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Wool by-products represent an important bioresource for designing new biodegradable materials,
alternative to synthetic products for regenerative medicine, cosmetic formulations, food package,
fertilizers etc. Keratin is the main structural protein of wool, with highest concentration of cysteine
as compared to other proteins. Research has been carried out on the physico-chemical properties of
keratin hydrolysates obtained from wool by-products by using different concentrations of sodium
hydroxide. The influence of sodium hydroxide concentrations from 8% to 25% on keratin
hydrolysate characteristics was shown by chemical analyses, SDS-PAGE electrophoresis, particle
size and Zeta potential measurements. It was concluded that the alkaline hydrolyse allows efficient
solubilisation of wool by-products and producing of keratin hydrolysates with different molecular
weights and cysteine concentrations. The use of 10% sodium hydroxide allows to obtain keratin
hydrolysates with high molecular weight and higher concentration of cysteine meanwhile 15%
sodium hydroxide represents the threshold for low molecular hydrolysates and low cysteine
concentrations. The experiments showed the thresholds for sodium hydroxide concentration
related to different properties of keratin hydrolysates.
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INTRODUCTION

At present, there is a particular interest in research on biodegradable materials
obtained from renewable sources such as proteins, polysaccharides and lipids. The use
of biodegradable materials is the most effective solution to solve environmental
pollution problems generated by synthetic polymers from petroleum origin (Dou et al.,
2016; Moore et al., 2006; Mauri and Anon, 2006).

Keratin is a group of insoluble, filamentous proteins, with high-sulfur content
forming the bulk of epidermal appendages such as wool, claws, horns, beaks, and
feathers (Wang et al.,2016). Keratin extracted from wool is a biopolymer with excellent
properties that synthetic polymers cannot achieve (Cardamone, 2010).

The study of biological materials opens the way for discovering new materials by
providing principles and mechanisms obtained from the micro and macro
multifunctional natural design (Meyers et al., 2008; Meyers et al., 2012).

The research of the biochemistry, structure, physical and chemical properties of
keratin and keratinised materials is important for the development of new advanced
ecological materials and models based on keratin (Holkar ef al., 2018). Keratin based
products showed bioactive properties in many pharmaceutical, medicine, cosmetic
and agriculture products (Sundar et al., 2010). Bhavsar and coworkers obtained nitrogen
rich product from raw wool hydrolyzed with superheated water in a semi-industrial
reactor (Bhavsar el al., 2016).

Keratin can be extracted using strong acid, alkali, high concentration of salt
solutions or expensive enzymes. Recent methods use ionic liquids for keratin extraction
from wool, feathers and hair with improved yield (Ji et al., 2016).
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The paper presents the influence of sodium hydroxide concentration on keratin
hydrolysate properties in view of designing different applications with improved
ecological impact.

MATERIALS AND METHODS

Materials

The raw wool was purchased from sheep breeders, NaOH rotulis was purchased
from Lach-Ner, Czech Republic, NH; (25% solution), Na,CO; and the detergent were
purchased from Chimreactiv, Romania.

Wool Degreasing and Hydrolysis

The raw wool was degreased in water in ratio 1:10 with 1% Na,CO;, 1% NH; and
1% detergent by shaking for 8 hours at 35°C in a FAVE drum. The alkaline hydrolysis
of the degreased wool was made in a solution containing water in ratio 1:20 and NaOH
at 80°C, by stirring for 3 hours, followed by decantation, filtration and separation
(Fig.1). Five concentrations of NaOH: 8%, 10%, 15%, 20% and 25% were used and
five keratin hydrolysates were obtained: KerNa8, KerNal0, KerNal5, KerNa20 and
KerNa25. The solubilisation of wool was complete for alkaline hydrolysis processes
with 10%, 15%, 20% and 25% NaOH and no waste wool was generated.
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Figure 1. The flow chart for obtaining keratin hydrolysates

Keratin Hydrolysate Characterization

The obtained keratin hydrolysates (KerNa8, KerNal0O, KerNal5, KerNa20 and
KerNa25) were physically and chemically analyzed for: dry matter (SR EN ISO
4684:2006), ash (SR EN ISO 4047:2002), total nitrogen and protein (SR ISO
5397:1996), pH (STAS 8619/3:1990), aminic nitrogen (ICPI Method), cysteine and
cystine sulfur (SR 13206:1994) content.

https://doi.org/10.24264/icams-2018.1.4

40



ICAMS 2018 — 7"" International Conference on Advanced Materials and Systems

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was
performed for molecular weight evaluation according to Laemmli’s method (Laemmli,
1970) with a Vertical Dual-Gel Units (VWR Austria).

Particle size and Zeta potential of keratin hydrolysates were measured by using a
Zetasizer Nano ZS (Malvern).

RESULTS AND DISCUSSION

The physical-chemical characteristics of keratin hydrolysates are presented in Table
1. The keratin hydrolysate obtained in the presence of 8% NaOH (KerNa8) is
characterized by a significant percentage of protein content (79.86%), total nitrogen
(14.18%) and highest concentration of cysteine (6.67%) and cystine sulfur (1.78).

It can be seen that the use of 15% sodium hydroxide substantially increase the aminic
nitrogen concentration in correlation with keratin molecule breaking and cysteine and
cystine sulphur decreasing. Table 1 shows that the wool hydrolyse with 10% sodium
hydroxide can be a threshold for lower aminic nitrogen concentration (lower molecular
weight) and higher cysteine and cystine sulphur concentration. The threshold for obtaining
keratin hydrolysate with low molecular weight and low concentration of cysteine and
cystine sulphur is represented by the wool hydrolysate with 15% sodium hydroxide.

Table 1. Physical-chemical characteristics of the keratin hydrolysates

No. Characteristics, UM KerNa8 KerNal0 KerNal5  KerNa20 KerNa25
1 Dry matter, % 4.16 431 5.16 4.68 522

2 Ash*, % 12.50 12.30 17.25 19.87 24.14
3 Total nitrogen*, % 14.18 14.62 13.18 13.03 11.30
4 Protein*, % 79.56 82.13 74.03 73.29 63.60
5 pH, units of pH 11.40 12.04 12.52 12.62 12.90
6 Aminic nitrogen**, % 0.60 0.93 2.09 2.04 1.81

7 Cysteine, % 6.67 5.74 2.38 1.03 -

8 Cystine Sulphur, % 1.78 1.53 0.63 0.27 -

*values reported on a dry matter basis, **value reported on protein basis

The physical-chemical analyses results are in agreement with SDS-PAGE
electrophoresis. The bands for KerNa8 and KerNalO are more prominent than the
KerNal5, KerNa20 and KerNa25 bands (Fig.2) suggesting higher molecular weights, in
agreement with lower values for aminic nitrogen (Table 1).
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Figure 2. SDS-PAGE electrophoresis for keratin hydrolysate: M - marker, 1- KerNa8,
2 —KerNalO, 3 — NaKerl5, 4 — KerNa20, 5 — KerNa25
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The molecular weights of keratin hydrolysates range between 3 and 62 kDa for
KerNa8 and KerNal0, between 3 and 38 kDa for KerNal5 and KerNa20 and between 3
and 28 kDa for KerNa25.

DLS analysis presented in Table 2 shows the tendency of increasing of low size
population of particles with increase concentration of sodium hydroxide used for wool
solubilisation. The third particle size population with lowest dimension appears in the
case of the most hydrolysed product, KerNa25. The association tendency of protein
polydispersions can explain higher particles sizes in the case of the most hydrolysed
keratin (KerNa25). The stability of keratin hydrolysates ranges between -22.8 mV and -
27 mV, values which are not very far from the stability value of =30 mV.

Table 2. Particle sizes and Zeta potential for keratin hydrolysate

No Keratin Particle populations (%) and size (nm) Pdl Zeta
hydrolysate potential,
Majority Majority Majority mV

population 3 population 2 population 1
Size % Size % Size %

1 KerNa8 - - 1109 17.3 648.6 82.7 0.699 -25.2

2 KerNalO - - 146.6 24.5 631.1 75.5 0.872 -25.5

3 KerNal5 - - 131.8 27.1 1027 72.9 1 -27.0

4 KerNa20 - - 110.4 24.0 539.9 76.0 0.754 -26.4

5 KerNa25  51.80 7.7 189.0 31.6 714.5 60.7 0.675 -22.8

Five keratin hydrolysates were obtained using different concentrations of NaOH,
following the technological steps shown in Fig 1. The five keratin hydrolysates are
individualized by their physico-chemical characteristics. The total nitrogen values are
similar for KerNa8 and KerNal0. From KerNal5 it was observed a small decrease in
content of total nitrogen (Figure 3) in correlation with ash content increase. The
chemical action of the alkaline medium is manifested on wool keratin by the unbinding
of the electrovalences, the breaking of the cystine bridge and the hydrolysis of the
peptide bonds. These changes are largely influenced by the pH value of the reaction
medium, the working time and temperature (Ifrim, 1979).

Keratin hydrolysates

Figure 3. The influence of sodium hydroxide on the total nitrogen content of keratin
hydrolysates
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Research result has highlighted that alkaline-solubilized keratins are poorer in sulfur
with increasing NaOH concentration, by decreasing cystine sulphur content from 1.78%
in KerNa8 to 0.27% in KerNa20. Aminic nitrogen values (Fig. 4) increase from 0.6%
for KerNa8 to 2.09% for KerNal5, showing that alkaline hydrolysis has been enhanced
the keratin molecule breaking.
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Keratin hydrolysates

Figure 4. The influence of sodium hydroxide on aminic nitrogen content in keratin
hydrolysates

Particle size measurement for the five obtained keratin hydrolysates confirms the
chemical-physical analyses and SDS-PAGE electrophoresis results. In Figure 5 it can be
seen the tendency of decreasing the share of high particle size and increasing of particle
populations with low particle size.
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Figure 5. The influence of alkaline hydrolysis on particle size populations of keratin
hydrolysates

CONCLUSIONS

The production of keratin hydrolysates from wool by-products represents an
ecological route for designing new added values products: biodegradable food
packages, organic biostimulants and fertilizers, biodegradable auxiliaries (flame
retardants, tensides etc). The research results showed that the complete solubilisation of
wool can be achieved by alkaline hydrolyse with sodium hydroxide starting with 10%
concetration. Different keratin hydrolysates with high molecular weights and high
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cysteine content can be obtained by using 8% sodium hydroxide in atmospheric
conditions of reaction. The hydrolyse of wool with 15% of sodium hydroxide seems to
be a threshold for getting low concentration of cysteine and low molecular weight
keratin.
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