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ABSTRACT

Collagen is a structural protein found naturally in high amounts in poultry skin and bones. Gelatin is obtained by a
partial hydrolysis of collagen under controlled conditions. It is a pure protein with many functional and technological
properties such as gelation, thickening, film-forming and emulsification. Besides skin and bones, mechanically
deboned meat (MDM) residues are considered good sources of collagen as well. This study aimed to extract collagen
and gelatin from poultry skin and MDM residues of neck, shinbone, breastbone, wingtip, shanks, upper/lower
backbone and their mixture through pre-treatment (using with dilute alkali and acid), demineralization, degreasing and
thermal extraction processes, and evaluate their properties comparatively. Based on Kjeldahl analysis, the protein
content of poultry skin was about 15% and that of the MDM residues varied between 15-21% before the extraction
process. The SDS-PAGE profiles of the extracted collagen in skin and MDM residues comprised vy, B, a, and sub-a
chain protein units. Collagen solution of the upper backbone and mixed MDM residues had the highest protein content
with 11.98 mg/mL and 11.33 mg/mL, respectively. The extraction yield of collagen and gelatin significantly differred
(p<0.05) within the range between 1.32 and 2.16%, and 1.03 and 1.89%, respectively. The viscosity of
collagen/gelatin solutions decreased with an increase in shear rate and gelatin obtained from mix MDM residues
indicated higher viscosity than that of skin. Results of this study showed successful recovery of collagen and gelatin
from poultry processing by-products and residues, which could contribute to the production of high value-added
alternative sources for various applications.
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Kanatl Deri ve Mekanik Olarak Eti Siyrilmig Kemik (MKS) Artiklarindan Kollajen/Jelatin
Ekstraksiyonu

o0z

Kollajen kanatli deri ve kemiklerinde oldukga ylksek oranda bulunan yapisal bir proteindir. Kollajenin kontrolli sartlar
altinda kismi hidrolizi ile jelatin elde edilir. Jelatin jellestirme, kivam artirma, film olusturma ve emidilsifiye etme gibi
birgok fonksiyonel ve teknolojik 6zellige sahip saf bir proteindir. Tavuk derisi ve kemiklerinin yanisira, mekanik olarak
eti siyriimis kemik (MKS) artiklari da iyi bir kollajen kaynagi olarak kabul edilir. Bu galismanin amaci kanath deri ve
boyun, incik kemidi, gogus kemigi, kanat ucu, ayak takozu, alt/Ust sirt kemigi ve bu kemiklerin karisiminin MKS
artiklarinda, 6n iglem (seyreltik alkali ve asit ile muamele), mineral ve yagdan arindirma ve isil ekstraksiyon
islemleriyle kollajen ve jelatin ekstrakt etmek ve karsilastirmali olarak bazi o6zelliklerini incelemektir. Khjeldahl
analizine gore, 6rneklerin ekstaksiyon oncesi protein igerikleri tavuk derisinde yaklagik %15 ve MKS artiklarinda ise
%15-21 oranlari ile dnemli farkhliklar (p<0.05) géstermektedir. Deri ve MKS artiklarindan ekstrakt edilen kollajenin
SDS-PAGE profilleri y, B, a, and sub-a zinciri protein unitelerini icermektedir. Sirt kemigi ve kemik karisimi MKS
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artiklarindan elde edilen kollajen soliisyonu en yiksek protein icerigine sahiptir. Kollajen ve jelatin extraksiyon verimi
sirasiyla %1.32 ila 2.16 ve %1.03 ila 1.89 arasinda degismektedir. Kollajen/jelatin viskozitesi artan kayma orani ile
azalmistir ve karisim MKS artiklarindan elde edilen jelatin deriden elde edilen jelatinden daha ylksek viskoziteye
sahiptir. Bu ¢alismanin sonuglar gesitli uygulamalar igin ylksek katma degerli alternatif kaynaklarin Gretimine katki
saglayabilecek, kanath igleme yan Urlnleri ve artiklarindan kollajen ve jelatinin basarili sekilde geri kazanimini

gOstermisgtir.

Anahtar Kelimeler: Kanatl, Kollajen, Jelatin, Mekanik olarak eti siyrilmis kemik (MKS), Ekstraksiyon, Elektroforez

INTRODUCTION

Collagen is the main fibrous protein in the skin and
tendons of animals [1]. It is a high molecular weight
protein and insoluble in water due to its hydrophobic
structure [2]. Collagen-containing tissues such as skin,
bones and tendons are hydrolyzed at temperatures
above 40°C after treatment with dilute acid and alkali.
The fibrillar structure of collagen is irreversibly broken
down through these treatments [3, 4]. Collagen contains
9% hydroxyproline, 11% alanine, 12% proline and 35%
glycine [5]. Proline and hydroxyproline are not found in
other proteins as much as collagen [6]. These two
amino acids are low in cold-blooded animals and high in
warm-blooded animals [5]. The gelatin of cold-blooded
animals with a low content of proline and hydroxyproline
shows a poor gelling property compared to the gelatin of
warm-blooded animals of the same molecular weight [5].

Upto date, nearly 28 collagen types have been
identified. Among those, type | collagen is commonly
found in skin, bones, tendon, ligaments and organs,
whereas type Il collagen specifically present in cartlige
[6]. Gelatin is formed due to partial hydrolysis of
collagen from slaughtering and processing by-products
of cattle, pigs, fish and poultry. Unlike collagen, it
dissolves in water [7]. Gelatin consists of 7% hydrogen,
17% nitrogen, 25% oxygen and 51% carbon molecules
[8]. The protein content of gelatin is between 85 and
92% and the rest is composed of minerals, water and
salts [9]. Gelatin is widely used in industry due to its
functional properties such as thickening, water-retaining,
gelling, and adhesiveness. Gelatin can be considered a
multi-functional structural form of an ordinary collagen
molecule [10].

Gelatin production is achieved in the following basic
stages: treatment of collagen-containing tissues with
dilute acid and alkali (breaking the cross-links of
collagen by cutting into small pieces, washing and
treatment with dilute acid and alkali), gelatin extraction
(keeping the tissue in water at temperatures above 40°C
by mixing), filtration and evaporation of gelatin solution
after extraction (freeze-drying or heating between 40
and 80°C). In the pre-treatment stage, if the washing
solution is dilute acid, type A gelatin is obtained, if it is
dilute alkaline, type B gelatin is obtained [4, 7, 11]. If the
tissue used for gelatin production is skin, type A gelatin
is obtained,; if that is bone, type B gelatin is obtained [4].
Since it reduces the quality and yield of the gelatin to be
obtained, mineral substances such as calcium in bone
tissues should be removed before the extraction
process [13]. Moreover, production conditions including

117

time and temperature of the extraction process, the acid
and alkali concentrations greatly affect the quality of the
gelatin to be obtained [12, 14].

Due to its various use in industry, the demand for gelatin
is increasing in the world. Gelatin production in the world
is approximately 400,000 tons annually, mostly from pig
derivatives (80%), cattle (15%), and other sources (5%)
[15]. The annual use of gelatin in Turkey is around 5,000
tons and almost 90% of this amount is imported [15].
Poultry processing by-products are considered perfect
alternative sources for the production of collagen and
gelatin products. Current literature indicates that poultry
skin, bones, head, feet are the most popular and rich
sources to be used for collagen and gelatin extraction
[17-20]. However, limited researches are focusing on
MDM residues for protein recovery [21]. Therefore,
investigation of collagen/gelatin recovery from these
poultry wastes could be highly desirable.

The purposes of this study are to extract collagen and
gelatin from the skin and MDM residues of poultry
processing, and to determine some properties of the
poultry samples (raw materials) and extracted proteins,
comparatively through physicochemical analysis, SDS-
PAGE profiling and rheological measurements.

MATERIALS and METHODS
Materials

In this study, poultry skin and MDM residues were kindly
provided by a national poultry processing company,
Gedik Pilic A.S. (Usak, Turkey). MDM samples were
obtained from the neck, shinbone, breastbone, wingtip,
shank, upper and lower backbone residues separately
and as a mixture of the neck, shinbone, breastbone,
wingtip, shank, upper and lower backbone residues and
used to extract collagen/gelatine. All the samples were
immediately stored at -18°C in plastic containers until
further use. Electrophoresis standard marker and
chemicals were purchased from Bio-Rad Laboratories
Inc. (Hercules, CA, USA). All chemicals and reagents
were purchased from Sigma Aldrich (St. Louis, MO,
USA).

Methods

Physicochemical analyses of poultry samples were
carried out to determine contents of the dry matter,
moisture, ash, fat and protein. After alkali and/or acid
treatment, collagen protein was separated from raw
materials and transformed into gelatin through a thermal
extraction process. The amount and profiles of the
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extracted collagen/gelatin protein were determined by
Bradford assay and SDS-PAGE analysis. Viscosity and
gel hardness measurements were performed in the
protein solutions obtained during the extraction process.
Experiments were performed in duplicate and average
values were considered.

Physicochemical Analyses of Poultry Samples

The frozen (-18°C) MDM bone residue samples, which
were mechanically stripped of flesh and cut into small
pieces to increase surface area, were allowed to thaw
overnight at +4°C before analysis. The dry matter and
moisture, ash, protein and fat contents of the skin (~ 1x1
cm) and pieced MDM residue samples were determined
according to AOAC (1990, 2000) methods. Moisture
content were determined by obtaining the constant
weight of the samples after drying in an air circulation
oven (Memmert UNB400, Schwabach, Germany) at
105°C (AOAC method 927.05) [22]. Ash content was
determined by burning the samples in an ash furnace
(Carbolite, Hope Valey, UK) at 550°C for 7 hours (AOAC
method 942.05) [22]. Fat content was determined by the
Soxhlet method using Gerhardt Soxtherm system
(Kdnigswinter, Germany). Protein content was
determined by the Kjeldahl method based on total
nitrogen, and a factor of 6.25 was used for nitrogen-
protein conversion (AOAC method 984.13) [23].

Pretreatment and Extraction

The extraction procedure of collagen/gelatin  was
adopted from previous studies [18, 20]. Twenty-five
grams of thawed and chopped (~ 1x1 cm) skin samples
were treated with 100 mL of dilute acid (0.1 N HCI) and
alkali (0.1 N NaOH) solutions for 3 h, respectively at
room temperature (RT). Mid-washings and filtration
steps were applied between acid and alkali treatments.
Then, gelatin extraction was carried out in distilled water
at 55°C for 7h, with a subsequent filtration as well. After

each treatment step, the solution was filtered through a
4-layer cheesecloth and the skin samples were washed
with distilled water. At the end of the extraction process,
the final filtrate was kept at 4°C for further analyses.
Dissolved pieced MDM samples (25 g) were subjected
to cleaning in distilled water (100 mL) at 65°C for 3 h in
a shaking incubator at 150 rpm. After filtration through a
4-layer cheesecloth, the samples were demineralized
with the treatment of 4% HCI for 24 h. This was
performed to weaken the mineral part of the bone and
remove calcium phosphates. In the degreasing process,
the fat content of the samples was removed with n-
hexane at 35°C for 18h. To remove non-proteinous-
nitrogen compounds, they were then treated with 0.1 N
NaOH for 24h and poultry bone collagen was obtained.
Acid treatment of MDM bone samples was carried out at
the demineralization stage. MDM bone samples were
treated with 0.1 N NaOH to break the crosslinks in the
structure before extraction. After these treatments,
gelatin extraction was carried out in water using a
shaking incubator at 60°C for 24h. Gelatin solution
obtained as a result of the extraction process was
filtered and stored at +4°C for further analyses. The
procedures followed in the extraction of collagen/gelatin
from chicken skin and bones (including MDM sample)
were given in Figures 1 and 2 below.

Determination of Protein Content by Bradford Assay

Protein contents in solutions obtained during extraction
processes were determined by Bradford assay as
previously described in [24]. Hundred pl of ten-fold
diluted collagen/gelatin sample solution were mixed with
5 mL of Bradford reagent and resultant protein/dye
solutions were kept in the dark for 5 min. Absorbance
measurements were taken at 595 nm in UV-VIS
Spectrophotometer  (Libra  S70, Biochrom  Ltd,
Cambridge, UK) and the content of protein in the
samples was determined with the help of the standart
curve prepared previously.
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Figure 1. Extraction procedure for collagen/gelatin from poultry MDM residues
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Poultry skin

N
Trimming & Washing
\Z
Storage (-18°C)
N7

Chopping of the skin samples

N\
Acid treatment (0.1 N HCI, 3 h)

Washing/filtration

7

Alkali treatment (0.1 N NaOH, 3 h)

Washing/filiration

b~/

Filtration

COLLAGEN

Z
Water extraction (55°C, 7 h)

N2
GELATIN

Figure 2. Extraction procedure for collagen/gelatin from poultry skin

Yield of Extraction

By considering protein content based on Bradford
assay, the yield of extraction was calculated with the
following formula;

Yield (%) = (protein amount of recovered collagen or
gelatin / wet weight of raw material) * 100

SDS-PAGE Analysis

Protein fractions in the samples were analyzed by SDS-
PAGE according to Laemmli protocol [25]. Collagen/
Gelatin samples were mixed with sample buffer (1:1 v/v)
and boiled for 5 minutes to denaturate proteins. Twenty
microliters of each sample was loaded into each well.
Electrophoresis was carried out on a 4-12%
polyacrylamide gel using MiniProtean Tetra System
(Biorad Lab Inc, USA). It was run at 75 V in the first 15
minutes, then at 150 V for an hour within tris glycine
buffer. Following protein staining performed using
Coomassie Brillant Blue R250 for 30 min, destaining
was carried out for a few hours and protein bands were
examined.

Viscosity Measurements

Apparent viscosity values of collagen/gelatin solutions
was determined at room temperature by using DV2T
Brookfield Viscometer (MA, USA). A wide-mouth 50 mL
tube containing 40 mL of sample and stainless steel RV-
5 spindle (ranging between 400 and 800.000 cP) was
used for the measurements. Viscosity measurements
were carried out at four different spindle speeds (25, 50,
100, 200 rpm) at RT. Average values of two replicates
were considered.
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Gel Hardness Measurements

Gel hardness measurements of collagen/gelatin
solutions were carried out using Brookfield CT3 Texture
Analyzer (MA, USA) with a load cell of 4.5 kg. A flat
bottom cylinder (clear acrylic), with a diameter of 25.4
mm, probe (TA11-1000) was used forced to penetrate
10 mm into the sample with a penetration speed of 0.5
mm/s to determine the maximum mass in g. Hardness
(g9) and hardness work done (mJ) were recorded in the
1stand 2™ cycle penetration tests.

Statistical Analysis

One-way ANOVA was applied using Tukey's test to
compare means of moisture, fat, ash, dry matter and
protein contents of poultry samples viscosity and
hardness of collagen and gelatin obtained. IBM® SPSS®
V23 software was used to perform statistical tests and
the level of significance was 0.05.

RESULTS and DISCUSSION

Composition of Poultry Skin and MDM Residue
Samples

Chemical properties of poultry skin and MDM residue
raw materials were given in Table 1. Among the
samples, the poultry skin had the lowest moisture
content with ~44% (p<0.05). The sample with the
highest fat content was the skin sample with ~16% and
followed by the wingtip sample with ~9.6% (p<0.05).
However, both indicated the lowest ash contents in
comparison to the other samples (p<0.05). The
shinbone residue had the highest ash content with
~20.5%, while having the lowest fat content with ~3.3%
(p<0.05). Although the shinbone residue seemed to
have the highest protein content (~21.7%), the
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difference of protein content among the samples were
not significant (p>0.05). In a previous study concerning
MDM residues of neck, breast and backbone for
gelatine production, the protein, ash, fat and moisture
contents were reported as 18.92%, 12.67%, 6.17% and
60.26%, respectively [26]. In another study concerning
Alaska pollocks indicated that their frames had the
moisture content of 64.0+2.9, crude protein content of
18.4+08, crude fat content of 0.7+0.2 and ash content of

14.9+0.07 per 100 grams [27]. The approximate
chemical composition of the pork skin was 34.9%
protein, 22.6% fat, and 44.4% moisture [28]. Ferraro et
al. [29] demonstrated that the moisture, dry matter and
Kjeldahl protein content of femur and tibia bones were
10.8+0.1, 89.2+0.3 and 29.5+0.2 for the 4 and 7 year-old
milk cows. The results of the presented study were
comparable with the relevant literature.

Table 1. Chemical composition of poultry skin and MDM residue samples

No* Samples Moisture (%)  Fat (%) Ash (%) N (%) P{ﬁtféf‘zg’f’) Dry([]/l")mer
1 Poultry skin 44061207 16.33£1.18%  0.33%007¢  2420.19" 15.13+1.17% 559342077
> Neck 62.14+2.14%  590+0.86° 12.52+1.72°C 3.000.41% 18.76+2.58" 37.85+2.15°
3 Shinbone 55.03+158%8 328:t020C  2051+154° 3.47+010° 2168063 44.95:1 58
4 Breastbone 56.28+322% 4184021  18.47+2.04" 208+0.43% 18.69+2.66" 43.71+3.228
5 Wing tip 61784090 9570118  431:038% 251017 15.73+1.10* 38.21+0.90°
6 Shanks 63.89+2.17%  5.64%0.97 11.17+155%0 326+0.05* 20.41+0.30* 36.09+2. 168
7 Upperbackbone  59.71+0.11%  3.43+0.08°  15.17+0.26°2C 3.34%0.11% 20.92+0.68" 40.28+0.118
8 Lowerbackbone  58.47+2.25°  4.71+040°  14.42+187%5C 2.9140.21% 182041314 415242 258
9 Bone mixture 64.26:2.09" 6.51:0.19°C  10.04£0.79%° 3.16+0.07* 19.80+0.46" 35.72+3.00°

* Samples from 2 to 8 represent MDM residues of the given bones taken separately and sample 9 represents MDM residue of the
bone mixture (the neck, shinbone, breastbone, wingtip, shank, upper and lower backbone). Different letters in the same column

represent significant differences (p<0.05).
Protein Content of Collagen/Gelatin Solutions

The protein contents (mg/mL) of collagen/gelatin
solutions determined by the Bradford method were
given in Figure 3. Dark columns represented
collagenous material and light ones represented gelatin
extracted. The upper backbone and mixed MDM residue
appeared to have the highest protein (collagen) content
among all the other samples (p<0.05). In general, the
content of protein in collagen solutions were found to be
higher (p<0.05) than that in gelatin solutions, indicating
protein loss through extraction process. Interestingly,
the content of protein measured in collagen solution was
slightly lower than that measured in gelatin solutions of
the neck and wing tip residue samples (p>0.05). This
might be due to triggered protein dissolution and
extraction through given process steps. Regarding
extracted gelatin, while the neck residues comprised the
highest (10.50 mg/mL) gelatin content, breastbone
residues revealed the lowest (6.06 mg/mL) gelatin
content (p<0.05).

Since the protein contents of recovered collagen and
gelatin from poultry and the other sources were mostly
expressed in percentage or yield, it was hard to
compare the results given here properly with the
literature studies. For instance, Almedia et. al [17]
obtained gelatin from skin and tendons of chicken feet
with the protein content of 85%. In another study
concerning multi-step chicken bone collagen recovery,
Cansu and Boran [18] reported that protein losses
during cleaning, demineralization and degrasing steps
were 6.4, 13.4 and 18.6%, respectively.

Protein content in the recovered collagen and gelatin
solutions were used in the calculation of extraction
yields, which were presented in Table 2. They were
expressed in weight of protein in the corresponding

solutions, determined by Bradford assay per weight of
moist raw material (skin and MDM samples). In current
literature, similar calculations are given especially based
on the dry weight of powdered gelatin/collagen
recovered per weight of raw material [14, 17]. However,
in our case, we did not make the final solutions dry and
get powder. According to this, there might be differences
in extraction yield obtained in comparison to the
reported works. For instance, Almedia et al. [17]
reported that the yield of collagen recovered from
chicken skin was about 7.83%. The yields of collagen
and gelatin extracted from skin samples in the
presented work were 1.32% and 1.62%, respectively.
Regarding bone residues, the highest collagen yield was
achieved in upper backbone and mixed MDM samples
with ~2.15% (p<0.05), whereas, the highest gelatin yield
was obtained in upper backbone and neck residues with
~1.85% (p<0.05).

Protein Profiling

The SDS-PAGE profiles of collagen obtained from
poultry samples were shown in Figure 4. Protein bands
corresponding to different molecular weights represent
different fractions of collagen/gelatin. Based on the
literature, the high molecular weight proteins in
collagen/gelatin are the “y” chain, in the range of 230-
340 kDa, “B” chains, in between 123-230 kDa, and the
“a” chains, in between 80-125 kDa. Besides, there are
a-chain subunits with lower molecular weight found in
the environment and these are subunit-1 (50-80 kDa),
subunit-2 (35-49 kDa), subunit-3 (25-35 kDa), and
subunit-4 (10-25 kDa) [6]. During the conversion of
collagen to gelatin, the protein fragments with various
weights are formed by breaking the peptide bonds and
the cross-links between the chains [30]. According to
our results, three major bands with molecular weights of
~200, 130, 115 kDa were observed in poultry skin (lane
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1), representing B, o, a, collagen. The slight and strong
bands at ~130 and between 10 and 80 kDa, indicating
a-collagen units and subunits, respectively were
detected in the bones samples (lane 2, 3, 4, 5, 6, 7, 8).
The mixed MDM residue obtained after the final
processing of bones in slaughterhouse exhibited a many
protein bands between ~130 and 10 kDa, corresponding
to a-collagen units and subunits as well (lane 9). In all of
the MDM samples, a high intensity band at ~50 kDa was
dominantly observed. However, it was not detected in
the collagen profile of the skin sample. In case gelatin
extraction, thermal treatment applied for a period (above

denaturation temperature) might result in destroyed
triple helices and broken down of peptide bonds [30].
Thermal denaturation occurs in gelatin over 43°C, in
association with the helix-coil transition as previously
reported [31]. This phenomenon was consistent with the
observed smear-like appearance of the gelatin profiles
(lane 1g - 99g) represented in Figure 4. The mixed MDM
residue sample better exhibited most of the protein
fractions/units&subunits (lane 9¢) when compared to the
other residue samples (lane 2c — 8c).

A
AB AB
12,00 A T
AB {
10,00 - AD
2 AB AB g AB
E 8,00 - - T B -‘—
£ % | AB
: : -
5 6.00 - I
=
5
2 400 -
o
2,00 -
0,00 -
1 2 3 4 5 B 7 8 9
Bcollagen © gelatin Samples

Figure 3. Protein contents in collagen/gelatin solutions determined using Bradford assay. Numbers
represent the skin and MDM residue samples as follows. 1: skin; 2: neck; 3: shinbone; 4: breast bone; 5:

wing tip; 6: shanks; 7: upper back bone; 8: low

er back bone; 9: bone mixture (the neck, shinbone,

breastbone, wingtip, shank, upper and lower backbone). Different letters in the same group of the

samples represent significant difference (p<0.05)

Table 2. The yield of collagen
and MDM residue samples

and gelatin obtained from the skin

Sample Raw material*

Collagen yield (%) Gelatine yield (%)

=

poultry skin
neck

shinbone
breastbone
wingtip

shanks

upper backbone
lower backbone
bone mixture

O©CoO~NOUA_AWN

1.32+0.138 1.62+0.06"5¢
1.89+0.1478 1.8940.194
1.72+0.1278 1.15+0.20¢
1.86+0.028 1.03+0.06°
1.39+0.04"8 1.50+0.0948¢
2.02+0.45%8 1.26+0.018¢
2.160.174 1.83+0.16%8
2.06+0.29%8 1.24+0.278¢
2.15+0.09% 1.61+0.1948¢

* Samples from 2 to 8 represent MDM residues of the given bones taken
separately and sample 9 represents MDM residue of the bone mixture (the
neck, shinbone, breastbone, wingtip, shank, upper and lower backbone).
Different letters in the same column represent significant difference

(p<0.05).

Collagen and gelatin extracted from animal skin and
bones can be used for various applications including
gelation, thickening, emulsification and film formation.
Regarding MDM residues of different bones reported in

this study, the neck, upper backbone and the bone mix
might serve better functionality for these purposes since
they had higher protein content in comparison to the
others.
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Figure 4. SDS-PAGE profiles of collagen and gelatin from poultry skin and MDM
residues. Lane M represents the protein standard (Bio-Rad, CA, USA). Lane 1:
skin; lane 2: neck; lane 3: shinbone; lane 4: breast bone; lane 5: wingtip; lane 6:
shanks; lane 7: upper backbone; lane 8: lower backbone; lane 9: bone mixture.
The c and g represented collagen and gelatin, respectively.

Apparent Viscosity and Gel of

Collagen/Gelatin Solutions

Strength

Figure 5 shows apparent viscosity varying with spindle
speed in collagen and gelatin solutions of poultry skin
and MDM samples. The viscosity decreased with the
increasing speed that inducing shear force, thus
indicating the shear-thinning behavior of collagen/gelatin
solutions measured at RT. Li et al. [32] reported that
viscosity decreased with the increasing shear rate in
collagen solutions, indicating the shear-thinning
phenomenon. Non-Newtonian shear thinning behavior
of collagen and gelatin solutions could be explained
through diminished entanglements of protein aggregates
due to the shear force and decreased internal and
intramolecular friction forces, facilitating the flow of the
solutions [33]. Thus, the increasing shear rate gave rise
to decreasing viscosity of collagen/gelatin solutions.

Since the amount of solvent used in the pre-treatment
and extraction stages was high, the viscosity values
obtained were low accordingly. In case skin sample the
viscosities of collagen and gelatin were almost identical,
however, in case MDM residue sample containing the
bone mixture viscosity of gelatin was higher than that of
collagen (p<0.05). This might be arisen from a
difference in extraction procedures of them, suggesting
increased inter-and intramolecular interactions of gelatin
sub-units in the latter case. It should be noted that a
lower content (mg/mL) of protein was determined in
gelatin solutions than in collagen solutions of both
samples as given in Figure 3. When the apparent
viscosities of skin and MDM residue of the bone mixture
were compared, no significant difference was observed
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in case of collagen solutions. However, in case of
gelatin solutions, the apparent viscosity of the bone mix
MDM residue was higher that that of the skin samples
(p<0.05).

Gel strength is an important parameter of
collagen/gelatin solutions. Although a few attempts,
unfortunately, we could not measured the gel strength in
regular procedures (Bloom test) in our study. Due to
excessive use of solvent during extraction and no
concentration step applied, the protein concentrations in
the final collagen and gelatin solutions were low.
Instead, we measured the hardness through the texture
analyzer compression test to determine the gel strength
of the collagen and gelatin solutions comparatively.

Hardness values of collagen and gelatin extracted from
the skin and MDM samples were given in Table 3.
According to the results, the 1st and 2nd cycle values of
hardness were quite low due to Ilow protein
concentration. However, they were quite close in each
respective cycle in both, showing good viscoelastic
properties of the tested protein solutions with low
structural deformation. Moreover, hardness obtained in
skin gelatin was the highest amont the others (p<0.05).
When compared to viscosity findings, interestingly, the
hardness of skin gelatin (~21.75 g) was higher than that
of MDM gelatin (~17.75 g). In a previous study, fish
bone gelatin hardness (~201.48 g) was reported as
almost ten times higher than ours based on hardness
measurements [34]. But, the protein concentration of the
gelatin  solutions in that study was higher
correspondingly as well.
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Figure 5. Apparent viscosity of extracted collagen/gelatin varying with
spindle speed for the skin sample (A) and the bone mix MDM residue
sample (B). Spindle rates were 25, 50, 100 and 200 rpm.

Treatment of protein samples with NaOH during
extraction procedure could affect gel strength due to
revealing o-chain subunits with the degradation of the
collagen molecule, and thus preventing the formation of

proper helical structures [21]. A low amount of use of
NaOH in a limited treatment period could improve gel
strength  which could be desirable for various
applications of the resultant collagen or gelatin product.

Table 3. The hardness of the extracted collagen/gelatin from skin and mixed MDM residue samples

Skin Bone mix MDM residue
Parameters - -
collagen gelatin collagen gelatin
Hardness (g), 1st cycle 17.25+0.75* 21.75+1.75% 17.00+0.50% 17.75+0.75*
Hardness work done (mJ), 1st cycle 0.91+0.03%8 1.13+0.05* 0.87+0.028 0.94+0.06"8
Hardness (g), 2nd cycle 17.00+0.008 21.5+0.50" 16.50+0.008 17.25+0.758
Hardness work done (mJ), 2nd cycle 0.81+0.04" 1.03+0.04% 0.65+0.04" 0.82+0.00"

Different letters in the same raw represent significant difference (p<0.05)

CONCLUSION

The need for collagen and gelatin to be used in food and
non-food applications is increasing day by day
worldwide. On the other hand, due to insufficient
available resources, there are strong efforts in securing
of the sustainable alternatives and optimization of
production conditions based on raw material sources. A
quite high amount of poultry processing by-products and
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wastes are formed annually in the world. Processing of
these by-products/wastes is important for the production
of high value-added alternative products, beneficial for
the economy and required for preventing environmental
pollution. In this study, skin and bone residues, which
are by-products/wastes of poultry processing, were used
to extract collagen/gelatin. Our results indicated that
they were extracted successfully, especially from the
mixed MDM residue, which is the final waste of the
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poultry process. Gelatin production with high added
value from these wastes has importance in terms of
efficient use of resources. It is also necessary to
develop recovery methods in which the protein content
is best preserved during the separation of irrelevant
components and impurities in the pre-treatment and
extraction steps involved. Due to its considerable
collagen/gelatin content, MDM residue of the bone
mixture is technologically suitable for using with
alternative purposes because it is produced in large
quantities in slaughterhouses and meat processing
plants and thus, it can be served as a sustainable
resource for industry in different applications.
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