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Nombre d;onde

Groupement Liaison Vibration Intensité
Alcools primaires O-H 3640 élongation intense et large
Alcools O-H 3630 élongation intense et large
secondaires
Alcools tertiaires O-H 3620 élongation intense et large
Acides O-H 3550-3500 élongation intense et trés
large
Amines primaires N-H 3500-3410 élongation asymétrique | faible
Amides N-H 3500-3400 élongation asymeétrique | faible
primaires
Amines N-H 3350-3310 élongation faible
secondaires
Amides N-H 3400-3300 élongation faible
secondaires
=C-H (alcynes) C-H 3340-330 élongation moyenne et fine
Aromatiques C-H 3080-3030 élongation moyenne
=CH2 (alcenes) C-H 3080- 2975 élongation asymétriqgue | moyenne
-CH3 (alcanes) C-H 2960- 2870 élongation asymétrique | forte
-CH2- C-H 2925- 2850 élongation asymétrique | forte
-C-H C-H 2890 élongation faible
Aldéhydes C-H 2830-2720; élongation asymétrique | Faible ;
2650 moyenne
Nitrile -C=N 2260-2210 élongation moyenne a forte
Aromatiques C-H 2000-1660 harmonique des faible
plusieurs déformations C-H
bandes
Aldéhydes C=0 1740-1720 élongation forte
aliphatiques
Aldéhydes C=0 1715-1695 élongation forte
aromatiques
Cétones C=0 1725-1705 élongation forte
linéaires
Acides C=0 1800-1740 élongation forte
Esters C=0 1750-1730 élongation forte
aliphatiques
Cétones C=0 1700-1670 élongation forte
aromatiques
Amides C=0 1700-1630 élongation forte
secondaires
Amides C=0 1690-1620 élongation forte
primaires
Alcane C-C 1000-1250 élongation forte
Alcene Cc=C 1645 élongation moyenne
Aromatiques Cc=C 1600 et1500 élongation variable
Alcyne C=C 2150-2100 élongation faible
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Amines N-H 1640-1560 déformation forte a moyenne
primaires cisaillement
Amines N-H 1580-1490 déformation tres faible
secondaires
Amides N-H 1650-1590 déformation moyenne
primaires
Amides N-H 1570-1510 déformation moyenne
secondaires
-CH2- C-H 1470 déformation moyenne
cisaillement
-CH3 (alcanes) C-H 1460 déformation moyenne
1380 asymeétrique
déformation symétrique
-CH C-H 1340 déformation faible
Alcools O-H 1410-1330 déformation dans le
plan
Acides O-H 1380-1280 déformation dans le moyenne
plan
Amines C-N 1230-1030 élongation moyenne
Amines aromatiques | C-N 1360-1180 élongation moyenne a forte
Esters C-O 1300-1050 élongation 2 bandes
Acides C-O 1190-1075 élongation forte
Alcools C-O 1150 élongation variable
tertiaires
Ether C-0 1150-1070 élongation variable
Alcools C-O 1100 élongation variable
secondaires
Alcools primaires C-O 1050 élongation variable
Aromatiques C-H 900-700 déformation dans le variable
plan bandes
caractéristiques du
type de substitution
Amine N-H 900-650 déformation torsion moyenne et
primaire large
(CH2-)n C-H 725-720 déformation faible

balancement n>4
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Groupement Vibration Nombre d'onde | Intensité
C,,-H (aromatique) Valence 3030-3080 moyenne
. : 690 — 770 forte
C_2-H (aromatique) monosubstitué Deformation hors du plan 730 - 770 forte
Csp-H (aromatique) o-disubstitué Déformation hors du plan 735-770 forte
C 2-H (aromatique) m-disubstitué Déformation hors du plan o maysnne
© q 750- 810 forte
Csp-H (aromatique) p-disubstitué Déformation hors du plan 800 - 860 forte
. . 685 - 720 moyenne
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C-H (aromatique) 1, 2,4 trisubstitué Deformation hors du plan 860 - 900 moyenne
. : 675730 forte
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ABSTRACT:

The wool consists of around 90 % keratin, an essential ingredient in cosmetics, shampoos, and hair care creams.
The goal of this study was to determine the optimum conditions for keratin from wool extraction. Keratin
isolation using different agents for sulfitolysis has been studied using statistical experimental method. In the
extraction procedure, concentration Thiourea (CH4N2S), temperature and time reaction were analysed. The
optimization yield (%) of keratin was achieved at obtained corresponds to the concentration Thiourea of x;= 8.6

%, the tempera-ture of x,= 65.50 °C and the reaction time of xs= 2 h, using response surface methodology
(RSM). In addition, because of its good the model of experiment was significant with p<0.05 and adj R? =

0.9991 with a good yield of keratin.

KEYWORDS: Wool, Keratin, Sulfitolysis, Optimization, Response Surface.

INTRODUCTION:

Today, the disposal of keratinous waste is a problem;
indeed, more than 40 million tons per annum are
produced by the ever-increasing food industry (meat,
slaughter house and dairy products), whose production
and demand are driven by the United States, Brazil and
China. Disposal of keratin biomasses is an concern to be
addressed since its fuel burning is inefficient (keratin is
self-extinguishing) and polluting (because of the high
sulphur content) 2,
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Wool is accessible as leftover biomass from the sheep
wool industry, in significant quantities. Those are often
known as "waste" which is particularly hard to dispose
of or recycling. Scalding and landfilling are the most
popular methods for removing this residual biomass and
create serious environmental problems?,

Keratin is one of most plentiful and underutilized protein
sources, as a major component of fur, hair, nails, hooves,
feathers, and horns®. As well keratin waste is high in
nitrogen- and sulphur-containing proteins. This primarily
contains 90% percent keratin and about 15-18% percent
nitrogen and 2-5% percent sulfur®.

The two more abundant types of keratin are called B-
sheet keratins; a-helical keratins have a higher content of
cysteine and a higher quantity of disulphurised and thus
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more robust bridges. They contain in the most through
amino acids®. Also keratin production methods such as
reduction, oxidation reactions, enzymatic hydrolysis, and
ionic liquids are achievable’. Where cysteine plays a
major role in evaluating the physicochemical
characteristics of wool keratin and in contrast with most
other proteins®. These are insoluble macromolecules
which contain a tight packing of large polypeptide
supercoiled chains. A higher degree of cross-linked
cystine in keratin between the peptide chains imparts
high stability and degradation resistance. A large range
of techniques were employed, including reduction or
oxidation reactions, to dissolve the hard keratin®.

Nevertheless, studies have shown that keratin from wool
can be obtained by many solvents, depending on the
conditions of the experiment, in which it is placed in an
aqueous solution of 2% wi/v peracetic acid for 24 h at
ambient temperature (mass wool to liquid ratio 1: 50). At
the other hand, mixtures of temperature (40, 60 and
80 °C), pH (13, 12 and 11), time (1, 2 and 3 h) and
concentrations of NaOH (20, 30 and 40) g/l
respectively 1% 11,

Sodium sulfide was also used as a cheaper chemical
substitute of mercaptoethanol, and was commonly used
through sulfitolysis to remove keratin from wool?.

In this study, keratin was extracted from the sheep wool
and optimization of extraction conditions in order to
increase its High-yield and that by using chemical
method. The extracted and High-yield keratin was
characterized for its good structural properties. The
objective of this research work was to screen the best
reducing agent and optimize the extraction process using
method response surface RSM. And this influence of the
following variables: concentration Thiourea and Sodium
Metabisulfite, extraction time, temperature of reaction.

MATERIAL AND METHODS:

Materials:

Wool of Sheep variety (Fig. 1), obtained from sheep’s of
El Oued (Algeria) are used in this study. Chemicals used
in the procedure i.e. Sodium Hydroxide (NaOH),
Thiourea (CH4N,S), Ethanol (C2HO), Acetone (C3HgO),
Sodium  Metabisulfite  (Na.S»0s), Copper nitrate
(Cu(NOg)) are purchased from Chemopharma
BIOCHEM (France); Hydrogen peroxide (H202) of 30 %
concentration is obtained from Bettaher BouaadjmiSIG
(Algeria).

Fig. 1. Wool of Sheep.

Methods:

Pre-treatment of the wool:

Raw wool sheep have been washed to eliminate all the
impurities from the grass and dirt. The wool was washed
with detergent water afterwards and dried under sunlight.
And after that, the dried wool was cut into smaller
pieces. Then, for 2 hours at ambient temperature, the
wool is washed with acetone / ethanol at a concentration
of 5 per cent at 50/50 (v/v) to remove the fat. In the end,
wool is washed with oxidized water in a concentration of
10% to get rid of the residues of acetone and ethanol.

Extraction of keratin from wool:

Upon drying at 50 °C, 2 g of wool fibers were treated
with 50 mL of aqueous solution containing urea (8%),
sodium metabisulfite (0.5%), modified to pH 11 with
NaOH (1%) under shaking 600 rpm at 60C for 2.5 h, as
shown in Fig.2. At 10,000 rpm, the precipitates were
separated by centrifugation, and the sediment washed
three times with ddH20.

Fig. 2. Different extracted of keratin.

The vyield of each extraction method was calculated by
the ratio between the weight sample extracted (W') and
the initial weight of the wool (W) is using the following
equation (1)*:
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Testing of Keratin Protein:

The existence of protein was first detected through a
biuretal test (CuNOs; and NaOH at a reduced
concentration) where the sample turns violet in the
existence of a peptide bond (13), as shown in Fig. 3.

Fig. 3. Presence of Keratin Protein

Response surface optimization of the extraction
keratin:

RSM consists of a collection of mathematical and
statistical techniques focused on fitting the experimental
results obtained in relation with the experimental design
with statistical models. To accomplish this purpose,
linear or square quadratic functions are used to
characterize the process being tested, thereby exploring
(modelling and moving) the experimental parameters
until they are optimised 4.

The chosen RSM approach uses a Box — Behnken Model
(BBD) and the second-degree mathematical model used
for two-way interactions. A linear model is the simplest
model that can be used in RSM. It is important that the
answers obtained are well matched to the following
equation. (2). The RMS treatment is conducted with the
statistics program Software Expert 12 1517,

Y= fy + Bixy + Box; + Baxg + Buxy + Broxi % +
Bra¥i %3 + BraXaxy + By Xag + Bos Xpp + Bas¥as +
le)ﬂff"'ﬁzzé‘l' Baaxy + BugXi .. +E

Y is the predicted response; fois a model constant; 1, g,
BB and gpre the linear coefficients; f12, 3, & 28
24 and g3q are the interaction coefficients;gi, g2, g
and 44 are the quadratic coefficient; X1, X2, X3 and x4 are
the independent variables; X1X2, X1X3, X2Xz are factors’
interaction terms, x%, X2, x# and x2 are factors

quadratic terms and ¢ is the residual associated to the
experiments.

RESULTS AND DISCUSSION:

Extraction and protein yield:

The optimal conditions for yield the optimization
process for the extraction of keratin from wool using
RSM. The parameters employed at chemical and
physical methods in this article were as follows in
Table 1.

Table 1: Experiment design levels for various factors.

Parameters Codes | Level

-1.0 0.0 1.0
Concentration Thiourea | X: 1 5 9
(CH4N,S) (%)
Temperature (°C) X2 25 50 75
Time (h) X3 1 2 3

Experimental design using RSM method results in the
following quadratic model:

Y = —89.28914 + 11.74 x, — 0.647 x, +120.02x; +
0.194 x;x;, — 0.413 x; x, + 0.243 3, — 1525 x7 —
0.002 =% — 28.271 x2

©)

Where: he predicted response of yield (%), is the
concentration of Thiourea (CH4N2S), =, reaction
temperature and xgeaction time. These factors were
obtained by BBD analysis (Table 1).

Results from the RSM approach are shown in Table 2
and show good Yield (%) percent reproducibility. This
helps us to conduct an analysis of variance using
(ANOVA), as shown in Table 3.

Table 2: Yield (%) predicted by RSM method.

Yield (%)

Run | x X2 X3 Experimental* Predicted
1 5 75 1 51 51.00
2 5 50 2 88.85 88.85
3 1 50 3 33.85 33.85
4 9 50 3 73.05 73.05
5 5 50 2 88.85 88.85
6 5 75 3 96.7 96.70
7 1 25 2 46.45 46.45
8 9 50 1 41.8 41.80
9 5 25 1 33.71 33.71
10 9 25 2 51.1 51.10
11 1 75 2 36 36.00
12 5 50 2 88.85 88.85
13 5 25 3 55.1 55.10
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Table 3: Yield (%) using ANOVA variance analysis.

Source SS D MS F- P-Value
F Value

Model 6660.49 | 9 740.05 1431.98 | <0.0001*

X1 123381 | 1 1233.81 | 2387.38 | <0.0001*

X2 1004.80 | 1 1004.80 | 1944.25 | <0.0001*

X3 139156 | 1 1391.56 | 2692.61 | <0.0001*

X1X2 647.80 1 647.80 1253.46 | <0.0001*

X1X3 4,70 1 4.70 9.09 0.0570°

X2X3 147.74 1 147.74 285.88 0.0005*

X2 1682.34 | 1 1682.34 | 3255.26 | <0.0001*

X2 4.04 1 4.04 7.82 0.0680°

X3 153459 | 1 1534.59 | 2969.37 | <0.0001*

Residual 1.55 3 0.5168 / /

Lack of Fit | 1.55 1 155 / /

Pure Error | 0.0000 2 0.0000 /

Total 6662.04 | 12 / /

R2 0.9998 /

R2 0.9991 /

Adjusted

SS: Sum of Square; DF: Degree of Freedom; MS: Mean Square;
Significant; ®: Not Significant

The value of the coefficient of determination R? =
0.9998, therefore close to the experimental so there is a
perfect correspondence between the predicted and real
value, in as show Table 2. In addition the value of
adjusted R2 = 0.9991, close to 1, also indicating that the
model is very well adjusted. The model is significant
because the values of F-value of the model is equal to
1431.98 as well as that of the probability (P-value)
which is less than 0.05.

Moreover, all of the linear effects have values of P-
Value <0.05 which indicates that there is a significant
linear effect for the main parameters (Table 3): x1, X2 and
x3 for P-Value <0.05.

The values of P-Value obtained for the interactions of
types xaxz, and xzxz are <0.01, for the cases of

Yield (%)

Concentration Thiourea (CHsN2S) (%)

interaction x1xs the value of P-Value = 0.0570 and the
square terms x,2 and x £ are also significant. However x 2
less influential is a value of P-Value = 0.0680.

The results obtained under various conditions were
analyzed statistically using an analysis of the response
surface (3D), then represented in 2D by fixing each of
the three parameters in turn (Fig.4).

The contours of Fig. 4 show the effect of different
parameters and their interactions. The interactions
between the concentration Thiourea (x1) and the
temperature (x2) shown in Fig.4-(a, a') reveal a very
significant influence of the temperature on the efficiency
of the Yield (%). At the lowest concentration of
Thiourea (x1) between 1% and 4%; the percentage of
Yield (%) decrease from the temperature of about 50 °C.
However, is perceived to have little effect on Yield (%)
for low concentrations of Thiourea (x1), an augment in
the

concentration of Thiourea (x1)> 5% indicates an increase
in Yield (%).

On the other hand, Fig.4-(b, b")shows the interaction
between the NaOH concentration (x yand time (x ) 3the
effects are less significant on the extracted keratin
reaction after a time (x3)> 3 h with concentrations
greater than 5%, so that the concentration of Thiourea is
less than (x1) less than 8.5%.

Furthermore, an effect is observed for the reaction time
for keratin extraction (x3) and the temperature (xz). At
higher temperature (x> 55 ° C) and higher time of (x3

>2) presents a significant increase effect on Yield (%),
unlike lower values where a weaker effect is observed

(Fig.4-(c, c").
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Yield (%)

Concentration Thiourea
(CH:N2S) (%)

Time (b)

5 E 4 s & ]

Temperature (°C)
Fig. 4: a-c Variable effects on Yield (%) contour plots

Model validation:

To optimize and validate the predicted mathematical
model, a complementary statistical design calculation
was performed under the same experimental conditions;
Fig. 5 shows that the higher desirability value is equal to
0.99 obtained from the results of the mathematical
model.

Using these conditions, the maximum Yield (%) (Yield
(%)= 98 %, experimental) obtained corresponds to the
concentration Thiourea (x1) of ~ 8.6 %, the temperature
(X2) of ~ 65.50 °C and the reaction time (xs) of ~2 h.

H 7
Concartiation ThHowee (CHiNLS) (%0)

X1 = 860628

1= 6548

1 3

X3 = 205755

B %7

Yield %)- 108757

Fig. 5: Optimum conditions predicted by RSM method.
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CONCLUSION:

This study researched the contents of is based essentially
on the extraction of high purity keratin from sheep type
wool, we investigated the influence of important factors
on the extraction namely the Thiourea concentration,
temperature and time and this by applying a response
surface methodology (RSM) was used by applying a
Box-Behnken plan based on the model quadratic.
Optimizing the effects and interactions of this process
has allowed us to increase the extraction Yield. The
results obtained give an optimal Yield (%) equal to 98%.
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ABSTRACT

Keratins are a group of fibrous proteins, These proteins are abundantly present in nature and
constitute the major part of the hair, wool, horns, nails, feathers, and the stratum corneum of
the skin. Among others, an ecological and economic point of view, recovery of many organic
substances discharged into the effluent of textile mills is of prime importance. This thesis
review certain physical and chemical characteristics of the keratin derived utilizing five
processes of chemical extraction: reduction, hydrolysis, sulfitolysis, oxidation, and production.
Since the keratin is a group of fibrous protein and has many useful applications. For example:
In pharmaceutical industries, plastic production, biosorption, and tissue engineering.
Considering this advantage, this work mainly concentrates on the nanoparticle keratin

synthesis through different methods.
© 2020 Faculty of Technology, University of Echahid Hamma Lakhdar. All rights reserved

1. Introduction

Environmental concern and growing demand for healthy
and sustainable bio-based materials are prompting the
search for better and "green" ways to utilize natural by-
products available [1].

Keratin is one of the most plentiful and underexploited
sources of protein, as the main component of fur, hair,
nails, hooves, feathers, and horns [2]. On her head, keratin
is present in various sources in nature, over 5,000,000
tons/year, and is accessible from the clothing, butchery,
and breeding industries [3, 4].

The bird chicken feathers consist of about 90 % of the
structural protein, keratin, which is not a single material,
but a complex protein mixture [5].

The two most abundant forms of keratins are called o-
keratins (contains o-helical structure) and b-keratins
(contain a mixture of a-helical and B-sheet structures) [6].
a-Keratin is found most commonly in mammals. Such type

* Corresponding author. Tel.: +213673283137
E-mail address: bbachir39@gmail.com

of structure is structured as a coiled-coil and thus
participates in the elongated polypeptide chain in the
compact structural arrangement. On the other side, the -
structure holds intermolecular bonding of hydrogen
between the amino and carbonyl groups [7]. Keratins are
characteristically highly stable and low solubility due to the
-S — S— crosslinking of residues of cysteine amino
acids [8, 9].

The most distinguishing characteristic of keratin at the
molecular level is the high concentration of half-cystine
residues (7%-20% of total amino acid residues), most of
which are found in the protein terminal regions [10].
Moreover, keratin extracted using different extraction
processes can find applications in numerous sectors, the
denaturing extraction methods are classified into reductive
or oxidative methods, sulphites- or phosphines-mediated
extraction[11], enzymatic hydrolysis[3] and ionic liquids

Peer review under responsibility of University of Echahid Hamma Lakhdar. © 2020 University of Echahid Hamma Lakhdar. All rights reserved.
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[12, 13]. This is to prepare the keratin nanoparticles that
have important applications in biotechnology.

And on this, a solution might be to synthesize magnetic
keratin nanoparticles (MKNPs). As such, MKNPs were
prepared via FesOs4 in situ synthesis using the co-
precipitation method to overcome the handling and
separation disadvantage of KNP in the environmental
applications [14]. The extracted keratin was further treated
with silver nitrate and zinc oxide for the synthesis of
nanoparticles (KNPs) [15].

Among the preparation of Ru-Qr dual drug-loaded keratin
nanoparticles for biological applications by (SDS or
Sodium lauryl sulfate or Tween-20) under magnetic stirrer.
Nanoparticles thus formed turned the solution turbid.
Recombinant  keratin  nanoparticles (RKNPs) were
therefore prepared using an ultrasonic dispersion method to
determine their wound-healing effect [16, 17].

Too, keratin particles have also been prepared with this in
mind the effect of important electrospraying conditions
such as polymer concentration, feed rate, voltage, and
nozzle-collector distance on the average particle size of the
electrosprayed nanoparticles [18].
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Fig 1. Different sources of keratin.

2. Extraction Methods

Keratin can be obtained by different extraction methods
(Fig. 2).

Reductive

4
\ N

Hydrolysis Alkali Hydrolysis Tonic Liquid

Sulfitolysis

/ Methods of
keratin
\ extraction

Oxidation

Fig. 2. Methods of keratin extraction.

2.1. Reductive Extraction

Some of the benchmark reduction processes for obtaining
semi-native  keratins  appropriate  for  biomedical
applications  include  wool  solubilization  with
2-mercaptoethanol (2-ME), as a chaotropic agent in a
solution buffered at pH= 9.5, and 8 M urea; the alkali
media induces partial unfolding of the tightly packed
keratin composition and favors the reduction reaction [19].
More extraction includes extracting reducing agent and
denaturant from either the reaction mixture through
dialysis where there is an undesirable association of keratin
peptides. And it was done analyzed the molecular structure
of keratin derived from wool through reduction: extracted
from SDS-PAGE electrophoresis, molecular weight
proteins homologs as well as 40-60 kDa.

2.2. Sulfitolysis Method

At 65 °C, 4 g of wool fibers were handled with 100 mL of
an aqueous solution comprising urea (8M), sodium
metabisulfite (0.5 M), modified to pH=7 with NaOH (5 M)
under shaking using a 2.5 h Linitest unit. The mixture was
purified through a 5 mm pore-size filter and dialyzed
against sterile water in a circulation system with the
cellulose dialysis tube (molecular weight cut off 12-14
kDa) [20].

2.3. Oxidation Method

The process by which keratin was extracted from wool was
modified as follows. Fibers in 2 % peracetic acid are
oxidized overnight at 37 rpm and 180 rpm, then drained
and washed with water. The oxidized fibers were then
removed 2 rpm with 100 mM Tris-base (pH 10.5) at 37
rpm for 3 h and 180 rpm, and 1 rpm with water. Samples
were collected from 0.5 M HCI to precipitate protein and
modified to pH 4. It has required precipitated protein to
settle overnight. The liquid phase was decanted and the
precipitate was washed at pH 4 of 100 mM Tris-HCI and
then redissolved at Tris-base of 100 mM, pH ~ 7.5 [21].

2.4. Hydrolysis Method

Keratin hydrolysate was processed using a 400 mL ceramic
autoclave put in a microwave oven, Landmark Ethos 1600
(Milestones S.p. A., Bergamo, lItaly), to handle 40 g of
wool in 150 mL superheated water for 30 minutes at
170 °C. At the end of the cycle, the autoclave was cooled,
and a 120 mesh stainless steel sieve filtered the resulting
liquid.  Further filtering of the liquid process was
performed using a tangential flow filter (Millipore Pellicon
XL) of 0.65 mm pores [20].
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Table 1. keratin extraction by different methods [11].

Methods Extraction solution Operating Conditions Yield (%) References

Urea=8 M; Thioglycolic

acid=0.2 M: pH=11 Temperature (°C) = 50°C ; Time(h)=3h 70 [1]

Temperature (°C) = 20°C;

Urea=8 M; DTT=0.2 M Time(h)=16h
EDTA=3 mM; 0.2 M Tris-HCI pH=9 ; Ratio (solid:liquid) 60 [23]
(wiw) =11
_ Urea=8 M; DTT= Temperature (°C) = 25°C ; Time(h)=4h
Reduction 0.14 M; 0.05 M Tris—HCI : Ratio (solid:liquid) 50 4]
pH= 8.6 (w/w) = 1/50
Urea=8 M; L-cysteine Tempera}ture ( E:) =75°C;
=0.165 M; NaOH up to pH= Time(h)=12h
R propr= : Ratio (solid:liquid) 72 [24]
' (w/w) = 1/10
TCEP/NazS20s Temperature (°C) = 80°C ; Time(h)=5h 80 [25]
Wool (10 g) treated with 2
0,
M/\(;v'i\:r?OH Temperature (°C) = 80°C ; Time(h)=3h 25 1]
HCltopH=7
Temperature (°C) = 62-65°C ;
Time(h)=3h
0.5 N NaOH (pH 13.9) - Ratio (solid:liquid) / [26]
Alkaline (w/w) = 1/20
Hydrolysis
ultrasonic irradiation for
Wool mixed with an alkali 30 min using a 20 kHz
the solution of KOH: NaOH (14:1) sonicator (40% amplitude of 100 [27]
at 0.5 to 3% (wiv) 750 W)
Temperature (°C) = 120°C ;
NaOH solution (10 g/L) Time(min)= 10min 535 [28]
; Ratio (solid:liquid)
(w/w) = 1/10
Temperature (°C) = 120°C ; Time(h)=
[Bmim][CI] 05h 57
; Ratio (solid:liquid)
(wiw) = 1/6
lonic Liquids Temperature ( C()); :]20 C; Time(h)=
(ILs) [Bmim][Cl] - Ratio (solid:liquid) 785
(w/w) = 1/10
[11]
Temperature (°C) = 120°C ; Time(h)=
[Bmim][OACc] 05h 16.8

; Ratio (solid:liquid)
(w/w) =1/10



B.Bachir et al / Algerian Journal of Chemical Engineering 01 (2020) 000-000 8

Temperature (°C) = 120°C ; Time(h)=

[Emim][DEP] 0.5h 0.2
; Ratio (solid:liquid) '
(w/w) = 1/10
Urea=8 M; Sodium
metabisulphite= 0.5 M; Temperature (°C) = 60°C ; Time(h)=5h
NaOH up to pH=6.5; ; Ratio (solid:liquid) 41 [1]
SDS (g)/wool = 0.6 (w/w) = 1/15
Urea=8 M; Sodium Temperature (°C) = 100°C ;
Sulphitolysis metabisulphite=0.5 M; Time(h)=5h 99 [29]
NaOH up to pH =6.5 ; Ratio (solid:liquid)
(wiw) =1/30
Urea=8 M; Temperature (°C) = 90°C ; [30]
LiBr=0.1 M; SDS= Time(h)=4h 50

0.02; NaOH pH=12

2.5. Alkali Hydrolysis

Alkali hydrolysis was conducted at 80 °C with 2 % NaOH
(wt.) until the fibers were fully solubilized in 3 h. The
sample was then neutralized, centrifuged, dialyzed, and
lyophilized with HCI. This process has the lowest keratin
extraction yield (~25 %) determined by the ratio between
the weight after lyophilization and the original weight of
the wool relative to the other procedures; It is possibly due
to extensive protein hydrolysis that would lead to a large
amount of protein lost during dialysis [1, 11].

2.6. lonic Liquid

The extraction of keratin using BMIM was performed to
use a process described earlier. In short, wool fiber
snippets were gradually added to BMIM IL at 130 ° C at a
ratio of 1:10 (w / w) wool to BMIM after 120min full
dissolution of fiber was observed [12]. The resultant hot
viscous solution was decanted to precipitate the Kkeratin
protein into distilled water at room temperature [22].

It has also been found, in general, that the degree of the
success of the reaction depends strictly on the nature of the
extract solution, the method variables, and the form of
starting keratin biomass wool (Table 1).

3. KNP Synthesis

3.1. Method 1
In deionized water, keratin powder isolated from wool and
doxorubicin  hydrochloride (DOX) was dissolved

separately at a final concentration of 1 mg / mL and 2 mg /
mL respectively. Then, using a 450 nm filter cut-off, the
keratin aqueous solution was filtered and held under

stirring 730 rpm during the dropwise application of varying
quantities of doxorubicin. The sum of keratin-related
doxorubicin added varied from 5 to 45 wt%. The mixture

was held for 60 min under stirring and deposited overnight
at 4 ° C. Afterwards, the mixture was dialyzed against
deionized water with a cellulose membrane (cut off 12-14
kDa) for 24 h to extract free doxorubicin and then
centrifuged for 10 min at 4000 rpm to eliminate particle
aggregate (Fig.3). Finally, a specified supernatant volume
was frozen, and the resulting powder was weighted to
determine the yield of keratin nanoparticles [31].

3.2. Method 2

The keratin sponge was dissolved in formic acid (0.3%
w/v) at 70 °C for 24 h under magnetic stirrer to prepare the
electrospraying solutions (Fig.4) . Keratin sponge will only
be dissolved up to 5 percent in formic acid. Considering
that no prior knowledge on electrospraying keratin solution
was available, a spectrum was considered for each of the
essential parameters of electrospraying; In specific, test and
error concentration (levels of 0.5, 1.5 and 2% wi/v), voltage
(15, 20 and 25 kV), nozzle tip to collector distance (10, 15
and 25 cm) and feed velocity (0.02-0.04 ml / h) and the
mixture of conditions were chosen for the processing of
small-size electrosprayed keratin nanoparticles. For the
concentration of keratin polymer in the electrospraying
solution, And the distance between the nozzle-collector
and the total particle size of electrosprayed nanoparticles.
Tests revealed that for the electrospraying Kkeratin
nanoparticle, the correct concentration of keratin in formic
acid was around 0.5% (w / v) [18].
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Doxorubicin Centrifuged for 10 min at
% 4000 rpm Freeze drying
Cellulose Membrane
—— (cut off 12-14 KDa) for 24 b
<2 - b
Keratin powder
Keratin solution 3 60 l

Fig. 3. Preparing nanoparticles for Keratin by doxorubicin.

Formic acid

C’,’;;’/D 03%wiv); 24h

Fig. 4. Synthesis of nanoparticles Keratin by electrospraying.

keratin powder
Lkeratin sohition
3.3. Method 3

Synthesis of magnetic keratin nanoparticles (MKNPs),
0.540 g of ferric chloride, and 0.199 g of ferrous chloride
(2:1 molar ratio) are dissolved in aqueous KNP dispersion
(0.5 g /L, 100 mL). A three-necked synthesis flask was
used. The solution was mixed and degassed for about 30
min with the use of argon as a neutral gas. The chemical
co-precipitation of Fe?* and Fe* happened after
immediately applying 7 mL of ammonium hydroxide at an
average temperature of 22 °C and for 30 min under intense
stirring at 1000 rpm. The MKNPs were isolated using a
magnet after the reaction, and washed with deionized
water three times[14].

Ammaonium Hydroxide
FeCl; @ Keratin nano particle
® FeCly

© Magnetic keratin nanoparticle

Fig. 5. Synthesis nanoparticles for Keratin by Fe3;O..

4. Conclusion
Keratin is one of the easiest natural materials to fill in as an

effective protective surface layer, even though it is made
simply of proteins. It shows incredible potential for new
bioinspired models in which there is an intense knowledge
of the natural chemistry, structure, and mechanical
properties.

Developing techniques for effective poultry biomass
production of keratin should prove to be very useful for the
sustainable management of huge waste. Researchers are
working independently and in combination, mode to
establish different chemical, biological, and physical
methods for Kkeratin extraction. Denaturing techniques,
such as methods based on reduction, oxidation, and
sulphitolysis, are the benchmark for obtaining good yields
and undamaged keratins.

Keratin-based materials are commonly used in the form of
powders, micro/nanoparticles, keratin nanoparticles, and
samples of an average particle size of 36-72 nm were
processed using electrospray techniques. To sum up, the
anticancer drug doxorubicin was successfully encapsulated
into keratin nanoparticles using ionic gelation and
aggregation processes, magnetic keratin was synthesized as



B.Bachir et al / Algerian Journal of Chemical Engineering 01 (2020) 000-000 10

a new nanocomposite to overcome the problem of handling
and isolation coexisting with keratin nanoparticles (KNPs).
The nanocomposite was prepared in a dilute aqueous
solution of KNPs by the in-situ synthesis of FezO..
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Abstract

In this work, the effect of various factors (Thiourea and Sodium Pyrosulphite concentration,
temperature and time) on the yield of keratin extraction from sheep's wool was studied, as the
response surface method (RSM) was used, and a Box-Behnken plan was chosen to determine the
optimum conditions in the process of improving Keratin extraction using Design-Expert Software,
and this study included two phases, where we conducted in the first phase a study of the variation
in the concentration of Thiourea with the fixation of the concentration of Sodium Pyrosulphite and
the results obtained were embodied in the form of a mathematical model of prediction, in which
the optimal conditions for the extraction of keratin could be obtained, According to ANOVA the
model obtained was very well (P <0.05), and this corresponds to the regression coefficients
R? = 0.999 and R%adj = 0.9991, and in the second stage the Sodium Pyrosulphite concentration
changed with the stabilization of the Thiourea concentration and in the last regression coefficients
were obtained R? = 0.978 and R?adj = 0.94.

Keywords: Wool, Keratin, Surface Response Methodology (RSM), Optimum Conditions.




