawon 
et al., 2019). Acid-soluble collagen extraction remains one of the most practical and widely used methods. 
Appropriate control of the extraction conditions can maintain the triple-helical structure of the collagen, 
whereas weak organic acids, such as acetic acid, could swell the tissue and solubilise the collagen (Liu et 
al., 2015; Mohamad Razali et al., 2023). In addition, recent research highlights the sensitivity of collagen 
recovery and quality to extraction conditions, including acid type, acid concentration, extraction time, 
temperature, and the purification process (Gaikwad & Kim, 2024; Hasanuddin et al., 2024). 

Although there has been a surge in fish collagen research, few studies have focused on the effects 
of increasing acetic acid concentration on both collagen yield and basic physicochemical characteristics. 
This is important as insufficient acid strength can limit collagen solubilisation, while higher acid strength 
can disrupt the molecules, reduce collagen purity and alter functional properties such as viscosity and colour 
(Hadfi & Sarbon, 2019; Carattri et al., 2025). The purpose of this research was thus to determine the effect 
of various concentrations of acetic acid on the yield and physicochemical properties of acid-soluble collagen 
extracted from red tilapia skin and to find the optimum concentration that could provide not only optimal 
collagen recovery but also high-quality collagen. 

 
 

2. Materials and Methods 
 
2.1 Materials 
 

The fish used were red tilapia (500-600 g), obtained from the hatchery centre of Universiti Malaysia Sabah 
(UMS). On arrival at the laboratory, all the fish were washed thoroughly to remove dirt, blood, and other 
impurities. The skin was then carefully removed from the fish using a knife. The skin was then cut into 
small pieces (about 0.5 × 0.5 cm) for further processing. The prepared skin samples were then kept in 
clean containers in a chest freezer at −20 °C for one week before the collagen extraction process was 
started. All the chemicals used were of analytical grade. 
 
2.2 Collagen Extraction 
 
Fish skin was washed with tap water to thaw and remove foreign material. Afterward, the skin was 
homogenized in 0.1 M NaOH at a 1:10 ratio to remove non-protein substances. The mixture was stirred for 
6 hours, and the alkali solution was replaced every 2 hours. Following this, the fish skin was washed with 
tap water until a neutral pH was obtained. Then the skin was soaked and stirred in 1:10 butyl alcohol for 
18 hours to remove fat from the skin. Three cycles of exchange of the butyl alcohol solution were performed 
every 6 hours. During extraction, the homogenized fish skin was treated with acetic acid at concentrations 
of 0.1 M, 0.5 M, and 0.9 M. The mixture was centrifuged for 30 minutes at 20,000 × g. Collagen was then 
salted out with 0.8 M sodium chloride. The precipitate was dissolved in 0.5 M acetic acid at a 1:10 ratio 
and then dialyzed against acetic acid and distilled water. Lastly, the collagen precipitate was frozen prior 
to drying in a freeze-dryer (Model 701221010, Labconco Corporation, Kansas City, MO, USA) to obtain 
collagen powder (Jamilah et al., 2013). 
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2.3 Yield of Collagen 
 
The yield of collagen (%) extracted from red tilapia skin was determined using the method described by 
Jamilah et al. (2013). 
 

  (i) 𝑌𝑖𝑒𝑙𝑑 (𝑤𝑒𝑡 𝑤𝑡 𝑏𝑎𝑠𝑖𝑠) =
𝐷𝑟𝑦 𝑤𝑡 𝑜𝑓 𝑐𝑜𝑙𝑙𝑎𝑔𝑒𝑛 

𝑊𝑒𝑡 𝑤𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑠𝑘𝑖𝑛 
𝑥 100%                                  (1) 

 

  (ii) 𝑌𝑖𝑒𝑙𝑑 (𝑑𝑟𝑦 𝑤𝑡 𝑏𝑎𝑠𝑖𝑠) =
𝐷𝑟𝑦 𝑤𝑡 𝑜𝑓 𝑐𝑜𝑙𝑙𝑎𝑔𝑒𝑛 

𝑊𝑒𝑡 𝑤𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑠𝑘𝑖𝑛−𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
𝑥 100%            (2) 

 

  (iii) 𝑌𝑖𝑒𝑙𝑑 (𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑏𝑎𝑠𝑖𝑠) =
𝐷𝑟𝑦 𝑤𝑡 𝑜𝑓 𝑐𝑜𝑙𝑙𝑎𝑔𝑒𝑛 

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑠𝑘𝑖𝑛
𝑥 100%   (3) 

 
2.4 Hydroxyproline Content 
 
Hydroxyproline content of the collagen samples was determined according to Kolar (1990) with slight 
modifications. Hydroxyproline standard was obtained from Merck (Darmstadt, Germany). An amount of 60 
mg hydroxyproline was dissolved in distilled water in a 100 mL volumetric flask to obtain a stock solution. 
A solution of hydroxyproline (6 μg/mL) was prepared by placing 1 mL of the stock hydroxyproline solution 
in a 100 mL volumetric flask and filling it with 99 mL of distilled water. Working standard solutions (0.6, 
1.2, 1.8, 2.4, 3.6, and 4.8 µg/mL) were prepared. The hydrolytic digest of the collagen sample (0.1 g) was 
prepared by treating it with 0.75 mL of sulphuric acid (3.5 M) for 16 h at 105˚C. The sample solutions were 
then diluted with 11.5 mL of water. Each sample and standard solution (2 mL) was treated with 1.0 mL of 
Chloramine-T solution and allowed to stand for 20 minutes at room temperature. Then, 4-
dimethylaminobenzaldehyde solution (1 mL) was added and heated at 60 °C for 15 min. A hydroxyproline 
standard curve was used to measure collagen extract at 558 nm after a 5-min incubation in iced water to 
stop the reaction. 
 
2.6 Moisture, Protein and Ash Content 
 
Moisture, crude protein (N × 5.55) and ash content of the samples (red tilapia skin and collagen) were 
determined according to AOAC Official Method 935.46 (AOAC, 2001). 
 
2.7 Determination of pH 
 
The pH value of the extracted collagen was measured using British Standard Method BS 757 (British 
Standard Institute, 1975). A 1.0% (w/v) collagen solution was prepared using distilled water and allowed 
to reach room temperature (about 25 °C). The pH was then measured using a glass electrode pH meter 
(Toledo 320 pH meter, Mettler-Toledo Instrument, Greifensee, Switzerland) after calibration with pH 4.0 
and 7.0 buffer solutions. All measurements were performed in triplicate. 
 
2.8 Determination of Colour 
 
Colour determination of the collagen sample was carried out using a ColorFlex colourimeter (HunterLab, 
USA). The black and white standard tiles were used to verify the accuracy of the readings. Prior to 
introducing the sample into the sample cup, the sample cup was cleaned with fibreless Kimwipes tissue. 
This cup was then placed on the sensor and covered. The colour values were measured as lightness (L*), 
redness (a*) and yellowness (b*). All measurements were performed in triplicate. 
 
2.9 Determination of Viscosity 
 
The viscosity of collagen was determined based on the method described by Kittiphattanabawon et al. 
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(2005). Five hundred milliliters of 0.03% collagen in 0.1 M acetic acid were subjected to viscosity 
measurement using a Brookfield Synchrolectric viscometer (Model DV II+, Brookfield Engineering Labs Inc., 
Stoughton, MA, USA). This measurement was made on spindle No. 1 with a spindle speed of 100 rpm. The 
collagen solution was heated from 4 °C to 50 °C with a heating rate of 4 °C per minute; at each set 
temperature the solution was held for 30 minutes before measuring the viscosity. Each measurement was 
performed in triplicate. The viscosity value was determined by dividing the viscosity value by the one 
measured at 4 °C. 
 
2.10 Statistical Analysis 
 
All analyses were performed in triplicate. The data were expressed as mean ± standard deviation. All data 
collected were analysed using Analysis of Variance (ANOVA) and Tukey's Comparison Test. The significance 
level among the means (p< 0.05) was evaluated. The analysis was performed using the IBM Statistical 
Package for the Social Sciences (SPSS) version 2.0 (SPSS, Inc., Chicago, IL, USA). 
 

3. Results and Discussion 
 
3.1 Moisture, Protein and Ash Content of Red Tilapia Skin 
 
The chemical composition of red tilapia skin revealed a moisture content of 76.33 ± 1.00%, an ash content 
of 0.55 ± 0.01%, and a protein content of 22.93 ± 0.35%. The moisture content was relatively high 
compared with the 62.73% reported for tilapia skin by Liao et al. (2018) and 68.5% reported for barramundi 
skin by Jamilah et al. (2013). Nevertheless, it remained comparable to that reported for tilapia skin, which 
range from approximately 50-70% in most studies and may reach about 76.5% depending on fish age, 
rearing conditions and source (Gallo et al., 2023). The ash content of 0.55% was considerably lower than 
the 2.95% reported for barramundi skin (Jamilah et al., 2013) and was within the range reported for tilapia 
skin (0.12-0.70%) (Gallo et al., 2023). The relatively low ash content indicates a low proportion of mineral 
matter in the skin, which is favourable for its subsequent use as a collagen extraction material. Although 
the protein content differed from that previously reported for barramundi skin (63.3 ± 1.8%) (Jamilah et 
al., 2013), it remained within the approximately 21-34% range reported for collagen-rich fresh fish skins, 
supporting its suitability as a raw material for collagen recovery and value-added applications (Liao et al., 
2018; Tan & Chang, 2018). 
 
3.2 Yield of Collagen 
 
The collagen from red tilapia skin obtained using different acetic acid concentrations is depicted in Figure 
1. It was found that the concentration of acetic acid used affected the collagen yield, with the highest 
recovery obtained at 0.5 M acetic acid (Table 1). On a wet-weight basis, the yield increased from 4.43 ± 
2.27% at 0.1 M to 5.88 ± 0.87% at 0.5 M, then decreased to 5.01 ± 0.48% at 0.9 M. The yield was similar 
to that of purple-spotted bigeye snapper skin acid-soluble collagen (3.19% w/w) but lower than that of 
southern catfish skin collagen (8.00 to 8.66% w/w) (Oslan et al., 2022; Zhang et al., 2024). The present 
dry weight yield was found to be between 9.36 ± 4.79% and 12.42 ± 1.84% (dry weight basis), lower than 
that of southern catfish skin collagen reported by Zhang et al. (2024) and Nile tilapia skin collagen reported 
by Zheng et al. (2024). 

The 0.1 M acid used to swell the skin matrix may not have been strong enough to disrupt the non-
covalent interactions holding collagen within the tissue, leading to incomplete collagen solubilisation (Kiew 
& Mat, 2013). Increasing the concentration to 0.5 M significantly improved collagen recovery, indicating a 
more favourable balance between tissue swelling, collagen solubilisation and preservation of the collagen 
structure. Moderate acetic acid conditions have similarly been reported to support effective collagen 
extraction while maintaining its physicochemical quality (Carattri et al., 2025; Hasanuddin et al., 2024). 
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However, further increasing the concentration to 0.9 M reduced collagen recovery, possibly due to excessive 
acid-induced swelling, partial disruption of collagen molecules, or loss of soluble collagen fractions during 
subsequent purification. A similar concentration-dependent effect has been reported for silver catfish 
(Pangasius sp.) skin collagen, where 0.5 M acetic acid provided favourable physicochemical and viscosity 
characteristics compared with higher acid concentrations (Hadfi & Sarbon, 2019). Therefore, among the 
concentrations evaluated in the present study (0.1–0.9 M), 0.5 M was the optimum acetic acid concentration 
for red tilapia skin collagen extraction. The increase in recovery from 0.1 to 0.5 M, followed by a decline at 
0.9 M, indicates that the experimental range encompassed the optimum region, although further evaluation 
at narrower concentration intervals around 0.5 M is needed to define the precise optimum concentration. 
 

Figure 1.  Collagen extracted from red tilapia skin using (a) 0.1 M acetic acid, (b) 0.5 M acetic acid, 
and (c) 0.9 M acetic acid 

 
Table 1. The yield of collagen extracted from red tilapia skin using different acetic acid concentrations 

 

Yield (%) Acid Concentration 

0.1 M 0.5 M 0.9 M 

Wet basis 4.43 ± 2.27a 5.88 ± 0.87c 5.01 ± 0.48b 

Dry basis 9.36 ± 4.79a 12.42 ±1.84c 10.58 ± 1.01b 

Protein basis 9.07 ± 5.79a 12.81 ±1.91c 10.90 ± 1.04b 

  a,b,c Data are given as means ± SD. Means with different superscript letters in  

  the same column are significantly different (P < 0.05). 

 
3.3 Hydroxyproline Content 
 
Acetic acid concentration significantly affected hydroxyproline content (Table 2). The highest 
hydroxyproline content was recorded in collagen extracted using 0.5 M acetic acid (55.59 ± 0.11 mg/g), 
followed by 0.9 M (38.50 ± 0.33 mg/g) and 0.1 M (27.60 ± 0.56 mg/g). Considering that hydroxyproline is 
one of the indices of collagen, with a quantitative value strongly correlated with collagen after hydrolysis 
(Melo et al., 2023), this suggests that 0.5 M acetic acid was the most effective concentration for determining 
the medium of tilapia skin to recover the collagen-rich material. The hydroxyproline content provides a 
more robust estimate of the purity of collagen because hydroxyproline is a typical amino acid of collagen 
molecules, whilst collagen yield is primarily an expression of the amount of recovered material. The highest 
hydroxyproline values at 0.5 M acetic acid indicate that it produced the most collagen-rich extract, with the 
least non-collagen proteins or other impurities. Possibly, the lower hydroxyproline content at 0.1 M resulted 
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from incomplete collagen solubilisation because the lower acid concentration provided insufficient 
protonation to effectively disrupt ionic and hydrogen-bonding interactions within the skin matrix, thereby 
limiting tissue swelling and collagen release (Liu et al., 2015). However, the reduction at 0.9 M indicates 
that a higher acid concentration did not improve collagen purity and may have caused some degradation 
or loss of collagen fragments during extraction and purification. In addition, the hydroxyproline content of 
the present 0.5 M sample was found to be higher compared to the previously reported acid-soluble collagen 
(ASC) from salmon skin, which contained 48.28 and 49.15 mg/g (d.w.) for conventional ASC and 
ultrasound-defatted ASC (Nilsuwan et al., 2022a). It was, however, lower than some highly purified fish 
collagens, for example, needlefish skin collagen (79.07-81.69 mg/g) (Ramle et al., 2022) and unicornfish 
bone collagen (80.17-81.41 mg/g depending on the type of acid used) (Fatiroi et al., 2023). 
 

Table 2. The yield of collagen extracted from red tilapia skin using different acetic acid concentrations 
 

Physicochemical 
Properties 

Acid Concentration 

0.1 M 0.5 M 0.9 M 

Hydroxyproline 
content (mg/g) 27.60 ± 0.56a 55.59 ± 0.11c 38.50 ± 0.33b 

Moisture content (%) 7.99 ± 0.22a 7.32 ± 0.18a 7.22 ± 0.85a 

Protein content (%) 77.60 ± 1.79b 88.73 ± 2.14c 65.48 ± 0.66a 

Ash content (%) 0.23 ± 0.10a 0.28 ± 0.01b 0.32 ± 0.21c 

pH 4.37 ± 0.44c 3.94 ± 0.10b 3.68 ± 0.12a 

Hunter colour value    

L* 80.11 ± 1.49b 71.71 ± 6.17a 72.11 ± 1.47a 

a* -0.07 ± 0.03a -0.25 ± 0.08b -0.08 ± 0.06a 

b* 0.11 ± 0.05b 0.52 ± 0.28c -0.22 ± 0.09a 

  a,b,c Data are given as means ± SD. Means with different superscript letters in  

  the same column are significantly different (P < 0.05). 

 
3.4 Moisture, Protein and Ash Content of Collagen 
 
As for the moisture content of the extracted collagen, it was found to be between 7.22 ± 0.85% and 7.99 
± 0.22%, not showing any significant difference among the three acetic acid concentrations. The relatively 
low moisture content is desirable as lower moisture generally means better powder stability, reduced 
susceptibility to microbiological spoilage and longer storage keeping quality. This slight reduction from 0.1 
M to 0.9 M could be due to the greater efficiency of removing loosely bound water during extraction and 
drying. These values are similar to those of the materials from a collagenous fish, like tuna tendon collagen, 
reported to contain approximately 7-8% moisture (Chanmangkang et al., 2024). Protein content showed a 
clear significant difference among treatments, with the highest value recorded at 0.5 M acetic acid (88.73 
± 2.14%), followed by 0.1 M (77.60 ± 1.79%) and 0.9 M (65.48 ± 0.66%). This is important since protein 
quantity, together with hydroxyproline content, is an indication of the compositional quality of the collagen 
extract. This value is higher than the one observed for Nile tilapia skin collagen obtained in an acid 
extraction medium (68.73-80.58%) (Costa et al., 2024). However, it was lower than the acid-soluble 
collagen protein content (97.80%) reported for salmon skin by Nilsuwan et al. (2022b), suggesting that the 
present extract may contain a very low amount of other non-collagen components or may benefit from 
further purification. A recent study on lumpfish collagen-rich hydrolysates also indicated that protein content 
can vary significantly depending on pretreatment, ranging from 72.18-81.19% in non-pretreated to 96.18-
99.26% in chemically treated samples (Scheja et al., 2024). The higher amount of protein at 0.5 M acetic 
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acid indicated superior collagen purity among the samples, whereas the lower amount of protein at 0.9 M 
acetic acid may be due to excessive acid exposure, partial degradation of protein, and loss of the soluble 
protein fraction during washing and/or recovery process. 

Ash content increased significantly with acetic acid concentration, from 0.23 ± 0.10% at 0.1 M to 
0.28 ± 0.01% at 0.5 M and 0.32 ± 0.21% at 0.9 M, but the overall values remained very low. This implies 
that the collagen was extracted with minimal inorganic residues, corresponding to high removal of minerals 
and salts during washing or purification. The obtained values also showed a lower result than collagen 
isolated from salmon skin (0.75%) and Nile tilapia skin (1.16-1.82%) acid-soluble extract respectively, 
which validates the lower amount of mineral impurity present in the current samples (Nilsuwan et al., 
2022b; Costa et al., 2024). The increase in ash at 0.9 M may result from increased mineral matrix release 
from the skin matrix, as the difference is slight. 
 
3.4 pH 
 
The pH decreased significantly as acetic acid concentration increased, from 4.37 ± 0.44 at 0.1 M to 3.94 ± 
0.10 at 0.5 M and 3.68 ± 0.12 at 0.9 M. This does not necessarily reflect greater purity in the collagen; 
rather, it suggests that stronger acid treatment left an increased amount of residual acidity in the collagen 
matrix after extraction and drying. The current pH levels are lower than the pH of Nile tilapia collagen 
produced by acid extraction (5.52 to 6.85) reported by Costa et al. (2024), which suggests that variations 
in washing, dialysis, neutralisation or acid retention could have a high impact on the final pH of the collagen 
powder. The lowest pH observed at 0.9 M coincided with the lowest protein and hydroxyproline contents, 
suggesting that the higher acid concentration may have promoted excessive swelling or partial disruption 
of collagen molecules, resulting in loss of soluble collagen fractions during extraction and purification. 
 
3.5 Colour properties 
 
The colour results showed that the L* values of the samples differed significantly among treatments, 
wherein the 0.1 M acetic acid sample showed the highest L* value (L* = 80.11 ± 1.49), indicating the 
lightest collagen powder, while the 0.5 M (L* = 71.71 ± 6.17) and 0.9 M (L* = 72.11 ± 1.47) samples 
were darker. This indicates that intense acid treatment might have facilitated the release or retention of 
pigment-related compounds, oxidised residues, or other non-collagenous components, rather than colour 
being directly translated as an indication of the purity of collagen. The L* value of 0.1 M was similar to that 
of barracuda skin collagen (L* = 78.54) extracted with acetic acid (Matarsim et al., 2023), while the value 
for salmon skin acid-soluble collagen is reported to be higher at L* = 85.53-85.37 (Nilsuwan et al., 2022b). 
In the present study, the a* values were near zero and slightly negative, revealing a low red-green colour 
contribution, while the low values of b* refer to a weak yellowness-blueness, which was favourable because 
brighter collagen exhibiting lower colour contribution is generally preferable in the development of food, 
pharmaceutical and biomedical products (Matarsim et al., 2023). Generally, the 0.1 M sample had the 
highest visual brightness, but the 0.5 M sample presented the best compositional properties in terms of 
hydroxyproline and protein concentration, indicating that colour and collagen purity did not follow the same 
trend. 
 
3.6 Viscosity 
 
All collagen samples showed a decrease in relative viscosity as temperature increased from 10 to 60 °C, 
indicating the temperature-sensitive property of red tilapia skin collagen. The collagen extracted using 0.5 
M acetic acid exhibited the highest relative viscosity within the whole temperature range, with a value close 
to 100% at 10 to 20 °C and decreased to around 36% at 60 °C. The 0.1 M sample exhibited an intermediate 
profile and the 0.9 M sample had the lowest viscosity, particularly above 30 °C. This trend indicates that 
0.5 M acetic acid produced collagen with the best molecular integrity and highest intermolecular interaction, 
as reflected in the hydroxyproline and protein contents for the same treatment. The lower viscosity at 0.1 
M might be attributed to incomplete collagen solubilisation, while 0.9 M might have caused excessive acid-



Mohd Razali et al. 

International Journal of Food, September 2026, Volume 3, Issue 2: 25-35  

   

 

induced disruption, partial chain depolymerisation, or weakening of the collagen fibre structure (Kiew & 
Mat, 2013; Hadfi & Sarbon, 2019). Thus, viscosity confirms the earlier compositional observations; 0.5 M 
acetic acid yielded not only more collagen-rich material, but also more stable collagen in terms of 
functionality. 

The lower viscosity values at higher temperatures are consistent as heating the sample will increase 
the mobility of the molecules and the weakening of hydrogen bonding and intermolecular interactions 
involved in the stabilisation of the collagen triple helix. The more pronounced reduction at higher 
temperatures (~30 °C) is also significant, as it could represent the onset of a collagen structural transition 
or partial denaturation. This aligns with the findings of Zheng et al. (2024) on the denaturation temperature 
of collagen from Nile tilapia, a warm-water fish, of 31.31 °C, which exhibited more stable rheological 
behaviour than cold-water chum salmon collagen, owing to both higher molecular weight (HMW) and imino 
acid (IMA) content. Farooq et al. (2024) also mentioned that the thermal stability of fish collagen is closely 
related to the content of proline and hydroxyproline; generally warm-water fish collagen is more thermally 
stable than cold-water fish collagen. The current trend is also in line with Hadfi & Sarbon (2019), who found 
that the relative viscosity of silver catfish skin collagen prepared in 0.5 M acetic acid showed greater value 
under mild conditions than at higher acid concentrations, and that the value of relative viscosity decreased 
with increased temperature. The viscosity profile reveals that it is not necessarily the highest acid 
concentration which is most suitable for enhancing collagen functionality; 0.5 M acid extraction is able to 
preserve the structure of collagen chains, intermolecular association and heat-dependent viscosity 
behaviour. 

 
Figure 2.  Collagen extracted from red tilapia skin using (a) 0.1 M acetic acid, (b) 0.5 M acetic acid, 

and (c) 0.9 M acetic acid 
 
 

4. Conclusion 

 

It is shown that the acetic acid concentration is an important variable in the recovery, composition and 
functional behaviour of the acid-soluble collagen extract from red tilapia skin obtained in this study. Of the 
concentrations investigated, 0.5 M acetic acid overall presented the best conditions with the highest 
collagen yield, hydroxyproline content, protein content and relative viscosity, indicating better recovery, 
purity and molecular stability of collagen. On the other hand, 0.1 M acetic acid seemed not enough to 
completely dissolve collagen from the skin matrix, and 0.9 M acetic acid did not improve the extraction but 
may have caused excessive acid exposure, resulting in decreased protein, hydroxyproline content and 
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viscosity. The results suggest that 0.5 M acetic acid is a suitable concentration for red tilapia skin collagen 
extraction; however, only limited physicochemical properties were evaluated in this preliminary study. 
Further studies are required to structurally characterise the collagen using SDS-PAGE, FTIR, amino acid 
profiling, and thermal analysis, and also to analyse the purified collagen's suitability in terms of solubility, 
functional properties, purification efficiency, colour improvement and application-based testing to better 
determine its suitability for food, nutraceutical, cosmetic or biomaterial development. 
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