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ABSTRACT

A study was conducted to utilize less value chicken skin, a by-product obtained during poultry
meat processing to extract collagen and to determine type and level of collagen available in it.
Collagen was extracted with 0.5M acetic acid containing 1% pepsin after pretreatment of
samples to remove non collagenous protein and fat, using 0.1N NaOH and 20% ethanol. The
extracted collagen was lyophilized and characterized. SDS-PAGE study revealed that collagen
had molecular pattern with two o chain (« 1 and a 2) and one [ chain which is indicative of
Type-I collagen. UV spectrum analysis of collagen was done and found that no contamination
with non collagen protein. The amino acid analysis showed that glycine was the major
component and less amount of lysine, isoleucine. FTIR study showed the characteristic amide
band at 3305.19 cm™, 2922.52 cm™, 1633.98 cm™, 1549.08 cm™, 1238.07 cm™ for amide A, B, I,
Il and Il of collagen respectively. The micro architecture studies of collagen using Scanning
Electron Microscopy confirmed that the collagen is fibrillar in structure. The result of our study
clearly indicated that chicken skin has significant amount of Type-1 collagen which can be
extracted using acetic acid with pepsin method.

Key words: Chicken skin, by-product utilization, collagen extraction, Type | collagen, value
addition.

INTRODUCTION
Collagen is the major structural protein present
in vertebrates and constitutes about 30% of the
total animal protein. They were widely
distributed in the skin, bones, tendons,

which type one collagen was the predominant
which contributes 90% of the total collagen.
The chicken skin is the one of the major by
products that is generated during poultry meat
processing process. Commercially the chicken

vascular system and intra muscular connective
tissues where they contribute to the stability
and structural integrity of the tissues and
organs’. The structure and function of 28
distinct vertebrate collagen types were well
understood and have been identified®®. Among

skin are used to prepare animal meal for
animal feed formulation where as a small
proportion is incorporated in to meat emulsion
or used as a source of fat mainly for soup
preparation”.
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Chicken skin contains 3% collagen® in which

approximately 75% is type one collagen and
15% type 11 collagen®. Collagen products are
mainly manufactured from skin and bones of
animals. The most common raw material used
in collagen products are porcine skin and bone.
Due to objection against to use pork in
collagen products, alternative resources gained
tremendous attention from the researcher and
poultry processing by-product might be used
as alternative resource’. Avian collagen is
considered as one of the alternative source for
various skin care and medical application
instead of conventional bovine and porcine
collagen®. Hence, this study was conducted
for utilization of chicken skin for collagen
extraction and characterizes collagen to see the
possibilities to use in product preparation.

MATERIALS AND METHODS
Preparation samples:
Chicken skin was collected from in and around
vepery, chennai area. They were taken to the
laboratory in the icebox and thoroughly
washed with distilled water. The superficial
adhesive fat from the chicken skin was
manually removed, cut into small pieces and
minced by using meat mincer.
Collagen Extraction:
The collagen from the pre weighed minced
skin samples were extracted '® with proper
modification at 4°C. Fat and non collagenous
protein were removed by soaking the minced
sample for 24 hours in 20% ethanol and 0.1N
NaOH by changing the solution at every 8
hours interval. The ratio of sample solution
was maintained at 1:20 (w/v). Then the
collagen from the samples was solubilized by
soaking in 0.5M acetic acid containing 1%
pepsin (1:3000) at 1:30 w/v ratio for 48 hours.
Then the collagen was precipitated by addition
of NaCl and collected by centrifugation at 4°C
in refrigerator centrifuge. The extracted
collagen was purified by dialysis followed by
Copyright © Sept.-Oct., 2017; IJPAB
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lyophilization and stored at refrigerator for

further analysis.

Analytical Procedure:

SDS-PAGE was done using 8% stacking gel
and a 5% resolving gel*>. The amino acid
profile of the extracted collagen was analyzed
by HPLC. A 100 mg sample of extracted
collagen was hydrolysed in 8 ml of 6M HCI at
110 °C for 22 h. The ultraviolet absorption
spectra of the chicken skin and feet collagens
were recorded by an Epoch ™ Microplate
spectrophotometer.  The  collagen  was
dissolved in 0.5M acetic acid to obtain a
concentration of 1 mg/ml. Prior to
measurement, a base line was set with 0.5M
acetic acid.

Samples were prepared for FTIR
according to the method previously described®.
10 mg of collagen was mixed with
approximately 100 mg of potassium bromide
(KBr). All spectra were obtained from 4000 to
400 cm™ at a data acquisition rate of 4 cm™ per
point. The SEM observations were made at 15
kV accelerating voltage with a high vacuum
(HV) mode.

RESULTS AND DISCUSSION
Collagen yield, most probably depends on the
proportion of fractions of different protein in
the samples used for collagen extraction'. The
yield of collagen from chicken skin in this
study was 10-12 percent. The amino acid
composition plays a major role in physical
properties of collagen. The chicken skin
collagen had approximately 31.25% of glycine
as the major amino acid followed by histidine
(20.24%), threonine (9.32%), arginine (8.18
%), serine (6.54%), alanine (4.98%), valine
(4.39%), leucine (4.35%) glutamic acid
(3.18%), methionine (2.82%), tyrosine
(1.38%), phenylalanine (1.03%), aspartic acid
(1.18%), lysine (0.82%) and isoleucine
(0.36%). The analysis of amino acid
composition of collagen from extracted
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chicken skin revealed that, glycine is abundant

in collagen, constitutes around 30 percent of
the total amino acid content. However, the
value may vary according to species and body
parts®.
The protein patterns of collagen on SDS-
PAGE is shown figure 1. The collagen from
chicken skin comprised of two different o-
chains (o; and ap) with slightly different
mobility and one B chain which indicated that
the collagen from the skin, might be type |
collagen™. Acetic acid was used as solvent for
collagen extraction in which no fragments less
than 116 kDa were observed in the
electrophorogram and the molecular structures
of collagen were well maintained during
extraction process?.

The ultra-violet spectra of the collagen
(figure 2) in this study had high intensity
absorbance ranging from 230 to 240 nm and
no or less absorption peak at 280 nm. The
result indicated that high efficiency of non-
collagenous protein removal2.Collagen
commonly has a low amount of tyrosine,
which could absorb UV-light at 280 nm6,25.

Fourier transform infrared
spectroscopy of collagen of chicken skin
(figure 3) showed characteristic peaks of

amide A, B, I, II, Il at 3305.19 cm™, 2922.52
cm?, 1633.98 cm™, 1549.08 cm™ and 1238.07
cm®  respectively. The  absorption

characteristics of amide ‘A’ is commonly
associated with N-H stretching vibration this
occurs in the wave range of 3400-3440 cm'™.
The absorption peak of Amide ‘A’ band for
collagen from chicken skin found at 3305.19
cm™. This decrease in absorbance may be due
to the N-H group which is involved with H-
bond in peptide chain, the position starts to
shift to lower frequencies**.

The amide ‘B’ peak of collagen from
chicken skin found to be 2922.52 cm™ which is
related to asymmetrical stretch of CH,'.
Similar absorption between collagen suggested

Copyright © Sept.-Oct., 2017; IJPAB
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that collagen complex with hydrogen bonding

between free N-H stretches attaches with
hydrogen in polypeptide chain.

The peaks of amides ‘I’ and ‘II’ of
chicken skin collagen was 1633.98 cm™,
1549.08 cm™ respectively. It was found that
the amide ‘I’ band, with characteristic
frequency in the range from 1600 to 1700 cm™
was mainly associated with the stretching
vibrations of the carbonyl groups (C=0 bond)
along the polypeptide backbone® and was the
sensitive marker of the peptide secondary
structure®.

In addition, the absorption peaks
around 1451-1450 cm™ were also found. This
considerably corresponded to pyrrolidine ring
vibration of proline and hydroxyproline*’. The
band in the spectrum between 1200 and 1300
cm? are unique “fingerprint” of collagen
molecular conformation attributed to particular
tripeptide (Gly-Pro-Hyp)n °. Moreover, the N-
H stretching band (3300 cm™) of denatured
collagen (gelatin) was not detected. These
results implied the collagen still preserved as
native conformation during purification
process. The absorption of amide ‘III’ for
collagen at 1238.07 cm™ wavelength indicates
the existence of helical structure *°.

In the present study, the SEM images
(figure 4) of chicken skin collagen at low
magnification showed fibrillar like structure
and further at high magnification, the collagen
to be regular and uniform with net working of
porous and honey-comb like structures on the
surface®?, The pore size, porosity and surface
areas are widely recognized as important
parameters for a collagen based biomaterial®.
Generally, uniform and regular network
structure of collagen as drug carrier is
propitious, for well proportioned distribution
of drugs®.Based on the finding of this study
collagen which could be extracted efficiently,
chicken skin collagen can be suited to
preparation of collagen based products.
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Fig. 1: Molecular pattern of chicken skin collagen on SDS- Polyacrylamide Gel
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Fig. 2: UV spectrum analysis of collagen
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Fig. 3: FTIR spectra of collagen from chicken skin
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Fig. 4: Scanning Electron Microscopy image of collagen from skin

CONCLUSION

The present study concluded that chicken skin
can be effectively utilized to extract Type |
collagen and the process can be optimized by
inclusion of pepsin during extraction. Proper
collection and utilization of these wastes also
prevent dumping of wastes in to environment
and thereby reduce environmental hazards.
The extracted collagen can be used to develop
biomaterial like collagen sheet and it can be
used for various clinical conditions (e.g wound
healing), which require further investigation.

Copyright © Sept.-Oct., 2017; IJPAB

Acknowledgement
I am thankful and grateful to the Director,
Project co-ordinators of All India Co-ordinated
Research Project on Post Harvest Engineering
Technology, Central Institute of Post Harvest
Engineering and Technology, Ludhiana-
141001 and to the Indian Council of
Agricultural Research, New Delhi-110001 for
providing necessary funds for the research
work. The authors are thankful to the Dean of
Madras Veterinary College, Tamil Nadu
Veterinary and Animal Sciences University,
Chennai-600 051, India for providing
necessary facilities to carry out research work.

1089



Arunmozhivarman et al

REFERENCE
Abedin, M.Z. and Riemschneider, R.,
Chicken skin collagen-molecular diversity
and susceptibility to neutral proteinases.
International Journal of
Institutional Pharmacy and Life Sciences,
46: 532-535 (1984).
Anandana, R., Hema, G.S., Shynia, K.,
Mathewa, S., Ninanb, G. and
Lakshmanana, P.T., A simple method for
isolation of fish  skin  collagen-
biochemical characterization of skin
collagen extracted from Albacore Tuna
(Thunnus  Alalunga), Dog  Shark
(Scoliodon Sorrakowah), and Rohu (Labeo
Rohita). Annals of Biological Research,
4(1): 271-278 (2013).
Bonifer, L.J. and Froning, G.W., Chicken
skin composition as affected by aqueous
washings. Journal of Food Science, 61:
895-898 (1996).
Cansu, U. and Boran, G., Optimization of
a Multi-Step Procedure for Isolation of
Chicken  Bone  Collagen.  Korean
Journal for Food Science of Animal
Resources, 35(4): 431-440 (2015).
Cliche, S., Amiot, J., Avezard, C. and
Garepy, C., Extraction and
characterization of collagen with or
without telopeptides from chicken skin.
Poultry Science, 82: 503-509 (2003).
Duan, R., Zhang, J. Du, X., Yao, X. and
Konno, K., Properties of collagen from
skin, scale and bone of carp (Cyprinus
carpio). Food Chemistry, 112(3): 702-706
(2009).
Gelse, K., Poschlb, E. and Aigner, T.,
Collagens  structure,  function, and
biosynthesis. Advanced Drug Delivery
Reviews, 55: 1531-1546 (2003).
Gimenez, B., Turnay, J., Lizarbe, M.A.,
Montero, P. and Gomez-Guillen, M.C.,
Use of lactic acid for extraction of fish
skin gelatine. Food Hydrocolloids, 19:
941-950 (2005).
Hashim, P., Mohd Ridzwan, M.S., and
Bakar, J., Isolation and Characterization of
Collagen from Chicken Feet. International
Journal of Biological, Biomolecular,

Copyright © Sept.-Oct., 2017; IJPAB

Int. J. Pure App. Biosci. 5 (5): 1085-1091 (2017)

10.

11.

12.

13.

14.

15.

16.

17.

18.

ISSN: 2320 — 7051
Agricultural, Food and Biotechnological
Engineering, 8(3): 250-254 (2014).

Huda, N., Seow, E.K., Normawati, M.N.
and Nik Aisyah, N.M., Preliminary Study
on Physicochemical Properties of Duck
Feet Collagen. International Journal of
Poultry Science, 12(10): 615-621 (2013).
Kiruthiga, N., Sujitra, S. and Kumaresan,
R., Extraction and characterisation of type
I collagen from broiler chicken waste.
International Journal of Institutional
Pharmacy and Life Sciences, 3(6): 53-60
(2013).

Laemmli, U.K., Cleavage of structure
protein during the assembly of head
bacteriophage T4. Nature, 277: 680-685
(1970).

Lin, C.W., Loughran, M., Tsai, T.Y. and
Tsai, S.W., Evaluation of convenient
extraction of chicken skin collagen using
organic acid and pepsin combination.
Journal of the Chinese Society of Animal
Science, 42(1): 27-38 (2013).

Liu, D., Liang, L., Regenstein, J.M. and
Zhou, P., Extraction and characterization
of pepsin solubilized collagen from fins,
scales, skins, bones and swim bladder of
bighead carp (hypophthalmichthys
nobilis). Food Chemistry, 133: 1441-1448
(2012).

Liu, H., Li, D. and Guo, S., Studies on
collagen from the skin of channel catfish
(Ictaluruspunctaus). Food Chemistry, 101:
621-625 (2007).

Matmaroh, K., Benjakul, S., Prodpran, T.,
Encarnacion, A.B. and Kishimura, H.,
Characteristics of Acid Soluble Collagen
and Pepsin Soluble Collagen from Scale of
Spotted Golden Goatfish (Parupeneus
heptacanthus). Food Chemistry, 129:
1179-1186 (2011).

Muyonga, J.H., Cole, C.G.B. and Duodu,
K.G., Characterization of acid soluble
collagen from skins of young and adult
Nile perch (Lates niloticus). Food
Chemistry, 85: 81-89 (2004).

Nagai, T., Suzuki, N., Tanoue, Y. and Kai,
N., Collagen from Tendon of Yezo Sika
Deer (Cervus nippon yesoensis) as By-

1090



Arunmozhivarman et al

19.

20.

21.

22.

Product. Food and Nutrition Sciences, 3:
72-79 (2012).

Payne, K.J. and Veis, A., Fourier
transform infra red spectroscopy of
collagen and gelatin solutions:

Deconvolution of the amide | band for
conformational studies. Biopolymers, 27:
1749-1760 (1988).

Shanmugam, V., Ramasamy, P.,
Subhapradha, N., Sudharsan, S., Seedevi,
P., Moovendhan, M., Krishnamoorthy, J.,
Shanmugam, A. and Srinivasan, A.
Extraction, structural and physical
characterization of type | collagen from
the outer skin of Sepiella inermis. African
Journal of Biotechnology, 11(78): 14326-
14337 (2012).

Skierka, E. and Sadowska. M., The
influence of different acids and pepsin on
the extractability of collagen from the skin
of Baltic cod (Gadus morhua). Food
Chemistry, 105: 1302-1306 (2007).

Song, E., Kim, S.Y., Chun, T., Byun, H.J.
and Lee, Y.M., Collagen scaffolds derived
from a marine source and their
biocompatibility. Biomaterials, 27: 2951-
2961(2006).

Copyright © Sept.-Oct., 2017; IJPAB

Int. J. Pure App. Biosci. 5 (5): 1085-1091 (2017)

23.

24.

25.

26.

ISSN: 2320 — 7051
Sudharsan. S., Seedevi, P., Saravanan, R.,
Ramasamy, P., Vasanth Kumar, S,
Vairamani, S., Srinivasan, A. and
Shanmugam, A, Isolation,
characterization and molecular weight
determination of collagen from marine
sponge Spirastrella inconstans (Dendy).
African Journal of Biotechnology. 12(5):
504-511(2013).

Surewicz, W.K. and Mantsch, H.H., New
insight into protein secondary structure
from resolution-enhanced infrared spectra.
Biochimica et Biophysica Acta, 952(2):
115-130 (1988).

Zhang, M., Liu, W. and Li, G., Isolation
and characterization of collagens from the
skin of largenfin longbarbel catfish
(Mystus macropterus). Food Chemistry,
115: 826-831(2009).

Zhang, Y., Liu, W.T., Li, G.Y., Shi, B,
Miao, Y.Q. and Wu, X.H., Isolation and
characterization of pepsin soluble collagen

from the skin of grass carp
(Ctenopharyngodon idella). Food
Chemistry, 103: 906-912 (2007).

1091



