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KERATIN HYDROLYSATES EXTRACTED FROM SHEEP WOOL WITH POTENTIAL USE AS ORGANIC FERTILIZER
ABSTRACT. Keratin hydrolysates were obtained from sheep wool by alkaline hydrolysis at different concentrations of KOH (3%, 5% and 8%) 
and temperatures (75°C, 85°C, 95°C and 99°C) of the reaction medium. The protein content of the keratin extracts was between 65.54% 
and 87.10%. Particle measurements showed a decrease in particle size with the increase of concentration and temperature of the reaction 
medium. The ATR-FTIR spectra revealed specific bands to proteins and sulfur originated from keratin amino acids. The keratin hydrolysate 
type KerK895 was further investigated as organic fertilizer for two types of wheat seeds. The results showed that the use of 5% KerK895 led to 
the increase of the wheat stems lengths by 10.7% for Mirastar wheat and 18.3% for Tamino wheat, respectively, compared to control sample. 
Keratin hydrolysates are promising biopolymers as organic fertilizers in agriculture applications.
KEY WORDS: keratin hydrolysates, protein substance, organic fertilizer

HIDROLIZATE DE CHERATINĂ EXTRASE DIN LÂNĂ DE OAIE CU POTENȚIAL DE UTILIZARE CA FERTILIZATOR ORGANIC
REZUMAT. Hidrolizele de cheratină au fost obținute din lână de oaie prin hidroliză alcalină la diferite concentrații de KOH (3%, 5% și 8%) și 
temperaturi (75°C, 85°C, 95°C și 99°C) ale mediului de reacție. Caracteristicile fizico-chimice ale cheratinelor au arătat valori ale substanței 
proteice între 65,54% și 87,10%. Măsurătorile mărimii particulelor au indicat o scădere a dimensiunii particulelor odată cu creșterea 
concentrației și cu creșterea temperaturii mediului de reacție. Spectrele ATR-FTIR au prezentat benzi spectrale specifice proteinelor și 
compușilor cu sulf proveniți de la aminoacizii din cheratină. Hidrolizatul de cheratină KerK895 a fost utilizat ca fertilizant pentru două tipuri de 
semințe de grâu. S-a obținut o creștere a lungimii tulpinii grâului cu 10,7% pentru soiul Mirastar și 18,3% pentru soiul Tamino în cazul aplicării 
a 5% KerK895, în comparație cu proba martor. Hidrolizatele de cheratină sunt biopolimeri cu potențial pentru utilizare ca fertilizanți organici 
cu aplicații în agricultură.
CUVINTE CHEIE: hidrolizate de cheratină, substanță proteică, fertilizant organic

HYDROLYSATS DE KÉRATINE EXTRAITS DE LA LAINE DE MOUTON AVEC UNE UTILISATION POTENTIELLE COMME ENGRAIS ORGANIQUE
RÉSUMÉ. Les hydrolysats de kératine ont été obtenus à partir de la laine de mouton par hydrolyse alcaline à différentes concentrations à 3%, 
5% et 8% de KOH et à différentes températures à 75°C, 85°C, 95°C et 99°C du milieu réactionnel. Les caractéristiques physico-chimiques des 
kératines ont montré des valeurs de la substance protéique entre 65,54% et 87,10%. Les mesures de la taille des particules ont montré une 
diminution de la taille des particules avec l’augmentation de la concentration et avec l’augmentation de la température du milieu réactionnel. 
Les spectres ATR-FTIR ont montré des bandes spectrales spécifiques aux protéines et aux composés soufrés de la kératine. L’hydrolysat de 
kératine KerK895 a été utilisé comme engrais pour deux types de blé. Une augmentation de la souche de blé a été obtenue de 10,7% pour le 
blé Mirastar et de 18,3% pour le blé Tamino lorsque 5% de KerK895 ont été appliqués, par rapport à l’échantillon témoin. Les hydrolysats de 
kératine sont des biopolymères susceptibles d’être utilisés comme engrais organique en agriculture.
MOTS CLÉS : hydrolysats de kératine, substance protéique, fertilisant organique

* Correspodence to: Mariana Daniela BERECHET, INCDTP – Division: Leather and Footwear Research Institute, 031215 Bucharest, Romania, 
marianadanielaberechet@yahoo.co.uk

INTRODUCTION 

Wool keratin has a distinct three-
dimensional structure and contains 
approximately 95% protein, 0.5% minerals, 5% 
lipids [1-3]. This structure of keratin consists 
(protein fibers: 50.5 wt% C, 22.0 wt% O, 16.5 
wt% N, 6.8 wt% H, 3.7% S, and 0.5 wt% ash) of 2 
polypeptide chains composed of different amino 
acids, connected with inter and intramolecular 
bonds [2]. Disulfide, hydrogen and ionic bonds 
are characteristic for the keratin structure and 
these lead to its stability and strength increase, 

and resistance to dissolution in various solvents 
[4, 5]. Keratins are insoluble in most solvents such 
as organic solvents, water, weak acids, alkaline 
solutions and enzymes, such as trypsin or pepsin. 
This biopolymer contains glycine, proline, serine 
and cysteine in high concentrations, while the 
lysine, methionine and histidine are found in 
a low content [6]. The ionic bonds between 
carboxylic anions and ammonium cations 
depend mainly on the pH and at the isoelectric 
point, at pH = 4.9, they are strong. These ionic 
bonds are weak in extreme conditions of acidity 
or alkalinity. At low pH values these bonds can 
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be reduced by the protonating of carboxylic 
group, while the deprotonating of amino group 
occurs at high pH levels [7]. The solubilization of 
the wool structure occurs mainly by disturbing 
the complex structure of keratin [8]. Commonly 
used methods for the solubilisation of keratin 
are: reduction [9], oxidation [10], alkaline 
extraction [11], microwave irradiation [12], 
steam treatment [13] and ionic liquids [14]. 
Various biomaterials containing keratin have 
been manufactured and researched for their 
application in the field of biomedical sciences in 
the form of hydrogels [15-17], films [18], fibers, 
sponges, scaffolds [19-20] and wound patches 
[24]. For these applications, keratin biomaterials 
have demonstrated biocompatibility [25-
27], unique chemical structure [28], and 
biodegradability [29-31]. In addition, the 
cheap raw materials such as wool and hair 
are renewable resources of this biopolymer 
extraction [32, 33]. In a previous paper, we 
demonstrated the stimulating growth effect of 
new emulsions, based on collagen and keratin 
additives, on the Tamino and Mirastar wheat 
seeds [34]. The aim of this paper is to investigate 
the influence of different concentrations of KOH 
and temperatures conditions for the extraction 
of keratin hydrolysate from sheep wool, to 
analyze the physical-chemical properties of 
keratin extracts and the potential use of keratin 
extract as organic fertilizer for stimulating the 
growth of wheat plants. As compared to other 
reported research [35] we have used KOH as 
hydrolysis agent for its nutritional potential for 
plant growth.

EXPERIMENTAL

Materials and Methods 

Materials

Potassium hydroxide (flakes KOH) from 
Lachner, Neratovice, Czech Republic, ammonia 
solution (NH3 25%), and anhydrous sodium 
carbonate (Na2CO3) from Chimreactiv SRL, 
Bucharest were used in this experiment. Sheep 
wool was purchased from local sheep farmers.

Extraction of Keratin Hydrolysates

Keratin hydrolysates were obtained by 
alkaline hydrolysis with KOH. First, the sheep 
wool was degreased in a solution of 1g/L NH3 
25%, 1g/L anionic detergent and 1g/L Na2CO3 by 
stirring for 6h at 40°C. After the wash process, 
the wool was dried in open space and then 
cut into small pieces (2-4 mm). Two series of 
keratins were obtained in varied conditions 
of temperature or concentration during the 
production process. One series of keratins was 
obtained at constant temperature of 99°C and 
with 3% (KerK399), 5% (KerK599) and 8% (KerK899) 
KOH (w/w). Second series of keratins was 
obtained at a constant concentration of KOH 8% 
(w/w) and three different temperatures, 75°C 
(KerK875), 85°C (KerK885), and 95°C (KerK895). All 
alkaline extraction processes were performed 
under mechanical stirring for 3h.

Characterization of Keratin Hydrolysates

The physical–chemical characteristics of 
keratin hydrolysates were analyzed according to 
standardized and in-house methods: SR EN ISO 
4684:2006 (dry matter), SR EN ISO 4047:2008 
(ash content), SR ISO 5397:1996 (total nitrogen 
and protein). The size particles and Zeta potential 
of keratins were measured by Dynamic light 
scattering (DLS) technique with Zetasizer Nano-
ZS device from Malvern (Malvern Hills, UK). The 
results of the analyses were expressed as the 
average values of three determinations.

ATR-FTIR Spectroscopy

ATR-FTIR analysis was performed with a 
FT-IR/ATR spectrometer - Jasco 4200 operating 
in the range of 4000 to 550 cm-1, with a spectral 
resolution of 0.5 cm-1. 
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Wheat Seeds Treatment 

Two concentrations of KerK895, 3% and 
5% (w/v) in water were applied to Tamino and 
Mirastar wheat seeds and the growth of stems 
was observed up to 10 days by measurement of 
stems’ length and compared to control sample 
(treated with water). 

RESULTS AND DISCUSSIONS 

Physical-Chemical Analyses

The main physical-chemical characteristics 
of keratins hydrolysate extracts obtained with 
3%, 5% and 8% KOH and at constant temperature 
of 99°C are shown in Table 1.

Table 1: Physical-chemical characteristics of KerK399, KerK599 and KerK899 keratin hydrolysates 

Characteristics KerK399 KerK599 KerK899

Dry matter, % 1.71 ± 0.02 7.01 ± 0.03 7.17 ± 0.04

Ash*, %

Total nitrogen*, %

Protein*, %

pH, units of pH

12.22 ± 1.4

12.86 ± 2.45

77.77 ± 3.47

9.49 ± 0.58

11.41 ± 1.8

13.41 ± 0.2

81.31± 0.46

9.92 ± 0.12

11.12 ± 0.23

14.12 ± 0.45

85.49 ± 2.7

10.05 ± 0.68
* Values are reported at dry substance.

The main physico-chemical characteristic 
values of the keratins reported in Table 1 
increased with the increase of the concentration 
of KOH, from 3% to 5% and 8%. Thus, the total 
nitrogen values increased from 12.86% in the 

case of KerK399 to 13.41% in KerK599 and to 
14.12% in KerK899; also, the protein concentration 
increased from 77.77% in KerK399, to 81.31% in 
KerK599 and to 85.49% in KerK899, respectively 
(Table 1).

Table 2: Particle sizes, polydispersity and Zeta potential of KerK399, KerK599 and KerK899 keratin 
hydrolysates 

Keratin 
hydrolysate

Particle populations (%) and size (nm) Average 
dimension, 

nm

Pdl Zeta 
potential, 

mVMajority population 1 Majority population 2

Size % Size %

KerK399 116.1 13.3 1024 86.7 892.9 0.668 -22.3

KerK599 107.5 5.3 1401 94.7 1025 0.326 -13.3

KerK899 70.35 5.2 1050 94.8 1256 0.377 -13.7

DLS analysis shows the appearance of 
small particle sizes from 116.1 nm in KerK399 to 
107.5 nm in KerK599, and to 70.35 nm in KerK899, 
which decrease in size as the concentration of 
the extractive medium increases. The value 

of the Zeta potential is between -22.3 mV and 
-13.7 mV (Table 2, Figure 1) showing a decrease 
of their stability even the polydispersity values 
indicate more homogenous composition.

			   (a)			   (b)
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(c) (d)

(e) (f)

Figure 1. Histograms of particle size distribution and Zeta potential in KerK399 (a, b), KerK599 (c, d), 
and KerK899 (e, f)

Physical-chemical characteristics for the 
second series of keratin hydrolysate extracts 

obtained at temperature of 75°C, 85°C, 95°C and a 
concentration of 8% KOH are shown in Table 3.

Table 3: Physical-chemical characteristics of KerK875, KerK885 and KerK895 keratin hydrolysate extracts

Characteristics KerK875 KerK885 KerK895

Dry matter, % 1.48± 0.02 2.64± 0.1 4.03± 0.05

Ash*, %
Total nitrogen*, %
Protein*, %
pH, units of pH

17.75± 2.4
10.81± 3.7
65.54± 2.6

11.85± 1.04

17.05± 0.98
13.64± 1.21
82.58 ± 1.1
11.19 ± 0.20

12.16± 1.42
14.39± 2.7

87.10± 5.04
10.35± 0.89

* Values are reported at dry substance.

The keratin extracts obtained at the 
concentration of 8% KOH in the reaction 
medium and temperatures of 75°C, 85°C and 
95°C are characterized by total nitrogen values 

that increase from 10.81% in KerK875, to 13.64% 
in KerK885 and to 14.39% in KerK895 and protein 
values increasing between 65.54% to 87.10% 
(Table 3).

Table 4: Particle sizes and Zeta potential of KerK875, KerK885 and KerK895 keratin hydrolysate 

Keratin 
hydrolysate

Particle populations (%) and size (nm) Average
dimension, 

nm

Pdl Zeta 
potential, 

mV
Majority

population 1
Majority

Population 2
Majority

population 3

Size % Size % Size %

KerK875 75.80 10.5 362.4 89.5 - - 787.7 0.673 -22.3

KerK885 128.1 15.7 546.5 71.5 5086 12.8 462.4 0.764 -19.1

KerK895 50.22 3 575.5 83 4901 13.9 478.5 0.757 -18.2
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Particle size measurement for the KerK875, 
KerK885 and KerK895 keratins shows dimensions 
between 50.22 nm and 128.1 nm for the first 
majority population, between 362.4 nm and 
575.5 nm for the second majority population 
and between 4901 nm and 5086 nm for the third 

majority population. Histograms of particle size 
distribution show an increase in the particle size 
spectrum with the increase in temperature of 
the hydrolysis process (Figure 2). The value of 
the Zeta potential is between -22.3 mV and -18.2 
mV (Table 4, Figure 2).

(a) (b)

(c) (d)

(e) (f)
Figure 2. Histograms of particle size distribution and Zeta potential in KerK875 (a, b), KerK885 (c, d), 

and KerK895 (e, f)

DLS analyses show that the process of 
hydrolysis with 8% KOH at temperature between 
75-95°C, leads to more dispersed keratin 
hydrolysates with three majority populations 
and average size ranging between 787.7 nm 
and 462.4 nm, lower than the series of keratin 
hydrolysates obtained at 99°C with 3-8% KOH, 
having an average size between 1256-892.9 nm. 

FT-IR Analyses

Figure 3 represents the ATR-FTIR spectra of 
hydrolysated keratin at different concentrations 
of KOH, while Figure 4 shows the ATR-FTIR 
spectra of hydrolysated keratin at different 
temperatures.



M.D. BERECHET, D. SIMION, M. STANCA, C.A. ALEXE, C. CHELARU, M. RÂPĂ 

272 Leather and Footwear Journal  20 (2020) 3

Figure 3. ATR-FTIR spectra of KerK399, KerK599, KerK899, and sheep wool

Figure 4. ATR-FTIR spectra of KerK875, KerK885, KerK895, and sheep wool

Keratin is easier to break into smaller 
peptide fragments after hydrolysis of S-S bonds 
between macromolecular chains [35-38]. The 
spectral band from 3282-3288 cm-1 can be 
attributed to the stretching vibration of -O-H 
and -N-H (Amide A) [39]. The absorption peak 
between 2960-2962 cm-1 is attributed to the 
asymmetric extent of -CH2- (Amide B). The 
specific band from 1630-1643 cm-1 is assigned 
to the extension -C=O (Amide I) [40-42]. The 
absorption peaks around 1515-1517 cm-1 and 
1237-1245 cm-1 correspond to the N-H band 
coupled to the C-H (Amide II) range and the C-H 
(Amide III) range, respectively. The absorption 
bands around 670 cm-1 and 578–541 cm-1 can be 
attributed to the extension of the C-S bond and 
the S-S bond, as well as to the deformation of 
the C-C bond corresponding to keratin specific 

sulfur compounds [35, 43–46]. The ATR-FTIR 
spectra show higher intensities of the specific 
bands for keratin hydrolysate obtained with 8% 
KOH at 99°C and at 95°C (Figures 3 and 4), these 
also having the highest concentration of protein 
(Table 1). 

Bioactive Properties of Keratin Hydrolysate for 
Growth Stimulation of Wheat Plants 

Based on the results presented in Tables 
1 and 3, the KerK895 shows the higher content 
of nitrogen (14.39%) and relatively low particle 
size, compared to the other keratin extracts. For 
this reason, the KerK895 was selected as potential 
organic fertilizer to treat the Tamino and Mirastar 
wheat seeds and to monitor the plants growth 
over a 10-day period. The experiments were 
performed in laboratory conditions, as follows: 
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25 seeds for each type of wheat were put in 
contact with control (without keratin, treated 
only with water), 3% KerK895 and 5% KerK895, 

respectively. The preliminary results obtained by 
measuring the wheat stem length from day 7 to 
day 10 are plotted in Figures 5 and 6.

Figure 5. The effect of KerK895 on the increase in Tamino wheat stem length (cm) compared to 
control

Figure 5 shows the growth of Tamino 
wheat stems treated with 3% and 5% KerK895 
during seven to ten days of the experiment. It 
is observed that the wheat seeds treated with 
5% KerK895 led to the higher increase, from 
14.8 cm to 16.8 cm, while in the case of Tamino 
wheat treated with 3% KerK895, the increase 
was smaller, between 4 cm to 11.2 cm. The 

seeds treated without keratin extract showed a 
stem development from 8.6 cm to 14.2 cm. The 
keratin hydrolysate KerK895 was used in these 
experiments to stimulate the development 
of Tamino wheat stem, obtaining the highest 
increase with 18.3% in the case of the treatment 
with 5% KerK895 compared to control sample.

Figure 6. The effect of KerK895 on the increase in Mirastar wheat stem length (cm) compared to 
control
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Figure 6 shows the growth of Mirastar 
wheat seeds treated with 3% and 5% KerK895 
during seven to ten days of the experiment. It is 
observed that the Mirastar wheat seeds treated 
with 5% KerK895 led to the higher increase, from 
10.8 cm to 15.8 cm, while in the case of seeds 
treated with 3% KerK895, the increase was between 
11 cm to 14.5 cm. The keratin hydrolysate KerK895 
was used in these experiments to stimulate the 
development of Mirastar wheat stem, obtaining 
the highest increase with 10.7% in the case 
of 5% KerK895 compared to control sample. 
However, all keratin extracts show nitrogen and 
sulfur in their structures, so they are likely to 
be used as potential organic fertilizer for plant 
growth stimulation. The next experiments will 
investigate in detail the influence of hydrolysed 
keratin on wheat seeds according to standardized 
procedure.

CONCLUSIONS 

Keratin hydrolysates were obtained from 
sheep’s wool by alkaline hydrolysis at different 
concentrations of KOH, i.e. 3%, 5% and 8% and 
different temperatures, i.e.75°C, 85°C, 95°C 
and 99°C of the reaction medium. The physical-
chemical characteristics of the keratins show 
values of the protein substance between 65.54% 
and 87.10%. Particle size measurements show 
a decrease in particle size with the increase of 
concentration and temperature of the reaction 
medium. ATR-FTIR analyses confirmed the 
protein structure with increased intensities for 
specific bands in the case of more concentrated 
keratin hydrolysates and with specific bands for 
sulfur originated from cysteine amino acid. The 
keratin hydrolysate coded KerK895 was used in 
preliminary experiments as organic fertilizer to 
facilitate the growth of two wheat types. The 
results showed an increase with 10.7% of stem 
length for Mirastar wheat and 18.3% in the case 
of Tamino wheat seeds treated with 5% KerK895, 
compared to control sample. Results showed 
that the keratin hydrolysates obtained from 
sheep wool could be promising biomaterials for 
use as organic fertilizer in agriculture.
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