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Abstract

Purpose The feather is a valuable protein resource. The feather is the major waste by-product resulting from the poultry
processing plants. Therefore, increasing the values of poultry feather waste has a significant effect in the environment.
Methods In this study, the physicochemical and functional properties as well as the antioxidant activities of the feather
protein hydrolysates (FPHs) obtained by acid hydrolysis after 100 min (FPH, ), 200 min (FPH,,) and 300 min (FPH;)
were investigated.

Results The results showed that FPH,,,, FPH,, and FPH;,, presented high protein content 74.04%, 71.05% and 73.94%,
respectively. All FPHs had a good solubility and possessed some interfacial properties, governed by their concentrations.
The antioxidant activities of the different FPHs were evaluated using various in vitro antioxidant assays such as 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical-scavenging activity, total antioxidant capacity, reducing power and -carotene bleaching.
FPH,, generally showed a greater antioxidant activity across all the considered methods. The DPPH IC, of FPH,y, values
were found to be 0.47 +0.011 mg/mL. Moreover, the FPH,, exhibited notable total antioxidant capacity and strong reduc-
ing power.

Conclusions Our results suggested that FPHs could be a new potential source for preparing natural antioxidants applied in
food, pharmaceutical and cosmetic preparations.

Keywords Feather - Protein hydrolysates - Functional properties - Antioxidant activity

Statement of Novelty Introduction

The method of feathers hydrolysis used in this work was
cheaper than enzymatic hydrolysis to be applied to the
industrial scale and increase the industrial waste value. The
functional properties, the total antioxidant activity and the
antioxidant assay using the B-carotene bleaching of feather
protein hydrolysates have also been studied for the first time.
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The feather is the most important waste by-product result-
ing from poultry processing plants, reaching billions of tons
annually worldwide. Specifically, the Tunisian contribution
is about 20,000 tons. This by-product presents 10% of the
total weight of poultry [1]. The feather is a rich protein
source because it is the most abundant keratinous in nature,
representing 80-90% of the total composition of the feather
[2]. Keratin has a high stable mechanical structure attributed
to the high degree of cross-linking by disulfide bonds, hydro-
gen bonds and hydrophobic interactions [3, 4].

Therefore, increasing the values of poultry feather waste
has had a significant effect on the environment and attracted
much interest for research in the last few years. Studies have
been carried out to produce feather protein hydrolysate by
different treatments such as enzymatic hydrolysis [5-7],
chemical-enzymatic treatment [8] and thermo-chemical
treatment [9].
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Many artificially synthesized antioxidants, such as buty-
lated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT) and tertbutylhydroquinone (TBHQ), characterized
by a strong antioxidant activity, have been used as food addi-
tives to prevent its deterioration and protect it against seri-
ous diseases caused by oxidation or free radical reactions.
However, the use of these chemical substances has been
increasingly limited over time due to toxic and carcinogenic
effects on animals and humans health, causing its restriction
in many countries [10].

This has enhanced an increasing interest in natural antiox-
idants which can be applied safely. Several hydrolysed pro-
teins from animal protein as well as many plants have been
found to have an antioxidant activity [11-14]. Besides, the
feather hydrolysate has also proven to be good antioxidant
sources [3, 6, 15, 16]. In addition to its antioxidative activity,
other bioactivities, such as inhibitory activities toward angi-
otensin I-converting enzyme and dipeptidyl peptidase-1V,
have been demonstrated in feather protein hydrolysate [6].

In the present study, the functional properties and
the antioxidant activities of feather protein hydrolysis by
thermo-chemical treatment were investigated.

Materials and Methods
Reagents

Butylated hydroxyanisole (BHA), 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) and fB-carotene were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). All the other reagents
and chemicals used (potassium ferricyanide, trichloroacetic
(TCA), ferric chloride (FeCls), sodium hydroxide and other
solvents) were of an analytical grade. All the solutions were
freshly prepared in distilled water.

Materials

Poultry feathers were obtained fresh from a poultry process-
ing plant located in Sfax, Tunisia. Feathers were washed
thoroughly with distilled water, treated in boiling water for
20 min, dried at 90 °C for 5 h and finally stored at room
temperature until use.

Preparation of Feather Protein Hydrolysate

Protein hydrolysate from feathers was prepared by the
method reported in our previous study [17], with a slight
modification. The poultry feather (25 g) was suspended in
500 mL of 0.5 N sulphuric acid solution in jacketed glass
reactor at a temperature up to 90 °C and 500 rpm stirring
rate for three different times (100, 200 and 300 min). The
hydrolysis reaction was stopped by adjusting pH to 7.0 with
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4 N NaOH. The obtained mixture was centrifuged at 5000g
for 30 min and filtered under vacuum. Being dialyzed against
distilled water for 3 days to remove inorganic salts, protein
hydrolysate was prepared by drying at 40 °C, and then stored
at —20 °C for further use.

Determination of Peptide Concentration

The peptide concentrations (mg/mL) were determined using
Biuret’s method [18]. Standards of 1-5 mg/mL bovine serum
albumin (BSA) were essayed to calculate the sample peptide
concentrations.

Physicochemical Properties
Proximate Composition

The moisture and ash content were analysed according to the
AOAC [19] standard methods 950.46 and 920.153, respec-
tively. The samples total nitrogen content was determined
using the Kjeldahl method. Crude protein was measured by
multiplying the total nitrogen content with 6.25 factor. Fat
was determined by samples extraction with hexane using
the soxhlet extraction method. All measurements were per-
formed in triplicate.

Water Activity Determination

The water activity (a,,) was measured with the apparatus a,,
Rotronic Hygropalm (HP23-AW-A, Bassersdorf). The meas-
urements were carried in a plastic capsule with samples and
the a,, values were obtained after stability at 25 °C.

Color Test

The color parameters measurement was conducted using
a handheld colorimeter (model chroma meter CR-410,
Konica Minolta, Inc, Japan). The color parameters L*, a*
and b* showed lightness (100 =white, 0 =black), redness
(positive =redness, negative = greenness) and yellowness
(positive = yellowness, negative =blueness), respectively. A
standard white plate with reflectance values of L* =93.68,
a*=-—0.69, b*=—0.88, was used as reference. The color
analyses results were average of three measurements of the
samples taken at different points at ambient temperature.

Determination of Mineral Analysis

Analyses of calcium (Ca), magnesium (Mg), sodium (Na)
and potassium (K) mineral contents in raw feather and FPHs
were carried out using the inductively coupled plasma opti-
cal emission spectrophotometer (Thermo scientific, ICE
3000 series, AA spectrometer, made in UK) according to the
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method [20]. The phosphorus content (P) was determined by
the phosphomolybdate method [21].

Functional Properties
Solubility

The solubility was determined according to the previous
method [22] with a slight modification. Briefly, 10 mg of
FPHs was dissolved in 8 mL of distilled water and the pH of
the mixture was adjusted to 2, 4, 6, 8, 10 and 12 with either
1 N HCl or 1N NaOH. The volume of solutions was made up
to 10 mL by distilled water. The mixture was stirred at 5000g
for 30 min at room temperature (25 °C). Peptides content in
the supernatant was determined using Biuret’s method [18].
The peptides solubility was calculated as follows:

Supernatant peptides content

Solubility (%) = x 100

Sample peptides content

Surface Tension Measurement

The FPHs surface tension was measured using a tensiometer
(Gibertini, TSD Digital tensiometer, Italy). 20 mL of FPHs
at different concentrations (0.2%, 0.3%, 0.4% and 0.5%)
were poured into 50 mL glass beaker placed into the tensi-
ometer platform. A platinum wire ring was submerged into
the solution and then slowly pulled through the liquid/air
interface, to measure the surface tension (mN m™").

Water-Holding and Fat-Binding Capacities

The water-holding capacity was measured by the previous
method [23] with a slight modification. 1 g of FPHs was
placed in a 10-mL distilled water tube then held at room
temperature for 60 min and the solution was mixed every
5 min. The FPHs mixture was centrifuged at 5000g for
15 min. The upper layer was eliminated and the centrifuge
tube was drained for 30 min a 50 °C on a filter paper after
tilting to a 45° angle.

The fat-binding capacity was measured by the previous
method [23]. 0.5 g of FPHs was mixed with 10-mL soy-
bean oil. The solution was mixed then held at room tem-
perature for 60 min and mixed every 5 min. The FPHs mix-
ture was centrifuged at 5000g for 30 min. The upper layer
was removed and the centrifuge tube was drained on a filter
paper.

The water holding and fat binding capacities were
expressed as grams of water or oil bound per 100 g of FPHs
on a dry basis.

Emulsifying Properties

The FPHs emulsion activity index (EAI) and the emul-
sion stability index (ESI) were investigated according to
the method of Pearce and Kinsella [24] with some modi-
fications. 10 mL of FPHs solution at different concentra-
tions (0.5%, 1%, 2% and 3%; w/v) were homogenised with
3.4 mL of soy bean oil for 1 min at 25 °C using Ultra-
Turax T 25 Basic (IKA Werke GmbH & Co., Staufen,
Germany). 50 uL of the emulsion was pipetted from the
bottom of the container and dispersed into 4950 puL 0.1%
SDS solution at 0 and 10 min after homogenisation. The
absorbance of the solution was measured at 500 nm against
0.1% blank solution SDS using a spectrophotometer (opti-
zen POP, UV/VIS spectrophotometer, Mecasys CO., Ltd.,
Korea). The absorbance values of the different solutions
were measured immediately (4,) and 10 min after emul-
sion formation (A,,), they were used to determine the EAI
and ESI:

EAI( ) _1)_ 2 x 2303 x A,
me )= 0.25 X protein weight

ESI (min) = A4 X t
Ay

where AAis (A, —A,() and =10 min.

Foaming Properties

The foaming expansion (FE) and the foaming stability
(FS) were evaluated as previously described [25] with
a slight modification. Four concentrations were tested:
0.5%, 1%, 2% and 3%. Ten mL of FPHs solutions for each
concentration was transferred into 50 mL graduated cyl-
inder. To incorporate the air in the solutions, they were
homogenised for 1 min using an Ultra-Turax T 25 Basic
(IKA Werke GmbH & Co., Staufen, Germany). Foaming
expansion was determined by means of the descent in foam
volume at r=0 min, calculated as follows:

Vr=Vo
FE (%) = % 100
Yo
where V is the total volume after homogenisation at
0 min and V,, is the initial volume before homogenisation.
The stability of the formed foam was measured as the
volume of foam remaining after 30 min.

—v
0 % 100
0

FS (%) = Vi

where V, is the total volume after 30 min held at room
temperature.
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Antioxidant Activity
DPPH Radical Scavenging Assay

DPPH radical scavenging activity of the samples was inves-
tigated according to the previous method [26]. 500 pL of
each sample at different concentrations (0.2, 0.5, 1, 2, 3, 4
and 5 mg/mL) was mixed with 375 puL of absolute ethanol
and 125 pL. DPPH solution (0.02% dissolved in absolute
ethanol). A control was prepared by mixing all reagents
except for the distilled water which was used instead of the
sample. For each concentration, a blank solution containing
500 pL of samples and 500 puL of absolute ethanol was also
prepared. The mixture was shaken vigorously with vortex
and then kept in the dark for 60 min at room temperature.
The BHA was used as a positive control. The absorbance of
the reaction mixture was recorded at 517 nm. Higher free
scavenging activity was indicated by lower absorbance of
the reaction mixture. The DPPH radical scavenging activity
was calculated using the following equation:
. . A, +A,)—A,

scavenging activity (%) = — x 100

where A, is the absorbance of blank sample, A, is the
control absorbance and A is the absorbance of the sample.

Total Antioxidant Capacity

This antioxidant assay is based on the reduction of Mo (VI)
to Mo (V) by the sample and the subsequent formation of a
green phosphate/Mo (V) complex at acidic pH. The assay
was determined according to the previous method [27].
100 uL of samples at different concentrations were mixed
with 1 mL of reagent solution (0.6 M sulphuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate). The
mixture was incubated at 90 °C for 90 min and then cooled
to room temperature before the measurement of the absorb-
ance at 695 nm against the control. The control solution
contained 100 pL of distilled water and 1 mL of reagent
solution. The BHA was used as a positive standard. The total
antioxidant activity was expressed in a-tocopherol using the
following equation:

A =0.001C +0.0049, R*=0.987

where A is the absorbance at 695 nm and C is the concen-
tration of a-tocopherol (umol/L).

Reducing Power Capacity
The FPHs reducing power was measured by the previous
method [28]. An aliquot of 500 pL of the sample at differ-

ent concentrations (0.5-5 mg/mL) was mixed with 1.25 mL
of sodium phosphate buffer (0.2 M, pH6.6) and 1.25 mL of
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1% (w/v) potassium ferricyanide solution. After the mix-
ture incubation at 50 °C for 30 min, 1.25 mL of 10% (w/v)
trichloroacetic acid was added and the mixture was centri-
fuged at 3000g for 10 min. A aliquot (1.25 mL) of the super-
natant from each sample mixture was mixed with 1.25 mL of
distilled water and 0.25 mL of 0.1% ferric chloride solution.
The absorbance was measured at 700 nm after incubation
for 10 min at room temperature. The BHA was used as a
reference. The control was prepared in the same way, except
for the distilled water which was used instead the sample. A
higher reducing power was indicated by a higher absorbance
of the mixture.

Determination of the Antioxidant Activity
by B-Carotene-Linoleic Acid Assay

The FPHs capacity to prevent the bleaching of f-carotene
was determined as previously described [29]. An emulsion
of p-carotene-linoleic acid was prepared freshly before each
experiment. In brief, 0.5 mg of f-carotene in 1 mL chloro-
form was mixed with 25 pL of linoleic acid and 200 pL of
Tween 40 and the chloroform was evaporated under vac-
uum at 40 °C using a rotary evaporator. Then 100 mL of
distilled water was added and the mixture was vigorously
stirred. An aliquot of 2.5 mL of the f-carotene-linoleic acid
emulsion was added to test tubes containing 0.1 mL of the
sample at different concentrations (2-10 mg/mL) and the
mixtures incubated at 50 °C for 2 h. A control consisting of
distilled water instead of the sample and the absorbance was
measured at 470 nm against a blank containing f-carotene-
linoleic acid emulsion without pB-carotene reagent. The BHA
was used as a positive standard. The relative antioxidant
activity was calculated as follows:

Ay — 4 )xlOO

Antioxidant activity(%) = 1 — <—
Ao — A

where A, and A, are the absorbance of the sample at =0
and r=2 h, respectively. A,, and A, are the absorbance of
the control at r=0 and r=2 h, respectively.

Hemolytic Activity

The FPHs hemolytic activity was determined by the Dathe’s
method [30] with some modifications. In brief, 5 mL of
bovine blood were centrifuged at 3500g for 10 min to iso-
late erythrocytes. They were, then, washed three times with
10 mM sodium phosphate, pH 7.5, containing NaCl 9 g/L
(NaCl/Pi). The cell concentration of stock suspension was
adjusted to 10° cells/mL. The cell suspension (12 L), along
with various amounts of stock solution fractions and buffer,
were pipetted into Eppendorf tubes to give a final volume
of 50 uL. The Eppendorf tubes with 2.5 x 108 cells/mL were
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then incubated at 37 °C for 40 min. After centrifugation at
5000g for 5 min, 30 uL of supernatant was diluted in 500 uL.
water. The absorbance of the diluted solution was measured
at 420 nm. The obtained absorbance after treating erythro-
cytes with only NaCl/Pi and SDS (0.2%) was taken as 0%
and 100%, respectively.

Statistical Analysis

All the experiments were performed in triplicate. The data
were presented as mean + SD. All the statistical analyses
were performed using the Statistical Package for the Social
Sciences (SPSS) version 20. The comparison of means was
evaluated using the analysis of variance (ANOVA) followed
by a Tukey post hoc test. The differences were considered
significant at p <0.05.

Results and Discussion
Feather Protein Hydrolysates Production

The proteolysis process different methods, like the chemi-
cal treatment, enzymatic hydrolysis and microbial fermenta-
tion, may generate some peptides with a stronger bioactivity
compared to the initial materials. In this work, the chemical
treatment showed stronger abilities to hydrolyse the feather
protein, which proceeded at a rapid rate during the initial
phase and then slowed down until reaching a stationary
phase. The FPHs peptide concentrations were measured
across time and the maximum soluble peptides production
was 34 mg/mL, achieved after 300 min (Fig. 1). This chemi-
cal treatment produced higher peptide concentrations in a
shorter period than that obtained by the feathers enzymatic
hydrolysis [5] that did not exceed 13 mg/mL after 48 h.

Fig. 1 Kinetic hydrolysis of 40 -
feather protein conducted with
1M sulphuric acid at 90 °C

354
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10 4

Peptides concentration (mg/ml)

FPHs Physicochemical Composition

The FPHs physicochemical composition was determined and
compared to that of the raw feather as shown in Table 1.
The production yield of protein from the feather after
100 min (11.81%) was significantly (p <0.05) lower than
that obtained after 200 and 300 min (>32%). The FPHs
protein content at different hydrolysis times 100, 200 and
300 min was high (>70%) resulting from the solubilisation
of the protein during hydrolysis. The high protein content
and yield of protein production may provide an incentive for
its commercial use as a source of protein. The FPHs showed
a lower fat content (1.1%), moisture (>7%) and a,, value
(0.3) which may contribute to the microbiological stability
of the product and prevent it against lipid oxidation [31].
The FPHs had a (p <0.05) higher ash content than that of
a raw feather. The ash contents were 12.10%, 12.43% and
12.04% in FPH,,, FPH,, and FPH;y, respectively. These
results are close to those found in feather protein hydrolysate
prepared by enzymatic hydrolysis (10.68%) [5].

The raw feathers and FPHs consisted of different miner-
als at different levels as shown in Table 1. Na, Ca, and K
were found at high concentrations, while P and Mg were
found at a low level. The Na level in the FPHs samples
(> 3.4 g/100 g) was higher than in raw feathers (0.2 g/100 g)
with a significant difference (p <0.05). The increase in the
sodium ion may be due to the NaOH added during the neu-
tralisation to adjust the pH to 7.0. The apparent metal ions
could act as pro-oxidants in the hydrolysate. Jemil et al. [32]
reported that Na and K were abundant in fish meat and fish
meat hydrolysates.

Color is one of the esthetic properties that determine the
suitability of FPHs to their intended application. Compared
to the FPHs, the raw feather was the lightest (L*=91.87),
less red (a* =0.045) and similar yellowness (b* =19.76).
FPHs turned into brownished color during the hydrolysis

0 50 100

150 200 250 300 350 400 450
Hydrolysis time (min)
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Table 1 Proximate composition

of raw feathers and feather Raw feathers FPHi00 FPHago FPHs00
protein hydrolysates Composition (%)
Yield - 11.81+1.44% 32.82+0.95° 33.6+1.23°
Moisture 2.03+0.21* 6.98+0.08° 5.89+0.03° 7.01+0.18 ¢
Ash 0.75+0.01° 12.10+ 1.16° 12.43 +0.42° 12.04+0.33°
Protein 88.83+0.72°¢ 74.04 +0.82° 71.05+0.21% 73.94+0.98°
Fat 3.92+0.61° 1.16 £0.09* 1.12+0.11* 1.13+0.07*
Mineral contents (g/100 g)
Ca 0.392+0.004° 0.213+0.007* 0.187+0.021* 0.144 £0.018%
Mg 0.067 +0.015* 0.058+0.012% 0.049+0.002% 0.035 +£0.005%
Na 0.212+0.014* 3.583+0.254° 3.583+0.031° 3.484+0.239°
K 0.291 +0.004° 0.203 £0.052% 0.201+0.033*® 0.121+0.034b
P 0.045+0.006* 0.040+0.015% 0.029+0.007* 0.040+0.002*
a, 0.19+0.01* 0.35+0.008° 0.24+0.002° 0.34+0.025°
Color
L* 91.87+0.92¢ 73.85+0.13¢ 68.82+0.23° 66.04 +£0.03*
a* 0.045+0.01* 3.66+0.16° 1.83+0.08° 2.89+0.005¢
b* 19.776 +0.19° 20.53+0.11°¢ 18.09 +£0.34% 19.12+0.08°

Physicochemical composition was calculated based on the dry matter

All the data are expressed as mean +SD and are the mean of three replicates

Feather protein hydrolysate were obtained by acid hydrolysis after 100 min (FPH,,), 200 min (FPH,)

and 300 min (FPHj;)

Means with the different superscript letters within the same line are significantly different (p <0.05)

reaction. Indeed, the FPH;(, was significantly (p <0.05)
darker (L*=66.04) than that of FPH,, and FPH,.

Functional Properties of FPHs
Solubility
The solubility is one of the most important functional prop-

erties of protein hydrolysate. A good protein solubility is
required in various functional applications, like emulsions

and foams. High soluble proteins have a homogeneous dis-
persibility of the molecules in colloidal systems and improve
the interfacial properties [33].

The FPHs solubilities at different hydrolysis times in the
pH range of 2—12 are shown in Fig. 2. FPH,,,, FPH,, and
FPH;, share solubility profiles, exhibiting a U shaped curve
in which they have higher solubility values at both alkaline
and acidic pH levels. All hydrolysates were soluble over a
wide pH range with more than 75% solubility except at pH
4. The FPH,,, was more soluble than FPH;,, and FPH,, in

Fig.2 FPHs solubility profiles 120
at various pHs. Feather protein
hydrolysates were obtained by 100
acid hydrolysis after 100 min —_
(FPH ), 200 min (FPH,,) and &
300 min (FPHj;,). Values pre- 2 80
sented are the mean of triplicate =
analyses 3
3 60
v
g
Q
= 40 —e—FPH100
A
—=—FPH200
20
——FPH300
0
0 2 4 6 8 10 12 14
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all pH levels from 2 to 12. Moreover, in acidic conditions
(pH 2), the FPH,,, protein solubility was 90% and increased
rapidly above pH 6 to reach 95% at pH 10. In general, the
degradation of proteins to smaller peptides leads to more
soluble products [34].

The lowest FPHs solubility was achieved at pH 4. Sea
by-product hydrolysates also showed the lowest solubility at
pH 4 [35, 36]. The minimum solubility corresponds to the
isoelectric point. At this pH, the protein molecules exhibit
a minimum interaction with the solvent, their net charge is
weak enough to approximate the polypeptide chains, which
clump together, thus resulting in a decrease in solubility.

Surface Tension

The dynamic surface tension is expected to be a major deter-
mining factor for foamability since a better decreasing rate
directly reflects a better adsorption and then a better stabili-
zation against coalescence [37].

The FPHs ability to lower the interfacial tension between
two phases at different concentrations (0.2%, 0.3%, 0.4%
and 0.5%) were investigated (Fig. 3). The FPHs were able to
decrease the interfacial tension relative to water (72 mN/m),
indicating that these FPHs were surface-active. Interfacial
tension decreased with the increase of FPHs concentra-
tions. The statistical analyses have revealed that at a 0.3%
concentration, the interfacial tension for FPH,, (36 mN/m)
was significantly (p <0.05) greater than that of FPH,,
(48 mN/m) and FPH,, (49 mN/m). At 0.5% concentration,
FPH,y FPH;( and FPH,, reached an interfacial tension of
35.2,35.4 and 36.4 mN/m, respectively.

Water-Holding and Fat-Binding Capacities

The water-holding and fat-binding capacities are functional
properties that are closely linked to texture by the interaction

Fig.3 FPHs interfacial tension 80
at different concentrations.
Feather protein hydrolysates
were obtained by acid hydroly-

between components, including water and oil. The FPHs
water-holding and fat-binding capacities were investigated
(Table 2). A significant difference (p <0.05) was observed
between the FPHs water holding (0.75 +0.04, 1.08 +0.08
and 0.57+£0.03 g H,0 g~! sample for FPH,,, FPH,,, and
FPHj,, respectively). The fat-binding capacities of FPH,,,
FPH,,,, and FPH;,, were in capacity the order of 1.95+0.12,
2.45+0.08 and 2.61 +0.14 g oil g~! sample, respectively.
These values were significantly (p <0.05) different. The
water-holding capacity could be affected by the amount
of hydrophilic amino acids and the fat-binding capacity
depends on the exposure degree of the hydrophobic residues.

Emulsifiant Properties

The FPHs EAI and ESI at different concentrations (0.5%,
1%, 2% and 3%; w/v) are shown in Fig. 4A, B. Both EAI and
ESI increased with the FPHs concentrations increase. The
emulsifiant properties increase with high protein concentra-
tion is the result of a higher protein adsorption to the surface
of oil droplets, where a thin film was formed stabilizing the

Table 2 Water-holding and fat-binding capacities of FPHs

FPH,,, FPH,, FPH,,
Water-holding 0.75+0.04° 1.08 +0.08° 0.57+0.03
capacity

(eH,0¢g™h

Fat binding capac- 1.95+0.12* 2.45+0.08° 2.61+0.14°

ity (goil g7")

All the data are expressed as mean+SD and are the mean of three
replicates

Feather protein hydrolysate were obtained by acid hydrolysis after
100 min (FPH,,), 200 min (FPH,,) and 300 min (FPH;)

Means with the different superscript letters within the same line are
significantly different (p <0.05)

sis after 100 min (FPH, ), e
200 min (FPH,,) and 300 min %
(FPH;). Values presented are E
the mean of triplicate analyses g
8
=
Q
&
3

w20 —e—FPH100

10 —=—FPH200

——FPH300

0
0 0.1 0.2 0.3 0.4 0.5 0.6

concnetration (%)

@ Springer



58

Waste and Biomass Valorization (2020) 11:51-62

(A) 200 - OFPHI00 EFPH200 ®FPH300

350 A
300 -
250 A
200 -
150 -
100 -
50

a

Emulsion capacity m2/g

1 2 3
Concentrations (%)

g

80 - OFPH100 ®FPH200 &FPH300

Emuslin stability (min)

1 2 3

Concentrations (%)

Fig.4 The emulsion [emulsion capacity (A) and emulsion stabil-
ity (B)] and the foaming [foaming capacity (C) and foaming stabil-
ity (D)] properties of FPHs at different concentrations. Feather pro-
tein hydrolysates were obtained by acid hydrolysis after 100 min

droplets from coalescing and reducing the interfacial ten-
sion. Due to their ability to form strong interfacial films,
the protein hydrolysates have often been used as ingredi-
ents to stabilize oil-in-water food emulsions. The protein
hydrolysates are surface-active materials and promote an
oil-in-water emulsion because of their hydrophobic and
hydrophilic groups and charges [34]. However, in the same
sample concentration of FPH,,,, FPH,,, and FPH;, sig-
nificant differences (p <0.05) in EAI and ESI were noticed.
FPHj;, reached the highest EAI at overall tested concentra-
tions and the highest ESI at concentrations of 0.5 and 1%,
whereas FPH,,, reached the highest ESI at concentrations
of 2 and 3%. The EAI increase with the hydrolysis reaction
time seemed to be due to a high correlation between peptides
size and emulsification properties.

FPHs Foaming Properties
Three factors, including transportation, penetration and

reorganization of molecules at the air—water interface
governed the foam formation [38]. The protein foaming
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capacity was improved by reducing the interfacial tension
and making it more flexible, through exposing more hydro-
phobic residues [39]. Foam stability was enhanced by the
protein concentration, the viscosity of the aqueous phase
and the film thickness.

Foam expansion (FE) recorded for various FPHs con-
centrations (0.5%, 1%, 2% and 3%) are shown in Fig. 4C.
The FE has increased with the rise of the protein hydro-
lysate concentration. In addition, there was a significant
difference (p <0.05) between FPH,,, FPH,,, and FPH;,
at the concentrations of 0.5%, 1% and 3%. FPH, has the
highest FE values at all hydrolysate concentrations except
at the 1% concentration. The FE of FPH,,,, FPH,, and
FPH,, increased from 80 to 130%, 70 to 110% and 55 to
115% when hydrolysate concentrations increased from 0.1
to 3%, respectively, which indicated the promising applica-
tion of FPH for the improving of functional properties in
different food formulations. These results were higher than
those found in protein hydrolysate prepared from round
scad (70% at 3% concentration) [40]. The increase in pro-
tein concentration resulted in a higher rate of diffusion
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and a denser foam because of an increase in the interfacial
films thickness [41].

After whipping, the foam expansion was monitored for
30 min indicating the FPHs foam stability (FS) at different
concentrations (Fig. 4D). At all the used concentrations, the
foaming stability decreased significantly with time. Also,
the FS increased with the increasing FPHs concentrations.
Although FPH,, has the highest FE, FPH;, showed the
best foam stability with 50% after 30 min at 3% concentra-
tion. This value was higher than that observed in the study of
shrimp hydrolysate (42.2%) at the same concentration [36]
and lower than that obtained by porcine cerebral hydrolysate
(70%) at concentration of 2% [22]. The FPHs FS improved
by the concentration increase was the result of the formation
of stiffer foam developed from high viscosity [42].

FPHs Antioxidant Activity

It is widely known that antioxidants can act through differ-
ent mechanisms and the use of a single method to evaluate
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Fig.5 Antioxidant activities of FPHs at different concentrations. A
DPPH free radical-scavenging activities; B total antioxidant activity;
C reducing power and D inhibition of B-carotene bleaching. FPH,,

the antioxidant activity cannot provide a clear idea about its
real antioxidant potential. Therefore, the use of various anti-
oxidant methods, including 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical-scavenging activity, total antioxidant capac-
ity, reducing power and p-carotene bleaching, for the evalua-
tion of the antioxidant activity is recommended [43].

DPPH Radical Scavenging Activity

The radical scavenging method is one of the most used
assays to investigate the free radical scavenging effects of
antioxidants. The DPPH is a stable free radical that shows
maximum absorbance at 517 nm in ethanol. When the DPPH
encounters a proton-donating substance such as an antioxi-
dant, the radical will be scavenged by changing colour from
purple to yellow and the absorbance will be reduced [44].
The decrease in absorbance is an indicative measure for
radical-scavenging activity.

A concentration-dependent assay was carried out with
FPHs and the results are presented in Fig. 5A. The results
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FPH,,, and FPH;, are the feather protein hydrolysates obtained after
100, 200 and 300 min, respectively. Values are given as mean of trip-
licate determinations
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clearly indicate that all the tested FPHs exhibited high anti-
oxidant activity against DPPH and the scavenging activity of
all hydrolysates increased with the hydrolysate concentration
increase. Our findings are in line with previous works [5, 16]
who reported that the DPPH scavenging activity increased
with increasing concentrations.

Among the different hydrolysates, FPH,, exhibited the
highest radical scavenging activity value (94.4% at 5 mg/
mL), which is very close to that of BHA (95.1% at 5 mg/
mL).

The concentration inhibiting 50% of the free radical
DPPH (ICs) was determined. Higher free radical scav-
enging ability was indicated by the lower ICs,. There were
significant differences (p < 0.05) between FPHs at differ-
ent hydrolysis times. FPH,, showed potent DPPH radical
scavenging effects (IC5,=0.47 mg/mL), followed by FPH,
(IC5,=0.75 mg/mL) then FPH,, (IC5,=1.43 mg/mL).

These results show that feather protein hydrolysates,
possibly contain small peptides and free amino acid with
relative low molecular weight (MW), which act as electron
donors and convert free radical to more stable products [45].
Changes in size, level and composition of the free amino
acids and small peptides affect the antioxidant activity.

It is worth noting that FPH,,, produced in this study,
exhibited a high DPPH radical scavenging activity which is
in line with the previous results [5, 15, 16] using enzymatic
hydrolysis recording 0.3 mg/mL, 0.5 mg/mL and 0.39 mg/
mL of ICy,

Total Antioxidant Capacity

The phosphomolybdate method is a quantitative method that
evalutes the antioxidant capacity. The results of the total
antioxidant activity are shown in Fig. 5B. All hydrolysates
showed an increase of their antioxidant activity with the con-
centration increase. At the 5 mg/mL concentration, FPH,,
showed (p < 0.05) the best antioxidant effect (60.65 umol/
mL o-tocopherol equivalents), followed by FPH;,, and
FPH,,,. BHA was found to have more efficiency (p <0.05)
(193.50 pmol/mL a-tocopherol equivalents) at the same
concentration. No data for the total antioxidant activity per-
formed on FPH have been reported in the literature.

Reducing Power

The reducing power assay is often used to evaluate the
ability of an antioxidant to donate electrons or hydrogen
[44, 46]. In this assay, the yellow colour of the test solu-
tion changes to various shades of blue, depending on the
reducing power of each hydrolysate. The presence of anti-
oxidants in the samples results in the reduction of the Fe**/
ferricyanide complex to the ferrous form. Therefore, the
Fe?* concentration can be monitored by measuring the
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formation of Perl’s Prussian blue at 700 nm. It has been
widely accepted that a higher absorbance means a stronger
reducing power.

Figure 5C shows the FPHs reducing power at differ-
ents concentrations (0.5-5 mg/mL) compared to BHA as
a positive standard. The reducing power of all hydrolysates
increased linearly with the concentrations increase. FPH;
and FPH,,, showed stronger and close activities (p <0.05)
with an approximate absorbance value of 1.21 and 1.12 at
5 mg/mL concentration, respectively. Our findings are in line
with other published studies on feather protein hydrolysate
[5, 16]. The reducing power results revealed that FPHs pos-
sibly contained peptides and amino acids which functioned
as electron donors and could react with free radicals to form
stable products and terminate the radical chain reaction.
Although the synthetic BHA presents the highest antioxi-
dant activity, natural antioxidants are of a growing interest.

Measurement of 3-Carotene-Linoleic Acid Assay

The antioxidant assay using the f-carotene bleaching is
widely used to investigate the antioxidant activity of bioac-
tive compounds because p-carotene is extremely suscepti-
ble to free radical-mediated oxidation of linoleic acid. In
the absence of an antioxidant, p-carotene undergoes rapid
discoloration, which results in a reduction of the sample
absorbance with the reaction time. The presence of an anti-
oxidant may hinders the bleaching extent by neutralising
the linoleic hydroperoxyl radicals formed in the system. To
our knowledge, no data for p-carotene bleaching inhibition
performed on feather protein hydrolysate have been reported
in the literature.

The FPHs potential to minimize the f-carotene reduction
is displayed in Fig. 5D. The antioxidant activities of FPH,,
FPH,,, and FPH;,, at 10 mg/mL concentrations were
79.76%, 79.16% and 76.33%, respectively. Furthermore, as
can be seen in Fig. 5D, all FPHs showed dose dependency
as the activity increased with the increasing hydrolysate
concentration. However, The BHA displayed a significantly
(p <0.05) higher antioxidant activity than that of the FPHs.

Hemolytic Activity

The FPHs hemolytic activities were tested on bovine eryth-
rocytes. Each sample was assayed at two concentrations (2
and 5 mg/mL). No hemolysis was observed for all the FPHs
concentrations (data not shown). These results provide sup-
port for the non-toxicity of these protein hydrolysates from
feathers even when applied at high concentrations. In fact,
these results are similar to those previously reported for the
fish protein hydrolysates [47].
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Conclusion

The study revealed the practical relevance of FPHs as a
good source of desirable quality of peptides and amino
acids. FPHs have desirable solubility, foaming and emulsi-
fication properties. FPHs were found to be effective antiox-
idants in different in vitro assays. A dose-dependent effect
between hydrolysate concentration and antioxidant activity
was found. The results of this study indicate that FPH,,
exhibited a good antioxidant activity compared to FPH,,
and FPH;,,. However, further works should be achieved
to purify and identify antioxidant peptides from FPHs and
determine their biological activities in vivo.
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