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ABSTRACT 

Chicken feet can be used as an substitution source for production hydrolyzed collagen  as new 
desirable healthy  food product,  this study aims to use  the enzymatic hydrolysis method  for chicken 
feet (considered as byproduct) to produce hydrolyzed collagen with orange flavor to be food 
supplement for anti-aging, anti- osteoporotic and anti arthritis, anti-inflammatory, anti tumor. The 
results indicated that the hydrolyzed collagen that produced in this study was high in  all enzymatic  
treatments(enzyme concentrate 0.03,0.04 and 0.05%)  of glycine,  proline and hydroxyproline content, 
as known that proline and hydroxyproline percent were  very  important for producing glucosamine in 
the human body in the presence of ascorbic acid. The results showed that adding orange essence, as 
well as ascorbic acid during producing of hydrolyzed collagen increased the nutritional value 
especially in vitamin C from 0 mg/100g of hydrolyzed collagen without any additives (G1) to 500 
mg/100g in hydrolyzed collagen with orange essence, as well as ascorbic acid (G2). While protein 
content decreased from 91.38% to 90.58%. For sensory evaluation it was found that color, odor, taste, 
texture and overall acceptability for hydrolyzed collagen with orange essence, as well as ascorbic acid 
(G2) was higher than hydrolyzed collagen (G1). 
 
Keywords: Chicken feet, Hydrolyzed collagen, Utilization of By-product, New product of chicken 

feet. 

 
Introduction 

The new food products detect through developing studies and the find of new sources of food 
or the reuse of by-products or wastes. Therefore, nutritional and sensory aspects must be taken into 
account, so they could equipping some vitamins or minerals without refusal the product by the 
consumers. In this context, there are the so-called functional foods (Barcelos et al., 2002; Barimalaa 
and Okoroji, 2009 and Rodrigues et al., 2011). Laufenberg et al. (2003) and Costa et al. (2008), who 
find that the meat waste may contains many substances with high values which  If employing an 
appropriate technology, this material probably converted into commercial products or raw materials to 
secondary processes. In this context, can be several food wastes which previously as useless currently 
are transformed into by-products with wide commercial acceptance. Whereas, to take advantage of the 
waste is convert to a new products this providing a better destiny with higher commercial value to 
them.  it is necessary to search for alternative foods to meet demand because  of the world population 
increasing , on condition these alternative sources should have  nutritive food produced at large scale 
with low cost, and also should present good sensory characteristics. Orrico Junior et al. (2010a and 
2010b) found that the poultry manufacturing producing a large amounts of waste that if well managed 
could become an important source of income and add value to the activity, also a sustainable 
production model that is increasingly becoming a requirement of the market. Therefore, a system of 
waste treatment became necessary in order to avoid possible contamination of the environment.  
Polian, (2012) reported that by-products of the slaughtering and processing of chickens include 
viscera, head, feet, skin, fat, bone. Also chicken feet comprise of protein 22.46%, and collagen is the 
major component of protein .Food and pharmaceutical industries throughout the world are watching a 
growing demand for collagen and gelatin. The collagen protein substance is naturally occurring in the 
human body, but the problem occurs with age progress, the body's ability to produce less collagen, 
which leads to changes in flexibility and increase in the inflammatory pain and arthritis so it is 
recommended to take collagen from another source. The gelatin of mammals (pigs and cattle) is the 
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most popular and using, but observing   many skepticism among consumers because of socio-cultural 
and health concerns (Karim and Bhat, 2009). The demand for new gelatin as alternative the gelatin of 
mammals has guided several studies on different raw materials. Collagen is formed mainly from 
connective tissue of animals. It has a specific secondary structure known as triple helix, which confers 
strength to the connective tissue matrix. This includes all the myofibril cells allowing coordinated 
action of movement (Hernandez-Briones et al., 2009). 

Collagen extracted from collagen-rich materials with hot water is known as gelatin. The further 
enzymatic hydrolysis of gelatin results in collagen hydrolysate (CH). Collagen hydrolysate used from 
long been in pharmaceuticals and foods in many countries and regions, such as United States, Europe, 
China and Japan. Approved as Generally Recognized As Safe (GRAS), the safety of CH has been 
confirmed by the Food and Drug Administration (FDA) Center for Food Safety and Nutrition.  also 
there are  many studiedes have been widely on  the bioavailability and absorption of CH and  reported 
that CH is more easily absorbed and best of bioavailability compared with  gelatin (Oesser et al., 1999 
and Song et al., 2017). In addition to free amino acids, small peptides especially dipeptide and 
tripeptide are absorbed into body by peptide transporter (Brandsch, 2013). To date, about 30 peptides 
(mainly dipeptides and tripeptides) have been identified in blood after ingestion of gelatin and CH, 
and Pro-Hyp is the most numerous collagen-derived peptide (Wang et al., 2015 and Yazaki et al., 
2017). Ohara et al. (2010) and Hatanaka et al. (2014) who reported that these peptides may do various 
beneficial effects on body health as in prior studies ,therefor Collagen hydrolysate (CH) has received 
increasing attention in recent decades, because of  the recent developments  regarding  the beneficial 
effects of CH in animal experiments and clinical trials. These beneficial effects include anti-oxidant, 
anti-aging, anti- osteoporotic and anti osteoarthritis, anti-inflammatory, anti tumor, wound healing, 
anti- hypertensive and anti-atherosclerotic, anti-obesity and hypoglycemic effects (Hongdong and Bo, 
2017). 

There are many methods for collagen extraction, but the most used consider the acid and 
enzymatic hydrolysis methods, may increase enzyme activity at low pH and temperature close to the 
human body (Simões et al., 2014; Lin & Liu, 2006). In chicken feet there are different studies of 
extraction of collagen, either by cooking (Alves & Prudencio-Ferreira, 2002) or enzymatic methods 
(Hashim et al., 2014). 

The aim of this investigation production hydrolyzed collagen by enzymatic hydrolysis method 
for chicken feet to take advantage of the nutritional value and the benefits of the healthy ingredients   
in the production of desirable food product as hydrolyzed collagen, with study the chemical 
composition, the physical and chemical quality attributes and the sensory evaluation of hydrolyzed 
collagen product. 
 
Materials and Methods 
 
Raw materials. 

Chicken feet were obtained from the local market at Giza, Egypt. Immediately after slaughtering, 
the samples were transported using an ice box to the laboratory of Meat and Fish Technology, Food 
Technology Research Institute. Protease (pro type 2, 3×106/gm.) enzyme was purchasing from 
infoenzyme Germany. Orange essence powder was purchasing from El zawawy Company, Ataba, 
Cairo, Egypt. Ascorbic acid was purchasing from El-Gomhouria Co. for Trading pharmaceutical, 
Chemicals and Medical Equipments, Cairo, Egypt.  

  
Pretreatment.  

A previously described pretreatment procedure was applied with some modifications (Yang et 
al., 2009 and Wei et al., 2013). First, the chicken feet were washed, the nails and the thin yellow layer 
removed and washed again with cold water and cut into small pieces. The chicken feet immersed in 
0.25 mol/l NaOH and 1% (v/v) hydrogen peroxide (1:7, w/v) and held at room temperature for 40 
minutes. The chicken feet samples were drained, which was squeezed by hand. The alkali pretreated 
chicken feet samples were then washed under running tap water for 40 min and drained, and 
subsequently soaked in 0.2% sulphuric acid (1:7, w/v) for 40 minutes. The liquid was drained and the 
samples were flushed with tap water. Finally, the chicken feet samples were soaked in 0.3 mol/l acetic 
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acid (1:7, w/v) for 40 min and flushed with tap water to remove the remaining acid. The chicken feet 
samples were then drained and weighed. 

 
Enzymatic hydrolysis of chicken feet.  

Enzymatic hydrolysis of chicken feet was performed using 0.03, 0.04 and 0.05% (w/w) protease 
at 45 °C for 6 h. At the end of the hydrolysis, the enzyme was inactivated by heating at 100°C for 10 
minutes. 
 
Filtration and lyophilisation.  

The extract was filtered through a metal sieve (100 mesh) to remove any residues. Then fine 
residues were removed by centrifugation at 3000 rpm for 30 min at 4°C. The resulting solution was 
adjusted to pH 7 with 0.1 N of NaOH or HCl. Finally. The solution was then freeze-dried in a 
lyophiliser. The freeze-dried product was stored at –20°C until use.  

The freeze-dried collagen hydrolyzed sample (only of produced by 0.05 % enzyme concentration 
because it were the highest of yield and protein content compared with concentrate 0.04 and 0.03 % as 
in table 2) was divided to two groups, the first one group (G1) still without any additives and the 
second group (G2) was made by addition of orange essence powder (3g/1000g), as well as ascorbic 
acid (5g/1000g) to the sample. 

The yield (%) was calculated as (freeze-dried hydrolysates (g)/wet chicken feet (g)) × 100. 
 
Chemical analysis. 

Chemical analysis proximate analysis including moisture, protein, fat and ash was carried out 
according to the methods of (AOAC, 2005), Amino acids were determined according to Milliporo 
Cooperative (1987). pH value was determined according to Aitken et al. (1962). Isoelectric point was 
determined according to Gabriela et al. (2018). 

 
Physical quality attributes 
 
Viscosity  

The viscosity of the liquid was measured according to Brookfield Manual (1998).  
 
Turbidity 

The turbidity of the liquid was determined by measuring the absorbance (A) at 900 nm in 1 cm 
cuvette cells against Milli-Q water (Bses, 2001a).  

 
 Solubility 

The solubility of hydrolyzed collagen powder was determined using the procedure developed by 
(Eastman and  Moore, 1984) as adopted by Cano-Chauca et al., (2005). One gram of the powder (dry 
weight basis) was dispersed in 100 mL distilled water by blending at high speed for 5 min. The 
dispersed powder was then centrifuged at 5000 rpm for 5 min. 25 mL aliquot of the supernatant was 
carefully pipetted and transferred to a pre-weighed aluminum dish and then oven-dried at 105°C for 3 
h. Drying was continued and weighed every hour for 2 h. The solubility of the powder (%) was 
determined by taking the weight difference. 

 
Bulk density 

The bulk density of the powder samples was measured by the procedure described in previous 
studies with some modification (Barbosa-Canovas et al., 2005 and Goula and Adamopoulus, 2008). 
Approximately 5 g of powder was freely poured into a 25 mL glass graduated cylinder (readable at 1 
mL) and the samples were repeatedly tapped manually by lifting and dropping the cylinder under its 
own weight at a vertical distance of 14±2 mm high until negligible difference in volume between 
succeeding measurements was observed. Given the mass (m) and the apparent (tapped) volume of the 
powder, the powder bulk density was computed as m/v (kg/m3). The measurements were carried out 
at room temperature in three replicates for all samples. 
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Sensory evaluation  
Sensory evaluation was determined according to Suderman et al. (1981). Immediately after 

preparing of samples, samples were prepared by soluting 10gm of powder in 100ml water and 
subjected to member ̕ s trained sensory panel to find out the samples that have more palatability by 
evaluating color, odor, taste, texture and overall acceptability of these samples. 

 
Statistical analysis. 

The obtained data were exposed to analysis of variance followed by multiple comparisons 
between means (P≤ 0.05) applying LSD. The analysis was carried out using the PRO ANOVA 
procedure of Statistical Analysis System (SAS, 1996). 
 
Results and Discussion 
 

Table (1) showed that  the  chemical composition of chicken feet ,where protein, fat and ash  
content recorded 79.39,17.35 and 3.26 %.The protein content was like protein content, but the ash 
content was lower than ash content that obtained by Hashim et al. (2014),  It was known that 72.5% 
of the protein of the chicken foot in the form of collagen. Collagen is considered to be one of the most 
useful biomaterials because it has a wide range of industrial applications (Lafarga and Hayes, 2014). 
The demand in the food industry for collagen and gelatin increasing because of their high protein 
content and their functional properties. 
 
Table 1: Chemical composition of chicken feet (on dry weight basis) 

Content % 
Protein 79.39 

Fat 17.35 
Ash 3.26 

 
The results in table (2) showed that there are significant differences between the yield  and 

Protein content of used different  concentrations, where the yield and protein contents were the 
highest in samples of collagen hydrolyzed (concentrate 0.05%)  compared with concentrate 0.04 and 
0.03 %,respectively. This may be due to the concentration of enzyme protease which influenced 
positively on the hydrolyzation degree, where the treatments with the highest concentration of the 
enzyme (0.05%) has the highest of the yield and protein content. According to Simões et al. (2014) 
and Arauja et al. 2018), may be protease enzyme digested the protein’s cross-linking sites for the 
triple helix structure which led to increase the yield and Protein content. Therefore, higher amounts of 
protease enzyme imply a higher of the yield and Protein content. At the same table (2), the data 
showed that samples of collagen hydrolyzed (concentrate 0.05%)   recorded the highest value of pH 
followed by samples (concentrate 0.04 and 0.03%%, respectively). This is confirmed by the higher 
protein  content of samples of collagen hydrolyzed ( concentrate 0.05%)   than samples (concentrate 
0.04 and 0.03%)  as there is direct relationship between protein  content and pH value (Sanchez- 
Alonso et al., 2007). 
 
Table 2: Physicochemical properties of collagen hydrolyzed at different concentration of protease 

enzyme. 

Item  
Concentration of protease enzyme (%) L SD 

0.03 0.04 0.05 
Yield (%) 11.0b±0.7 13.0a±0.75 14.0a±0.65 1.401 
Protein content (%)  90.34 c ±0.3 90.75b±0.2 91.38a±0.15 0.350 
pH 5.3 c ±0.5 5.45b±0.5 5.80 a ±0.5 0.099 
Isoelectric point 4.43a±0.01 4.40a±0.05 4.37a±0.04 0.075 
Solubility  75.12 a±0.6 75.45 a±0.35 75.78 a±0.25 0.8515 

The values in same a row followed by the same letter are not-significantly different (P≤ 0.05). 

 
Isoelectric point that is defined as that pH value at which the global electrical charge of the 

molecule is null,an important parameter of proteins because  each protein has different  isoelectric 
point has a specific behavior of  solubility, chemical reactivity, viscosity, osmotic pressure and 
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hydration of the minimum colloidal particles (Gabriela et al., 2018). Samples of collagen hydrolysate 
from  used different  concentrations (concentrate 0.05  ,0.04 and 0.03 %)  recorded  Isoelectric point 
values as next 4.37, 4.4.40 and 4.43, respectively. which is inversely proportional with hydrolysis 
degree and concentrations of enzyme, this may be due to  the higher density of carboxyl groups 
resulted by the hydrolysis of side amide groups of samples under private conditions of the strong base 
and high temperature (Yang et al., 2009). 

From the data presented in table (3), found that the hydrolyzed collagen that produced in this 
study was high in glycine, the proline and hydroxyproline content in all treatments. This results 
agreement with the results by Masoud, (2017), as known that Proline and Hydroxyproline percent 
were  very  important for producing glucosamine in the human body in the presence of ascorbic acid 
(Morimura et al., 2002). On the other hand, the results noticed that values of hydroxyproline, proline 
and glycine content increased with increasing of the concentration of protease enzyme. Where content 
of  hydroxyproline, proline  and glycine were  the highest in samples (concentrate 0.05%)  compared 
with concentrate 0.04 and 0.03 %, respectively. This may be due to the protease concentrate which 
influenced positively on the hydrolyzation degree, where the treatment with the highest concentration 
of the enzyme (0.05%) has the highest of this amino acids contents. According to Simões et al., 
(2014) and Arauja et al., (2018), may be the protease enzyme digestion the protein’s cross-linking 
sites for the triple helix structure which led to increased content of glycine content, the proline and 
hydroxyproline. Therefore, higher amounts of protease enzyme imply a higher content of 
hydroxyproline, proline and glycine  amino acids. 
 
Table 3: Amino acids of collagen hydrolyzed at different concentration of protease enzyme. 

Amino acids mg/100g 
Hydrolyzed collagen  

0.03 0.04 0.05 
Hydroxyproline 83.9 88.8 94.7 
Aspartic 42.2 31.8 25.6 
Therionine 48.9 42.02 30.6 
Serine 33.2 34.1 36.1 
Glutamic 85.3 82.6 70.9 
Glycine 330.2 345.5 360.6 
Alanine 131.18 124.13 117.29 
Valine 20.1 21.06 25.1 
Isoleucine 8.3 7.3 6.8 
Leucine 20.4 16.9 13.5 
Tyrosine 1.02 0.89 0.81 
Phenyl alanine 11.3 10.5 8.7 
Histidine 9.1 8.9 7.7 
Lysine 30.1 32.05 35.4 
Arginine 5.6 5.7 5.9 
Proline 120.3 128.5 140.3 
Hydroxylysine 6.6 6.65 7.1 
Methionine 12.3 12.6 12.9 

 
From the results presented in table (4) showed that significant differences  between  G1 and G2 

in protein content ,while  non- significant differences  between  G1 and G2 in the moisture and ash 
.On other hand pH value decreased  from 5.3 in G1 to 4.2% in (G2). This may be due to adding 
orange essence powder, as well as ascorbic acid during producing hydrolyzed collagen.  From the 
same table it could be observed that adding ascorbic acid during producing of hydrolyzed collagen 
caused to increase the nutritional value of collagen especially in vitamin C from 0 mg/100g. to 500 
mg/100g which is very important to forming glucosamine by reaction with collagen amino acid 
especially proline and hydroxyproline in the human body (Kramer et al., 1999). This results 
confirmed with the results obtained by Masoud, (2017) |who founded that moisture content increased 
from 2.0 in the hydrolyzed collagen   to 2.87% in the hydrolyzed collagen added to it orange juice 
concentrate, while    the protein content was decreased from 91 to 88 %.  For pH it found that by 
adding orange juice concentrate decrease the pH from 6.5 to be 4.3 due to the acid content of 
concentrated orange juice 
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Table 4: Chemical composition of hydrolyzed collagen (G1 and (G2). 
Parameters 

on dry weight bass 
hydrolyzed collagen 

LSD 
G1 G2 

Moisture 3.78 a±0.3 4.41 a±0.33 0.8149 
Protein 91.38 a±0.5 90.86 b±0.4 0.4013 

Ash 4.84 a±0.25 4.73 a±0.56 0.6231 
pH 5.30 a±0.1 4.2 b±0.1 0.2266 

Vitamin C - 500mg - 
The values  in  same a row  followed by the same letter are not-significantly different (P≤ 0.05). 
G1) = Powder  of the freeze-dried collagen sample without any additives.  
G2=  Powder  of the freeze-dried collagen added  to it  orange essence powder , as well as ascorbic acid. 

 
From the table (5), it could be observed that viscosity increased from 5.14 in collagen sample 

without any additives (G1) to 5.85 in collagen sample with orange essence powder, as well as 
ascorbic  acid (G2). The color of collagen sample without any additives (G1) is changed from creamy 
color to yellow color also the flavor become orange flavor  and  the turbidity was increased from 11.3 
in (G1) to be 17.6 nut  in (G2), also bulk density increased from 0.45 in (G1) to 0.51 (G2). This may 
be due to adding orange essence powder. This results confirmed with the results obtained by Masoud, 
(2017). Who reported that the color of the hydrolyzed collagen changed from creamy color to yellow 
color also the flavor become orange flavor duo to adding orange juice  and  turbidity was increase 
from 10 in control to be 18 in produced collagen with orange juice concentrate and this was  due to 
the acid content of concentrated orange juice 
 
Table 5: Physical properties of hydrolyzed collagen and hydrolyzed made with added orange essence 

powder, as well as ascorbic acid. 

Parameters Units 
Hydrolyzed collagen 

G1 G2 
Viscosity mpa.s 5.14 5.85 
Turbidity NUT 11.3 17.6 

Flavor  Gelatin Orange 
Color  Creamy Yellow 

Bulk Density g/l 0.45 0.51 
G1= Powder of the freeze-dried collagen sample without any additives. 
G2= powder of the freeze-dried collagen added to it orange essence powder, as well as ascorbic acid. 

 
Table (6) shows the mean values obtained from the sensory evaluation of the freeze-dried 

collagen sample without any additives (G1) and the freeze-dried collagen added to orange essence 
powder, as well as ascorbic acid (G2). According to the obtained results was observed significant 
differences between samples for odor, taste, color, texture and overall acceptability. This may be due 
to the orange essence led to enhance the sensory attributes of the final products as reported (Poliana et 
al., 2013). The results showed also that sample (G2) pointed that values were close to or above 8, for 
all sensory properties, this pointed that most of the panelists "preferre" this samples. Where the values 
of sample (G1) varied between 5 .2 to 7.23, indicating that most of the panelists "preferre" this 
product also.  
 
Table 6: Sensory evaluation of hydrolyzed collagen and hydrolyzed made with added orange essence 

powder, as well as ascorbic acid  
Parameters Hydrolyzed collagen 

L SD 
G1 G2 

Color 6.10b±0.6 8.13a±0.52 1.273 
Odor 6.40b±0.4 8.3a±0.4 0.907 
Taste 5.20b±0.4 8.235a±0.4 1.202 

Texture 7.23b±0.33 8.2a±0.3 0.715 
Overall acceptability 6.23b ±0.35 8.22a±0.33 0.771 

The values  in  same a row  followed by the same letter are not-significantly different (P≤ 0.05). 
G1= Powder  of the freeze-dried collagen sample without any additives. 
G2= Powder  of the freeze-dried collagen added  to it  orange essence powder , as well as ascorbic acid. 



Middle East J. Agric. Res., 9(1): 81-89, 2020 
EISSN: 2706-7955   ISSN: 2077-4605                                               DOI: 10.36632/mejar/2020.9.1.8  

87 

This results confirmed with the results obtained by Masoud, (2017). When compared hydrolyzed 
collagen with concentrated orange juice and with hydrolyzed collagen as control, where indicated  
that all samples  were accepted, and  hydrolyzed collagen with concentrated orange juice was higher 
than that produce without adding orange juice concentrate in all attributes of sensory evaluation . 
 
Conclusion 

This study concluded that could be use Chicken feet (considered as by-products) as an alternative 
source cheap and safe (socio-cultural and health concerns) of hydrolyzed collagen for the 
development of new products, our study used enzymatic hydrolysis method for chicken feet 
considered by-product  to produce hydrolyzed collagen with orange flavor  manufacturing to be food 
supplement for arthritis and roughness of joints. The results indicated that the hydrolyzed collagen 
that produced in this study was high in the all treatments (concentrate enzyme 0.03, 0.04 and 0.05%) 
of glycine, the proline and hydroxyproline content, as know that proline and hydroxyproline percent 
were very important for producing glucosamine in the human body in presence of ascorbic acid. The 
results showed that  adding orange essence powder , as well as ascorbic acid during producing of  
hydrolyzed collagen increased the nutritional value especially vitamin C, where increased from 0 
mg/100g in hydrolyzed collagen without any additives (G1) to 500 mg/100g in hydrolyzed collagen 
with orange essence, as well as ascorbic acid (G2). It was found that color, taste, odor, texture and 
overall acceptability for hydrolyzed collagen with orange essence, as well as ascorbic acid (G2) were 
higher than hydrolyzed collagen without any additives (G1). 
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