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ABSTRACT

The aim of this study was characterization of gelatin from chicken skin,
head and feet blend by using two different food grade acids (Acetic
acid and Citric acid). The extracted gelatins were analyzed for physico-
chemical, proximate analysis, instrumental colour profile, textural profile
analysis and determination of gel strength and viscosity. The gelatin
treated with acetic acid has revealed higher protein percentage as well as
gel clarity. No significant difference (P > 0.05) in the yield was observed
between the two groups. A significant increase (P < 0.05) in pH and
textural properties were observed in the gelatin treated with acetic acid.
The hydroxyproline content, L* and b* values, gel strength and viscosity of
acetic acid treated gelatin were significantly (P < 0.05) lower as compared
to citric acid treated one. Gelatin extracted from chicken skin, head and
feet (SHF) blended with 3% acetic acid represents a potential alternative
to the mammalian gelatin.

Key words: Chicken gelatin, Acid treatment, Gel clarity, Gel strength,
Viscosity

INTRODUCTION

protein. Owing to its distinctive structure of amino acids
and physico-chemical properties, gelatin exhibits good

In the slaughter flow of poultry-processing plants,
by-products generated can represent up to 37% of the live
weight of the chicken. Feathers, skin, bones, viscera, feet
and head are the most abundant by-products in the carcass
of broilers, representing 26.4% of the live weight of birds
after slaughter. Valorization of poultry processing waste
into high-value products will definitely promote the ‘zero
waste’ concept and minimize their adverse impacts on the
environment. Animal co-products are considered the most
important sources of collagen and gelatin. Gelatin is a nat-
ural polymer derived from partial hydrolysis of collagen

applicability in food as a texture modifying, water-binding,
foaming, emulsifier and colloid stabilizer (Karim and Bhat,
2009), biodegradable packaging material and micro-en-
capsulating agents (Guillen et al. 2011).

The gelatin derived from poultry processing waste has
been shown to contain amino acids, secondary structure
and molecular weight similar to those of mammalian gel-
atin. Moreover, this novel source would further encourage
efforts to exploit untapped available resources and recy-
cle industrial waste (Sarbon et al. 2013). At the first stage
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of gelatin production, acidic pre-treatment yields type A
gelatin, while an alkaline hydrolysis yields type B gelatin
(Alipal et al. 2021). During the past decade, there has been
an intensive trend in gelatin derived from non-mammalian
sources. Chicken by-products acts as an an excellent source
of gelatin that can be used for a wide variety of purposes in
the industrial sector. Using the byproducts of chicken (skin,
head and feet) together as raw material for the extraction
of gelatin results in gelatin with good properties. The pres-
ent study aimed to analyze the Physico-chemical, proxi-
mate analysis, instrumental colour profile, textural profile
analysis and determination of gel strength and viscosity
of gelatin extracted from the chicken by-products blend
(chicken skin, heads and feet) by using two different food
grade acids (acetic acid and citric acid).

MATERIAL AND METHODS

Procurement of chicken skin, head and feet
sample

Poultry processing waste namely skins without feathers,
head and feet of freshly slaughtered Indbro slow growing
broiler chicken (6-8 weeks of age) was procured from the
Poultry Processing Plant of ICAR-National Meat Research
Institute (ICAR NMRI), Hyderabad as per standard proto-
cols. The collected skin samples were washed thoroughly
and after trimming of all separable fat, fascia, attached
meat residues and skin was chopped into 1 x 1 cm? pieces.
Chicken heads were washed under running tap water to
remove impurities. The chicken feet was de-nailed man-
ually and washed twice with potable water to remove dirt
and blood. The chopped skin, head and feet all together
was minced using commercial meat mincer and collected
for storage at —20°C until use.

Experimental design
Gelatin extraction

Chicken gelatin was extracted from minced chicken skin,
head and feet according to Gundem and Tarhan (2021),
Ee et al. (2019) and Chakka et al. (2017) with some mod-
ifications. Thawed chicken skin was cut into pieces and
then cleaned with potable tap water head and feet were
minced with a meat mincer (LE/95 Meat Mincer Scharen,
Germany). Chicken skin-head-feet (SHF) blend (1:1:1
w/w) was treated with 0.5 M sodium hydroxide (NaOH)
(1/10) for 18 hrs to remove the non-collagenous proteins
followed by removal of alkali material by filtration using
a muslin cloth. The residue was then washed with dis-

tilled water till pH became neutral. After completing the
pre-treatment with alkali, the obtained residue was treated
for 18 hrs with 3% acetic acid (1:1 w/v) and/or 3% citric
acid (1:1 w/v). Following the acid-hydrolysis process, the
samples were washed under running tap water again until
the pH reached neutral. The washed SHF blend sample
were then subjected to thermo-hydrolysis (skin:distilled
water, 1:2 w/v) in a water-bath (JEIO TECH BS-11, Korea)
at 75°C for 6 hrs, filtered through muslin cloth to remove
the residue. The gelatin solution was poured as a thin layer
over a glass tray and dried in hot air oven at 60 °C for 24-26
hrs till dry gelatin sheets were formed followed by grind-
ing with a mixer grinder to form the gelatin powder and
packed in laminate pouches and stored at room tempera-
ture for further analysis.

Physico-chemical properties of gelatin
Gelatin Yield

The yield of dried gelatin was calculated based on the
weight of chicken SHF using the following formula
(Mulyani et al. 2021).

(Dry gelatin weight)
(Chicken SHF weight)

Yield % = x 100

Determination of pH value

The pH value of dried gelatin samples was determined
by the method of Aykin-Dincer et al. (2017) with minute
modifications. One gram of dried gelatin sample was
mixed in 10 ml of distilled water and then the solution was
heated at 60° C for 10 min to dissolve properly and cool to
25 °C in a water bath and pH was measured.

Determination of gel clarity

Gel clarity was determined according to the method of
Avena-Bustillos et al. (2006). The gelatin solution (6.67%)
was heated at 60° C for 1 hr and the clarity of the obtained
gel samples were assessed using spectrophotometrically
by transmittance (%7T) measurement at 620 nm using
UV-VIS spectrophotometer. (Model: UV-1700 Pharma-
Spec, SHIMADZU, Japan).

% Transmittance = Antilog (2-absorbance)

Estimation of hydroxyproline and collagen content

Hydroxyproline (HP) content of the dried gelatin sam-
ples was determined based on the procedure of Nueman
and Logan (1950) with few modifications as suggested by
Naveena and Mendiratta (2001). The hydroxyproline con-
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tent of chicken SHF gelatin powder was determined by
referring to a standard graph and was expressed as mg/g
of skin. Collagen content was calculated by multiplying
hydroxyproline content with 7.14 and was expressed in
mg/g tissue (Dransfield and Sosnicki, 1999).

Estimation of collagen solubility

The collagen solubility was measured as per the method
of Mahendrakar et al. (1989). A 250 ml beaker containing
5g of SHF blend was immersed in the water bath which
was covered with a watch glass. The water bath was heated
to reach the boiling point (100°C) and maintained for
30 minutes without any interruptions. The sample was
removed from the water bath and 30 ml of distilled water
was added and homogenized for two minutes. Then the
extracted sample was centrifuged at 4000 rpm for 30 min-
utes. Aliquots of cooked out juice and centrifugate were
hydrolysed at 105 °C for 18 h and the soluble hydroxypro-
line was calculated.

Collagen Solubility (%) = 7.4x% HP solubilized

Proximate analysis

The moisture content was determined by hot air oven
drying, protein by automatic Kjeldahl method, fat by
Soxhlet extraction with petroleum ether and ash in muffle
furnace as per AOAC (1995).

Instrumental colour profile

Instrumental colour of dried gelatin powder was measured
using colorimeter (CR-20, KONICA MINOLTA, INC,,
Japan) according to the method prescribed by Al-Hassan
(2020) using illuminant D65 and 10-degree standard
observer angle. The CIE (Commission International
d’Eclairage - International Commission on illumination’s)
L* (Lightness), a* (redness) and b*(yellowness) values
were measured and recorded.

Texture profile analysis

Texture profile analysis (TPA) of gelatin gel was carried
out using the Texturometer (Model H1KF; Tinius Olsen,
Redhill, England). About 30 ml of gelatin gel (6.67% w/v,
2.7 cm in height and 3.8 cm in diameter) were aged for
16-18 hat 7 °C. A spatula was used to carefully remove the
samples from the beaker, and texture profile analysis was
carried out immediately using the analyzer probe with a
diameter of 75 mm (flat bottom). To simulate chewing, the
test sample was put on a platform fixture and compressed
through two cycles at a cross head speed of 0.5 mm/s to
80% of its original height. The TPA parameters were used

to represent the textural characteristics from force and area
measurements. The parameters for adhesion, chewiness,
cohesiveness, gumminess, hardness, stickiness, resilience,
and springiness were analysed.

Gel strength

Gel strength of gelatin was determined according to the
method described by Montero et al. (2001). About 30 ml
of 6.67 % (w/v) gelatin solution was prepared and kept at
refrigeration temperature for 16-18 h. Gel strength was
measured with a texture analyzer (TA-XT Plus, Stable
Micro-Systems, Surrey, UK) using a flat-cylindrical Teflon®
plunger [(P/0.5R); (1.27 cm in diameter)], a load cell of
5 KN and a cross-head speed of 1 mm/s. The maximum
force (g) at 4 mm of probe penetration was calculated as
gel strength.

Determination of viscosity

The method described by Shakila et al. (2012) was used for
the measurement of viscosity. The 6.67% gelatin solution
was prepared and the viscosity was measured at 25 + 0.5°C
using a digital viscometer (ViscoQC 100-R, Anton Paar,
Austria) equipped with a No.2 spindle at 60 rpm.

Statistical analysis

Statistical analysis was performed using SPSS (SPSS ver-
sion 26.0 for windows; SPSS, Chicago, IL, USA). The
experiments were conducted in six replications each and
the collected data were subjected to independent t test
analysis of variance for comparing the means to find the
effects between samples at 5 % level.

RESULTS AND DISCUSSION

Physico-chemical properties of extracted
gelatin

Yield

The yield of gelatin extracted from chicken skin-head-feet
blend with different acid treatments were presented in
Table 4.1. The yield of gelatin (dry weight basis) with alka-
li-acetic-acid and alkali-citric acid was 7.25 and 7.27 %.
The yield of gelatin from chicken head with alkaline-acid
pretreatment ranged from 7.67 — 10.04% (Ee et al. 2019).
Acetic acid is considered one of the most popular solvents
used in gelatin extraction because of the high solubility of
collagen in acetic acid and its high extractability (Alemeida
and Lannes, 2013).
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pH

The pH of gelatin plays an important factor which influ-
ences the functional properties of gelatin (Bahar et al.
2020). The pH of gelatin extracted with different acid
treatments were tabulated in Table 4.1. A significantly
(P < 0.05) higher pH was observed in alkali-acetic acid
treated gelatin (5.97) compared to alkali-citric acid treat-
ment (5.24). The conversion of collagen to gelatin induces
molecular structural alterations in specific amino acids.
Type B gelatin, characterized by a pH of 5, results from
an alkaline process that deaminates glutamine to glutamic
acid and asparagine to aspartic acid (Aykin-Dincer et al.
2017). The pH of chicken feet gelatin with different con-
centrations of acetic, citric, and lactic acid treatment was
found in the range of 3.43-5.43 by Chakka et al. (2017).

Hydroxyproline content

The HP of gelatin extracted from chicken skin-head-feet
blend with different treatments was presented in Table 4.1.
The HP of gelatin treated with alkali-acetic acid and alka-
li-citric acid was 14.65% and 17.75. Similar results were
reported by Ahmad et al. (2018), who reported that the HP
content of bovine hide ranged between 15.99% to 17.21%.
Muyonga et al. (2004) stated that increased purity levels
such as higher viscosity and higher gel strength leads to the
maximum hydroxyproline content.

Gel clarity

Gel clarity is an aesthetic attribute influencing consumer
acceptability and delineating its prospective applications
within the food industry. The gel clarity or transmittance
(%) of gelatin obtained from the chicken skin-head-feet
blend was tabulated in Table 1. The gel clarity was signifi-
cantly (P < 0.05) higher in gelatin extracted with alka-
li-acetic acid (4.5 %) compared to that of alkali-citric acid
extracted gelatin (3.73 %). The gel clarity of chicken skin
gelatin was found in the range of 1.45 to 1.95 % depend-
ing on the different extraction temperatures (Mrazek et al.
2019).

Instrumental colour profile

The colour of gelatin has the commercial importance as
it affects the consumer acceptability, however, it does
not affect other functional properties of gelatin (Aidat et
al. 2023; Du et al. 2013). The L*, a* and b* values of the
chicken skin, head and feet gelatin were presented in Table
1. The lightness (L*) and yellowness (b*) values of alka-
li-citric acid-extracted gelatin were significantly (P < 0.05)
higher (68.23 and 13.84) than acetic acid-extracted gelatin

(64.45 and 12.25). There is no significant (P > 0.05) dif-
ferences in redness (a*) of gelatin between acetic and citric
acid treatment. Similarly, gelatin from chicken heads also
showed higher values for L* and b* but lower a* values in
comparison with turkey head gelatins (Du et al. 2013).

Table 1: Yield and physico-chemical properties of chicken skin-
head-feet blend gelatin

Alkali and Alkali and

Parameters Acetic Acid Citric Acid
Yield (%) 7.25+0.09 7.27 £0.02
pH 5.97 £0.18° 5.24 + 0.04°
Hydroxyproline (%)  14.65 £ 0.14° 17.75 £ 0.19*
Protein (%) 83.93+0.55* 82.63+0.28"
Moisture (%) 11.02+0.06 10.88+0.07
Fat (%) 1.240.12 1.51+0.07
Ash (%) 2.2240.12 2.1740.15
Gel clarity 4.5+0.14* 3.73+0.04"
L* 64.45+2.13% 68.23+0.4*
a* 1.4+0.07 1.27+0.06
b* 12.25+0.31° 13.84+0.372

Means with different superscripts in a row differ significantly (P<0.05).

Collagen solubility and collagen content of chicken
skin, head and feet blend gelatin

The collagen solubilty and collagen content was 68.74% and
57.67% from raw chicken skin-head-feet blend. The colla-
gen solubilty and collagen content was highly correlated to
the yield which might be depends on the extraction pro-
cess sarbon et al. (2013).

Table 2: Collagen solubility and collagen content of chicken skin-
head-feet blend gelatin

Collagen Collagen
Treatment solubilty (%) content (%)
Raw chicken skin-head-feet blend 68.74+0.42 57.67+0.59

Textural profile analysis

Texture profile analysis (TPA) was done by a double com-
pression test, which determines the textural properties of
food products Rather et al. (2022), and has been widely
utilized for food characterization. The textural properties
of chicken skin, head and feet blend gelatin of different
treatments were tabulated in table 3.

The hardness is related to the strength of the gel
which is extracted from chicken skin, head and feet struc-
ture under compression and corresponds to the maximum
force during the first cycle of compression Chandra and
Shamasundar, (2015). In the present study it has revealed
that gelatin treated with acetic acid had shown highly (P
< 0.05) significant values than citric acid. Gum was the
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energy needed to break down a semi-solid food to swallow
it (Yi et al. 2012). The results in the present study showed
that the gelatin treated with citric acid had a higher gummi-
ness value than acetic acid. The chewiness and springiness
of the gelatin treated with acetic acid had shown higher
(P < 0.05) significant values than citric acid. Cohesiveness
indicates the intermolecular strength of the food and the
degree to which a food can be deformed before breaking
(Radocaj et al. 2011). There is no significant difference in
the cohesiveness, stickiness and resilience.

Table 3: Texture profile analysis of gelatin treated with different
acid groups

Texture Profile NaOH + 3% NaOH + 3%
Analysis Acetic acid Citric Acid
Hardness (N) 4.1+£0.25° 3.86+0.13
Gumminess (N) 5.94+0.29° 6.68+0.06°
Chewiness (N) 6.59+0.61* 6.52+0.39°
Cohesiveness (Ratio) 1.55+0.02 1.57+0.04
Springiness (cm) 0.98+0.01* 1.01+0.02°
Stickiness (N) 0.18+0.01 0.19+0
Resilience (Ratio) 0.85+0.04 0.64+0.18

Means with different superscripts in a row differ significantly (P<0.05).

Gel strength

The gel strength is one of the significant parameters to
determine its quality which influences the commercial
value of gelatin products (Sebastian, 2014). The standard
gel strength of gelatins is evaluated by Bloom test and the
values vary from 50 to 300 g. The gel strength of chicken
skin, head and feet were presented in the table 3. The gela-
tin treated with acetic acid has shown higher (P<0.05) sig-
nificant values than citric acid. Saenmuang et al.
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Fig. 1: Gel strength and viscosity of gelatin treated with different
acid groups

(2020) reported gel strength of gelatin extracted from
Black bone chicken skin and chicken feet as 239 and 263.5
g respectively.

Viscosity

Viscosity was considered as the second most important
physical property of gelatin after gel strength. A gelatin
solution with low viscosity usually yields a short and brittle
textured gel, while a highly viscous gelatin solution yields
a tough and extensible gel (Ahmad et al. 2018). The vis-
cosity of chicken skin-head-feet gelatin was tabulated in
figure 1. Traditionally extracted gelatin with acetic acid
had significantly (P<0.05) higher (38.92 mPa.s) viscosity
than citric acid treated gelatin (29.4 mPa.s). Sarbon et al.
(2013) reported that chicken gelatin exhibited a higher vis-
cosity value than bovine gelatin, which corresponded well
with the higher bloom values and rheological properties
of gelatin.

CONCLUSION

The present study revealed that the chicken skin, head and
feet blend treated with 3% acetic acid gelatin has shown
better physico-chemical properties in terms of pH, colour
and gel clarity. The textural properties, gel strength, viscos-
ity and acceptable protein content demonstrated that the
quality characteristics of chicken SHF blend gelatin were
similar to the commercial porcine skin gelatin. Therefore,
gelatin with chicken skin,head and feet blend may serve as
a potential alternative in the food industries.

REFERENCES

Ahmad T, Ismail A, Ahmad SA, Khalil KA, Awad EA, Leo TK,
Sazili AQ (2018) Characterization of gelatin from bovine
skin extracted using ultrasound subsequent to bromelain
pretreatment. Food Hydrocoll. 80: 264-273.

Aidat O, Belkacemi L, Belalia M, khairi M, Zainol S, Barhoum HS
(2023) Physicochemical, rheological and textural properties
of gelatin extracted from chicken by-products (feet-heads)
blend and application. Int. J. Gastron. Food Sci. 32: 100708.

Al-Hassan AA, (2020) Gelatin from camel skins: Extraction and
characterizations. Food Hydro. 101: 105-457.

Alipal ], PuAd NM, Lee TC, Nayan NHM, Sahari N, Basri H,
Abdullah HZ (2021) A review of
sources, process, applications, and commercialisation.
Mater Today Proc 42 : 240-250.

Almedia PF, Lannes SCDS (2013) Extraction and physicochem-
ical characterization of gelatin from chicken by-product. J.
Food Process Eng. 36(6): 824-833.

AOAC (1995) Association of Official Analytical Chemist.
Official Methods of Analysis. 16" ed. Washington, D.C.

gelatin:  Properties,



6 J. Meat Sci. 2024, 19(2)

Avena-Bustillos R], Olsen CW, Olson DA, Chiou B, Yee E, Bechel
PJ, Mchugh T (2006) Water vapor permeability of mamma-
lian and fish gelatin films. J. of food sci. 71: 202-207.

Aykin-Dincer E, Koc A, Erbas M (2017) Extraction and physico-
chemical characterization of broiler (Gallus Gallus domes-
ticus) skin gelatin compared to commercial bovine gelatin.
Poult. Sci. 96(11): 4124-4131.

Bahar A, Kusumawati N, Muslim S (2020) Preparation and char-
acterization of goatskin gelatin as halal alternative to bovine
gelatin. Rasayan ] Chem 13: 85-98.

Chakka AK, Muhammed A, Sakhare PZ, Bhaskar N (2017)
Poultry processing waste as an alternative source for mam-
malian gelatin: Extraction and characterization of gela-
tin from chicken feet using food grade acids. Waste and
Biomass Valorization. 8: 2583-2593.

Chandra MV, Shamasundar BA (2015) Texture profile analysis
and functional properties of gelatin from the skin of three
species of fresh water fish. Int. J. Food Properties. 18:572—
84.

Dransfield E, Casey JC, Boccard R, Tourille C, Butcher L, Hood
DE, Joseph RL, Schon I, Casteels M, Cosentino E, B ]
Tinbergen (1983) Comparision of chemical composition of
meat determined at eight laboratories. Meat sci. 8: 79-92.

Du L, Khiari Z, Pietrasik Z, Betti M (2013) Physicochemical and
functional properties of gelatins extracted from turkey and
chicken heads. Poult. Sci. 92(9) :2463-2474.

Ee SC, Saari N, Abas F, Ismail A, Bakar AM, Bakar J (2019)
Properties of chicken head gelatins as affected by extraction
method. Int. Food Res. J. 26(2): 499-508.

Guillen MC, Gimenez B, Lopez-Caballero MA, Montero MP
(2011) Functional and bioactive properties of collagen and
gelatin from alternative sources: A review. Food hydrocoll.
25(8): 1813-1827.

Gundem A, Tarhan O (2021) Collagen/Gelatin Extraction from
Poultry Skin and Mechanically Deboned Meat (MDM)
Residues. Akademik Gida. 19(2): 116-125.

Karim AA, Bhat R (2009) Fish gelatin: properties, challenges, and
prospects as an alternative to mammalian gelatins. Food
hydrocoll. 23(3): 563-576.

Mahendrakar NS, Dani NP, Ramesh BS, Amla BL (1989) Studies
on influence of age of sheep and post-mortem carcass con-
ditioning treatments on muscular collagen content and its
thermolability. J. Food Technol, 26(2), 102-105.

Montero, P, M. D. Fernandez-Diaz and M. C. Gomez-Guillen
(2002) Characterization of gelatin gels induced by high
pressure. Food Hydrocoll. 16(3): 197-205.

Mrazek, P, P. Mokrejs, R. Gal and J. Orsavova (2019) Assessment
of possibilities of food grade gelatines preparation from
chicken skin. In Mendelnet
Republic: Mendelnet University Brno, in press.

Mulyani S, Bintoro VP, Legowo AM, Setiani BE (2021) Functional
properties comparison of hide buffalo gelatin and commercial

Conference, Brno, Czech

bovine gelatin as clarifying agent for the tropical fruit juice.
In IOP Conference Series: Earth and Env. Sci. 803: 012038.

Muyonga JH, Cole CGB, Duodu KG (2004) Fourier transform
infrared (FTIR) spectroscopic study of acid soluble collagen
and gelatin from skins and bones of young and adult Nile
perch (Lates niloticus) Food chem. 86(3): 325-332.

Naveena BM, Mendiratta SK (2001) Tenderization of spent hen
meat using ginger extract. British poult. Sci. 42: 344-349.

Nueman RE, Logan MA (1950) The determination of hydroxy-
proline content. J. Bio chem. 184: 299-306.

Radocaj O, dimicE, Diosady LL, Vujasinovic V (2011) Optimizing
the texture attributes of a fat-based spread using instrumen-
tal measurements. J. of Texture Studies. 42(5): 394-403.

Rather JA, Majid SD, Dar AH, Amin T, Makroo HA, Mir SA,
Barba FJ, Dar BN (2022) Extraction of Gelatin from Poultry
Byproduct: Influence of Drying Method on Structural,
Thermal, Functional, and Rheological Characteristics of
the Dried Gelatin Powder. Front. Nutr. 9: 895197.

Saenmuang S, Phothiset S, Chumnanka C (2020) Extraction
and characterization of gelatin from black-bone chicken
by-products. Food Sci. Biotechnol. 29: 469-478.

Sarbon NM, Badii E, Howell NK (2013) Preparation and charac-
terization of chicken skin gelatin as an alternative to mam-
malian gelatin. Food hydrocoll. 30(1): 43-151.

Sebastian, M. (2014) Industrial gelatin manufacture theory and
practice.

Shakila R], Jeevithan E, Varatharajakumar A, Jeyasekaran G,
Sukumar D (2012) Functional characterization of gelatin
extracted from bones of red snapper and grouper in com-
parison with mammalian gelatin. LWT-Food Sci Technol
48(1): 30-36.

Yi HC, Cho H, Hong JJ, Ryu RK, Hwang KT, Regenstein JM
(2012) Physicochemical and organoleptic characteristics of
seasoned beef patties with added glutinous rice flour. Meat
Sci. 92(4): 464-468.



