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Abstract

The aims of this study are to isolate and characterize acid soluble collagen (ASC) and pepsin 
soluble collagen (PSC) extracted from silver catfish (Pangasius sp.) skin. Isolated ASC and 
PSC collagen were characterized in terms of chemical composition (moisture, protein, fat and 
ash content), protein concentration, functional group, solubility, and morphological properties 
as compared to commercial collagen. Yields of ASC and PSC were 4.27% and 2.27%, 
respectively. The chemical compositions of raw skin were 34.64%, 2.81%, 3.68%, and 0.31%, 
while the chemical compositions of ASC and PSC were 94.21%, 3.48%, 0.81%, 59.15%, and 
88.25%, 3.46%, 0.92%, and 29.24%, for moisture, protein, fat, and ash, respectively. ASC and 
PSC had protein concentrations of 2.27 mg/mL and 2.70 mg/mL, respectively. Functional group 
analysis revealed that both isolated collagens exhibited Amide A, II and III as a fingerprint for 
collagen structure.  The highest solubility was found at pH 4 for ASC, pH 1 for PSC, and pH 
5 for commercial collagen. The morphology of the isolated collagens was porous and they 
contained fibril. In conclusion, the characteristics of the isolated ASC and PSC from silver 
catfish (Pangasius sp.) skin indicate that value-added collagen can be produced from the 
alternative source of freshwater fish.

Introduction

Collagen is the most abundant protein in 
animal bodies. The word ‘collagen’ comes from the 
Greek word ‘kola’ for glue. Collagen constitutes 
approximately 30% of the total protein in animal 
bodies. Collagens are largely isolated from land-
based animals, typically bovine and porcine bone or 
skin (Jose et al., 2014). However, collagen can also 
be isolated from the skin, bone, scales, and fins of 
marine-origin animals.

The abundance of fish waste from fish processing 
industries is seen as an opportunity by the researcher 
to investigate alternative sources of collagen. Bone, 
skin, scales, and fins are solid wastes from fish (Sujithra 
et al., 2013). Solid waste is 50-70% of the original 
portion of raw materials, depending on processing. 
Hence, improper disposal and management of waste 
may lead to pollution and an offensive odour in the 
surrounding environment. The optimal utilization by 
transforming this waste into a source of collagen is 
a recommending method to increase its value and to 
minimise the cost of disposal. So far, most studies 
examining the minimization of fish waste have 
focused only on skin and bone. 

There are many studies conducted in extracting 
collagen from Coldwater fish (Wang et al., 2008; 

Kaewdang et al., 2014). However, few studies 
have been conducted on collagen extraction from 
freshwater fish in Malaysia. Pangasius sp., or fresh 
silver catfish, is among the most popular freshwater 
fish in Malaysia. It is also a fish which could lead 
to increased waste from the fishery industry. Silver 
catfish is a fast-growing fish which is widely cultured 
in ponds, floating cages, and pens (Normah et al., 
2014). The widespread availability of Pangasius 
sp. makes it a potential alternative source for the 
production of collagen and a replacement for 
mammalian collagen.

There are four isolation methods used to isolate 
collagen from animals, which are the salting-out, 
alkaline, acid, and enzyme methods (Yang and Shu, 
2014). The preferred methods among researchers are 
the acid and enzyme methods. Collagen extraction by 
acid method can be carried out using organic acids 
such as chloracetic, citric, or lactic acid (Skierka and 
Sadowska, 2007). To produce pepsin soluble collagen 
(PSC), undissolved matter obtained from acid soluble 
collagen (ASC) isolation is used (Wang et al., 2014). 
PSC is commonly applied in combination with 
0.5M of acetic acid (Wu et al., 2014; Kaewdang et 
al., 2014). Pepsin is a common enzyme as it is able 
to maintain a collagen structure by cleaving to the 
N-terminal of protein chain and non-helix peptide 
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chain (Nalinanon et al., 2008). However, the pepsin-
soluble method is very time consuming. 

The isolated collagens are further characterized 
in terms of chemical and physical characteristics 
to determine the properties of extracted collagen 
as compared to available commercial collagens. 
Chemical characteristics include protein 
concentration, moisture, ash, protein, and fat content. 
Meanwhile, physical characterizations include 
thermal stability (Wang et al., 2014), functional group 
(Matmaroh et al., 2011), viscoelasticity, solubility 
(Jeevithan et al., 2014) and morphological properties 
(Wang et al., 2014). Previous studies have found that 
ASC and PSC collagens from marine-origin sources 
show similarities with mammalian collagen (Yd et 
al., 2013).

Therefore, the objectives of this study were to 
isolate ASC and PSC from the skin of silver catfish 
(Pangasius sp.) and characterize their chemical and 
physical properties.

Materials and Methods

Materials 
Fresh silver catfish (Pangasius sp.) with average 

weight of 1.5 kg and size of 20 cm were purchased 
from a local supplier in Kuala Terengganu, Malaysia. 
Commercial collagen from tilapia scales was 
purchased from the Umathy Industries Sdn. Bhd. All 
other chemicals used were of analytical grade and 
purchased from Sigma Aldrich.

Methods

Sample preparation
The skins of the silver catfish were removed 

manually and thoroughly washed. All skins were 
packed in a polyethylene bag and stored at -20oC for 
further use. 

Removal of non-collagenous proteins
Samples were soaked in 0.1 M sodium hydroxide 

(NaOH) solution for 6 hours with a ratio of sample 
to solution of 1:8 (w/v). The NaOH solution was 
changed every 3 hours. The samples were then 
thoroughly washed with cold distilled water until the 
rinse water become neutral (pH, 7) (Minh Thuy et 
al., 2014).

Defatting
The skins were then soaked in 20 volumes of 

10% butyl alcohol with a solid to solvent ratio of 
1:10 (w/v) for 24 hours with continuous stirring. 
The solution was changed every 12 hours. Then, the 

defatted skins were washed with cold water (5-8°C) 
(Nagai and Suzuki, 2002).

Isolation of Acid soluble collagen (ASC)
In acid soluble collagen (ASC) extraction, 0.5 

M acetic acid with a sample to solution ratio of 
1:10 (w/v) was applied to the samples for 24 hours 
with continuous stirring. Then, the extracts were 
centrifuged (Gyrozen 158R, Deejan, Korea) at 
10,000×g for 30 mins at 4ºC and the supernatants 
obtained were separated. The sample residues were 
re-extracted with 0.5 M acetic acid with a sample 
to solution ratio of 1:10 (w/v) for 12 hours before 
centrifuging at 10,000×g for 30 mins at 4ºC. Both 
supernatants were combined and NaCl was added 
to salt-out until the final concentration of the 
supernatant reached 0.7 M for precipitation to occur. 
The supernatants were centrifuged again at 2,500×g 
to obtain the precipitate. The precipitates were then 
lyophilised (Huang et al., 2011).

Isolation of pepsin soluble collagen (PSC)
To isolate pepsin soluble collagen (PSC), the 

undissolved matter which obtained from acid 
soluble collagen (ASC) extraction were used for 
further extraction using 2 volumes of 0.5 M acetic 
acid containing 1.5% (w/w) pepsin for 30 hours at 
4ºC with continuous stirring. The extracts were then 
centrifuged at 10,000×g for 30 mins at 4ºC and the 
supernatants were separated. The residues were re-
extracted with 0.5 M acetic acid containing 1.5% 
(w/w) pepsin for 12 hours before being centrifuged 
at 10,000×g for 30 mins at 4ºC. Both supernatants 
were combined and NaCl was added to salt-out until 
the final concentration of the supernatant reached 0.7 
M for precipitation to occur. The supernatant was 
centrifuged again at 2,500×g to obtain the precipitate. 
The precipitate was then lyophilised (Huang et al., 
2011). The collagen yields of ASC and PSC were 
calculated as follows:

Yield of collagen (%) = weight of freeze-dried collagen × 100
                                  wet weight of raw skin

Chemical composition of raw silver catfish skin and 
isolated collagen

The chemical compositions of silver catfish skin 
and isolated collagen were analysed. The chemical 
compositions, including moisture, protein, fat, and 
ash content, were determined according to AOAC 
(2000). The results obtained were compared with 
commercial collagen.
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Characterisation of silver catfish skin extracted 
collagen

Protein concentration
The protein concentration of acid soluble 

collagen (ASC), pepsin soluble collagen (PSC), and 
commercial collagen were determined using Lowry’s 
method (Lowry et al., 1951). Approximately 100 mg 
of bovine serum albumin was dissolved into 10 ml 
of distilled water to be used as a protein standard. 
About 8 ml of biuret reagent was added and left for 
30 minutes at room temperature. Absorbance at 570 
nm was measured via spectrophotometer (Shimadzu, 
United States). A graph of absorbance was plotted at 
570nm against the concentration of protein standard 
solution. Then, collagen powder was diluted with 
distilled water at a ratio of 1:5. Thus, the final protein 
concentrations in the range of the calibration curve 
were determined.

Structural properties of extracted collagen
Structural properties of extracted collagens 

were determined using Fourier Transform Infrared 
Spectroscopy (FTIR) per Rosli and Sarbon (2015). 
The infrared spectrum used was in the range from 
4000 to 400cm-1 using an infrared spectrophotometer 
(Nicolet, Thermo Electron, USA). The collagens were 
prepared by mixing with potassium bromide (KBr) 
at a ratio of 1:10, ground in a mortar and pestle and 
pressed into pallets by hydraulic press. The spectrum 
background was collected. The transmission readings 
were collected with 32 scans. Functional groups of 
interest such as Amide A, Amide II and Amide III 
were determined.

Solubility determination
The solubility of extracted collagens was 

determined using varying pH levels according to 
the method by Jongjareonrak et al. (2005) and 
Huang et al. (2011) with slight modifications. The 
lyophilised collagens were dissolved in 0.5 M acetic 
acid with gentle stirring for 12 hours to obtain final 
concentration of 3 mg/mL. Approximately 8 mL of 
the sample was transferred to a centrifuge tube. The 
pH levels were adjusted across the pH range from 1 
to 10 with 6 N NaOH or 6 N HCl. The volume was 
made up to 10 mL with distilled water. The solutions 
were stirred for 30 mins at 4ºC, and then centrifuged at 
10,000 × g for 30 mins at 4ºC. Protein concentrations 
in the supernatant were measured using Lowry’s 
method (Lowry et al., 1951). Protein solubility was 
calculated in terms of that obtained at the pH level 
exhibiting the highest protein concentration. The 
relative solubility of collagen was calculated as 

follows:

Relative solubility (%) = Protein concentration of supernatant x 100
                                         The highest protein concentration 

Morphological properties
The microstructures of the extracted collagen 

were viewed at 25,000 magnification via scanning 
electron microscopy (SEM) (Hitachi S-4300SE, 
Hitachi Science System Ltd., Japan) at an accelerating 
voltage of 5.0 kV. The collagen powder was mount 
on aluminium cylinder stubs (5 mm x 12.5 mm) 
and sputter-coated with Auto fine coater (JFC 1600, 
Tokyo, Japan). The samples were observed in a 
superficial position at 100x magnification (Hanani et 
al., 2011).

Statistical analysis
Minitab 14.0 was used to characterize the 

chemical and physical properties of ASC and PSC 
silver catfish collagen in comparison to commercial 
collagen. Results were expressed as a mean (±SD) 
for each analysis. Comparative statistical analyses 
between mean and ANOVA were conducted with 
Minitab 14.0 to assess any significant differences 
(p<0.05).

Results and Discussion

Yield of extracted silver catfish (Pangasius sp.) skin 
collagen

The yields obtained for acid soluble collagen 
(ASC) and pepsin soluble collagen (PSC) of silver 
catfish skin were 4.27±0.06% and 2.27±0.16%, 
respectively. The yield of ASC was higher than 
PSC; however, there was no significant difference 
(p˂0.05). The yield of ASC obtained was higher than 
PSC, perhaps due to silver catfish skins collagen 
undergoing incomplete solubilisation in 0.5 M acetic 
acid extraction during the acid soluble method. Then, 
when the residue was treated with pepsin in 0.5 M 
acetic acid during the pepsin soluble method, PSC 
was completely solubilized. However, when the skin 
was soaked in the 0.5 M acetic acid, it showed a high 
amount of cross-linking by covalent bonds through 
the condensation of aldehyde group at the telopeptide 
region, as well as the inter-molecular cross-linking, 
leading to a decrease of solubility of the collagen 
(Singh et al., 2011). This finding was in agreement 
with a study on collagen extracted from rohu (Labeo 
Rohita) skin with an ASC yield of 4.13% (Hema et 
al., 2013). The difference in collagen yield may be 
due to discrepancies in the content of collagen among 
different fish species and preparation methods  (Yao 
et al., 2012).
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Chemical composition
The chemical compositions of raw skin, ASC, PSC 

and commercial collagen are presented in Table 1. 
There were significant differences (p<0.05) between 
raw skin of silver catfish and extracted collagen, as 
well as commercial collagen, in terms of moisture 
content.  However, there was no significant difference 
(p>0.05) between moisture content of extracted PSC 
and commercial collagen. The extracted collagen 
showed higher protein content compared to raw 
skin. There was no significant difference (p>0.05) 
between ASC and PSC in terms of protein content; 
however, these values were observed to be lower 
than commercial collagen. The fat content levels for 
ASC and PSC of extracted collagen were 0.81±0.32 
and 0.92±0.08%, respectively. The low fat content in 
the isolated collagen showed an efficient defatting 
process. A study conducted by Shahiri et al. (2012) 
found only 0.31±0.07% (ASC) fat content in rainbow 
trout (Onchorhynchus mykiss) collagen. However, 
ash levels were quite high at 59.15±0.09 for ASC and 
29.74±0.15% for PSC. The high value of ash may be 
due to the samples not undergoing demineralisation 
during pre-treatment. 

Characterization of extracted silver catfish (Pangasius 
sp.) skin collagen

Protein concentration
The protein concentrations of isolated collagen 

from silver catfish skin via acid method (ASC) 
and enzyme method (PSC) were 2.72±0.17% 
and 2.70±0.25%, respectively as compared to 
commercial collagen (3.99±0.56%). There were no 
significant differences (p>0.05) between ASC and 
PSC with commercial collagen in terms of protein 
concentration. Additionally, there were no significant 
(p>0.05) differences between ASC and PSC in terms 
of protein concentration. The chemical composition 
determination showed that commercial collagen had 
higher protein concentration than ASC and PSC. 
According to Veeruraj et al. (2013), glycine is a 

major amino acid that present in collagen. One of 
the factors that affecting the protein concentration is 
the amount of imino acid (proline + hydroxyproline) 
content (Matmaroh et al., 2011). Imino acid consists 
of pyrrolidine rings associated with hydrogen 
bonds to hold the structure of the alpha chains 
in both ASC and PSC, facilitating the intra-inter 
molecular cross-linking in strengthen the triple 
helix structure of collagen (Matmaroh et al., 2011). 
The results obtained in this study were higher than 
protein concentration of collagen extracted from 
Fringescale sardinella waste conducted by Hamdan 
(2015). Thus, the higher protein concentrations in 
commercial collagen may be due to higher levels of 
glycine, proline and hydroxyproline contained in the 
collagen. The difference in the protein concentrations 
between commercial collagen and extracted collagen 
in this study may be due to the type of extraction used 
and also the different of raw material used. 

Structural properties
Commercial collagen showed amide A bands at 

3423.22 cm-1, while the ASC and PSC of silver catfish 
skin collagen were at 3457.07 cm-1 and 3447.86 cm-1, 
respectively (Figure 1). Amide A is a band usually 
associated with the N-H stretching vibration and the 
existence of hydrogen bonds. It commonly occurs 
in the range of 3400- 3440 cm-1. However, amide A 
may also be in the range of 3318-3550 cm-1 (Sujithra 
et al., 2013). According to Vidal and Mello, (2011), 
when the N-H group of a peptide is involved in the 
hydrogen bond, the peak position is shifted to a lower 
frequency. In comparison, the amide A peaks of ASC 
and PSC silver catfish skin collagen were higher than 
those of bighead carp skin collagen (Yao et al., 2012).

The amide II bands of commercial collagen were 
observed to be 1545 cm-1 while the ASC and PSC of 
silver catfish skin collagen were at 1541.78 cm-1 and 
1541.73 cm-1, respectively (Figure 1). Only a slight 
difference could be identified between the samples. 
Commonly, the amide II bands are within the range 
of 1500- 1600cm-1 (Wu et al., 2014). This band is 

Table 1. Chemical composition and protein concentration (mg/mL) of acid 
soluble collagen (ASC), pepsin soluble collagen (PSC) and commercial 

Different superscripts (a-d) in the same column of collagens denote the significant 
differences (p ˂ 0.05).
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associated with the combination of N-H in-plane 
bending and the C-N stretching vibration. Amide II 
levels for silver catfish skin collagens are lower than 
in commercial collagen. This shows that the isolated 
collagens are more and/or stronger hydrogen bonds 
than the commercial collagen. The position of amide 
group shifts to lower frequencies when the NH group 
is involved with hydrogen bonding in a peptide chain. 
The wavenumber shifted to lower wavenumber as 
compared to commercial collagen showed isolated 
collagen contained stronger and higher number 
of hydrogen bonding. This was mainly due to the 
hydrolysis of telopeptide region by pepsin treatment 
which causes the destruction of hydrogen bonding 
(Kaewdang et al., 2014). Additionally, at a lower 
frequency peak there is more hydrogen bonding in the 
triple helical structure, as well as a higher molecular 
order of collagen (Shanmugam et al., 2012). This 
result was similar to that of amide II bands for ASC 
from scale and bone of deep sea redfish (1541 cm-1) 
(Wang et al., 2008).

In addition, amide III is responsible for a 
combination of N-H deformation and C-N stretching 
vibrations, together with the triple helix of collagens 
(Zhang et al., 2009). It usually occurs at 1320-
1220cm-1. From the results, the amide III levels for 
commercial collagen, ASC and PSC of silver catfish 
skin collagen were 1247.15 cm-1, 1242.90 cm-1 

and 1239.39 cm-1, respectively (Figure 1). These 
findings were in agreement with a study by Huda 
et al. (2013) on duck feet collagen. In general, the 
structure obtained from Fourier transform infrared 
spectroscopy (FTIR) analysis shows that the extracted 
collagen has the fingerprint of the collagen structure, 
as in commercial collagen.

Solubility
The highest solubilities of ASC, PSC and 

commercial collagen were at pH 4, pH 1 and pH 5, 
respectively (Figure 2). All collagens showed the 
highest solubility in an acidic pH range. Both ASC and 
PSC present a similar pattern in terms of solubility. 
This was supported by Foegeding et al. (1996), who 
stated that both ASC and PSC are generally more 
soluble in the acidic pH. The commercial collagen 
showed relative solubility between 82.35-100% 
for pH 1-10, followed by PSC relative solubility 
between 58.15-100% and ASC relative solubility 
between 41.7-100%, respectively. Based on the 
isolated collagen from the skin of silver catfish, PSC 
showed higher solubility than ASC. This was due to 
the occurrence of partial hydrolysis by pepsin during 
the enzyme extraction process. This indicates that the 
acid extraction and enzyme extraction methods may 
affect the solubility rate of collagen. In contrast, the 
lowest solubilisation of collagen was in the alkaline 
range. The lowest solubilisation point for ASC was 
at pH 6 with 41.75± 7.28; PSC at pH 9 with 58.15± 
2.99%; and commercial collagen at pH 9 with 82.35± 
7.79%. These showed that solubilisation rate of ASC 
was significantly different (p>0.05) between PSC and 
commercial collagen. This finding is in agreement 
with a study by Singh et al. (2011) which found that 
low collagen solubility was found in the neutral and 
slightly alkaline pH range. 

Morphology properties	
In microstructure measurements, all of the 

isolated collagens investigated depict different 
structures (Figure 3). The ASC was flaky and 
porous in nature. The collagens contain fibrils that 
connect the collagen. Besides that, on the surface of 
ASC, some agglomerate particles can be observed. 
These unknown particles could be a salt, which 
was used during the salt-out extraction process. 
Thus, according to Schuetz et al. (2013), those free 

Figure 1. Functional group of ASC, PSC and commercial 
collagen as determined by Fourier Transform Infrared 
Spectroscopy (FTIR).

Figure 2. Relative solubility of different collagen (ASC, 
PSC and commercial collagen) against pH (pH 1-10).
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particles at the surface of the collagen scaffold likely 
indicate minor damage to collagen during the sample 
preparation process. PSC also has a flaky and fibril 
texture. Similar to ASC, the agglomerate particles 
appeared on the surface of collagen. However, the 
particles are larger than those of ASC. 

In addition, ASC and PSC have different 
pore sizes. PSC has a larger pore size than ASC. 
According to Joseph et al. (2008), a moderate pore 
size of collagen is suitable for the in vivo studies. 
Pore size was affected by the water content during 
the preparation, in which the higher the water content 
during preparation, the bigger the pore size (Veeruraj 
et al., 2013). Meanwhile, the structure of commercial 
collagen was observed dry and flaky structure. 
Besides that, the burst-cells are in thin-layered sheets. 
However, these burst-cells are still linked. A similar 
structure was observed from the muscle of amur 
sturgeon collagen in a study conducted by Wang et al. 
(2014), which reported a dense, irregular sheet-like 
film linked by random-coiled filaments. In addition, 
the surface of the collagen is slightly wrinkled. These 
wrinkles are due to dehydration during lyophilization 
(Schuetz et al., 2013).

 
Conclusion

In conclusion, ASC demonstrates higher yields 
than PSC for silver catfish skin collagen. Different 
extraction methods resulted in different chemical and 
physical properties for extracted collagen. ASC and 
PSC were high in moisture but low in fat content. 
Meanwhile, the protein concentrations of both isolated 
collagens were quite low as compared to commercial 
collagen. Extracted collagens with functional groups 
amide A, II, III represent a fingerprint for collagen 
structure. Additionally, the collagens have a higher 
solubilisation at the acid pH ranges, and PSC is 
more soluble than ASC. However, the morphological 
structures of ASC and PSC differ from commercial 
collagens, as ASC and PSC are fibril and porous in 
nature, whereas commercial collagens have flaky 

structures. In short, the characteristics of the isolated 
collagens obtained from this study are similar to 
those of commercial collagen, indicating that a value-
added product could be produced from silver catfish 
(Pangasius sp.) skin.
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