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Abstract The residue from chicken mechanically sepa-
rated meat (MSM) is a potential source for the extraction of
collagen. However, this process requires the removal of
many covalent crosslinks, which makes it quite complex.
Ultrasound has been successfully used to extract collagen;
it reduces the process time and increases the yield. How-
ever, information regarding the effects of this treatment on
the structural and functional properties of proteins is still
very limited. Therefore, the aims of the present study were
to obtain collagen from chicken MSM residue and to test
the effects of pre-treatment with ultrasonic probe and
enzymatic extraction with pepsin in its yield, as well as to
evaluate the properties of extracted collagen using gel
electrophoresis, Fourier-transform infrared spectroscopy,
solubility, and differential scanning calorimetry. Both the
ultrasound and the enzymatic extraction had a positive

<l Rosa C. P. Dornelles
rosacrisprestesdornelles @outlook.com

Michele M. Schmidt
mixi.schmidt@gmail.com

Alessandra R. Vidal
alee.alessandra@yahoo.com.br

Renius O. Mello
reniusmello@gmail.com

Marcio A. Mazutti
marciomazutti @gmail.com

Rogério L. Cansian
cansian@uricer.edu.br

Ernesto H. Kubota
ernehk2008 @yahoo.com.br

Department of Science and Food Technology, Federal
University of Santa Maria, Prédio 43 -Sala 4213 Avenida
Roraima, 1000, Camobi, Santa Maria, RS 97105-900, Brazil

effect on the extraction yield of collagen from chicken
MSM residue without affecting its integrity. Using ultra-
sound led to an increase of up to 40% in yield when
compared to treatments without ultrasound application.
Five extraction treatments were considered. The extracted
collagen exhibited high thermal stability (43.9-47.0 °C)
and mainly type I structure. The use of ultrasound as pre-
treatment, together with enzymatic extraction with pepsin,
were effective in increasing the extraction yield of collagen
from chicken MSM residue, as well as preserving the triple
helical structure of the native collagen.
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Introduction

Collagen is a fibrous protein which is present in almost all
tissues, including skin, bones, blood vessels and tendons. It
is the most abundant body protein in mammals, accounting
for 30% of all body protein (Damodaran et al. 2010).
Generally extracted from cattle by-products; it is widely
used in the pharmaceutical, cosmetic, photographic and
food industries (Gomez-Guillén et al. 2011). However, due
to the occurrence of bovine spongiform encephalopathy
(BSE) and foot-and-mouth disease there has been increased
interest in alternative sources of collagen (Jeevithan et al.
2014; Kim and Mendis 2006).

The residue from mechanically separated meat (MSM)
of chicken is generated in large quantities in the poultry
industry. The cooperative partner of the project, Coopera-
tiva Central Aurora, generates a volume of approximately
1200 tons of MSM residue monthly; in addition the residue
has low commercial value and is usually sent to manu-
facture animal feed. For being made up of bones, cartilage
and scraps of meat and skin, this residue can be a potential
source to obtain collagen, thus allowing its valorization. No
studies were found in the literature regarding the use of
chicken MSM residue as a raw material.

The methods commonly employed to extract collagen
are based on its solubility in neutral salt solutions, acid
solutions, and the use of proteases. Compared to the
aforementioned methods, proteases (mainly pepsin) have
resulted in higher yields (Li et al. 2013; Nagai et al. 2015;
Wang et al. 2014). However, these conventional extraction
methods are generally time consuming and can generate
large amounts of waste.

To extract collagen it is necessary to remove many intra
and intermolecular covalent crosslinks, mainly involving
lysine and hydroxylysine residues, ester bonds and other
connections with saccharides, which make the process
quite complex (Ran and Wang 2014). In addition, the
collagen extraction method itself may influence the length
of the polypeptide chains and their functional properties
(G6omez-Guillén et al. 2011).

Ultrasound has been successfully used to extract colla-
gen, reducing the process time and increasing the yield
(Kim et al. 2012; Li et al. 2009; Ran and Wang 2014). The
effects of ultrasound are mainly due to the phenomenon of
cavitation (Hu et al. 2013); during sonication, cavitation
bubbles are rapidly formed and suffer a violent collapse,
resulting in extreme temperatures and pressures. This leads
to shear and turbulence in the cavitation zone (Chemat and
Khan 2011).

Nevertheless, information regarding the effects of
ultrasonic treatment on the structural and functional prop-
erties of proteins is still very limited. According to Ran and
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Wang (2014), the application of ultrasound over a long
period of time can give rise to high temperatures and shear
forces, as well as high pressures inside the medium. The
breakdown of hydrogen bonds, as well as van der Waals
interactions in the polypeptide chains, can also occur,
leading to denaturation of the proteins.

The aims of the present study were to obtain collagen
from chicken MSM residue and to test the effects of pre-
treatment with ultrasonic probe and enzymatic extraction
with pepsin in its yield, as well as to evaluate the properties
of extracted collagen using gel electrophoresis (SDS-
PAGE), Fourier-transform infrared spectroscopy (FTIR),
solubility, and differential scanning calorimetry (DSC).

Materials and methods

The frozen raw material (residue from chicken MSM
extraction process) was donated by the Cooperativa Central
Aurora (Aurora Alimentos) in the city of Erechim, (RS),
Brazil. It was obtained using a High Tech machine (model
HT-6.0 SS) with a 6000 kg/h capacity, 36775 w power and
weight of 1680 kg. The MSM residue was transported in
refrigerated truck, inside polyethylene packages and stored
for up to 1 year in a freezer (Metalfrio, VF50F) at
— 22 °C.

Determination of the amino acid hydroxyproline
of raw material

The determination of the amino acid hydroxyproline fol-
lowed the Instituto Adolfo Lutz (2008) methodologies. The
sample was hydrolyzed with 6 M hydrochloric acid at
110 °C for 8 h under reflux. Hydroxyproline was oxidized
by chloramine T, the reddish complex formed after addi-
tion of 4-dimethylaminobenzaldehyde was measured in a
spectrophotometer (Servylab, UV-M51, B, Sdo Leopoldo,
RS, Brazil) at 558 nm.

Obtaining the collagen
Pre-treatment

The pre-treatment of the chicken MSM residue was per-
formed according to the methodology of Li et al. (2013)
and Duan et al. (2009), with modifications. Initially, the
non-collagenous proteins were removed with 0.1 M
sodium hydroxide solution (NaOH) for 48 h, with a ratio of
sample/alkaline solution of 1:20(w/v) and with a change of
solution every 12 h. For the decalcification, a solution of
0.5 M EDTA-2Na (pH 7.5) was used for five days with a
1:10(w/v) sample/solvent ratio. The fat was extracted using
10% butyl alcohol for 48 h, with a solid/solvent ratio of



J Food Sci Technol (July 2021) 58(7):2487-2496

2489

1:10(w/v), and with the solvent changed every 12 h. All the
processes were performed using Shaker Incubator (Solab
SL-223, Piracicaba, Brazil) equipment at 150 rpm and
4 °C.

After pre-treatment the samples were stored in a freezer
(Metalfrio, VF50F) at — 22 °C for up to 15 days, for later
extraction of collagen.

Extraction

To extract the collagen from the chicken MSM residue, the
methodology of Ran and Wang (2014) was followed, with
modifications regarding the time of ultrasonic pre-treat-
ment and enzymatic extraction. A 2> factorial design with a
central point of experimental space was used, which was
performed in duplicate (N = 10). Table 1 shows the inde-
pendent variables, which were: pre-treatment time with
ultrasound (0, 15 and 30 min); and time of enzymatic
extraction with pepsin (24, 36 and 48 h). The extraction
time used was high because the material was very hetero-
geneous and complex.

The enzyme pepsin is an endopeptidase, capable of
hydrolyzing peptide bonds between amino acids; it acts on
inner portions of the polypeptide chains, giving rise to long
polypeptides, such as proteases and peptones. Its optimum
pH is between 1.5 and 2.0.

The ultrasound pre-treatment was performed in water,
with a solid/solvent ratio of 1:15(w/v), in a jacketed cup
linked to an ultra-thermostated bath (Solab SL-152/10,
Piracicaba, Brazil) for temperature control (4 °C).
A Hielscher UP200S ultrasonic probe (Ringwood, Ger-
many) was used at its maximum power (400 W) and fre-
quency (24 kHz) for the times shown in Table 1.

For the subsequent enzymatic extraction of the collagen,
acetic acid was added at a concentration of 0.5 M, as well
as the enzyme pepsin (Sigma, St. Louis, USA) at a ratio of
1:2.50 enzyme/protein. The mixtures were continuously
shaken in a Shaker Incubator (Solab SL-223, Piracicaba,

Brazil) at 150 rpm and 4 °C for the times shown in
Table 1.

When the enzymatic extraction was finished, filtration
was performed through two layers of gauze. The collagen
was subsequently precipitated in the presence of 0.05 M
tris (hydroxymethyl) aminomethane, at pH 7.5, by adding
NaCl to a final concentration of 2.6 M. The precipitated
collagen was centrifuged at 12,000 rpm for 30 min in a
refrigerated centrifuge (Hitachi, CR22GIII) at 4 °C. After
centrifugation, the collagen was re-dissolved in a small
volume of 0.5 M acetic acid for subsequent cellulose
membrane dialysis (typical molecular weight cut-off
14,000 KDa, Sigma, St. Louis, USA), which was per-
formed for two days with 0.1 M acetic acid, and for 2 days
with distilled water, both at 4 °C under stirring and a
change of solution every 12 h. After dialysis, the collagen
was frozen in a freezer (Metalfrio, VF50F) at — 22 °C and
lyophilized in a lyophilizer (Terroni, LS 3000, Sao Carlos,
Brazil).

Yield

The collagen yield was calculated based on the wet and dry
weight of the starting material:

weight of lyophilized collagen(g)

Yield =
ield(%) initial weight(wet or dry) of MSM residue(g)

x 100
Characterization of collagen
Determination of protein content
The determination of the protein content (wet basis) fol-
lowed the methodology of Lowry et al. (1951). The

absorbance readings were performed at 660 nm in a
spectrophotometer (Servylab, UV-M51, B, Sdo Leopoldo,

Table 1 Treatments tested based on complete 22 factorial design with central point: yields and protein content obtained for different treatments

to extract collagen from chicken MSM residue

Treatment  Ultrasound time (min) Enzymatic extraction time (h)  Yield on wet basis (%) Yield on dry basis (%) Protein level (%)
Tl 30 24 5.10° £ 0.26 11.44° + 0.60 88.62" + 1.58
T2 30 48 6.74* + 0.27 15.11* £ 0.62 88.53* + 2.91
T3 0 48 4.82° + 023 10.80° + 0.51 87.05* + 221
T4 0 24 3.92° + 0.21 8.78° + 0.47 88.34" + 2.49
PC 15 36 537° 4+ 0.26 12.03* £ 0.58 86.32* + 1.51

#Averages within the same column with the same superscript letters do not differ significantly from each other by Tukey’s test(p > 0.05). Values
expressed as mean =+ standard deviation.T1: 30 min of pre-treatment with ultrasound and 24 h of enzymatic extraction; T2: 30 min of pre-
treatment with ultrasound and 48 h of enzymatic extraction; T3: 48 h of enzymatic extraction; T4: 24 h of enzymatic extraction; PC: 15 min of

pre-treatment with ultrasound and 36 h of enzymatic extraction
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RS, Brazil); bovine serum albumin (Sigma, St. Louis,
USA) was used as standard.

Fourier-transform infrared spectroscopy (FTIR)

The structural characteristics were evaluated using Fourier-
transform infrared spectroscopy (FTIR) and Shimadzu IR
Prestige-21 (Shimadzu Corporation, Japan) equipment
using the attenuated total reflectance (ATR) technique in
the range of 400-4000 cm™'. Sixteen scans per spectrum
were performed at 2 cm™! resolution.

Differential scanning calorimetry (DSC)

According to Damodaran et al. (2010), the denaturation of
a protein is a phenomenon that involves the transformation
of its three-dimensional structure and well defined to a
disordered state. To evaluate the denaturation temperature
of the collagens the melting point of the collagen gels was
determined by DSC, for which a gel was initially prepared
which was subsequently subjected to controlled heating.
Approximately 3.0 mg of sample was weighed, mixed with
deionized water at a ratio of 6:1 (water:collagen, m/m), and
the mixtures were held for 120 min under refrigeration
(7 °C) in order to balance the moisture content and to
hydrate. The analyses were performed in sealed aluminum
crucibles.

The DSC curves were obtained using DSC-Q200 (TA-
Instruments, USA) equipment, which was pre-calibrated
with 99.99% high purity indium, mp = 156.6 °C, AH =
28.56 J/g. The following parameters were used to record
the enthalpy and the temperatures of the collagen denatu-
ration process: air flow of 50 mL/min, heating rate of
10 °C/min and heating range from - 20 to 100 °C.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
analysis (SDS-PAGE)

The gel electrophoresis analysis was based on the method
proposed by Laemmli (1970), with modifications. The
samples were diluted in water and then 40 pL of 60%
trichloroacetic acid (TCA) and 100 pL of Milli-Q water in
200 pL. of sample were added in Eppendorf centrifuge
tubes. This solution was stored overnight in a freezer
(12 h). After the samples were centrifuged at 10,000 rpm,
4 °C for 30 min, the supernatant was removed, taking care
that the pellet was not broken. Then, 100 pl of iced 90%
acetone solution was added in order to wash the pellet
without breaking it. Further centrifugation was performed
for 30 min. Once again, the supernatant was removed and
another 100 pl of iced 90% acetone was added and cen-
trifuged under the same conditions, again removing the
supernatant. The precipitate was re-suspended with 50 pl
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of the sample buffer with 5% B-mercaptoethanol. The
samples were then denatured in a water bath at 100 °C for
10 min.

Resolution gel (15%) and stacking gel (5%) were used:
20 pl of the samples to be analyzed and 15 pL of the molar
mass standard were added and subjected to electrophoresis
at 150 V and 30 mA for approximately 2 h in a vertical
electrophoresis cell. The gel was subsequently stained with
0.1% Coomassie Brilliant Blue R-250 (Bio-Rad Labora-
tories Inc., Richmond, VA, USA) for approximately twelve
hours. The gel was then discolored by heating in distilled
water in microwaves until perfect visualization of the
bands was achieved.

Solubility

Solubility was determined using the method of Montero
et al. (1991), with modifications. The samples were dis-
solved in 0.5 M acetic acid to give a final concentration of
3 mg/mL and the pH was adjusted from 1.0 to 10.0 with
NaOH or HCI. The solutions were slowly stirred at 4 °C for
30 min and centrifuged at 10,000 rpm and 4 °C for 30 min.
The protein content in the supernatant was determined by
the method of Lowry et al. (1951) using bovine serum
albumin (Sigma, St. Louis, USA) as standard. The relative
solubility of the collagen was calculated by comparing it
with that which was obtained in the pH with the greatest
solubility, taking this as 100%.

Statistical analysis

All the analyses were performed in triplicate, the results
were subjected to analysis of variance (ANOVA) and
Tukey’s test, with a 5% significance level (p < 0.05), using
Statistica® 8.0 (StatSoft Inc., Tulsa, OK, USA) software.
The calculations of the effects performed on the extraction
yield of the collagens were also obtained using the men-
tioned computer program.

After obtaining the FTIR spectra, each spectrum was
treated with a normalized absorbance between 0 and 1,
smoothed (15 points), corrected at the baseline, and the
CO; zone was removed using Shimadzu IRsolution 1.40
software. Then, a table was constructed with all the data,
using the wavelength as the column and the samples as
lines. The first and second derivatives of the spectra were
then were tested using the EXPAND procedure in order to
linearize them.

The data regarding the solubility of the different colla-
gen extracted from the chicken MSM residue by different
treatments were adjusted as a function of pH variation
using the sigmoidal empirical function (logistic) according
to the following statistical model:
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where Y;; = the solubility (%) of the ith collagen in the ith
repetition under pH 7y; o = final solubility (%) at the post-
transition baseline or plateau phase/stationary phase/steady
state, when y — o0;f = the initial solubility (%) at the pre-
transition baseline or lag phase; e = exponential; k = rate of
change of solubility; y = pH value (1-10); 6 = pH level
where solubility reaches 50% of the transition zone, mid-
point or inflection point; &; = experimental error associated
with each observation, supposing &~ ““N(0,¢%). The
model parameters were estimated using the Gauss—Newton
algorithm modified by the NLIN procedure of the SAS®.

The likelihood ratio test with the approximation by >
distribution is given by:

6’2
Xzalc(HO) = —NIn (A_Q>

S
SQRRQ hunderH, ,,2
— —Nl underH .
n(SQRRw> ~ /{tab(a7 V)

where X%alc = calculatedy?; N = total number of observa-
tions; In = natural logarithm; Eé = maximum likelihood
estimate of ¢®> under no constraint in the Q parametric
space (Complete model); 333 = maximum likelihood esti-
mate of ¢ under the linear constraints defined in Hp
(Reduced model); SORRp = sum of squares of the
regression residue in the complete model; SORR,, = sum of
squares of the regression residue in the reduced model; y2,,
= tabulated XZ; o = level of significance; v = number of
degrees of freedom, given that v = pg — p,,, i.e. the num-
ber of estimated parameters in the complete and reduced
models, respectively.

The likelihood ratio test with approximation by the F
distribution is given by:

S’_S' Ve nder:
Fcalc(HO) = ( [Sf/‘];f)/ e}f\lj . HOFtab

where F 4. = calculatedF; S, = sum of residual squares of
the reduced model (under constraint); Sy = sum of residual
squares of the complete model; v, = number of degrees of
freedom of the residual of the complete model;
v, = number of degrees of freedom of the residue of the
reduced model minus the number of degrees of freedom of
the residue of the complete model; F,,, = tabulatedF; o =
as previously defined.

The coefficient of determination (r*) of the regression
models was expressed in relation to the source treatments
(regression + lack of fit).

The statistical analyses were performed using SAS®
System for Windows ™ yersion 9.4 (SAS Institute Inc.,
Cary, NC, USA) software with a 5% level of significance.

(o5 ves vy)

Results and discussion

Determination of the amino acid hydroxyproline
of raw material

The crude chicken MSM residue, before pre-treatment,
presented 2.67 g/100 g hydroxyproline, which, multiplied
by fact 8, corresponds to 21.36 g/100 g of collagen in the
residue. The collagen content was lower than that obtained
by Araujo et al. (2018) for chicken feet, 56.31 g/100 g, this
is probably because the MSM residue is a very heteroge-
neous sample containing bones, skin, meat and cartilage.

Yield

The collagen yield (Table 1) ranged from 3.92 to 6.74% on
wet basis and from 8.78 to 15.11% on dry basis. Treatment
T2 (30 min of pre-treatment with ultrasound and 48 h of
enzymatic extraction) presented the highest yield, and T4
(24 h of enzymatic extraction) presented the lowest yield.
Treatments T1, T3 and PC did not differ between each
other. Comparing treatments T2 and T3 (both with 48 h of
enzymatic extraction), there was an increase in yield of
around 40% when pre-treatment with ultrasound probe was
performed. The treatments showed no significant differ-
ence in terms of protein content (Table 1), indicating that
the increase in yield was due to a higher level of collagen
extraction.

According to Li et al. (2009) this was due to an increase
in enzymatic activity and dissolution of the substrate
because the use of ultrasound results in a greater dispersion
of the pepsin and opening of the collagen fibrils, facilitat-
ing the action of the enzyme. The use of ultrasound
(40 kHz, 120 W) and pepsin to extract collagen from
bovine tendon resulted in a considerable increase in yield
compared to pepsin extraction alone; the yield was
55.4-80.6% in 24 h and 71.4-88.0% in 48 h.

The collagen from the chicken MSM residue showed
lower yield (8.78%-12.03%) when compared to other
residues. This was expected because the collagen extracted
from the residue that comes from the entire carcass will
present a lower yield than that obtained from a specific
part. In a study by Aradjo et al. (2018), the collagen yield
of chicken feet ranged from 31.54 to 72.98 g/100 g, how-
ever the initial raw material had collagen content higher
than the chicken MSM residue. Yet, the MSM residue
collagen showed similar yields to other raw materials, such
as Silver carp (Hypophthalmichthys molitrix) (5.9% dry
weight) and rohu skin (Labeo rohita) (6.8% dry weight)
(Savedboworn et al. 2017).

The effects of variables (pre-treatment with ultrasound
probe, and enzymatic extraction with pepsin) and their
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interactions on the collagen yield from chicken MSM
residue were studied. A first-order significant effect
(p < 0.05) was found for the two tested variables, both of
which showed a positive influence on the collagen yield.
The effect of the interaction between the two variables also
significantly increased the yield.

Longer pre-treatment times with ultrasound and enzy-
matic extraction were more effective in extracting collagen
from the chicken MSM residue, under the tested condi-
tions. Wang et al. (2008) also found a positive correlation
between the extraction time with pepsin, and collagen yield
from grass carp (Ctenopharyngodon idella). The extraction
time ranged from 12 to 36 h; the optimum time to obtain
the highest yield was 35.2 h.

Positive effects for the use of ultrasound on yield in
relation to the extraction of collagen from bovine tendon
were also found in a study by Ran and Wang (2014).
According to Li et al. (2009), the use of ultrasound pro-
vides a better dissolution of the substrate because it opens
the collagen fibers, thereby facilitating extraction.

Characterization of collagen
Fourier-transform infrared spectroscopy (FTIR)

Figure la shows the main peaks of the infrared spectra of
the chicken MSM residue collagen. The FTIR spectra
found in this study resembled those found for collagen
from other sources, such as collagen from chicken foot skin
(Zhou et al. 2016), emu skin (Dromaius novaehollandiae)
(Nagai et al. 2015) and squid skin (Doryteuthis sing-
halensis) (Veerurajet al. 2015). There were characteristic
absorption peaks located in the region of the bands of
amides A and B and I, II and III for all the collagen
samples.

The amide A bands were found between 3323.35 (PC)
and 3329.14 (T2) cm_l, They were associated with NH
stretching vibrations, when the NH group of a peptide is
involved in a hydrogen bond the position is shifted to lower
frequencies (3300 cm™ ") than an NH-free stretch vibration
(3400-3440 cm™ ") (Sai and Babu 2001).

The amide B bands of the collagen were found at
2926 cm ™', which was related to the asymmetric stretching
of the stretching vibration of CH,, as well asthe absorption
due to the CH, alkyl chain (Hsuet al. 2005).

The amide I, IT and III bands of the different collagen
samples were found in the region of 1660, 1556 and
1240 cm ™', respectively. These bands are related to the
structure of collagen (Heu et al 2010). The amide band I,
with a characteristic wave number in the range of 1600 to
1700 cm ™', is mainly associated with the stretching
vibrations of the carbonyl groups along the polypeptide
backbone. The amide II and III bands represent N-H
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flexural vibrations coupled with C-N stretch vibration
(Barth and Zscherp 2002; Jackson et al. 1995).

The ratio between the area of the amide III peak to the
peak at 1454 cm™' was close to 1.0 for all the collagen
samples; this ratio generally indicates the collagen triple
helix structure. This result demonstrated that the use of
ultrasound and pepsin did not negatively affect the triple
helix structures of the collagen (Wang et al. 2014).

A mathematical method to increase the resolution by
using derivation was applied to the FTIR spectra of the
collagen from the chicken MSM residue. Figure 1b pre-
sents the second derivative of the spectra of the collagen
samples. This method of increasing resolution is based on
the separation of the peaks that compose the bands, and on
the correlation between their areas or intensities with their
structures (Forato et al. 1998). The different collagen
samples presented the same peaks, which were character-
istic of collagen, but with different intensities, which
indicates that the different treatments did not affect the
integrity of the obtained collagens.

Differential scanning calorimetry (DSC)

Heating collagen causes the hydrogen bonds to break down
between the polypeptide chains, transforming the triple
helix structure of the collagen into a coiled random struc-
ture. Lower temperatures of denaturation of collagens
indicate less thermal stability, and this is one of the factors
that affects the subsequent application of these collagens.
Completely denatured proteins can be used in the food
industry only as an emulsifying agent and not as a source of
nutritious fibers (Silva and Penna 2012). Table 2 shows the
results of the DSC of the denaturation for the collagen
samples from the chicken MSM residue.

The collagen samples showed endothermic transitions
corresponding to the denaturation of the collagen, whose
initial temperature varied between 42.91 and 46.94° C,
with enthalpies between 15.19 and 21.12 J/g. The T4
treatment, which was extracted with pepsin for 24 h, had
the highest temperature and enthalpy of denaturation; in
other words, it presented greater thermal stability compared
to the other samples, which was probably due to this col-
lagen having a more complete helical structure. The PC
treatment (15 min pre-treatment with ultrasound and 36 h
enzymatic extraction) had the lowest initial denaturation
temperature (To) but it did not differ from the TI1
treatment.

Zou et al. (2017) obtained a singular result when they
extracted collagen from turtle; using ultrasound resulted in
an increased denaturation temperature for the collagen
compared to the conventional method. However, a study by
Ali et al. (2018) suggested that ultrasound alone could not
alter physical/chemical properties of collagen. Zeng et al.
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Fig. 1 a FTIR spectra, and

b second derivative of the
spectra of the collagen from
chicken MSM residue extracted
using a 27 factorial design with
a central point. T1: 30 min of
pre-treatment with ultrasound
and 24 h of enzymatic
extraction; T2: 30 min of pre-
treatment with ultrasound and
48 h of enzymatic extraction;
T3: 48 h of enzymatic
extraction; T4: 24 h of
enzymatic extraction; PC:

15 min of pre-treatment with
ultrasound and 36 h of
enzymatic extraction
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Table 2 Results of the DSC for
denaturation of the collagen
from chicken MSM residue

To
(O]

Treatment

Tc
O]

AH
J/g)

Tp
O

extracted using a 22 factorial
design with a central point

43.14 °* £ 0.60
43.89° + 0.34
44.67° £ 0.05
46.94* + 0.07
42,919 + 0.07

T1
T2
T3
T4
PC

46.31° + 0.17
47.62° + 0.07
47.67° + 0.04
49.91* + 0.04
46.43° + 0.32

54.97* + 0.55
54.66™ + 0.11
50.27° + 0.84
55.36" + 0.39
53.55° + 0.42

15.19° + 0.14
19.51° + 0.33
17.32¢ + 0.33
21.12* &+ 0.20
18.41° + 0.24

* Averages within the same column with the same superscript letters do not differ significantly from each
other by Tukey’s test (p > 0.05). Values expressed as mean =+ standard deviation. 7o initial onset tem-
perature, Tp peak temperature, 7, end set temperature,4H enthalpy of denaturation. T1: 30 min of pre-
treatment with ultrasound and 24 h of enzymatic extraction; T2: 30 min of pre-treatment with ultrasound
and 48 h of enzymatic extraction; T3: 48 h of enzymatic extraction; T4: 24 h of enzymatic extraction; PC:
15 min of pre-treatment with ultrasound and 36 h of enzymatic extraction

(2012) reported denaturation temperatures of between
33.97 and 34.62 °C, and enthalpy of 41.23-51.36 J/g for
cobia (Rachycentron canadum) skin. Other studies have
reported denaturation temperatures from 30 to 60 °C for

collagen, depending on the origin and the type of collagen.
Thermal denaturation temperatures are correlated with the
content of the amino acids proline and hydroxyproline in
collagen; the higher the content of these amino acids the
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more stable the helical structure of the molecules (Liu et al.
2014; Ran and Wang 2014; Sinthusamran et al. 2013).

In general terms, all the different treatments in the
present study presented good thermal stability, indicating
that the use of ultrasound and pepsin in the extraction was
not detrimental to the stability of the collagen within the
tested conditions.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
analysis (SDS-PAGE)

Figure 2 shows the SDS-PAGE for the different treatments
of collagen from chicken MSM residue using 15% gel.
Two distinct bands, close to 125 kDa and corresponding to
the o and o, chains, were identified, indicating that the
collagen samples were mainly composed of type I collagen,
which generally consists of two a; chains and one o, chain.
It was possible to verify some proteins of lower molecular
weight, between 100 and 30 kDa, for all the treatments.

Previous studies have shown that avian collagen is
composed of o chains (a; (I) and o, (I)) and B-chains
(Aragjo et al. 2018; Nagai et al. 2015). However, in the
SDS-PAGE analysis of the collagen from the chicken
MSM residue the B band was not identified.

The use of pre-treatment with ultrasonic probe in the T1,
T2 and PC treatments did not lead to the appearance of low
molecular weight peptides, proving that the use of ultra-
sound did not negatively affect the integrity of the collagen
samples, which maintained the triple helix structure intact;
a result that was also confirmed by the FTIR spectra
(Fig. 1). The fact that the structure was preserved was
probably due to the ultrasound being used at a controlled

kDa 250
150

100

70

50

ar (D
oz (I)

30
20

15
10

T1 T2 T3 T4 PC

Fig. 2 Sodium dodecyl sulfate polyacrylamide gel electrophoresis
analysis (SDS-PAGE) of collagen from chicken MSM residue
extracted using a 2> factorial design with a central point. TI:
30 min of pre-treatment with ultrasound and 24 h of enzymatic
extraction; T2: 30 min of pre-treatment with ultrasound and 48 h of
enzymatic extraction; T3: 48 h of enzymatic extraction; T4: 24 h of
enzymatic extraction; PC: 15 min of pre-treatment with ultrasound
and 36 h of enzymatic extraction

@ Springer

temperature (4° C) and for a short period of time (15 or
30 min).

Solubility

The data regarding solubility for the different treatments of
collagen from chicken MSM residue were adjusted using
the sigmoidal empirical function; the relative solubility
curves as a function of pH that were obtained are presented
in Fig. 3. The initial solubility (B) did not differ (p > 0.05)
between the treatments; a mean of 96.5% was obtained,
which remained constant until close to pH 3.0, indicating
that all the collagen samples had good solubility at acid pH.
The treatments presented significant differences in terms of
the values of final solubility (o), pH at the inflection point
(9), and rate of change of solubility (k).

All the collagen samples showed a marked decrease in
solubility with increasing pH (between 5 and 8) but the rate
of change of solubility (k) was higher in the T2, T4 and PC
treatments. Chi et al. (2014) also observed maximum sol-
ubility at pH of 1 to 4, as well as a severe drop in pH from 5
to 7 for acid-soluble collagen from the skin of hammerhead
shark (Sphyrna lewini).

Treatments T1 and T2 (both with 30 min of ultrasonic
pre-treatment) had a higher pH at the inflection point (close
to 7.0), indicating the higher solubility of these treatments,
since this point indicates the pH at which the solubility
reaches 50%. Treatments T1 and T2 also had a final sol-
ubility (o) higher than the other treatments.

Collagen from chicken MSM residue showed similar
behavior to bovine tendon collagen, extracted with pepsin
after ultrasonic treatment. Tendon collagen presented high
solubility in pH of 2—4. The solubility was higher than 92%
and there was a marked decrease close to neutrality; the
level was 21% at pH 6 and it remained low, but relatively
stable, to pH 9 (Ran and Wang 2014).

Conclusion

Pre-treatment with ultrasound, as well as the time of
enzymatic extraction with pepsin, had a positive effect on
the yield of collagen from chicken MSM residue without
affecting the integrity of the collagen. This was verified by
the FTIR spectra, which showed peaks characteristic of
bands A and B and I, II and III, and the electrophoresis
analysis. Using ultrasound resulted in an increase in yield
of about 40% in the T2 treatment (pre-treated for 30 min
with ultrasound and extracted with pepsin for 48 h) com-
pared to the T3 treatment (extracted with pepsin for 48 h).

All the treatments exhibited high thermal stability. The
treatment extracted with pepsin for 24 h (T4) showed the
highest denaturation temperature, 46.96° C. Analysis by
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SDS-PAGE showed that all the collagen samples were
mainly composed of type I collagen; the use of ultrasound
did not lead to the appearance of low molecular weight
peptides.

In view of the above, it can be concluded that the use of
ultrasound as pre-treatment, together with enzymatic
extraction using pepsin, were effective in increasing the
extraction yield of collagen from chicken MSM residue
and also preserved the triple helical structure of native
collagen.
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