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1 Introduction
Brazil has since 2004 the position of largest exporter of 

chicken meat and it reached a record of amount production in 
2016, according to the Brazilian Association of Animal Protein 
(Associação Brasileira de Proteina Animal, 2016). With the 
increase in the production of meat and processed products, many 
byproducts are also generated, such as viscera, head and feet, 
for example, which are mostly underused for the production of 
animal feed. However, such byproducts contain proteins, such 
as collagen, that can be utilized in the food industry. With low 
production costs, chicken feet can be manipulated to get collagen.

Collagen is an abundant protein in mammals, and can be 
found in various products of animal origin, such as bird feet 
(Alves & Prudencio-Ferreira, 2002; Nomura et al., 1996; Liu 
et al, 2001; Lin & Liu, 2006a); fish scales, mammalian skin and 
tendons (Huang & Nimni, 1993). Type I collagen is the most 
abundant in the skin, tendons, ligaments and bones, which 
represents 90% of the dry matter (Olivo & Shimokomaki, 2002). 
In chicken feet, some studies have shown the prevalence of this 
type of collagen in extracts obtained (Lin & Liu, 2006a; Liu et al, 
2001; Hashim et al, 2014).

For the extraction of collagen, acid and enzymatic hydrolysis 
methods are the most used, with the extraction experiments 
with acetic acid and pepsin being the most efficient. Pepsin is 
necessary to hydrolyze protein in cross-linking sites because the 
collagen triple helix structure protects of the enzymatic action 

(Simões et al., 2014). Enzyme activity can be increased at low pH 
and temperature close to the human body, but at low temperature 
it is possible to obtain native collagen (Lin & Liu, 2006b).

In chicken feet there are isolated studies of extraction of 
collagen, either by cooking (Alves & Prudencio-Ferreira, 2002) 
or enzymatic methods (Hashim  et  al., 2014), but with low 
extraction yield. Thus, the objective of this study was to optimize 
the process of extraction of collagen in chicken feet, according 
to acetic acid concentration, pepsin content and hydrolysis time, 
in relation to yield, and to characterize the collagen isolated with 
maximum and minimum extraction yields in order to suggest 
future applications.

2 Materials and methods
2.1 Raw materials and reagents

Feet from broilers slaughtered between the ages of 
42 and 47 days were purchased in the local market of João 
Pessoa/PB, Brazil. Porcine pepsin (EC 3.4.23.1), acrylamide, 
bis-acrylamide, ammonium persulfate, AAS18 amino acid 
standard, used in extraction and analysis were purchased from 
Sigma-Aldrich (St.  Louis, MO, USA). The L-hydroxyproline 
standard was purchased from Merck (Darmstadt, Germany). 
Other reagents used in the study were of analytical grade or the 
highest purity available.
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2.2 Optimization of collagen extraction in chicken feet

Initially, chicken feet were submitted to moisture, ash, protein 
and hydroxyproline analyzes for quantification of collagen, 
according to the methodologies proposed by AOAC (Association 
of Official Analytical Chemists, 2007). Lipid content analysis 
was performed according to Folch et al. (1957).

Chicken feet deboned were subjected to extraction with 
acetic acid and pepsin as described by Shimokomaki et al. (1981) 
and Simões  et  al. (2014), with modifications. To define the 
amount of acid, enzyme and hydrolysis time, a factorial design 
23 was used, with three replications at the central point, totaling 
11 assays (Table 1). The independent variables investigated were: 
acetic acid concentration (x1), pepsin content (x2) and time of 
enzymatic hydrolysis (x3), the response variable being the collagen 
content (Y). The empirical model for planning 23 is presented 
in Equation 1, where β represents the coefficients of the model.

0 1 1 2 2 3 3 4 1 2 5 1 3 6 2 3Y x x x x x x x x x= + + + + + +β β β β β β β 	 (1)

The extraction process was started by immersing the chicken 
feet in acetic acid solution (x1) for 24 h in the ratio of 1:10 (w/v). 
The material was then homogenized in ultra turrax (IKA, model 
T25) for 10 min at 5,000 x g. In the hydrolysis, the pepsin (x2) was 
added and the hydrolysis time (x3) was established according to 
the factorial design (Table 1), at 4 °C with continuous agitation. 
To stop the hydrolysis process, the pH was elevated to 7.5 and 
centrifuged for 30 min at 10,000 x g at 4 °C. The precipitate 
was discarded and the supernatant was precipitated with NaCl 
to a concentration of 3 mol/L and centrifuged at 10,000 x g 
for 30 minutes at 4 °C. The supernatant was discarded and the 
precipitate obtained was dialyzed with 0.5 mol/L acetic acid 
solution for 72 h with daily solution exchange. The dialyzed 
precipitate was lyophilized and thus the collagen isolate was 
obtained. In all isolates, the collagen content obtained as the Y 
response function was determined.

2.3 Statistical analysis

The response function (Y) was used to perform analysis of 
variance (ANOVA) for the regression. The model of the equation 
was adjusted to the experimental data to produce the proposed 
model. The response surface graph and desirability parameters 
were generated for the response function (Y), the collagen 
content of the isolates. The performed analyzes, desirability and 
response surface were performed with STATISTICA 8.0 software 
(StatSoft, 2007). After the analysis of the response surface and 
the graphical representation of the desirability for the collagen 
content, the proposed model was validated by performing new 
tests in the optimal condition in triplicate, with the means of 

each treatment. The results were compared with the estimated 
response (Y) by analysis of variance (ANOVA) and Student’s 
t-test (p < 0.05).

2.4 Characterization of collagen isolates

The isolates with higher (ICmax) and lower (ICmin) 
contents of collagen and the chicken feet were submitted to the 
characterization and determination of functional properties. 
All  analyzes were performed in triplicate. The results were 
submitted to ANOVA and Tukey test (p < 0.05).

Amino acids profile

The methodology was adapted from White et al. (1986), in 
which the samples were subjected to acidic hydrolysis with HCl, 
derivatization, resuspension and injection in a high performance 
liquid chromatograph (Varian, Waters 2690, California, USA), 
coupled to a C18 column (PICO-TAG, 3.9 x 150 mm). It was 
used as the mobile phase A sodium acetate buffer (0.0011 g/mL, 
pH 6.4) and mobile phase B 60% acetonitrile solution. Detection 
was performed at 254 nm, at 35 °C and flow rate of 1 mL/min. 
All injections were performed in triplicate. The amino acid 
contents were expressed as percentage of area.

Electrophoretic profile of collagen isolates

Collagen isolates were analyzed by sodium dodecylsulfate 
on polyacrylamide gel electrophoresis (SDS-PAGE), according 
to Laemmli (1970). The concentration of resolution gel was 7.5% 
and the stacking gel was 4%. The preparation of the samples was 
performed according to the methodology of Wang et al. (2008), 
in which the samples were dissolved in 0.1% (w/v) 0.02 M sodium 
phosphate buffer (pH 7.2) and in the sequence mixed with the 
sample buffer with β-mercaptoethanol, in the ratio 1: 1 (v/v). 
To estimate the molecular weight of the chains, a 12‑225 kDa 
molecular weight marker (GE Healthcare Life Sciences, Piscataway, 
NJ, USA) was used. The running conditions were 30 mA of 
current and 125 V. The running time was about 3 hours. At the 
end of the run the gel was stained with 0.1% G-250 Brilliant 
Coomassie Blue and then bleached with a solution of distilled 
water, methanol and acetic acid in the ratio of 8: 1: 1 (v/v/v).

Hydrophobicity of peptides

The separation of the peptides from the isolates and chicken feet 
by hydrophobicity was conducted according to the methodology 
reported by Bezerra et al. (2016) by a Nova-Pak C18 column 
(4.6 m x 250 mm, 4 μM particle size, cartridge, Waters, Ireland), 
connected to a high performance liquid chromatograph (Varian 
2690 Waters, CA). The mobile phase consisted of an eluent A 
(ultrapure water with 1% of trifluoroacetic acid) and an eluent 
B (acetonitrile with 1% of trifluoroacetic acid). A linear gradient 
of these eluents was performed for 60 minutes running in a 
flow rate of 1 mL/min. The first 30 minutes corresponded to 
the separation of peptides of hydrophilic character, while in the 
remaining 30 minutes were separated those of a hydrophobic 
character. Detection was performed at 218 nm.

Table 1. Real and coded variables used in factorial design 23 for extraction 
of collagen in chicken feet.

Factors -1 0 1
Acetic acid (mol/L) - x1 0.3 0.5 0.7

Pepsin (%) - x2 0.1 0.15 0.2
Hydrolysis time (h) - x3 12 24 36
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The collagen isolates (ICmax and ICmin) were submitted to 
water solubility (WS) analyzes according to the methodology of 
Timpl et al. (1975); water holding capacity (WHC) of the collagen 
isolates at 60 °C, according to the methodology adapted from 
Montero et al. (1995) and emulsifying activity (EA) according 
to the methodology of Kim & Park (2005), using Tween 80 as 
a commercial emulsifier.

3 Results and discussion
3.1 Optimization of collagen extraction

The chicken feet submitted to analysis of chemical composition 
showed, on a dry basis, ash content: 2.33 ± 0.11 g/100g; lipid 
content: 14.96 ± 1.18 g/100g; protein content: 77.59 ± 2.05 g/100g; 
collagen content: 56.31 ± 1.98 g/100g. It was observed that 
72.5% of the proteins of the chicken foot in the form of collagen. 
The protein content was similar and the ash content was lower 
than that obtained by Hashim et al. (2014), in ckicken legs, and 
Liu et al. (2001), in bird feet, probably because the chicken feet 
of this study were deboned to be submitted to the extraction of 
collagen. According to the factorial design, it was possible to 
verify by means of the Pareto graph (Figure 1) that the pepsin 
content was the factor of major influence on the yield of the 
obtained isolates, being directly proportional to the amount of 
enzyme used in the extraction. It was observed that the hydrolysis 
time had an inverse influence on the amount of collagen in the 
isolates, where at the shortest time the isolates with the highest 
collagen content were obtained.

Also were significant (p < 0.05) the interaction effects 
between acetic acid and pepsin and the inversely proportional 
effect of acetic acid. Table 2 shows the mean values of collagen 
content in all the conditions proposed in factorial design 23. 
Treatment 4 (0.7 mol/L acetic acid, 0.2% pepsin and 12 hours 
hydrolysis) presented the highest content of collagen (ICmax), 
while the treatment 6 (0.7 mol/L acetic acid, 0.1% pepsin and 
36 hours hydrolysis) presented a lower collagen content (ICmin).

The pepsin content influenced positively the collagen content, 
and the treatments with the highest amount of the enzyme had 
the highest collagen content (treatments 3 and 4). According 
to Simões et al. (2014), pepsin probably digested the protein’s 
cross-linking sites because the triple helix structure protects 
collagen from enzymatic action. Therefore, higher amounts of 
pepsin imply a higher content of extracted collagen.

In the ANOVA performed for the regression model, it was 
obtained the value of R2 = 88.21. According to the F test, the 
F calculated value was 4.99, being lower than the F tabulated 
in the study conditions (Ftab = 6.16), indicating that the model 
was not statistically significant (p <0.05). Considering the 
result obtained, a new ANOVA was performed, excluding the 
non‑significant effects, according to the Pareto graph (Figure 1), 
which were the interactions x1x3 and x2x3.

With the new condition for ANOVA, the value of R2 = 82.26 
was obtained. According to the F test, the value of F calculated 
obtained was equal to 6.96, higher than the F tabulated in the 
new condition (Ftab = 4.53), which indicates to be significant 
(p < 0.05). Therefore, Equation 2 represents the proposed regression 
of the reduced model of the coded variables, containing only 
the statistically significant terms:

1 2 3 1 2  59.60 –  3.93  6.70 –  6.21  5.04 Y x x x x x= + + 	 (2)

From the Equation 2, the response surface (Figure 2) of 
the variable collagen content was generated as a function of its 
dependent variables pepsin content (%) and hydrolysis time 
(h), which had a greater impact on the response, as seen in 
the Pareto graph (Figure 1). An optimum favorable region was 
observed for a higher collagen content (Y close to 80%) when 
the variable x2 corresponds to 0.2% of pepsin and x3 corresponds 
to the 12 hours of hydrolysis.

In the desirability function shown in Figure 3, the estimated 
parameters indicated that the optimum value of Y was 73.62 g 
collagen/100 g sample, obtained with 0.7 mol/L acetic acid, 
0.2% pepsin and 12 hours of hydrolysis time. The optimization 
value of desirability was 1.0, considered perfectly satisfactory, 
according to Akhanazarova & Kafarov (1982).

Figure 1. Pareto graph of the response variable collagen content (Y). 

Table 2. Levels and results of the response variable of factorial design 
23 for collagen extraction from chicken feet.

Treatment x1 – Acetic 
acid (mol/L)

x2 - Pepsin 
(%)

x3 – Hydrolysis 
time (h)

Y- Collagen 
(g/100g)

1 0.3 (-1) 0.1 (-1) 12 (-1) 59.61 ± 1.71
2 0.7 (+1) 0.1 (-1) 12 (-1) 53.87 ± 1.36
3 0.3 (-1) 0.2 (+1) 12 (-1) 71.90 ± 1.11
4 0.7 (+1) 0.2 (+1) 12 (-1) 72.98 ± 0.24
5 0.3 (-1) 0.1 (-1) 36 (+1) 61.72 ± 0.62
6 0.7 (+1) 0.1 (-1) 36 (+1) 31.54 ± 0.42
7 0.3 (-1) 0.2 (+1) 36 (+1) 56.03 ± 1.37
8 0.7 (+1) 0.2 (+1) 36 (+1) 59.41 ± 0.41
9 0.5 (0) 0.15 (0) 24 (0) 60.63 ± 1.38

10 0.5 (0) 0.15 (0) 24 (0) 63.02 ± 1.78
11 0.5 (0) 0.15 (0) 24 (0) 64.94 ± 1.00
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The estimated desirability for the model under study (Figure 2) 
shows that increased pepsin concentration and shorter hydrolysis 
time resulted in higher collagen contents. Regarding the acetic acid 

concentration, it was observed between 0.5 and 0.7 mol/L there 
were no significant changes in the response function. Therefore, 
the level of 0.5 mol/L would be sufficient to obtain an isolate with 
a higher collagen content. The conditions presented as optimal 
in Figure 3 are similar to treatment 4, which presented higher 
collagen content compared to the other treatments (Table 1).

In a study of collagen extraction from egg shell Mohammadi et al. 
(2016) observed the dependence of the collagen content with the 
amount of enzyme, but because it was not the effect of greater 
influence must be considered so that there is no increase in 
the costs of production. Simões et al. (2014) observed a great 
influence of the pepsin concentration, optimizing the extraction 
process in pig tunica albuginea, reaching a collagen content of 
75.8 g of collagen/100 g of isolate.

3.2 Validation of the model

According to the conditions obtained from the desirability 
for the extraction of collagen, it was estimated from Equation 
2 that from the variables x1 = 0.7 mol/L, x2 = 0.2% pepsin and 
x3 = 12 hours hydrolysis an isolated of collagen with 73.62 g of 
collagen/100 g would be obtained. Under these conditions, three 
extractions were reproduced and the mean response obtained was 
74.98 ± 0.73 g of collagen/100 g of isolate, which did not differ 

Figure 3. Profile of predicted values and desirability for the collagen content extracted from chicken feet.

Figure 2. Response surface generated for the collagen content response 
function in the extraction of collagen in chicken feet.
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significantly from the value obtained by the model (p < 0.05), 
which conferred the validation of the proposed model.

3.3 Characterization of collagen isolates

Amino acids profile

Regarding the content of imino acids (proline and 
hydroxyproline), which according to Kittiphattanabawon et al. 
(2010) and Chen et al. (2016) who relate to the thermal stability 
and formation of binding sites by means of hydrogen bonds in 
the collagen molecule, it was verified that the ICmax (Table 3) 
had a higher content (20.66%), since it contains higher levels of 
the two amino acids. This value was close to that found by Ran 

& Wang (2014) in bovine skin and tendons, and by Chen et al. 
(2016) in skin and tilapia scales.

The hydroxyproline content increased with the extraction 
of collagen compared to the chicken feet. ICmax, with higher 
percentage of the amino acid, presented higher value than 
those obtained by Hashim et al. (2014), in a study of collagen 
isolation in chicken feet. According to Okuyama et al. (2012) 
and Ferraro et al. (2016), hydroxyproline, as well as proline, has 
rings that force the chain to form a helix due to steric hindrance, 
and that hydroxyproline is the main responsible for the hydrogen 
bonds. Regarding the percentage of tyrosine, it was observed 
that the extraction of collagen decreased the concentration of 
the amino acid. The low values are in agreement with collagen 
molecules extracted from other sources (Zhang et al., 2007). 
Among the collagen isolates obtained, ICmin presented a higher 
content. According to Nomura et al. (1996), Bailey & Shimokomaki 
(1971) and Gómez-Guillén et al. (2011), the presence of this 
amino acid is related to telopeptides that remained after the 
enzymatic hydrolysis, which are related to the cross-linked 
sites in the collagen structure, making it less soluble in water.

Electrophoretic profile and peptide hydrophobicity analysis

Figure 4a shows the electrophoretic profile of the collagen 
isolates obtained from chicken feet. All treatments presented 
the same distribution, with a β chain and two distinct α chains 
(α1 and α2), indicating the predominance of type I collagen 
(Chen et  al., 2016; Hashim et  al., 2014). The electrophoretic 
positions of the α1 and α2 chains are close to the marker band 
with a molecular weight of 150 kDa. This molecular weight is 
similar to the profile obtained by Lin & Liu (2006a) in brid feet.

Regarding the chromatograms and areas (Figure 4b and 4c) 
it was observed that the chicken foot contains more peaks 
than the isolated ones, because the process of extraction of 
collagen probably succeeded in isolating some specific peptides. 
According to Bezerra  et  al. (2016) peptides that are eluted 
between 0 and 30 min are predominantly hydrophilic in nature 
and from 30 to 60 min most peptides tend to be hydrophobic in 
nature. Thus, the peptides generated in the probably predominate 

Table 3. Amino acid profile of chicken feet and isolates obtained with 
higher and lower collagen content.

Amino acids  
(% area) Chicken feet ICmax ICmin

Aspartic acid 8.14 ± 0.15a 6.77 ± 0.24bc 7.08 ± 0.17b
Glutamic Acid 10.63 ± 0.17a 9.45 ± 0.01b 9.15 ± 0.02b
Hydroxyproline 11.10 ± 0.27a* 10.85 ± 0.04a 9.15 ± 0.10b
Serine * 4.14 ± 0.12 3.95 ± 0.01
Glycine 15.20 ± 0.48c 17.65 ± 0.19b 20.83 ± 0.39a
Histidine 4.97 ± 0.11b 5.99 ± 0.22a 4.98 ± 0.01b
Alanine 2.39 ± 0.05a 1.94 ± 0.03b 2.04 ± 0.09a
Arginine 3.89 ± 0.11b 10.27 ± 0.18a 10.20 ± 0.40a
Proline 3.32 ± 0.01b 9.81 ± 0.40a 9.68 ± 0.21a
Tyrosine 5.53 ± 0.06a 0.85 ± 0.01c 1.38 ± 0.03b
Valine 4.69 ± 0.16a 3.41 ± 0.08b 3.56 ± 0.02b
Methionine 4.27 ± 0.12a 1.34 ± 0.01b 1.86 ± 0.08b
Isoleucine 5.56 ± 0.08a 2.30 ± 0.01b 2.65 ± 0.07b
Leucine 9.46 ± 0.20a 5.43 ± 0.40b 5.69 ± 0.08b
Phenylalanine 4,99 ± 0,05a 2.75 ± 0.10b 2.75 ± 0.01b
Lysine 5.84 ± 0.10b 7.06 ± 0.32a 5.04 ± 0.34b
Imino acids (%) 14.42 20.66 18.83
Σ Hydrophobic Amino Acids 62.49 55.47 58.21
*Co-elution of Hydroxyproline+serine.

Figure 4. (a) Distribution of molecular weights (MW) of the collagen isolates extracted from chicken feet, (b) Chromatograms and (c) sum of 
the areas of the peptides obtained from chicken feet and from the isolates extracted with higher and lower collagen content. 
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hydrophobic nature, which justifies by the sum of hydrophobic 
amino acids in the profile obtained in Table 2.

Functional properties of collagen isolates

The functional properties such as water solubility at 70 °C (WS), 
water holding capacity at 60 °C (WHC) and emulsifying activity 
(EA) isolates with higher and lower collagen content are described 
below: the isolate ICmax presented WS of 68.81 ± 1.84%, WHC 
of 20.15 ± 2.05 g water/g dry residue and EA of 38.25 ± 0.99%. 
ICmin presented WS of 54.43 ± 1.47%, WHC of 27.70 ± 1.76 g 
water/g dry residue and EA of 40.21 ± 1.20% . In water solubility 
at 70 ºC it was observed that ICmax, with higher collagen content, 
was more soluble than ICmin, which also presented higher tyrosine 
content, corroborating with Nomura  et  al. (1996), Bailey & 
Shimokomaki (1971) and Gómez‑Guillén  et  al. (2011), and 
may be one of the factors contributing to the lower solubility of 
collagen in water. The values obtained in this study were higher 
than those found by Mizuta et al. (1999), in a study of hot water 
solubility (20-80 °C) of collagen extracted from cephalopod skin 
tissues. Simões et al. (2014) obtained swine tunica albuginea 
collagen values of solubility in hot water close to the ICmax.

In the WHC at 60 °C of the collagen isolates it was observed 
that the isolate with higher collagen content had lower water 
retention than ICmin. Probably, the longer hydrolysis time (36 h) 
caused a greater availability to form hydrogen bonds, adding 
more water molecules. The values obtained in WHC were 
similar to WHC of bovine skin collagen (Simões et al., 2014). 
The emulsifying activity of the collagen isolates was close to the 
activity of Tween 80 (EA = 41.02 ± 0.93%), used as a commercial 
emulsifier. According to Bailey & Light (1989), the emulsifying 
power of collagen is associated with the hydrophobic amino 
acids, which in ICmin presented in high content, as well as also 
presents EA slightly superior to ICmax. Kim & Park (2005) found 
higher values of partially purified collagen in solid waste from 
surimi processing (50.4%).

4 Conclusion
The optimum conditions of extraction that resulted in 

collagen isolate from chicken leg with the highest yield were: 
0.7 mol/L acetic acid, 0.2% pepsin and 12 hours enzymatic 
hydrolysis. The collagen isolate presented higher iminoacid 
content under these conditions, which made the isolate more 
thermally stable and able to bind to water molecules by hydrogen 
bonds. Compared to other sources of collagen extraction, the 
optimized collagen isolate obtained from chicken feet presented 
functional characteristics that make it suitable for application 
in the food industry due to its technological properties, such as 
high water retention and emulsifying activity for its application.
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