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Abstract: Previous studies have proved that chicken (Gallus gallus domesticus) feet can be one of the
alternative sources of collagen. Besides of less risk of diseases and can be accepted by all religions, chicken feet
also have high potential as a low cost of collagen source. Method of collagen extraction also plays an important
role to obtain high percentage of end yield and the quality of collagen extracted. Optimization of collagen
extraction was investigated by using three different soaking methods; 0.5 mol/L acetic acid with 0.1% bromelain,
0.5 mol/L acetic acid with 0.1% papain and 5% lactic acid for 36 hours. Various properties such as percentage
of end yield, concentration of protein, pH, swelling percentage and SDS-PAGE patterns of collagen from chicken
feet were evaluated in order to determine the best method of extraction and potential of bromelain to improve
collagen extraction. No significant different (P > 0.05) have been recorded between all three methods used in
this research which indicated that all treatments were not affected the pH, swelling percentage, percentage of
end yield and concentration of extracted collagen. However, lactic acid method was showed the highest
percentage of end yield and concentration with reading of 30.04% and 11.66 mg/ml respectively. Type | collagen
has been determined as major component of collagen from chicken feet based on the result of SDS-PAGE. It also
proven that bromelain has same potential as papain in order to improve protein digestion.
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1. Introduction

Collagen has been widely used in many industries around the world including Malaysia. Food,
pharmaceutical, cosmetic, biomedical and nutraceutical industries are such common industries which used
collagen in various applications (Munasinghe et al., 2014; Schmidt et al., 2016). Usually, collagen is used in
form of gelatin and collagen peptide or also known as collagen hydrolysate (Aberoumand, 2012). These forms of
collagen were applied in the process of making soft and hard capsule shells, tablet coating, serum and also as
injection for health benefits (Afifi et al., 2014).

Porcine and bovine are the main sources of collagen following by marine sources such as various species of
fish, sponge, jellyfish, squid and also seaweed (Jeevithan et al., 2014; Silvipriya et al., 2015). However, because
some allergic cases have been reported among consumers who have allergic reaction to marine and bovine based
products (Nik Aisyah et al., 2014), study on other alternatives of the collagen source are imperative.

At the same times, the pandemic outbreak of diseases such as bovine spongiform encephalopathy (BSE) or
commonly known as mad cow disease, foot and mouth disease (FMD) have resulted in anxiety among
consumers (Wibawa et al., 2015) and created awareness regarding the sources of collagen to be taken (Kiruthiga
et al., 2013). Thus, other potential and low cost of collagen sources such as poultry feet (chicken and duck),
bones and skin have risen to replace the mammalian and marine sources (Huda et al., 2013). Poultry as an
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alternative source of collagen showed that collagen composition of chicken feet was two-times larger than the
commercial gelatin and the result of analysis showed no difference between chicken feet gelatin and meat gelatin
at 95% level of significance (Almeida et al., 2013).

In this research, method of extraction by using bromelain enzyme was tested and compared to the method
that using papain and lactic acid. Bromelain present in large amount in fruit, leaves and stems of varieties of
pineapples. It is known as proteolytic enzyme or protease as protein-digestion enzyme and usually used as meat
tenderizer. Bromelain catalyze the breakdown of protein into amino acid building block by hydrolysis reaction
(Martins et al., 2014). In this reaction, the peptide bonds are broken with the insertion of water components at
the end chain. As it has ability to speed up the digestion of protein, bromelain might have potential similar as
papain to be used in collagen extraction method and might produce higher end yield.

2. Materials and Method

2.1. Materials

Chicken feet were obtained from local broiler supplier located at Pahang, Malaysia and the raw samples
were stored in cold room at -20°C. Material preparation was adopted from Munashinghe et al. (2014) with slight
modifications.

2.2. Enzymatic Extraction Method

Papain and bromelain enzymes were used separately to isolate the collagen from chicken feet. All
procedures were performed at 4°C to avoid protein degradation. The ground samples were defatted under
continuous stirring with 10 volumes of ethanol for 6 hours. The defatted samples then decalcified under stirring
with 0.5 mol/L ethylenediaminetetraacetic acid-disodium (EDTA-2Na) for another 6 hours. In order to remove
non-collagenous protein material from samples, the treated samples were soaked in 0.1 mol/L NaOH for next 6
hours. The residues were rinsed thoroughly with cold distilled water and then suspended in 0.5 mol/L acetic
acid containing 0.1% (w/v) enzyme (papain/bromelain) for 24 hours. The samples then were centrifuged at 3,500
x g for 3 hours. Supernatants were collected and salted out by adding 0.75 M NaCl with overnight stirring.
Salted out supernatants were centrifuged again for another 3 hours at 3,500 x g to obtained final solution which
then dialyzed for 24 hours against distilled water by using dialysis bag with range of molecular weight cut off in
between 12,000 to 14,000 Dalton. The final products were lyophilized in freeze dryer to obtain the powder form
of collagen.

2.3. Acid Extraction Method

Acid extraction was done according to method obtained from Liu et al. (2001) and Huda et al. (2013) with
slight modification. The grounded chicken feet were soaked for 36 hours at 4°C by using 5% (w/v) lactic acid
with sample to solution ratio. The treated samples of chicken feet suspended solution was homogenized by using
Panasonic blender for 5 minutes and the sample was filtered with stainless steel filter to remove all bone residues.
The filtrate was neutralized to pH 7 with 0.1 M NaOH and the centrifuged at 3500 x g for 45 minutes at 10°C.
The precipitates were collected and lyophilized by freeze dryer to obtain powder form of collagen.

2.4. pH, Swelling Percentage and End Yield of Extracted Collagen

At the end of the each treatment, the pH and swelling percentage of treated samples were determined to
examine the relationship between extracting efficiency and factors which might influence the end result of
extracted collagen. The pH value was determined by using pH meter (HANNA, HI 8314) and swelling
percentage was calculated according to formula as follows (Lin et al., 2013): (Weight of dry collagen / Initial
weight of sample treated) x 100%. The percentage of end yield crude collagen from each method was calculated
by using the following formula which adopted from Hashim et al., 2014: (Weight of crude collagen / Weight of
ground chicken feet) x 100%
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2.5. Protein Concentration and SDS-PAGE

Protein quantification procedure was conducted based on Bradford Assay manual provided by Bio-Rad
Laboratories Incorporation. Appropriate amount from each sample of collagen powder was dissolved in
sample buffer. The stock standard solution was prepared with concentration 2.0 mg/ml of Bovine
Serum Albumin (BSA) which dissolved in the same buffer used for samples. SDS-PAGE was used to
separate the protein contents of collagen samples by following the method from Widyasari and
Rawdkuen (2015) with slight modifications. The percentages used for resolving and stacking gel
(Jongjareonrak et al., 2005) were 7.5% and 4% formulation respectively which were suggested to
distinguish the molecular weight and types of collagen extracted from chicken feet. The gel was stained
with Coomasie Blue R250 dissolved in acetic acid solution for one hour or overnight. The gel then was
viewed using densitometer. All the data from experiments were analyzed by using Statistical Package
Social Science (SPSS) version 20. The differences between means were evaluated by using Tukey’s
test.

3. Result and Discussion

3.1. pH, Swelling Percentage and Percentage of End Yield

The percentage of swollen chicken feet is depends on the pH of soaking solution. The sample of chicken
feet was treated with acid solution is able to made porous and enhances the acid or enzyme digestion which then
resulted on more molecular crosslinks between collagen and the other components can be weakened by
disruption of the covalent bonding (Cheng et al., 2008). Thus enable the protein collagen to be extracted. Low
pH of soaking solutions is able to increase the yield of collagen extraction. The pH values, swelling percentage
and end yield percentage of the sample treated with different methods are shown in Table 1. The average
swelling percentage of the samples for bromelain added into acetic acid method and lactic acid method were
showed only small different which are 225.68% and 224.60% respectively. Method of acetic acid with papain
recorded the lowest percentage among other methods. However, based on statistical analysis by one-way
ANOVA and post-hoc test, all these three methods have showed no significant different. The different methods
of collagen extraction were not affected the swelling percentage of the chicken feet.

TABLE I: ph, Swelling and End Yield Percentage.

Method pH Swelling % % end yield
Acetic acid+Bromelain 2.23+0.44 225.68 + 28.47 12.80 + 8.36
Acetic acid+Papain 2.25+0.61 202.70 + 20.19 12.63 + 8.63
Lactic Acid 1.91+0.28 224.60 + 20.00 30.04 + 15.88

According to Puspitasari et al. (2015), the low pH of the acid solution (> pH 2) that cause the high swelling
percentage is able to influence the percentage of end yield of the extracted collagen. This condition causes the
collagenous structure become loose due to high water absorption and the increase of water bonding ability which
finally helps the collagen to be solubilized (Skierka & Sadowska, 2007). However, according Giménez and
Montero (2001), low er pH value (< pH 2) of soaking solution might cause denaturation of collagen during the
extraction process. Result showed lactic acid method recorded the lowest pH value of soaking solution
produced the highest percentage of end yield (30.04%) and the extracted collagen did not undergo denaturation.
Enzymatic extraction methods were showed very low percentage of end yield which are 12.80% and 12.63%
respectively compared to lactic acid method.

This situation might due to the different of the extraction method and influenced the end yield and other
properties of the collagen extracted (Tiago et al., 2014). For the enzymatic methods, the molecular structure of
collagen content in the sample will be broken down and dissolved in acid solution after soaking process with aid
of enzyme added (Cheng et al., 2009). The supernatant from both enzymatic methods were collected before
proceed to the freeze dry step. The result of extracted collagen in low amount powder form was collected after
the freeze dried due to the sublimation process under high vacuum to heat. The sublimation process causes the
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supernatant that have high water contain and pre-freezed at -80°C to be directly sublimed to vapour form without
undergo liquid phase, leaving only solid, dried components of the original liquid (Nireesha et al., 2013).
Compared to the lactic acid method, the precipitate was collected and was proceed to freeze dry. The amount of
collagen powder was increase because of low water content in the precipitate compared to supernatant. Liu et al.
(2001) has showed in his study which soaking duration is one of factors that can influence the yield of collagen
extracted. However, the increased of soaking time only cause small changes in end yield percentage and this
condition is depends on the types of acid solution used in extraction process (Skierka & Sadowska, 2013).

3.2. Protein Concentration

Concentration of protein from the extracted collagen is shown in Table 2. Data indicated that lactic acid
extraction method was recorded the highest reading of concentration and method that using papain enzyme was
recorded as the lowest yield. This result was proportionate to the result of percentage end yield which recorded
the method of lactic acid was produced the highest yield. However, based on statistical analysis by one-way
ANOVA, there was no significant different between all three methods which brought a conclusion that, different
treatments had not significantly affect the protein concentration of extracted collagen.

TABLE 2: Protein Concentration of Extracted Collagen.

Method Concentration (mg/ml)
Acetic acid+Bromelain 8.67 £2.37
Acetic acid+Papain 6.68+1.34
Lactic Acid 11.66 +4.94

The concentration values obtained indicate as whole protein concentration not for pure collagen itself. The
observation of all methods that had been chosen in this research had removed most of contaminants and
uninterested protein components from the extracted collagen (Khiari et al., 2014) and remained the major protein
components in the sample extracted which identified as collagen type 1. This can be seen in the SDS-PAGE
pattern of the samples’ extracted.

3.3 Protein Separation by SDS-PAGE

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) is one of the methods that used
to characterize the purity of protein sample. By using this method, protein collagen and its fragments can be
separated according to their molecular sizes. SDS-PAGE pattern in Fig. 1 showed band patterns of collagen
extracted from chicken feet according to method used. The highest protein bands could be observed
approximately at 260 kDa of molecular size which known as B-bands and two distinct a-bands (a; and o,-bands)
were observed at molecular sizes approximately 148 kDa and 135 kDa respectively. The SDS-PAGE patterns of
collagen type | derived from chicken skin and rabbit in Fig. 2 were compared and showed the slightly similar
pattern of protein bands from all three sources.
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Fig. 1: Protein Bands Pattern of Collagen Type | Extracted from Chicken Feet.

According to Islam et al. (2015), collagen type I are heterotrimers which have two distinct o chains. The
heterotrimers consist of two identical a;-chains and one ap-chain. Rabotyagova et al. (2011) have recorded the
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migration of collagen type | was generated three bands on SDS-PAGE gel are monomeric o, and a,, B-band and
v-band. The B-band is a dimer and represent for a; and a,-chains together or two os-chains while y-band
represents three a-chains together. However, the y-bands not appeared on the gel in Fig. 1 due to the
denaturation of collagen by heat and the collagen is not in the triple helix conformation. Generally, protein
collagen consists of three identical or non-identical polypeptides (Richard-Blum, 2015) that coil to each other
into helices to form triple-helix tropocollagen (Parmar et al., 2015). Small difference in molecular weight due to
the different amino acid sequences make the bands are slightly different between collagen from various species

(Tiago et al., 2014).
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Fig. 2: SDS-PAGE of collagen type | derived from chicken skin with different treatment. L: Lactic acid-pepsin treatment; A:
Acetic acid-pepsin treatment; C: Citric acid-pepsin treatment; M: High MW marker; R: Rabbit collagen type | (Chia et al.,
2013)

Based on this result, it showed that protein fragment with lower molecular weight than a-chains for all three
methods of extraction could not be observed. This indicates that other contaminants such as hemoglobin and
enzyme have been removed from the extracted collagen (Brock et al., 2013). Furthermore, the results of SDS-
PAGE also proved that structural integrity of the extracted collagen could be maintained throughout the
extraction processes for each different method (Lin & Liu, 2006).

As conclusion, all three methods that were used in this research have not showed any statistically significant
difference in pH, swelling percentage, percentage of end yield, and protein concentration. It showed the acid-
bromelain extraction method is able to produce the percentage of end yield as much as acid-papain and lactic
acid extraction methods. Thus, this proof that acid-bromelain can be one of alternative methods of collagen
extraction besides of papain to replace the extraction method that using pepsin to avoid the uses of any porcine
related product. Collagen extracted method by using 5% lactic acid for 36 hours was showed as the most
optimum extraction method which has recorded the highest percentage of end yield and protein concentration
among other methods with reading of 30.04% and 11.66 mg/ml respectively. Type | collagen have been proof as
major component of collagen extracted from chicken feet based on the observation of SDS-PAGE pattern which
consist of o4 and a,-chains.
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