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Large amount of keratin biomass is generated as a waste from several industries 

either as a byproduct or waste. Keratin biomass which is valuable source of 

nitrogen could be converted to value added product such as keratin hydrolysate 

that finds applications in several industries at commercial scale. In present 

studies, the method for hydrolysis of keratins using sodium hydroxide and 

hydrogen peroxide was investigated using horn meal as a keratin source. At the 

end of reaction period, around 763.2 mg of horn keratins are solubilized giving 

the efficiency of extraction of 76.32 %. The amino acid quantification gave 

around 2.77 gm per liter of total amino acids at the end of reaction period. This 

method was also tested for it potential to extract proteins from other keratin 

sources such as feathers, hoofs, nails, human hairs and bovine hairs.  The effect 

of several metal cations on alkaline peroxide mediated keratin solubilization 

showed that Mn+2 and Fe+2 significantly reduce the efficiency of method (55.91 

% and 18.93 %). Similarly, studies on effect of pH showed effective 

solubilization occur only at alkaline pH values above 9.  Further, merits of 

method to extract soluble proteins from keratin biomass and applications of 

keratin hydrolysate thus produced have been discussed. The one step method 

studied for extraction of keratins is an eco-friendly method that gives high yield 

of soluble proteins (60-85 % for all tested substrates) in keratin hydrolysate and 

therefore presents a potential alternative for commercial applications. 
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INTRODUCTION 

Keratins are insoluble, protective or 

structural proteins consisting of parallel polypeptide 

chains in α-helical or β- conformation (Nelson and 

Cox, 2000). They are fibrous structural proteins, 

tough and insoluble. They form hard but non 

mineralized structures found in many groups of 

organisms. Epidermis, epithelial cells and 

appendages viz. hairs, nails, horns, hoofs, feathers, 

scales, and wool, beaks, claws of birds, quills, and 

porcupines are some of the tissues and body parts of 

organisms where keratins play important role as 

structural components (Gupta et al., 2006).  

Huge amount of keratins are generated from 

various sources around the world from poultry 

plants, meat processing industries, slaughter houses, 

leather industries and from human hairs. 
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According to Karthikeyan et al, 2007 India annually 

produces 82 millions goatskins, 30 million sheep 

skins, 23 million cattle hides, and 28 million buffalo 

hides. Worldwide production of ovine and bovine 

skin in 2000 was estimated to 1,192 million species. 

Other report from Mokrej et al., 2007 says that USA 

annually generates about 0.9 to 1.5 billion 

kilograms of waste feathers from its poultry 

processing industry. 

This large keratin biomass released as byproduct 

and waste contributes to environmental pollution 

due to their recalcitrant nature and localized 

accumulation. Moreover, the keratin waste is pure 

form of protein and thus could be recycled through 

various methods to generate value added product 

such as keratin hydrolysate.  

Physical methods investigated by Tonin et 

al, 2006 involves steam explosion based on short 

time steam cooking of keratins at a high 

temperature for several minutes. After cooking 

keratins was subjected to explosive decompression 

by using saturated steam at 220°C at pressure of ~ 

22 bars for 10 min followed by a rapid 

decompression. Other method based upon use of 

superheated water was reported by Yin et al, 2007. 

Biological methods of keratin hydrolysis are carried 

out through their degradation by microbes capable 

of producing extracellular keratinases. Several 

organisms such as bacteria (Gawade and Bale, 

2013; Tiwari and Gupta, 2010), Fungi (Fabiana  et 

al., 2009; Regina et al., 1996)) and actinomycetes 

(Syed et al, 2009) are reported to produce 

keratinases and biodegradation of keratins. Though 

biological methods are environmentally safe, 

fermentative hydrolysis of keratins takes long time 

and may require costly instrumentation. Moreover, 

use of pathogenic microbes mandates the use of 

stringent procedures which may not make the final 

product cost-effective. Other method of keratin 

extraction includes use of proteolytic enzymes such 

as trypsin, papain and chymotrypsin. But studies 

have shown that these methods do not efficiently 

hydrolyze keratins due to their tight packaging (Rai 

et al., 2011) 

In the present studies, a chemical method 

involving use of sodium hydroxide in presence of 

hydrogen peroxide has been investigated for its 

efficiency to solubilize proteins from horn keratins.  

The method described by Kawasaki, 1988 in his art 

of WO 90/01023 used feather and hair keratins. 

Extraction of keratins from other sources likes 

poultry feathers, hair and nails from human sources 

and bovine hairs and hoofs have been presented in 

this article. Further, effect of different parameters 

on protein solubilization studied is also included.  

 

MATERIALS AND METHODS 

Chemicals and reagents: All Chemicals used in 

experimental work were purchased from SRL 

Chemicals, India were of analytical reagent grade. 

Solubilization of horn keratins: The horn material 

was subjected to a thorough washing with tap water 

to remove extraneous impurities. The horn procured 

was dried completely in oven at 50oC for 48 hours 

for ease of processing. Horns were processed with 

sharp knife to obtain scrapings. The scrapings was 

cleaned by distilled water through multiple 

washings and dried in oven at 40oC overnight. The 

dried scraping were grounded to fine powder 

through grinder and sieved to obtain the average 

particle size of 100 µm in diameter. The particles of 

intended size were obtained by sieving the material 

through an electronic sieve. Defatting was done by 

treatment of the powder with hexane chloroform 

(1:1 v/v) mixture for the period of 12 hours. After 

filtration through Whatman filter paper # 1 the 

residue was dried at 40oC for 12 hours to remove 

solvents and dried powder obtained was processed 

further. Solubilization was carried out by placing 1 

gram of horn powder in conical flask and mixing it 

with 50 ml of solution containing NaOH and 

hydrogen peroxide solution both at concentration of 

1 %. Treatment period was for 3 days. Mixture was 

treated at 100 RPM on magnetic stirrer at room 

temperature. At an interval of every 6 hours, the 

aliquots of mixture was obtained and centrifuged at 

5000 rpm for 10 minutes to remove suspended 

particles. The supernatant obtained was used for 

determination of total soluble proteins and total 

amino acids. The total soluble proteins were 

determined by the modified colorimetric method of 

ninhydrin described by Moore, 1968 and total 

soluble proteins were determined according to 

Bradford, 1976. All analysis was carried out using 

horn keratin as substrate. 

Extraction of proteins from other keratin 

sources: Beside horn keratins, other sources of 

keratins were also evaluated for the solubilization of 

the proteins by this method. The substrates tested 

included feather keratins from poultry, hair and nail 

keratin from human sources hoof and hair keratins 

from bovine sources. Except for the method of 

processing of substrates, the method of 

solubilization and analysis remained same for all 

substrates. Feather samples collected were separated 

in quills and barbes manually and cut into small 
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pieces of not more than 5mm length, thoroughly 

washed under tap water and phosphate buffer of pH 

7. The washed material were dried at 50oC 

overnight and used for further treatment. Nails 

obtained from a single person over the period were 

cut to fine pieces, washed thoroughly with distilled 

water, dried overnight at 50oC and ground into fine 

particles. Further the powder was processed to 

remove lipids by treatment with hexane: 

dichloromethane (1:1 v/v) mixture for the period of 

24 hours. The solvent was removed by filtration and 

material dried at 50oC for about 12 hours. Dried 

powder was used for further treatment. Hair sample 

was washed under tap water to remove extraneous 

dirt and impurity followed by washing with distilled 

water number of times. The hairs were dried in oven 

at 40oC for the period of 24 hours. Dried hairs were 

cut into very fine pieces and processed to coarse 

material. This was then subjected to de-fatting in 

hexane: chloroform mixture for 8 hours. The 

mixture was filtered and residue was dried at 40oC 

for 12 hours. The dried defatted hair powder was 

used for further studies. The raw hoof was scraped, 

pulverized in an impact pulverizer and ball milled to 

obtain fine powder. The powder was washed 

distilled water to remove extraneous dirt and 

insoluble impurities, dried overnight at 40oC. 

Further, defatting was carried out in hexane: 

dichloromethane mixture (1:1 volume) in a 

Soxhlet’s apparatus. Powder obtained was dried in 

oven at 40oC for 12 hours and used for 

solubilization treatment. Hairs from bovine sources 

were processed by same method as described from 

human hairs. 

Effect of metal ions on protein solubilization: 

The metal ions tested included Na+, Ba+2, K+, Ca+2, 

Fe+2, Mg+2, Mn+2, Al+3 for which NaCl, BaCl2, KCl, 

CaCl2, FeCl2, MgCl2, MnCl2 and AlCl3 were used to 

prepare salt solutions. To test the effect of metal 

ions on solubilization of keratins, 1 gram of keratin 

substance was mixed with 1 % NaOH and 1 % 

hydrogen peroxide solution and 1mM of ion 

solution for period of three days rotary shaker set at 

100 RPM at room temperature. Effect was 

estimated in terms total soluble proteins released in 

presence of that ion by the method discussed 

elsewhere.  

Effect of pH on protein solubilization: The 

buffers of different pH were prepared according to 

Sambrook et al, 2001 viz; Glycine-HCl buffer: 

(pH=2.2), Acetate buffer: (pH=3.6), Acetate buffer 

(pH=5.6), Phosphate buffer:  (pH=7.0),Tris 

(Hydroxymethyl) Aminomethane (Tris.HCl) buffer 

(pH = 9.0), Glycine-NaOH buffer (pH = 10.6). 1 

gram of horn powder was suspended in buffer and 

kept on shaker at 100 RPM on rotary shaker in 

presence of 1% H2O2 for the period of three days. 

At the end of reaction period, 1ml of filtered 

solution was used to estimate total soluble proteins 

by the method as discussed above. 

 

RESULTS AND DISCUSSION 

The huge amount of keratins is generated 

from several industries all over the world in various 

forms. Keratin proteins are recalcitrant in nature due 

to their tough structures and thus difficult to 

degrade naturally. This localized dumping leads to 

accumulation of keratinous waste in environment 

that may lead to environmental pollution. Keratins 

are pure proteins that contain around 15 % nitrogen 

(Mokrejs et.al, 2010) and thus represent potential 

for nitrogen utilization through there recycling and 

processing. The alkaline hydrolysis in presence of 

hydrogen peroxide investigated in the present 

studies is relatively advantageous and significant for 

extraction of the soluble proteins from the keratin 

containing substances. Alkaline solubilization 

method leads to efficient extraction of large amount 

of soluble proteins from the different containing 

materials.  

Figure 1 represents the time course of 

solubilization reaction for horn proteins and amino 

acids. It can be seen that maximum solubilization 

takes place at the end of 96 hours i.e. 152.6 µg/ml 

but after 66 hours the reaction becomes almost 

stationary leading to the minor increase in the 

concentration of the soluble proteins. Therefore, 66 

hours of reaction period was considered to be 

optimal for harvesting the mixture and separation of 

soluble proteins from it. The total protein extracted 

by this method amounts up to 763.22 mg giving the 

efficiency of 76.32 %. After the soluble material 

was separated by the filtration process the amount 

of insoluble protein was measured and found to less 

than that which should have been obtained ideally 

under experimental conditions (236.78 mg of 

insoluble horn meal) which follows that part of 

protein are fully hydrolyzed to amino acids. The 

amino acid profiling over the reaction period shows 

that there is linear increase in concentration of the 

total amino acids produced as measured by 

ninhydrin method. 

The method was also used to determine its 

potential to solubilize other forms of insoluble 

keratinous substrates. Fig. 2 shows time course of 

solubilization of feather keratins from poultry 
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Fig. 1: Total soluble proteins and amino acid profile of keratin solubilization by alkaline peroxide 

solubilization method 
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Fig. 2: Time course of protein solubilization from feather keratins 
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Fig.3: Time course of protein solubilization from hair keratins (human sources) 
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Fig.4: Solubilization of proteins from nail keratins 
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Fig. 5: Time course of extraction of soluble proteins from hoof proteins. 
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Fig 6: Solubilization of proteins from hair keratins (bovine sources) 
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Fig. 7: Comparative account of solubilization of proteins by different methods 
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Fig 8: Effect of metal ions of protein solubilization 

 

 



 https://biosciencediscovery.com 127                                ISSN: 2231-024X (Online) 

Gawade V. E. et. al., 

pH

2 4 6 7 9 11

P
ro

te
in

 S
o

lu
b

il
iz

e
d

 (
m

g
)

0

200

400

600

800

1000

 
Fig.9: Effect of pH on protein solubilization. 

 

sources. Maximum extraction was observed till 72 

hours giving the yield of 163.68 µg/ml. total 

proteins in the reaction mixture at the end were 

found to be 818.33 mg of proteins. Thus the 

efficiency of the method was around 81.83 % which 

is greater than that of horn keratins. The reason of 

higher efficiency may be due to relative soft nature 

of feather keratins. Fig. 3 represents protein 

solubilization profile of hair keratins from human 

sources. Maximum protein estimated at optimal 

reaction time was 157.68 µg /ml. total protein 

extracted was 788.40 mg indicating that alkaline 

solubilization with human hair is efficient 78.84 % 

for extraction of proteins.  Experimental outcomes 

with solubilization of nail keratins are depicted in 

fig. 4. Maximum solubilization takes place till 72 

hours followed by sudden decrease in total soluble 

protein concentration. The total protein extracted 

was 603.30 mg giving efficiency of 60.33 % which 

comparatively much less than that for other 

keratins. Time course for extraction of soluble 

proteins from hoof keratins is shown in fig. 5. 

Maximum protein concentration solubilizing at end 

of reaction period was 122 µg /ml. The total protein 

extracted was found to be 610 mg making the 

process 61 % efficient. The curve in figure 6 depicts 

this pattern of reaction for solubilization of hairs 

from bovine sources. At 84th hour, 150.33 µg /ml of 

proteins were solubilized. The total proteins 

extracted were 751.65 mg, thus making it 75.17 % 

efficient.  

Comparative account of solubilization of 

proteins by other methods is shown in fig. 7. It 

could be easily concluded that proteins extracted by 

NaOH treatment in presence of H2O2 gives highest 

efficiency compared to other methods. Use of steam 

under high pressure along with NaOH is expensive 

process due to high energy inputs. Moreover the 

quality of hydrolysate produced by this method is 

affected due to intermolecular reaction among 

amino acids at elevated temperature and also leads 

to destruction of essential amino acids like 

methionine and lysine (Zhang et al., 2009).  

The studies related to the assessment of the 

effect of presence of different metal ions on 

solubilization of the proteins shows that monovalent 

cations have almost no effect on the alkaline 

peroxide solubilization process (fig. 8). However 

two divalent cations i.e. Mn+2 and Fe+2 have 

negative effect on the solubilization process. The 

presence of these cations at tested concentration 

decreases the total proteins solubilized (351.68 mg 

and 646.68 mg respectively). Thus Mn+2 decrease 

the efficiency of the process by 55.91 % while 

presence of Fe+2 decrease it by 18.93 %. 
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The reason of this decrease by these metal ions may 

be their reaction with hydrogen peroxide which 

leads to its accelerated decomposition consequently 

decreasing its active concentration available for the 

hydrolysis reaction.  

The effect of different pH values on the 

solubilization of the protein is shown in fig. 9. It 

shows, at pH value of 7 and below that is acidic pH 

no protein solubilization occurs when compared to 

use of solution of alkaline pH. Thus it is clear that 

the method is effective only when the pH of the 

solution is around 10-11.     

Number of other methods for extraction of 

keratins has been reported. In a method described 

by Kakkar et al, 2014 for extraction of keratins from 

de-fatted hoofs (for 10 grams) used 7 M urea, 6 g 

SDS and 15 ml of 2-mercaptoethanol. Method used 

large amount and concentration of the chemicals 

making it environmentally unsafe. Moreover, the 

temperature used was almost high i.e. 60oC which 

requires input of energy. Similarly other methods 

described such as by Aluigi, 2007 reported the use 

of formic acid for keratin extraction which leads to 

the formation of toxic chemicals as a by-product. 

According to American Chemical Society, due to 

environmental crisis the at global level there is 

stress on business and regulatory communities to 

develop  the methods in chemistry and engineering 

that reduce or eliminate the use and generation of 

hazardous substances. This has lead to the 

development of relatively new concept called as 

green chemistry. The use of alkaline peroxide 

solubilization satisfies most of the criteria that green 

chemistry involves for the production of keratin 

hydrolysate. The alkaline extraction in presence of 

hydrogen peroxide presented in this article is 

comparatively safe in the sense that it uses very less 

concentration of sodium hydroxide for extraction 

which can be easily neutralized simply by diluting 

the mixture before use. The H2O2 used decomposes 

to non-toxic products such as water and oxygen gas. 

Further, use of waste keratinous substrate for 

production of hydrolysate using cheap and easily 

available chemicals makes the process cost-

effective over the present methods that either 

required high input of energy or chemicals that are 

costly and environmentally hazardous. 

CONCLUSION 

The one step method investigated for 

solubilization of proteins from insoluble keratinous 

substrates using sodium hydroxide and hydrogen 

peroxide achieved high efficiency in extraction of 

proteins. Most of the substrates that were tested by 

the present method showed more than 60-85 % 

efficiency for protein solubilization. The conditions 

used were mild and lead to production of high value 

keratin hydrolysate that could find potential 

applications in agricultural, food and feed, cosmetic 

and leather industries.  
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