
1. Introduction

Keratin, a fibrous structural protein, is the major

component of hair (approximately 95 wt% in wool

[1]), feathers (approximately 90 wt% [2]), and the

outer layer of skin, nails, horns and beaks. According

to its structure and function, keratin is categorized

into two groups with – i) low sulfur content (soft ker-

atin) and ii) high sulfur content (hard keratin) [3–5].

The former is the crucial structural component of ep-

ithelial tissues [6], whereas the latter is found in nails

and beaks. Different from other fibrous proteins, ker-

atin contains high amounts of cysteine (7–20% of

total amino acid residues) [7, 8], mostly localized at

the terminal regions of the protein [9, 10]. Similar to

other biopolymers, the intrinsic biocompatibility

[11–13], biodegradability [14, 15], and natural abun-

dance of keratin make it a valuable candidate for bio-

medical and tissue engineering applications [16, 17].

The presence of the primary amino acid sequence of

cellular-binding motifs, i.e. RGD (Arg-Gly-Asp), in
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the keratin make it useful for tissue scaffolds, by pro-

moting cell adhesion and activation by interaction of

the integrin family of proteins α4β1 [18–20]. The use

of keratin to fabricate fibers [21], films [22], nano-

sized filaments [23], and gels [24, 25] has been pre-

viously investigated. In addition, keratin for biomed-

ical applications, e.g. ocular regeneration [13], wound

healing [26, 27], skin replacement [28], bone tissue

engineering [29] and controlled drug delivery [30,

31] has also been reported. Natural polymers can be

isolated from different sources. For example, colla-

gen can be derived from mammals and sea organ-

isms [32], while keratin has been typically isolated

from human hair, wool and feathers [17]. However,

it is well known that the final product composition

and bioactivity can vary depending on the source and

method of processing. The specific analysis and char-

acterization of these natural biomaterials is therefore

of importance.

Due to its three dimensional polypeptide structure

which consists of a triple-helix of protein chains held

together by a range of covalent (disulfide bonds) and

noncovalent interactions [33, 34], keratin is stable to

most solvents. Water soluble keratin from wool, hair,

and feathers, can be partially extracted by alkali hy-

drolysis [35], enzyme-alkaline treatment [36], steam

explosion [37] and the Shindai method [38]. How-

ever, some of the reagents used in these methods are

toxic, difficult to remove from the substrates, or dif-

ficult to recycle. Recently, the use of ionic liquid (IL)

solvents showed improvements in the dissolution

process, with a higher yield of keratin from feathers

[39, 40] and wool [41, 42]. IL solvents provide a

unique combination of properties, including low

vapor pressure and high thermal stability [43]. ILs

containing chloride such as 1-butyl-3-methylimida-

zolium chloride ([BMIM]Cl) as anion, were shown

to dissolve wool better than other ILs (BF4, PF6, and

Br) [42, 44–46]. [BMIM]Cl itself has been proposed

as an effective solvent for extracting keratin from

duck [42] and turkey feathers [39] when treated at

100–180 °C for several hours. [BMIM]Cl was also

used to prepare wool keratin/cellulose composite

materials which displayed a homogeneous structure

without any residual fibers [42].

As keratin sources, human hair, feathers and wool

have mostly been investigated. Recently, cashmere

and camel hair were also suggested as keratin sources

[47]. In this work, camel hair and cashmere selected

and proposed as new keratin sources were sourced

from the Mongolian Camel (with two humps) and

Mongolian Goat respectively. The dissolution of

camel hair and cashmere in [BMIM]Cl were inves-

tigated. Dissolution conditions (temperature, duration

and hair/IL ratio) were determined and the physico-

chemical properties of insoluble and soluble compo-

nents were analyzed. Moreover, preliminary biolog-

ical assays were conducted on the freeze-dried solu-

ble part using an in vitro lactate dehydrogenase

(LDH) assay and scratch test in murine embryo fi-

broblast (NIH 3T3) cell cultures.

2. Materials and methods

2.1. Materials

Camel hair and cashmere were kindly provided by

the Mongolian University of Science and Technolo-

gy. The samples were taken from Mongolian Camel

(Bactrian camel, Khaniin Brown Sub-Breed) and

Mongolian Goat (Mongol Goat Breed), from the re-

gion of Bayankhongor (South-West province of

Mongolia). A pre-washing procedure was performed

by TUYA Co. Ltd following a standard protocol. An-

alytical grade1-butyl-3-methylimidazolium chloride

([BMIM]Cl), silicone oil, 6.0 mol/L hydrochloric

acid standard solution (HCl), HPLC grade acetoni-

trile, low/high molecular weight gel filtration cali-

bration kit, lactate dehydrogenase (LDH) activity

assay kit and Triton™ X-100 were purchased from

Sigma-Aldrich, St. Louis, USA. Micro BCA™ pro-

tein assay kit, fetal bovine serum (FBS), sodium

pyruvate, l-glutamine and antibiotic/antimycotic were

purchased from ThermoFisher Scientific™, Rock-

ford, USA. Dulbecco’s modified Eagle’s medium

(DMEM), and phosphate buffer saline solution (PBS)

were purchased from Euroclone, Pero, Italy. Waters

AccQ-Fluor™ reagent kit and Waters amino acid hy-

drolysate standards were purchased from Waters

Corp., Milford, USA.

2.2. Dissolution of hairs

The dissolution procedure and sample codes are

summarized in Figure 1. Camel hair (CA_H) and

cashmere (CS_H) were cut into small pieces, and im-

mersed in [BMIM]Cl at different weight/weight ratio

(10, 15, and 20%, w/w) and kept stirred at 130°C for

about 10 hours. Soluble and insoluble parts of the

keratin were separated by filtration through qualita-

tive filter paper (Grade 1, Waterman™, Sigma-

Aldrich, Maidstone, England). In order to remove the

IL, dialysis was performed on dissolved part against
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distilled water (DI water) using Slide-A-Lyzer Dial-

ysis Cassettes (3500 MWCO, ThermoFisher Scien-

tific™, Rockford, USA) for 3 days. The insoluble part

was washed and centrifuged (20 min, 1000 rpm) three

times with DI water (30 ml each time). Finally, the

keratin water solution and suspensions were lyo -

philized (5Pascal, Milan, Italy). Samples obtained

from camel hair and cashmere are herewith referred

to as CA and CS respectively. The letter K and R are

used to indicate the soluble (K) and insoluble (R)

parts. For example, CA_K refers to materials ob-

tained by freeze-drying the soluble part of keratin

from camel hair. All the samples were prepared by

mixing three different batches of IL mixtures to av-

erage the results.

2.3. Samples characterization

2.3.1. Field emission scanning electron

microscopy (FE-SEM)

Single camel hair (CA_H) and cashmere (CS_H)

were sputter coated with Pt/Pd and observed with

field emission scanning electron microscope (Zeiss

Axiotech 100 and Zeiss Supra 40, Germany).

2.3.2. Fourier transform infrared spectroscopy

(FTIR)

Fourier transform infrared spectroscopy (FTIR)

analysis was performed on CA_H and CS_H, CA_K

and CS_K, CA_R and CS_R samples. For each meas-

urement, the spectrum was collected in the range

650–4000 cm–1 with 64 scans at a resolution of

4 cm–1. The spectra were baseline corrected, smoothed

with the Savitsky-Golay method (10 points). The

peaks in the Amide I region (1600–1700 cm–1 were

determined using a second order derivative and fitted

using a Gaussian function to minimize the χ2 fitting

parameter. The peaks were assigned to different pro-

tein structures in proportion to the areas of the cor-

responding peaks [48, 49]. The spectral processing

was performed with Origin 2016 software.

2.3.3. Thermal analysis

Thermal analysis of all samples (CA_H and CS_H,

CA_K and CS_K, CA_R and CS_R samples) was

conducted with a Differential Scanning Calorimeter

(DSC, Q20, TA Instrument, USA), in a nitrogen at-

mosphere with a heating rate of 10 °C/min using

closed aluminum pans (3.00–4.00 mg for each sam-

ple), at a temperature range 0–330°C.

2.3.4. Protein content measurement

For both soluble and insoluble keratin, the protein

content was evaluated by dissolving 4.0 mg in 1.0 ml

DI water using a Micro BCA™ protein assay kit.

2.3.5. Amino acid composition analysis

The amino acid composition of all materials was de-

termined with the Waters AccQ-Fluor™ reagent kit

by the AccQ-Tag™ amino acid analysis method

(Waters Corp., Milford, USA). For each sample,

4.00 mg was hydrolyzed by 6.0 mol/l HCl at 120±2°C

in a silicone oil bath for 24 h. The air-dried hy-

drolysates were reconstituted with 20 mM HCl and

then mixed with Water AccQ-Fluor reagent to obtain

stable amino acids. The amino acid composition was

determined by reverse phase high performance liq-

uid chromatography (RP-HPLC) with an AccQ-Tag™

column (3.9×50 mm, Waters Corp., Milford, MA,

USA). A gradient of Waters AccQ-Tag™ Eluent A,

Milli-Q water, and acetonitrile (HPLC grade) was

used as solvent. The amino acids were detected using

a Jasco UV-1570 detector (Jasco, Bouguenais, France)

at 254 nm and 37.0±0.5°C. The chromatograms ob-

tained were compared with Waters amino acid hy-

drolysate standards. The compositions of amino acids

were calculated as molar percentages (mol%).

2.3.6. Molecular weight

The molecular weight of soluble keratin from camel

(CA_K) and cashmere (CS_K) hair was determined

by gel filtration chromatography (GFC). The GFC
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Figure 1. Scheme of processing steps and codes of obtained samples.

Raw materials:
Camel hair (CA_H)
Cashmere (CS_H)

Water soluble
part

Keratin/water
solution

Hair/ILs
suspension

Ionic liquid (ILs)
[BMIM]CL Insoluble

part

Residues:
Camel hair (CA_R)
Cashmere (CS_R)

Water soluble
keratin

Camel hair (CA_K)
Cashmere (CS_K)

Dialysis Filtration Lyophilization

Washing Lyophilization

130°C, 10 hours

Stirring

Filtration



analysis was conducted with a Shodex SB-805 HQ

column (Shodex OH pak®, 8.0 mm×300 mm, Showa

Denko, Munich, Germany). Keratin powder after

freeze-drying was redissolved in PBS solution to

reach a concentration in the range of 0.5–0.8 mg/ml.

The chromatography was operated at a flow rate of

1 ml/min at 27±1°C using a Jasco UV-1570 detector

(Jasco, Bouguenais, France) at 224 nm. The calibra-

tion curve was obtained with low/high molecular

weight gel filtration calibration kit.

2.4. Biological evaluation

2.4.1. Preparation of keratin/medium solution

1.0 mg/ml keratin/medium solution was prepared by

dissolving keratin from camel hair (CA_K) and cash-

mere (CS_K) into standard NIH 3T3 medium. The

solutions were filtered through a 0.22 µm filter (Euro

Clone, Milan, Italy) for sterilization.

2.4.2. Cell culture

Murine embryo fibroblast (NIH 3T3, ATCC number:

CRL-1658) cell line was cultured in Dulbecco’s mod-

ified Eagle’s medium (DMEM), with 10% fetal bovine

serum (FBS), 1 mM sodium pyruvate, 2 mM l-glut-

amine and 1% antibiotic/antimycotic in a humidified

atmosphere of 5% CO2 at 37°C, changing the medi-

um every third day. Cells (at passage number 8) were

collected by trypsin and were seeded in a 96-well

plate (3·103 cells/well in 0.2 ml medium) for lactate

dehydrogenase activity assay (LDH assay) and a 6-

well plate (1·105 cells/well in 2 ml medium) for

scratch test, and cultured in standard NIH 3T3

medium.

2.4.3. Cytotoxicity assay

The cytotoxicity of camel hair (CA_K) and cash-

mere (CS_K) soluble keratin was evaluated by using

the LDH assay on NIH 3T3 cell lines in vitro cul-

tures at 37°C, replacing the cell culture medium with

the above reported keratin/medium solution when

the confluence reached 70%. The LDH released by

cells in culture supernatants was measured at day 1

and day 2. Fully lysed cells (by adding 0.05% Tri-

ton™ X-100), cells cultured in standard medium

without soluble keratin were used as positive and

negative control, respectively. Samples and controls

were in quintuplicate for each time point.

2.4.4. Scratch test

Once the cell confluence reached 70%, a linear

scratch was made in the cell monolayer using a ster-

ile 100 µl plastic pipette tip. 2 ml PBS per well was

added to wash the cellular debris. The PBS was re-

moved and 2 ml of keratin/medium solution

(1.0 mg/ml) and standard NIH 3T3 medium (control

group) were added. Photographs were taken by a mi-

croscope equipped with an automatic stage (Nikon

Ti, Nikon, Japan) on day 0 and day 1. The images

were post-processed by software (GIMP 2) to calcu-

late the decreasing ratio of blank area for samples

and controls. For each time point, samples and con-

trols were in triplicate and three points were selected

to image each scratch.

2.5. Statistical analysis

Statistical evaluation was carried out using Origin

Pro 2016 and Microsoft Office Excel 2010. Data

were expressed as mean ± standard deviation (SD).

One-way ANOVA with the Bonferroni correction

(*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001)

was utilized to evaluate the biological tests using

GraphPad Prism 5.

3. Results and discussion

3.1. Dissolution of camel hair and cashmere in

ionic liquid

In order to test dissolution, 10, 15 and 20% (w/w) of

CA_H and CS_H in IL were initially investigated, with

a marked increase in the viscosity of the resulting sus-

pensions and correspondingly, a decrease in the dis-

solution rate with increasing keratin [41]. 15% (w/w)

was set as the working concentration, corresponding

to the reported solubility of wool in [BMIM]Cl [17,

41]. In both IL mixtures, CA_H and CS_H did not

dissolve completely, and a net phase separation be-

tween soluble and insoluble fractions was observed.

At the end of the dissolution/washing procedure,

20±4% (w/w) of the original hair sample was eval-

uated to be in solution, 40±5% (w/w) formed the in-

soluble part, and the remaining 40±9% (w/w) was lost

in the process. To the best of our knowledge, no com-

parative data on the yield of keratin isolated with the

same method from camel hair or cashmere has been

reported to date. Values of the yield of keratin from

wool by using [BMIM]Cl have been previously
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reported, with results ranging from 18 to 57% (w/w)

with a dependence on the dissolution temperature [50].

3.2. Characterization of keratin from camel

hairs and cashmere

Morphological observation of camel hair (CA_H)

and cashmere (CS_H) by FE-SEM was performed to

compare the structure of raw materials (Figure 2).

While the overall morphologies are similar, cash-

mere (Figure 2b) fibers are thinner with thicker cu-

ticle scale edges in comparison to the camel hair

fiber.

The molecular structure of the soluble and insoluble

keratin fractions after freeze-drying was character-

ized by FTIR spectroscopy (Figure 3). The peaks

center around 3280 cm–1 (Amide A) present in all

materials are characteristic of N–H stretching. The

range of 1650–1630 cm–1, associate to Amide I, is

usually attributed to C=O bending. The Amide II vi-

brations show a strong absorption band in the range

of 1530–1517 cm–1 attributed to C−N stretching and

N–H bending vibrations. A weak absorption band

can be found in the 1273–1230 cm–1 range. This band,

associated to Amide III, is due to the C–N, C–O

stretching, N–H, and O=C–N bending vibrations. Is

worth noting that all these peaks were previously

found in feather [40] and wool [25] keratin, and are

associated to the common peaks found in fibrous

proteins [51]. 

Some differences may be observed comparing orig-

inal hair (CA_H and CS_H), soluble keratin (CA_K

and CS_K) and insoluble residues (CA_R and

CS_R). Comparing pristine hair and soluble keratin,

in the region of Amide I, curves presented a slight shift

from 1630 cm–1 (CA_H and CS_H) to 1650 cm–1

(CA_K and CS_K). This indicates a partial confor-

mational transition from β-sheet to α-helix [45, 52].

The same α-helix and β-sheet peaks were found in

both residues (CA_R and CS_R). A small peak cen-

tered on 1170 cm–1, detected only in the soluble ker-

atin (CA_K and CS_K) and residues (CA_R and

CS_R), can be assigned to the asymmetric S–O bond.

The formation of the S–O bond indicates the partial

oxidation of the disulfide bonds during the dissolu-

tion of the hair in IL [45]. In order to better elucidate

the structure of the protein in different samples, a de-

tailed secondary structure analysis was performed by

analyzing the Amide I region (1600–1700 cm–1). The

peak centered around 1662–1653 cm–1 suggests the
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Figure 2. FE-SEM images of a Mongolian camel hair (a) and a Mongolian goat cashmere (b).

Figure 3. FTIR spectra of samples. CA_H: camel hair,

CA_K: soluble camel hair keratin, CA_R: camel

hair residue, CS_H: cashmere, CS_K: soluble

cashmere keratin, CS_R: cashmere residue.



presence of α-helix; the peak in the region of 1637–

1616 cm–1 reveals the presence of β-sheet; finally

low intensity peaks at 1696–1663 and 1652–1638 cm–1

indicate disordered keratin conformations [53, 54].

Even though no significant differences can be detect-

ed between the different samples (Figure 4), less β-

sheet and more α-helix can be detected in soluble

keratin (CA_K and CS_K) and residual (CA_R and

CS_R) materials, in comparison to the starting hair

samples (CA_H and CS_H). In particular, presence

in residues (CA_R and CS_R) of about 30% of β-

sheet and 46% of α-helix indicates that structure of

camel and cashmere hair have disassembled struc-

tures, resulting in a more disordered structure in sol-

uble keratin powder and an increase of α-helix in

residues.

DSC curves of all the samples are presented in Fig-

ure 5. In all curves, the first wide peak centered

around 80 to 110°C is related to water evaporation

[55]. For hair (CA_H and CS_H) and water soluble

keratin (CA_K and CS_K), the second peak centered

at 230–250°C is generally attributed to α-helix dis-

ordering and decomposition [56]. For the residues

(CA_R and CS_R), no obvious peak can be detected

around 230°C. Instead, the peaks at 273°C (CA_R)

and 288°C (CS_R) can be attributed to protein degra-

dation. A slight shift of α-helix denaturation to lower

temperature is also observed in the keratin powder,

compared with both camel hair and cashmere. This

suggests the formation of a greater degree of disor-

dered phase and decrease of α-helix, which matches

the secondary structure analysis [39].

The results of protein concentration measured by

BCA showed that the soluble keratin part did not

contain only keratin, which was evaluated to be

about 91% (w/v) of the total for CA_K and about

98% for CS_K. As reported, keratin can provide spe-

cific adhesion moieties for cells due to recognizable

adhesion sequences in its structure. In addition to the

RGD (Arginine-Glycine-Aspartic acid) motifs, X-

Aspartic Acid-Y motifs (where X equals to glycine,

leucine, or glutamic acid and Y equals to serine or

valine) are known cell adhesion sequences in keratin

[57]. As reported in Table 1 (data from wool keratin

[48], human hair keratin [58]), around 60% of amino

acids of the water soluble keratin (CA_K and CS_K)

are present in the above adhesion sequences. Pro-

teins with a high content of cysteine (Cys) are diffi-

cult to dissolve due to the stability of the disulfide

bond [59]. In our case, Cys is present in the original

hair samples, at different percentages depending on

the source (e.g. 7.9 mol% in CA_H and 6.3 mol% in

CS_H). After dissolution, the content of Cys sharply

decreases for both materials, and is no longer de-

tectable in CA_K, while only 0.4 mol% in CS_K.

Molecular weight measurements of soluble keratin
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Figure 4. Relative amount of β-sheet (a), α-helix (b) and disordered structure (c), SD < 0.1%,  p < 0.001(one-way ANOVA

with the Bonferroni correction). CA_H: camel hair, CA_K: soluble camel hair keratin, CA_R: camel hair residue,

CS_H: cashmere, CS_K: soluble cashmere keratin, CS_R: cashmere residue.

Figure 5. DSC curves of samples. CA_H: camel hair,

CA_K: soluble camel hair keratin, CA_R: camel

hair residue, CS_H: cashmere, CS_K: soluble

cashmere keratin, CS_R: cashmere residue.



from camel hair (CA_K) and cashmere (CS_K) de-

termined by GFC did not noticeably differ between

CA_K (34.6 kDa, PDI 5.65) and CS_K (32.5 kDa,

PDI 4.60). It may be noted that these values do not

compare with the SDS-PAGE analysis of Tonin et al.
[60], who used a different dissolution method on

wool. They reported finding low sulfur (67–43 kDa)

and high sulfur containing protein chains (28–

11 kDa). Our results suggest instead, that ILs may

cleave the protein into smaller polypeptide chains.

3.3. Preliminary biological evaluation 

Cytotoxicity of water soluble keratin fractions (CA_K

and CS_K) was evaluated in vitro. The results of the

LDH assay (Figure 6) demonstrated that soluble ker-

atin from camel and cashmere hair is not cytotoxic

(1.0 mg of sample/1 ml of cell culture medium) dur-

ing 2 days of culture, with results similar to the con-

trol sample. The scratch test is a well-defined method

to evaluate directional cell migration in vitro and in

a wound healing model [61]. This test was performed

on NIH 3T3 cell culture using medium enriched with

soluble camel hair (CA_K) and cashmere keratin

(CS_K). After cells reached confluence, an artificial

gap (scratch) was created on all samples and images

were taken at the beginning and after 24 hours (Fig-

ure 7) to monitor cell migration. Figure 8 compares

the areas of the scratch after 24 hours to its initial

value, for standard medium and 1.0 mg/ml enriched

medium cell cultures. The presence of keratin in the

medium clearly increases the directional migration

of fibroblasts in the scratched monolayer with re-

spect to the control with an absence of keratin medi-

um. In general, the source can affect the final quality

and bioactivity of the isolated products. Here, higher

cell bioactivity is observed when the cells are cul-

tured in the presence of CA_K and CS_K compared

with the control group. Although this test is not a
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Table 1. Amino acid composition of samples (SD < 0.1%).

CA_H: camel hair, CA_K: water soluble camel hair keratin, CA_R: camel hair residue, CS_H: cashmere, CS_K: water soluble cashmere

keratin, CS_R: cashmere residue.

Mol

[%]
CA_H CA_K CA_R CS_H CS_K CS_R Wool keratin Human hair keratin

Cys 7.9 0.0 0.8 6.3 0.4 1.9 10.4 12.9

Arg 8.1 10.1 9.4 8.1 8.5 8.2 6.6 3.2

Gly 7.8 9.1 8.1 9.4 9.5 8.3 8.2 6.7

Asp 10.4 6.1 6.6 4.9 9.1 7.2 8.5 7.1

Leu 8.1 11.7 11.9 9.4 8.5 10.4 7.0 8.0

Val 6.8 8.5 8.7 7.3 7.1 7.5 5.3 6.9

Glu 11.3 8.6 10.5 7.4 13.8 14.6 13.3 12.8

Ser 8.5 5.9 6.7 8.1 9.5 8.2 10.3 12.2

Ala 6.2 10.4 9.5 8.5 6.8 6.8 5.1 4.7

Ile 3.4 5.2 4.6 4.1 3.8 4.2 2.9 3.6

Thr 5.9 5.1 5.7 6.4 5.8 5.6 6.8 19.6

Met 0.4 0.5 0.5 0.3 0.4 0.5 0.3 0.8

Lys 3.1 3.4 3.8 3.5 3.0 3.6 2.7 2.6

His 0.7 1.0 0.9 0.7 0.7 0.8 0.7 1.1

Phe 2.5 4.6 4.4 4.1 2.7 4.0 2.2 2.2

Tyr 2.1 3.0 2.4 3.5 3.8 2.9 3.4 1.4

Pro 6.9 7.0 5.6 8.2 6.9 5.6 6.1 7.1

Figure 6. Results of LDH assay of water soluble keratin.

CA_K: water soluble camel hair keratin, CS_K:

water soluble cashmere keratin, Control–: negative

control was represented by cells cultured in stan-

dard medium without soluble keratin, Control+:

positive control for cytotoxicity was represented

by fully lysate cells (Triton™ X-100).



conclusive proof for efficacy in tissue healing [62,

63], it provides a well-established method to evalu-

ate cell migration ability.

4. Conclusions

Keratin composition, structure and bioactivity are

different depending on the source. In this study,
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Figure 7. Scratch assay images in day 0 and day 1. CA_K: water soluble camel hair keratin, CS_K: water soluble cashmere

keratin.



camel hair and cashmere were investigated as novel

potential sources of keratin. These natural sources

were dissolved with [BMIM]Cl to generate water

soluble keratin fractions. In particular, it was found

that both camel hairs and cashmere are partly soluble

in [BMIM]Cl at 130°C. For the first time, it is pos-

sible to separate soluble keratin powder and insolu-

ble residues, with a yield of water soluble keratin at

20±4% (w/w) in both raw materials. The morpho-

logical differences between camel hair and cashmere

were distinguished by FE-SEM. Considering the sol-

uble keratin obtained, secondary structure (FTIR),

thermal behavior (DSC), amino acid composition

and molecular weight analysis showed no significant

differences. For the protein structure, secondary struc-

ture analysis showed a slight decrease in β-sheet and

α-helix, but a visible increase in disordered structure.

Expectedly, the percentage of each conformation is

different depending on the sources. In general, the

amino acid composition of Cys is very low after the

dissolution process. The use of IL in the dissolution

process does not induce any cytotoxicity effect on

cells. A scratch test showed a higher migration activity

in cells cultured in the presence of both keratins. Al-

though the performed biological tests are prelimi-

nary, regenerated keratin from camel hair and cash-

mere can be considered as promising candidates for

the design of tissue engineering matrices.
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