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ABSTRACT. This study was carried out to determine the percentage of gelatin yield (w/w) extracted
from chicken feet (CFG), and to compare the physicochemical properties and sensory qualities of CFG
with bovine commercial gelatins (CBG). CFG extraction was based on gelatin type B method through
three alkaline treatments by soaking in 4% HCI, 10% NaOH then 60°C thermal hydrolysis for 5 hours. A
higher percentage of CFG powder was obtained at 18% w/w, and texture profile analysis showed
correlation (r=0.98) between bloom strength and the gel hardness. Proximate analysis has shown that
the powder of CFG extracted meets the standard as regulated in Food Act 1983 and Food Regulations
1985 with 6.43% humidity, 1.54% ash, 67.40% protein and 0.42% fat. There were no significant
differences (p=0.05) in ash and fat percentage of CFG and CBG as the values are 1.56+0.01 and
1.36+0.14 for ash, also 0.32+0.01 and 0.19+0.03 for fat respectively. Significant differences (p<0.05)
existed in water and protein percentage of the CFG and CBG with values of 6.64+0.20 and 8.03+0.16 for
water, also 67.40+0.82 and 88.18+1.90 for protein. Sensory evaluations showed CFG was less acceptable
(n=20) compared to CBG for colour, aroma and texture attributes. The score mean value for overall
acceptance of CFG compared to CBG is 5.95+0.39 and 6.65+0.49 respectively.
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INTRODUCTION

Gelatin is classified as animal protein derived from bone and skin collagen obtained through acid or alkali
hydrolysis. Gelatin properties are affected by source, age and type of collagen (Bell, 1989; Gennadios et
al., 1994; Johnston-Banks, 1990). Gelatin is widely used in the food industry as an additive for its
elasticity, consistency and as a stabilizer in pharmaceutical products and photographic technology.
Gelatin has unique physicochemical properties that allow it to form thermo-reversible gel (Jamilah &
Harvinder, 2001; Zhou & Regenstein, 2005) at melting point approaching body temperatures (the
perception of melting in the mouth) and the ability to dissolve in water (Norziah et al., 2009). Food grade
gelatin not only depends on the rheological properties, but also the color, translucence, flavor and
solubility (Gimenez et al., 2005a).

Gelatin is known to replace the function of fat (as thickener agent E441, emulsifier, binder and
nutrient) in food with no negative impact on the real taste of food products and to have a comparable
sensory quality with fat functions which is widely used in the pharmaceutical industry as medication
capsule gel (Demirhan et al., 2012). Gimenez et al. (2005b) stated gelatin is used as a stabilizing agent in
dairy and fermentation products including ice-cream to obtain smooth and fine texture, flexible gel
structure and to prevent syneresis. In addition, gelatin is widely used as a dietetic agent in obesity
management due to its low calorie content, as well as in baby food because it has high protein content
(Riaz & Chaudry, 2004). Gomez-Guillen et al. (2011) reported many parts of poultry by-products are
used in the preparation of high-value products based on collagen. These include skin and sternum
cartilages that produce collagen type | and type Il respectively. Meanwhile, Cheng et al. (2009) state the
‘Silky fowl’ (a type of chicken) feet containing collagen and melanin are potential ingredients in cosmetic
industries.
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There are two types of gelatin extraction method, using either acid or alkali. Pre-treatment with
acids such as hydrochloric acid (HCI), sulphuric acid (H,SO,), and phosphoric acid are frequently used
for the extraction of gelatin from young collagen and have no complex structure such as pig skin
(Hinterwaldner, 1977) and several species of fish within short period between 10 and 48 hours. While
pre-treatment with alkali like sodium hydroxide (NaOH) or potassium hydroxide (KOH) (Jackson, 1995;
Riaz & Chaudry, 2004) is used for extracting gelatin from matured collagen with complex cross structure
such as skin, bones and cartilage of cattle and buffalo, which takes long time from 6 to 20 days (Imeson,
1997) to dissolve the mature and complex collagen.

The main gelatin production is from mammalian sources (Gimenez et al. 2005a) such as skin and
bones of cattle and pigs (Binsi et al. 2009). According to Karim and Bhat (2009) and See et al. (2010),
about 46% gelatin in the market is made from pig skin, 29.4% from cow skin, 23.1% from bones and
1.5% from other sources such as various species of fish (Lim et al. 2001). Issues of halal food by
Muslims and vegetarians (Karim & Bhat, 2008) and kosher by Jews and the spread of mad cow disease
(Bovine spongiform encephalopathy, BSE) in Europe (Demirhan et al., 2012; Binsi et al., 2009; Jamilah
& Harvinder, 2002) increased efforts to find new gelatin sources, especially in European Countries, India
and Pakistan (Riaz & Chaudry, 2004) to meet the demands of Muslim consumers.

Fish gelatin has become a focus of the market (Grossman & Bergman, 1992). However, it has
various disadvantages and is less stable than mammalian gelatin (Gomez-Guillen et al., 2011) especially
in terms of physicochemical properties such as low viscosity and gelling properties (Badii & Howell,
2006). Fish gelatins also have strong odour (Jamilah & Harvinder, 2002) depending on the fish
environment such as the depth of habitat, pollution levels and types of plankton. Strong fishy smell of fish
gelatin from fish skin such as grouper, snapper and mackerel (Irwandi et al., 2009) results in limited use
in food, pharmaceutical and nutraceutical products. Leuenberger (1991) reported that gelatins from cold
fish contain amino acids, and exhibits low melting temperature and gelling properties. In addition, fish
gelatin may affect allergic consumers (Hamada et al., 2001; Sakaguchi et al., 1999). In general, gelatin
from mammals has the highest quality based on high melting point and gelling characteristics, it is also
stronger than fish gelatin due to its high content of hydroxylproline (Gimenez et al., 2005a).

In Malaysia, the use of chicken feet as food is limited due to the presence of small bones and
cartilage with no muscle. Cho et al., (2006) reported on a study of the suitability of chicken feet as a
replacement for cow hide in Korean traditional gellied foods (known as Jokpyun). From literature, high
cartilage content can produce high yields of gelatin. To date, few studies have reported on the extraction
of gelatin from chicken feet. According to Gomez-Guillen et al., (2002), the quality of gelatin is greatly
influenced by physicochemical properties and various methods of production, including types of tissue
and animal species. Therefore, this study was conducted to determine the percentage yield of chicken feet
gelatin (CFG) [w/w] and to compare the physicochemical and sensory quality of CFG with commercial
bovine gelatin (CBG).

MATERIALS AND METHODS

Samples

Fresh chicken feet (4 kg) were obtained from poultry slaughterhouse EverGrowth Sdn. Bhd., Menggatal,
Kota Kinabalu, cleaned and stored at -27°C. Only the bone and cartilage were used in the gelatin
extraction. To minimize the differentiation in the yield of gelatin extracted, only chicken feet of the same
age and from the same slaughterhouse were used. While the commercial gelatin powder of bovine source
(CBG) was obtained from Halalgel, Kota Bharu, Kelantan.

Sample Preparation

Chicken feet samples were cleaned: skin, fat and cuticles were removed by soaking the samples in boiling
water at 100°C for 40 minutes according to Dunn (2003) method which used to extract gelatin from cattle
bones. The chicken feet were then dried at 50°C for 18 hours, and 3 kg dried chicken feet was recorded

2



Extractions, Physicochemical Characterizations and Sensory Quality of Chicken Feet Gelatin

(Muyonga et al., 2004). After fat removal, the dried chicken feet were soaked in HCI solution (Merck) at
concentration of 4% with ratio 1:6 of acid per weight of sample (Dunn, 2003). This process was
performed at 27+1°C (room temperature) and the solution was changed at intervals of three days for 9 to
12 days.

Alkali Pre-Treatment

Osein, a spongy material result from the acidic treatment (HCI solution) for the purpose of minerals and
non-collagen materials removal; then immersed in 0.2 M NaOH (1:10 w/v) (Badii and Howell 2006;
Cheng et al., 2009) (LAB-SCAN) (pH ~ 12.5) for 20 days and the solution was changed at intervals of 3
days. After 20 days in immersion, the samples were washed and soaked in distilled water for 24 to 48
hours and washed 7 times. Then the pH of the samples was neutralized using HCI or H,SO,4 (Merck) up to
pH5 -7 (Lim et al., 2001).

Gelatin Extraction

After pre-treatment, the sample was transferred into a beaker and placed in a waterbath at 60°C for 5
hours. Then, gelatin obtained was filtered using Whatman filter paper No. 4 (Jamilah and Harvinder,
2002; Badii and Howell, 2004; Cho et al., 2006). Evaporation was performed using a freeze drier until the
moisture content was 10 to 13% (Riaz and Chaudry, 2004). Then the dried chicken feet gelatin (CFG)
obtained was weighed.

Physicochemical Parameters
Percentage of Gelatin
CFG extracted was weighed to determine the percentage of gelatin yield according to Cho et al. (2006)
using the following equation;
Percentage of gelatin (%) = (a g) / (b g) x 100%
where;
a = weight of dried gelatin at 10 — 13% maoisture content (in gram)
b = weight of raw sample (in gram)

Gel Strength and Texture Profiles
Gel strength of the CFG was determined using a method performed by Johnston-Bank (1990). Bloom
strength was measured in grams using a specific plate to put pressure on the surface of the gel (Schrieber
and Gareis, 2007). Almost 6.67% weight per volume (w/v) CFG solution was prepared in accordance
with British Standards (BS 757:1975) by mixing 7.5 g of dried CFG with 105 ml of distilled water. The
solution was left at room temperature for 30 minutes (Johnston-Bank, 1990) prior to heating at 65°C for
20 minutes until the gelatin completely dissolved. It was then stored at 4°C for 16+2 hours for gel
strength determination, and kept at 9+1°C for 16 to 18 hours according to the method of Pye (1996) for
the determination of the gelatin texture profiles.

Gel strength and gelatin texture profiles were determined using TAXT2 Texture Profile Analyzer
Stable Micro System with 1.27 cm diameter plate at the speed setting (pre-, run- and post-test) 0.5 mm/s,
at 4 mm distance, trigger type Auto-4 g, and probe cylinder of radius 0.5 inches (P/0.5R) for the gel
strength determination. While the speed settings (pre-, run- and post-test) for determining texture profiles
were set at 2.0 mm/s, 1.0 mm/s and 10.0 mm/s, at distance of 2 mm, trigger type Auto-5 g, at 500 pps data
acquisition, and cylinder probe with 4 mm radius (p/4). Both of these tests were determined by the weight
of 5 kg load.

Viscosity

Gelatin solution at a concentration of 10% weight per volume (w/v) prepared by dissolving gelatin
powder in distilled water and heat up to 60°C. Viscosity was measured using Brookfield digital
viscometer with spindle No. 1 at speed of 60 rpm, temperature 40+1 °C (Kim et al., 1994).
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Colour

Almost 6.67% weight per volume (w/v) gelatin solution was prepared and cooled at 10+1°C for 16 to 18
hours. The colour of the gelatin was determined using the Hunter Colorimeter at tri-stimulus L* (bright to
dark), a* (red to green) and b* (yellow to blue) (Cho et al., 2006).

pH
pH values were determined at room temperature (27+1°C) by providing gelatin solution at concentration
of 6.67% (w/v) by mixing 7.5 g of gelatin powder into 105 ml of distilled water (See et al., 2010).

Melting Point Determination

Melting point of gelatin in the study was determined based on Muyonga et al., (2004). Gelatin solution at
concentration of 6.67% was prepared and placed in screw cap test tubes with little air space. Samples
were closed tightly and stored in a refrigerator at 7°C for 16 to 18 hours. Then, the sample was transferred
into waterbath at 10°C with inverted position, so that air space would move to the bottom. Staged heating
was carried out by increasing the temperature by 1°C per minute with the addition of warm water (45°C)
at 60 second intervals. The temperature when the gel melted and the air transferred from the bottom up is
recorded as the melting point (Muyonga et al., 2004).

Proximate Analysis

Moisture content, ash and fat of the extracted gelatin was determined according to AOAC International
(2000) and Badii and Howell (2006). Protein content was determined using FOSS instrumentation Kjeltec
2300, while the fat content was determined using FOSS SOXTEC 2050 (AOAC International, 2000).

Sensory Quality Evaluation

CFG powder extracted and dried at 10% moisture content (Riaz and Chaudry, 2004) was tested for
sensory quality attributes based on odour, colour, texture and overall acceptability; also comparisons were
made with CBG as reference samples. No tasting sensory evaluations were carried out. CFG and CBG
powder kept in an airtight container with a different number of permutations was served to panelists.
Texture attributes were evaluated based on viscosity and clustering (agglomerates) of both samples in the
study. Sensory panelists were provided with plastic teaspoons to press on samples for the determination
of the texture scale. The hedonic test used 7 point scale (1 = strongly dislike, 2 = dislike extremely, 3 =
dislike moderately, 4 = neither like nor dislike, 5 = moderately like, 6 = like very much, and 7 = like
extremely) (Aminah, 2000). This testing involved 20 semi-trained panelists’ comprising final year
students of Food Science and Nutrition program, Universiti Malaysia Sabah.

Statistical Analysis

The data collected from physicochemical and sensory quality were analyzed using Statistical Package for
Social Science (SPSS) version 17.0 using one-way analysis of variance (ANOVA) with significance level
at p<0.05. Paired t-tests were performed to determine the difference between the attributes studied.

RESULTS AND DISCUSSIONS

Yield of Gelatin

A total of 678.2 g of wet weight of CFG were obtained from 3 kg of dried chicken feet bone and cartilage
which is equivalent to 22.6%. While the dry weight of gelatin (after freeze drying) was 122.1g. The
percentage of gelatin extracted [(dry gelatin / weight chicken feet) x 100] was 4.1%. And the percentage
of dry gelatin powder [(dry gelatin / gelatin wet weight) x 100] was 18.0%. Gelatin yield decline
occurred due to the removal of cuticle, fats, minerals and water during sample pre-treatment and drying.
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(b)
Figure 1. Chicken feet bones obtained for gelatin extractions (a) Dried samples at 50°C for 18
hours; (b) Bones cut to small size, 1 — 3 cm.

Based on the percentage of gelatin yield, CFG extracted had a higher yield (18.0%) compared to
gelatin from freshwater fish such as snakehead (16.6%), red tilapia (11.6%) and silver catfish or
Pangasius Sutchi (10.8%) as reported by previous researchers. However, the percentage of the CFG is
9.8% less than gelatin from catfish (27.8%) (See et al., 2010). According to See et al. (2010), the
percentage of gelatin derived from freshwater fish depends on animal species. While Songchotikunpan et
al., (2008) state that the differences in gelatin percentage obtained were influenced by species and age of
animals, proximate composition, collagen content and methods of extraction.

\
(b)
Figure 2. Gelatin in form of powder used in study (a) CFG powder produced after freeze-dried (b)

powder of CBG.
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Table 1. Physicochemical Properties and Proximate Analysis of CFG and CBG in studies.

Gel Bloom and Texture Profiles Colour Proximate Analysis (%0)
Bloom (g) Hardness  Stickines Elasticity  Viscosity L* ax b* Water  Ash Protein  Fats
(9) s(9) (%) (%)

Chicken 264.33° + 6053 + 4.82° + 14.09° + 4.96° + 42.94° 2.82° 11.42* 6.64° 156° + 67.40° 0.32°+
feet gelatin 5.13 0.68 0.45 0.12 0.12 +0.69 +023 +020 +020 0.01 +0.82 0.01
(CFG)
Commercia 328.00° + 74.21*° + 1.15° + 18.01° + 6.32° + 34.40° 187" -468" 8.03* 1.36* + 88.18" 019+
| bovine 9.17 0.71 0.24 0.04 0.02 +0.03 +0.12 +0.08 +0.16 0.14 +190 0.03
gelatin
(CBG)

b Different alphabet superscripts in the same column indicate significant difference (p<0.05)
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According to Tavakolipour (2011), alkali treatment can produce higher percentage of gelatins
than acid treatment. This is because the alkali treatment can resolve complex collagen completely, and
improve the rheological and physicochemical quality of extracted gelatin. The transformation process
converts the collagen structure to gelatin, where the fibrous chain collagen structure is hydrolyzed into
tropocollagen units through hydrogen chain and hydrophobic bonds hydrolysis (Martianingsih & Atmaja,
2009). This is because the hydrogen bonds (which stabilize the collagen complex) decompose in the
thermal hydrolysis process (Zhou & Regenstein, 2005) using distilled water and produce gelatin. Taking
into consideration the report by Tavakolipour (2011), the chicken feet in this study did not produce higher
percentage yield than the gelatin from catfish and snakehead extracted by acid treatment as reported by
See et al., (2010).

Gel Strength and Texture Profiles

CFG gel bloom strength measured at 264.3g compared to 328.0g of CBG (Figure 3 and Table 1) which
showed significant difference (p<0.05). Based on the value of bloom CFG had high level of quality even
though the CFG bloom gel (264.3g) was lower than CBG (328.0g). CFG was measured at 60.53g
hardness, which was lower than CBG at 74.21g (Table 1). There was high correlation (r?> = 0.98) between
hardness and strength of the bloom, as shown by the linear relationship. High correlation occurred
because the hardness of gelatin can also be used to determine the strength of the gelatin bloom (Muyonga
et al.,, 2004). According to Imeson (1997) gelatin that contains high in glycine, proline and
hydroxylproline amino acids (Sarabia et al., 2000; Arnesen & Gilberg, 2002; See et al., 2010) were
having high gel strength compared to gelatin with low amino acids (Muyonga et al., 2004; Cho et al.,
2006). This shows that CBG had contain high amount of proline and hydroxylproline compared to CFG
in this study.

BloomStrength

300 350
5 250 5 0
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*é, 200 =
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150
g 100 5
o L=
= = 100
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0 0
0 2 4 6 8 0 5 10
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Figure 3. Gel bloom strength (a) CFG compared to (b) CBG at concentration 6.67%.

Gel strength (gel Bloom) is a key parameter in determining the quality of gelatin (Cheow et al.,
2007) which is determined based on hardness, elasticity, strength, compressive strength and the ability to
compress at setting temperature and molecular weight (Ockerman & Hansen, 1998). Gel bloom strength
values were measured in grams using a special plate to put pressure on the surface of the gel (Schrieber &
Gareis, 2007).

According to Johnston-Banks (1983) there are three levels of gelatin quality: low quality
(strength 150g), medium (150 - 220g), and high (220 - 300g). Thus, the CFG in this study had a high
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level of quality with the gel bloom at 264.3g. However, the bloom gel for CBG in the study exceeded the
value of high quality, which is > 300g and this shows that CFG had lower quality than CBG. In
comparison, the quality of CFG is still at higher level than freshwater fish gelatin like cod-cake (90g),
hake (110g) (Gomez-Guillen et al., 2002), Alaska Pollock (98g) (Zhou et al., 2006), and salmon (108g)
(Arnesen & Gildberg, 2007). While it is comparable with other tropical fish gelatin such as catfish (265g)
(Yang & Wang, 2009) and Nile perch (222 — 229g) (Muyonga et al., 2004).

According to Muyonga et al., (2004) gelatin extracted from bones has crossed structures and
more stability than gelatin extracted from animal skin. This is because; collagen from animal skin
contains dehydroxylysinonorleucine (deHLNL) while collagen from animal bones contains
hydroxylysinoketonorleucine (HLKNL) (Sims et al., 2000; Muyonga et al., 2004b). Generally, HLKNL
would change from the divalent to trivalent structure, which is hystidinohydroxylysinonorleucine (HHL)
and pyridolines (PYR) after maturity. PYR structure is more stable under heat stress than HHL. PYR
content in the bone remains stable even if the extraction is carried out at a high temperature (60°C).

This shows the discrepancy between the qualities of CFG and fish skin gelatin. However, CFG
can be proposed to replace the use of fish gelatin in food and nutraceutical products because it is of higher
quality than fish gelatin. According to Karim and Bhat (2008), the different value for gelatin gel strength
is affected by intrinsic properties such as the composition of the protein (molecular weight distribution),
the temperature of their habitats and the extraction process (Songchotikunpan et al., 2008), and amino
acid composition and pH of the gelatin extracted (Gudmunsson & Hafsteinsson, 1997). Cho et al., (2004)
states that high peptide chains in the gelatin can produce high gel bloom strength and are the most suitable
for commercialization.

According to Arnesen and Gildberg (2006) thermal hydrolysis process at high temperatures
causes denaturation of collagen, followed by the breaking of bonds by electrostatic and hydrogen bonding
leads to the gelatin. This is because the hydrogen bonds between water molecules and hydroxyl groups of
amino acids are key factors of gel strength. According to Sarabia et al. (2000) high hydroxylproline and
proline content in gelatin produce high gel bloom. Meanwhile, animal species influence the proline and
hydroxylproline distribution (See et al., 2010) and mammals are estimated to have higher content of
proline and hydroxylproline than freshwater and tropical fish with respective percentages at 30%, 22-25%
and 17% (Muyonga et al., 2004).

Viscosity

CFG in the study shows lower viscosity and significant difference (p<0.05) compared to CBG in their
percentage at 4.96% and 6:32% (Table 1). Differences in viscosity of gelatin are influenced by molecular
weight, molecular size distribution and pH (Sperling, 1985; Cho et al., 2006). According to Ockerman
and Hansen (1988) and Ward and Courts (1997) the minimum viscosity of gelatin is achieved at pH 6 — 8.
While Jamilah and Harvinder (2002) stated gelatin viscosity can be increased by the production of gelatin
at pH 3-10.5.

Colour

CFG has value of L*, a* and b* significantly higher than the CBG with L* values respectively
42.94+0.69 and 34.40+0.03. While a* value for CFG is 2.82+0.23 and 1.87+0.12 for CBG. For values of
b*, CFG shows the reading 11:42+0:20 with CBG at -4.68+0.08 (Table 1). According to Ockerman and
Hansen (1999) gelatin color is influenced by raw materials and it does not affect the nature and chemical
quality of gelatin. Significant colour difference was observed between CFG and CBG (Figure 4). CFG
appears cloudy due to imperfect filtration process. According to Muyonga et al., (2004) imperfect
filtering produces high turbidity values and affects the value of L*, a* and b*. The turbidity value of bone
gelatin is higher than gelatin from animal skins (Muyonga et al., 2004).
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(a) (b)
Figure 4. Different colours between two types of gelatin (a) CFG and (b) CBG.

pH Value

The pH value for CFG is higher than the CBG with the respective values 6.15+0.07 and 5.57+0.02 but the
difference is not significant (p>0.05). The pH value affects the texture profile of gelatin and pH values
approaching the isoelectric point (pH 5.0 for gelatin B) result in high bloom strength (Gudmundsson &
Hafsteinsson, 1997). This shows that CBG has higher gel strength than CFG as close to pH 5.0. Previous
studies on the pH value of fish gelatin showed lower values than chicken feet gelatin, such as black
tilapia (pH 3.9), red tilapia (pH 3.1) (Jamilah & Harvinder, 2002), sin croaker (pH 3.3), shortfin scad
(pH 4.9) (Cheow et al., 2007) and Chinese herring (pH 4.5) (Norziah et al., 2009). However, the pH
value of gelatin is influenced by the type and strength of chemicals used during the pre-treatment
(Songchotikunpan et al., 2008).

Melting Point

CFG melting temperatures were lower than CBG in the study with the respective values 26.7°C and
33.3°C. The melting point of gelatin refers to the measured temperature when the gel softens and allows
the carbon tetrachloride to decrease and is inter-related with the viscosity and gelatin bloom strength
(Imeson, 1997). This proves that the viscosity and CFG bloom strength are low compared to CBG with
the respective values 4.96% and 264.33g and 6.32% and 328.0g (Table 1) and this factor contributed to
the low melting temperature. According to Norziah et al. (2009) and Haug et al. (2004), the melting point
of gelatin is influenced by the content of proline and hydroxylproline because both are amino acids that
function to stabilize the collagen structure. Low hydroxylproline and proline content contributed to the
low melting temperature.

Proximate Analysis

Proximate analysis showed that CFG contains 6.64% water, 67.40% protein, 0.32% fat and 1.56% ash
(Table 1). Gelatin is mainly made up of protein and water. Low moisture content increases the shelf life
of gelatin, and influences the rheological properties such as elasticity and viscosity of the products.
According to Jellouli et al. (2011) the presence of ash, fat and other foreign materials (impurities) at a low
level is important for determining the quality of gelatin. Proximate analysis is performed on gelatin as a
parameter in ensuring the removal of fat, mineral and hydrolysis processes are carried out efficiently
(Muyonga et al., 2004). According to Binsi et al. (2009) proximate analysis of raw samples and extracted
gelatin is necessary, especially for determining the composition of proteins and amino acids that affect the
gel bloom strength and gelling effects (Gomez-Guillen et al., 2011), especially involving proline and
hydroxylproline (Haug et al., 2004).
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In comparison, the CFG contains lower water (6.64%) content than CBG (8.03%). According to
Ockerman and Hansen (1988) percentage of water content in gelatin is influenced by drying time,
humidity, storage room and type of packaging used. Under the Food Act (2011) Malaysia, chicken feet
gelatin in the study conforms to the regulations because it contains less than 16%water. High moisture
content will damage gelatin cause it to be sticky.

The fat content of CFG is higher than CBG with respective values of 0.32% and 0.19% with a
variance of 0.13%. A low fat content will determine the quality of gelatin. According to Muyonga et al.
(2004) the fat content in the gelatin should be less than 0.5%. Proximate analysis showed that CFG
contains 1.56% ash which is higher by 0.2% than CBG (1.36%) in the study. Under the Food Act (2011)
Malaysia, the Food Act 1983 and Food Regulations 1985 the percentage of ash for gelatin powder should
not exceed 3%, the low percentage of fat and ash showed that gelatin extraction process was done
effectively:

Sensory Quality

Based on paired t-test, CFG and CBG powder in the study had significant differences (p<0.05) in the
odour, texture and overall acceptability attributes. For the attribute of colour, CFG does not show
significant difference (p>0.05) compared to CBG (Table 2). For odour and texture attributes, CFG has
mean score lower than CBG with the mean scores respectively of 5.40+0.50 and 6.75+0.44 for odour
attributes and 6.50+0.51 and 6.75+0.49 for the texture attributes. This significant difference shows that
CFG has more unpleasant smell than CBG. The mean score for overall acceptability of the hedonic test
shows CFG as less acceptable than CBG with the mean scores of 5.95+0.39 and 6.65+0.49 respectively.

Table 2. Score Mean Value for Hedonic Test on CFG and CBG Powder.

Attributes Chicken Feet Gelatin (CFG) Commercial Bovine Gelatin (CBG)
Colour 6.25°+0.76 6.45% £ 0.44
Odour 5.40° + 0.50 6.75% £ 0.44
Texture 6.50" +0.51 6.75% + 0.44
Overall acceptance 5.95" +0.39 6.65% + 0.49

*b. Different superscript letters in the same row indicate significant differences (p<0.05)

CONCLUSION

Gelatin from the chicken feet was successfully extracted with higher yield at 18% than freshwater fish
gelatin of a comparable physicochemical quality with catfish and Nile perch but still at low quality
compared to mammalian gelatin from bovine source. These results indicate that chicken feet gelatin
(CFG) is of a lower quality than commercial bovine gelatin (CBG) but better than fish gelatin. This is
because CFG had some weaknesses in physicochemical, proximate analysis and sensory quality
compared to CBG in the study. However, these weaknesses should mitigate through other studies and still
need improvements in methods and techniques of pre-sample preparation, treatment and extraction such
as comparison of chemical extraction method using enzymes. At the same time, the gelatin from the
chicken feet can be proposed as an alternative to halal gelatin in the market for food products,
nutraceuticals and pharmaceuticals that are more cost effective than fish gelatin that has some
physicochemical and sensory quality weaknesses.
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