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INTRODUCTION 

 

Enzymes are macromolecular biological catalysts (Stryer, 2002). Their choice 

over chemicals in the improvement of efficiency and reduction of cost in 

different industrial processes and systems has been in process for a long time 
(Jaouadi et al., 2011). Proteases have a wide distribution in nature and are 

particularly important in their ability to hydrolyse peptide bonds in aqueous 
environments (Jaouadi et al., 2011). Keratinase are a group of proteases with a 

wide temperature and pH range that allow complete degradation of complex and 

recalcitrant proteins such a keratin (Vidmar and Vodovnik 2018). Keratins is 
resistant to digestion by plant and animal enzymes and many common proteases 

from microorganisms. As a result of intermolecular disulfide linkages, keratins 

are insoluble in water, weak acids and alkalis. Unlike other natural polymers such 
as starch, collagen and chitosan, keratin possesses a complex three-dimensional 

structure that requires the use of harsh chemical conditions for their dissolution 

(Feroz et al., 2020).  
Hair is a filamentous biomaterial that consists mainly of proteins in particular 

keratin (Yang et al., 2014). Hair has about 300 identified proteins (Lee et al., 

2006). The proteins having the largest concentration in hair are those containing a 
very high percentage by weight of sulfur in their structure. They aggregate in the 

entire hair fibre or at specific locations in the fibre (Rogers, 2004). Such proteins 

include keratins and the Keratin Associated Proteins (KAPs). Keratins are stable, 
water-insoluble structural fibrous proteins found in stratum corneum and 

protective tissues such as hair, nail, feather, wool and horns. They play a crucial 

role in the formation of tough hair shaft through a cross linked network (Yutaka 

and Masaaki, 2015). The strength of keratin is derived from tightly packed alpha 

helical and beta sheet configurations which they possess. They also contain a 

high degree of disulfide bonding which makes them rigid and tough (Navone 

and Speight, 2018). Biological degradation of keratin can be effectively carried 

out by keratinases or keratinolytic enzymes which are a class of extracellular 

proteolytic enzymes. They are inducible (Munawar, 2012) , acquiring the 
capacity to breakdown highly rigid keratin substrates. Keratinases are non-

specific serine-type proteases that are able to cleave non-terminal peptide bonds. 

They have keratin-degradation mechanism that remains unclear (Kang et al., 

2019). Microbial keratinase production takes place only in the presence of 

substrates that contain keratins. This means that the presence of keratin activates 

the release of keratinase, keratin thus playing the role of an inducer (Munawar, 

2012).  
Chemical hair-removal processes require the use of harsh chemicals with strong 

reducing properties which could have an adverse effect on the skin when applied 

for long (Qurat-Ul-Ain et al., 2013). Untreated waste water, which contains high 
salt and process chemical content is one of the major concerns in tanneries since 

most of the steps in tannery are performed in water. Major stages in tannery 
which include liming and hair burning introduce intense displeasing odour, 

severe toxicity and pollution (Ali et al., 2018). Because of this, a need for a non-

chemical alternative such as an enzymatic hair removal process with the use of 
keratinase is proposed. This research is therefore focused on purifying and 

characterising keratinase produced by Bacillus species isolated from poultry 

feather waste, and to investigate its potential in hair removal.  

 

MATERIAL AND METHODS 

 

Material 

 

All chemicals used were of analytical grade obtained from Sigma-Aldrich 
(United States). Keratinases; EZYKer-51, EZYKer-50 and EZYKer-53 from 

keratin degrading Bacillus licheniformis-K51, Bacillus subtilis-K50 and Bacillus 

sp.-K53 respectively were obtained from a previous work carried out at the 
Industrial Microbiology of the University of Ibadan (Dada and Wakil, 2020). 

 

Collagenolytic Activity of Purified Keratinase 

 

Collagenolytic activity of purified keratinase enzyme was carried out by 

separately preparing 0.2 mg, 0.4 mg, 0.8 mg and 1.0 mg of collagen in 0.2 Tris-
HCl buffer (pH 7.4) and reacting with 0.1 mL keratinase solution at 38 oC for 10 

min. After which centrifugation was done at a speed of 1450xg for 30 min, the 

supernatant was obtained and the absorbance was taken at wave length of 440 nm 
against a control which was prepared by the incubation of the denatured enzyme 

(by boiling) with each of the collagen solutions. One unit (U/mg) of collagenase 

activity is measured as the amount of the enzyme that is required to produce a 
change in absorbance which is equal to 0.1 in 10 min (Leighton et al., 1973) 
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significant collagenolytic activities. In vitro treatment of goat skin with EZYKer-51 showed total hair removal within 24 hours and 
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keratinolytic activity (22.20±0.63 U/mL) followed by EZYKer-50 (20.52±0.46 U/mL) and EZYKer-53 (17.06±0.81 U/mL). In vivo 
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Depilatory action of Keratinase on goat skin 

 

The depilatory action of keratinase on goat skin was carried out by a modified 

method of Jaouadi et al. (2011). Fresh goat skins where cut to small sizes of 
about 12- 20 square centimeters in area and placed in Petri-dishes containing 20 

mL of keratinases. Hair removing capacity of the enzyme was observed by 

rubbing a spatula over the skin to pull out the hair at intervals of 1 h.  
 

Formulation of Depilatory Cream 

 
The formulation of depilatory cream was carried out by a modified method of 

Elumalai et al. (2013). The following components are required in the making of 
depilatory cream. Component A which is made up of Emulsifier: TWEEN80 

(0.02%), thickener: Carbopol (0.5%), Thiourea (0.5%) and emollient: Liquid 

paraffin (0.5%). Component B which is made up of Water and chelating agent 
Ethylenediaminetetraacetic acid (EDTA) (0.45%); component C which is made 

up of the base; CaOH (0.5%) neutralizer; and Calcium Carbonate (6%) and 

Component D; Keratinase (8%). 
Components B and A are heated separately to 75 oC and mixed rapidly for 5 min. 

The mixing continued at a reduced rate while mixtures A and B cools to about 35 
oC after which the component of C is added and mixed rapidly for another 5 min. 
After complete cooling, Component D is added and mixed for about 10 min and 

stored in the refrigerator 

 

Effect of depilatory cream components on keratinase activity of enzyme 

 

The effect of the individual depilatory cream components on the keratinase 
activity of both crude and purified enzyme was carried out by a modified method 

of Jaouadi et al. (2011) by incubating 8% Keratinase with the keratin 

preparation containing, separately, the following depilatory cream components; 
Carbopol (0.5%), CaOH (0.5%), Calcium Carbonate (6%), Thiourea (5%), 

TWEEN 80 (0.02%), Liquid Paraffin (0.5%), EDTA (0.45%), and Fragrance 

(0.6%), then assayed for enzyme activity. 
 

Preparation of soluble keratin 

 
Keratinase activity was assayed using soluble keratin substrate (0.5% g/v) as 

substrate and was prepared by the modified method (Wawrzkiewiez et al., 

1987). Ten grams of white chicken feathers was heated in 500 mL of 50% 
dimethyl sulfoxide (DMSO) at a temperature of 100 oC for two hours. The 

resulting soluble keratin was obtained by precipitation with 1 L acetone at 

freezing temperature for 6 h. the precipitate was obtained by undergoing 
centrifugation at 10,000 x g for 10 min. The resulting precipitate was washed 

three times with water and dried at 70oC for 24 h in an oven dryer. One gram of 

the obtained precipitate was dissolved in 20 mL of 0.05M NaOH. Using 0.1M 
Tris and 0.1M HCl the pH was adjusted and stabilized at 8.0 and the solution was 

made up to 200 mL with the same buffer. 

 

Determination of keratinolytic activity 

 

The keratinolytic activity of the bacterial enzyme was assayed as follows: One 
milliliter of the purified enzyme which has been properly diluted in Tris-HCl 

buffer (0.05M pH 8.0) was incubated with 1 mL keratin solution at a temperature 

of 50 oC for ten min in a water bath. The reaction was terminated by the addition 

of 2.0 mL of 0.4M Trichloroacetic acid (TCA). After centrifugation at speed of 

1450 xg for 30 min, the absorbance of the supernatant was determined at a wave 

length of 280 nm against a control which was prepared by incubating the enzyme 
solution with 2.0 mL TCA without the addition of keratin solution. 

One unit (U/mL) of keratinolytic activity was defined as an increase in corrected 

absorbance of 280 nm(A280) (Gradisar et al., 2000) with the control for 0.01 per 
minute and calculated by the following equation: 

 

U =
4n × A280
(0.01 × 10)

 

 

Where; n=dilution rate, 4=final reaction volume (4 mL), 10 = incubation time 
(min) 

 

Effect of combined depilatory cream component on keratinase activity of 

enzyme 

 

The effect of the combined depilatory cream components on the keratinase 
activity of the both the crude and purified enzymes were carried out by a 

modified method Jaouadi et al. (2011). The Keratinase was incubated with the 

keratin preparation containing the combined depilatory cream components; 
Carbopol (0.5%), CaOH (0.5%), Calcium Carbonate (6%), Thiourea (5%), 

TWEEN 80 (0.02%), Liquid Paraffin (0.5%), EDTA (0.45%), and Fragrance 

(0.6%), then assayed for enzyme activity. 
 

 

Depilatory action of Keratinase on goat skin 

 

Fresh goat skins where cut to small sizes of about 12- 20 square centimeters in 

area and placed in Petri-dishes containing 20 mL of Keratinases. Hair removing 
capacity of the enzyme was observed by rubbing a spatula over the skin to pull 

out the hair at intervals of 1 h.  

 

Depilatory action of keratinase on Wistar rat 

 

The formulated depilatory cream composed of; Carbopol, CaOH, Calcium 
Carbonate, Thiourea, TWEEN 80 , Liquid Paraffin, EDTA, Fragrance and 

Keratinase was applied generously on the dorsal surface of Wistar rat and the hair 
removal by cream was determined by the ease with which the hair of the rat is 

removed when pulled out over intervals of 15 min for 2 h. 

 

Statistical analysis 

 

The data obtained from this experiment were analyzed by one way analysis of 
variance (ANOVA) and means of differences among treatment were examined 

using Duncan’s multiple rage test at p<0.05 

 

RESULTS  

 

Collagenolytic Activity of Purified Keratinases 

 

The result of the collagenolytic activity of the purified EZYKer-50, EZYKer-51 
and EZYKer-53 is presented on Table 1. The table shows that all the three 

enzymes gave no observable collagenolytic activity at collagen concentration of 

0.2 mg/mL and no significant increase (P< 0.05) in collagenolytic activity was 
observed as the collagen concentration was increased from 0.2 mg/mL to 1 
mg/mL. EZYKer-53 had highest activity at all tested concentrations which was 

not significantly different (P< 0.05) from other enzymes and no activity 
observed for EZYKer-51 at all concentrations 

 

Table 1 Collagenolytic Activity of Purified Keratinases 

 
Collagen Concentration 

(mg/mL)/Collagenolytic Activity 

 Enzyme Code 0.2 0.4 0.8 1.0 

EZYKer-50 0.00±0.00a 0.01±0.00a 0.01±0.00a 0.00±0.00a 

EZYKer-51 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 

EZYKer-53 0.00±0.00a 0.03±0.01a 0.05±0.01a 0.03±0.01a 

Values are in means ± standard deviation; at 95% confidence level, means with 

different / similar superscripts along the same row are significantly different / not 

significantly different from one another 
 

Effect of Depilatory Ingredients on Keratinase Activity of Purified and 

Crude Keratinases 

 

The result for the effect of depilatory ingredients on keratinase activity of 

purified and crude keratinases is shown in Table 2. The result showed that 

EZYKer-51 gave a significantly higher enzyme activity (P< 0.05)  in the 
presence of the depilatory ingredients for both the crude and purified forms of the 

enzyme compared with the activities of enzymes EZYKer-50 and EZYKer-53 

except in the presence of 0.5% CaOH and 0.02% TWEEN 80 where EZYKer-50 

showed a significantly (P< 0.05) higher activity than the others. EZYKer-53 

showed lowest keratinase activities with all the depilatory ingredients for both 
crude and purified forms of the enzymes compared to EZYKer-50 and EZYKer-

51 except in the presence of 6% Calcium carbonate where the crude form of the 

EZYKer-50 showed lowest activity. 
From the table, the purified form of EZYKer-50 showed significantly higher 

(P< 0.05) enzyme activities than the crude form in the presence of the depilatory 
ingredients except in the presence of 0.5% CaOH, where enzyme activity of the 

crude form of the enzyme was significantly higher (P< 0.05) than the purified 
form, and 0.02% TWEEN 80 where the observed difference in activity was not 

significant (P< 0.05). The purified form of EZYKer-51 showed significantly 

higher (P< 0.05) keratinolytic activity in the presence of the depilatory 
ingredients except in the presence of 0.5% Carbopol, where enzyme activity of 

the crude form of the enzyme was significantly higher (P< 0.05) than the 

purified form, and 0.45% EDTA where the observed difference in activity was 

not significant (P< 0.05). For EZYKer-53, except for 0.5% Carbopol and 6% 
Calcium carbonate, which gave a significantly higher keratinase activity with the 

crude enzyme than with the purified enzyme, the purified form of the enzyme 

gave significantly higher (P< 0.05) enzyme activities than the crude form of the 
enzyme. The observed difference in the enzyme activities in the presence of 0.5% 

liquid paraffin and 0.45% EDTA was not significant (P< 0.05). 
The result also shows that EZYKer-50, EZYKer-51 and EZYKer-53 showed 
lower enzyme activities in the presence of depilatory ingredients than with the 

control for both crude and purified enzymes. Of the eight ingredients, 0.45% 

EDTA gave lowest keratinase activities for both crude and purified forms of the 

three enzymes. Highest enzyme activities of 18.51±0.46 U/mL, 24.52±0.06 
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U/mL and 17.25±0.04 U/mL were observed at 5% Thiourea only for the purified 
forms of EZYKer-50, EZYKer-51 and EZYKer-53 respectively, while for the 

crude forms of the enzymes, highest activities of 17.31±0.53 U/mL, 20.82±0.87 

U/mL and 15.51±1.21 U/mL were respectively observed in the presence of 0.5% 
CaOH, 6% Calcium carbonate and 0.5% liquid paraffin. 

 

Combined Effect of All Depilatory Cream Ingredients on Keratinase 

Activity  

 

The effect of combining all the depilatory cream components on the keratinase 

activity of both purified and crude EZYKer-50, EZYKer-51 and EZYKer-53 
enzymes is shown in Figure 1. Keratinase activity for both purified and crude 

enzymes was lower on addition of combined depilatory cream ingredients than in 

the control (without any of the depilatory cream component). The purified forms 
of the three enzymes gave higher keratinase activity than the crude forms. 

EZYKer-51 gave higher activity than enzymes EZYKer-50 and EZYKer-53 both 

in purified (22.204 U/mL) and Crude (19.217 U/mL) forms, followed by 
EZYKer-50 at activities of 20.518 U/mL and 15.388 U/mL for purified and crude 

forms respectively. Least enzyme activity of 17.057 U/mL was observed in 

EZYKer-53 for purified and 13.198 U/mL for the crude form. 

 

 

 

 

Dehairing Function of Keratinases  

 

Dehairing function of EZYKer-50, EZYKer-51 and EZYKer-53 with goat hair is 

shown on plate 1. Partial hair removal was observed at 1 h of application of 
EZYKer-51 and EZYKer-53 except for EZYKer-50 which did not show any hair 

removal. Complete hair removal was observed after 2 h for EZYKer-51 while 

nearly complete hair removal was shown on goat skin treated with EZYKer-53 
and EZYKer-50 respectively up till 24 h of treatment.  

 

Dehairing Function of Formulated Depilatory Cream (DEPIKER 51) on 

Wistar rat 

 

The in vivo application of the formulated depilatory cream (DEPIKER 51) on 

Wistar rat is as shown on plate 2. On plate 2 A, the hair of the untreated rat 

remains intact. After 20 min of application of DEPIKER 51 on the Wistar rat, 
hair from the rat comes off gradually from the point of application of DEPIKER 

51. After 40 min of application nearly complete hair removal on the point of 

application of the cream was observed. Treatment of Wistar rat with commercial 
depilatory cream (positive control) (Plate 2 B) shows nearly complete hair 

removal on the point of application after 20 min of application. At 40 min of 

application, complete hair removal was observed at some parts where the 
commercial depilatory cream was applied (as indicated by the smooth portion of 

the rat skin). 

 

Table 2 Effect of Depilatory Ingredients (at Formulation Concentration) on Keratinase Activity for Purified and Crude Keratinases 

Enzyme Form 

Ingredient/ Keratinolytic Activity (U/mL)  

Carbopol 

(0.5%) 

CaOH 

(0.5%) 

Calcium 

Carbonate 

(6%) 

Thiourea 

(5%) 

TWEEN 80 

(0.02%) 

Liquid 

Paraffin 

(0.5%) 

EDTA 

(0.45%) 

Fragrance 

(0.6%) 
Control 

EZYKer-

50 

Crude 13.01±0.84c 17.31±0.53d 10.08±0.14a 14.13±0.29c 16.12±1.22d 12.06±0.37b 09.72±0.47a 14.13±0.33c 19.02±0.74e 

Purified 14.08±0.53b 16.28±0.86c 15.03±1.64b 18.51±0.46d 16.04±1.73c 15.69±0.85b 08.77±1.04a 17.77±0.52d 20.64±0.40f 

           

EZYKer-

51 

Crude 17.21±0.13c 15.43±0.46b 20.82±0.87de 20.26±0.64e 15.07±1.49b 18.19±0.73d 12.32±1.01a 15.52±0.07b 24.762±0.91f 

Purified 16.16±0.47b 21.24±0.09d 22.04±0.48e 24.52±0.06f 19.48±0.17c 22.54±0.55e 11.69±1.87a 20.61±0.48c 26.31±0.64g 

           

EZYKer-

53 

Crude 12.17±0.94c 11.12±1.36b 14.01±0.48d 14.88±0.61d 11.02±0.73b 15.51±1.21e 8.32±0.11a 8.97±1.20a 18.407±0.60f 

Purified 10.68±0.77b 13.16±0.28d 12.21±1.14c 17.25±0.04f 12.03±0.93c 15.72±0.56e 8.29±1.92a 12.05±0.42c 23.57±019g 

Values are in means ± standard deviation; means with different / similar superscripts along the same row are significantly different / not significantly different from 

one another at 95% confidence level  
 

Figure 1 keratinase activity of purified and crude enzyme in the presence of all 

depilatory ingredients (at formulation concentration)

 
Plate 1 Dehairing function of EZYKer-50, EZYKer-51 and EZYKer-53 with 
goat hair. 

 
Plate 2 In vivo application of Depilatory Cream on Wistar rat (A) treatment with 

DEPIKER 51, (B) treatment with commercial depilatory cream 

 

DISCUSSION 

 
Most Keratinases are known to degrade collagen. Interestingly, EZYKer-50, 

EZYKer-51 and EZYKer-53 showed no detectable collagenase activities upon 

reaction with collagen. Cai et al. (2008) and Jaouadi et al. (2011) have also 

reported bacterial keratinases that lack collagenolytic activities. The keratinases 

in this study are established as proteases (Dada and Wakil, 2020) but lack the 

ability to effectively degrade collagen, which is a crucial property for an enzyme 
intended to be used in skin dehairing. This characteristic suggests the potential 

utility of the enzymes in the selective removal of hair without causing any 

damage in the collagen content of skin and hides. 
The depilatory components in this study have been selected to give a cosmetic 

base in the form of a cream. Some components were shown to have individual 

inhibitory effects on the activity of the enzymes: EDTA had inhibitory effect on 
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keratinase activity. This is expected because EDTA is able to chelate most of the 
divalent cations in the medium, this process of chelation makes the divalent 

cations unavailable for the keratinase enzyme, and keratinase being mostly a 

cation-dependent enzyme is inhibited indirectly by EDTA. A similar observation 
was made by Yassin et al. (2012) who also reported that the enzyme keratinase 

was significantly inhibited by the presence of EDTA. Calcium ion was also 

observed to cause a reduction in keratinase activity. Although the presence of 
Ca2+ at concentrations of about 10 mM is favourable for keratinase activity 

(Poopathi et al., 2014), However, it is possible that higher Ca2+ concentration in 

the form of Calcium carbonate as a depilatory ingredient may have resulted in 
inhibitory effects on the enzyme.  

Despite the inhibitory effects of some of the individual depilatory component on 
keratinase activity, the enzymes showed significant activities in the presence of 

the combined cream components. In the combined form of the depilatory 

ingredients, the resultant keratinase activity (20.52 U/mL) for EZYKer-50, was 
higher than the activity of any of the individual components. The resultant 

activities (22.20 U/mL and 17.05 U/mL) for EZYKer-51 and EZYKer-53 was 

observed to be higher than most of the activities on the individual components, 
which may have been as a result of the interactions between the components 

while in combination.  

In contrast to chemical depilatories where the active agents; alkaline reducing 
agents which include salts of thioglycolic acid, have usually an odour of their 

own, while many others, particularly sulfides, generate the odour of hydrogen 

sulphide on application (Elumalai et al., 2013), the formulated depilatory cream 
in this study is free of sulfides, there is therefore no need to use the quantity and 

type of perfume necessary to mask the foul odour of hydrogen sulfide during 

depilation, hence, the relatively small amount of light fragrance used in this 
study.  

EZYKer-51 was observed to completely remove hair from goat skin within 24 h. 

The partial removal of hair by EZYKer-50 and EZYKer-53 is likely to be a direct 
consequence of their different keratinolytic activities which is highest in 

EZYKer-51 compared to EZYKer-50 and EZYKer-53. This observation confirms 

that EZYKer-51 alone can accomplish the whole dehairing process. In related 
finding by Jaouadi et al. (2013), complete hair removal from goat skin was also 

observed with keratinase from Brevibacillus brevis US575.  

The potential of EZYKer-51 in hair removal as active depilatory agent in a 
depilatory cream formulation is evident in the observation that the hair-degrading 

ability of the enzyme remained effective even in the presence of all the cream 

ingredients. This is an interesting observation because there have only been few 
reports of the incorporation of keratinase as an active ingredient in a depilatory 

formation. Although, in comparison with commercial depilatories, DEPIKER 51 

started depilation slower but had more depilatory effect. The cream base consists 
of liquid paraffin which serves as emollient and meets the standard of non-

toxicity and non-irritancy (Mousumi et al., 2019) to prevent any possible skin 

irritation and itching that may be experienced by the test objects.  
. 

CONCLUSION 

 

Purified keratinases from Bacillus licheniformis-K51, Bacillus subtilis-K50 and 

Bacillus sp.-K53; EZYKer-51, EZYKer-50 and EZYKer-53 respectively were 

significantly ineffective in degrading collagen. EZYKer-51 also demonstrated 
good dehairing ability in vivo and in vitro and was significantly active in the 

presence of depilatory ingredients. Overall, the findings provide support for the 

potential of this enzyme in hair-removal processes. 
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