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Abstract 
High concentration of polymer solution in cosmetics has the essential role in keeping water on 
peel of skin. This study includes the papain activity in the high concentrated dextran solution for 
keratin hydrolysis. Papain is the industrial and a representative hydrolase. The concentration of 
dextran was ranged to 100 g/L. In the increasing concentration of dextran, the activity of papain 
decreased due to the low diffusivity of papain and substrate. Even in concentrated dextran solu-
tion, keratin powder was possible to be hydrolyzed at the high efficiency. 
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1. Introduction 
In chemical peeling, acids such as glycol acid (hydroxyacetic acid) have been applied for removal of old cuticle, 
reforming to normal peel by natural healing [1]. However, in abrasion of cuticle by acid, excess calcium ion is 
generated by dissolving protein in cell wall of peel, as a result, removing dead cell. Soluble polymer of cosmet-
ics in considering chemical peeling has the potential requirements of 1) high safety, 2) no color, no odorless, and 
no taste, 3) high stability and no chemical change, and 4) high solubility to water. In 1), soluble polysaccharide 
has the high safety against low dermal irritancy and allergy. Water plays the important role in keeping youngness 
of peel. Also, hydroxyl groups in carboxymethylcellulose [2] and polyvinylalcohol [3] have the unique characte-
ristic to keep water. Hydrogen bonding of hydroxyl group with water is related to maintaining water on peeling. 
Using this characteristic in cosmetics, the above-mentioned polymers for peeling have high stability to maintain 
water.  

Papain is a kind of hydrolase, extracted from papaya, and has wide substrate specificity, basic amino acid re-
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sidue. The enzyme is largely used for various applications of food engineering [4] and cosmetic [5]. Because 
papain is produced as an industrial enzyme, it is applicable at low cost for cosmetic compounds. Dextran, a ho-
mopolysaccharide of glucose from Leuconostoc mesenteroides with a substantial number of consecutive α-(1,6) 
linkages, is of commercial interest as a chemical for clinical, pharmaceutical, research, and industrial use [6]. 
Because the hydroxyl groups on dextran exist at outside of the polymer and dextran forms a random structure, 
dextran has a higher hydrophilicity and biocompatibility than cellulose. Some researchers have studied dextran 
for cosmetic [7] and drug engineering to maintain water on peel [8]. 

The structural organization of the keratin dominated in stratum corneumcorneocyte matrix has major impor-
tance for the barrier properties of skin, for the water holding capacity of peel, for the appearance (i.e. optical 
properties) of peel and for the mechanical strength and elastic resilience of peel. Keratin was composed of seven 
single polypeptide chains, each with the configuration of a compound α-helix, where six such chains twisted 
about a seventh to form a seven-strand cable [9].  

In this study, we have determined the activity of papain against keratin originated from wool in dextran solu-
tion. Dextran would function to hydrate the surface of dry keratin via adsorption. The dextran coated on the ke-
ratin enhances the deposition of water to hydrolyze easily. Because dextran has plural hydroxyl groups and 
flexible structure, the structural damage of papain would be reduced. The concentration of dextran is changed 
from 0 to 100 g/L in phosphate buffer solution. During the enzymatic reaction, the viscosity of dextran should be 
considered because the mobility of the substrate and the enzyme would be limited. The objective of this study 
was 1) to verify the activity of papain in dextran solution, and 2) to hydrolyze keratin. Papain in dextran solution 
would work for skin care. Dextran has the high viscosity, resulting in long residence time on skin. This is the 
first report for the activity of papain in dextran solution aiming for cosmetic engineering. 

2. Experimental 
2.1. Materials 
Papain and keratin powder were purchased from Wako Pure Chemical Industries, Ltd. Dextran (Mw. 2,000 kDa) 
was purchased from Sigma-Aldlich Co. (St. Louis, MO). N-α-benzoyl-DL-arginine p-nitroanilide hydrochloric 
acid and p-nitroanilide were obtained from Sigma-Aldlich Co. (St. Louis, MO). Other chemicals were of analyt-
ical grade or higher. 

2.2. Activity of Papain in Dextran Solution 

N-α-benzoyl-DL-arginine p-nitroanilide (DL-BAPA) was dissolved to 10 mM of phosphate buffer (pH 7.0) in-
cluding the various concentrations of dextran (Mw. 2000 kDa). The concentration of DL-BAPA was 1.0 mM. 
The concentration of papain dissolved in dextran solution was set at 1.0 g/L. The substrate and the enzyme solu-
tions were mixed to start the reaction at 303 K at 150 rpm in thermostat shaker. The concentration of p-nitroani- 
lide, a product of hydrolyzed DL-BAPA, was determined by UV-VIS (UV 1800, Shimadzu, Japan). The absor-
bance of p-nitroanilide was changed to concentration using Lambert-Beer equation. The activity of papain was 
determined from the production of p-nitroanilide at the initial, as follow, 

[ ] ( ) ( )Enzymatic activity mol L min the concentration of -nitroanilide reaction timep=・  

The reaction time measured was 60 min after the start of the enzymatic reaction. 
The viscosity of dextran solution was measured by DV-II + Pro (VISCOMETER, BROOKFIELD, U.S.A.) at 

303 K. 

2.3. Hydrolysis of Keratin by Papain in Dextran Solution 
The concentration of dextran (Mw. 2000 kDa) was set at 50 g/L. Papain was added to start the reaction at the 
concentration of 1 g/L. The concentration of dry keratin added was 1 g/L. The temperature was 303 K. In a pre-
scribed time, the reaction solution was filtered using PTFE membrane (Millipore, 0.45 μm) to remove insoluble 
hydrolyzed keratin. The dissolvable protein or amino acid by hydrolysis in filtrate was determined by UV-VIS 
(280 nm), changing the absorbance to the concentration. The reaction solution was observed by digital camera. 
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3. Results and Discussion 
3.1. Papain Activity in Dextran Solution 
Soluble polymer applied for enzymatic reaction is dextran. Dextran has the flexible structure with the plural hy-
droxyl groups. Water molecule hydrates dextran, resulting in high viscosity with increasing concentration of 
dextran. Papain is used for industrial enzyme and possible to be obtained at low cost. The activity of papain in 
dextran solution was determined. Hydrolyzed activity of papain was measured in changing the concentration of 
dextran (Figure 1). DL-BAPA, a substrate, was hydrolyzed by papain to produce p-nitroanilide in a yellow col-
or. As Figure 1, with increasing dextran concentration, the activity of papain gradually decreased.  

The activity of papain in dextran solution should be considered based on two follows: 1) diffusion (mobility) 
of substrate and enzyme, and 2) conformation change of papain by dextran. The mobility of substrate and en-
zyme is directly related to viscosity of dextran solution. The viscosity of dextran solution buffered by phosphate 
as a function of dextran concentration is shown in Figure 2. With increasing the concentration of dextran, the 
viscosity was exponentially increased. This is because the entanglement of dextran via the interactions between 
hydroxyl groups increased. The mobility or diffusivity of molecules concerns with the viscosity of solution as 
Einstein-Stokes equation [10]. Diffusivity is limited with the increment of the viscosity. Also the viscosity of 
dextran reduces the enzymatic activity via fluctuation of enzyme molecule. If the polymer molecule interacts 
with the enzyme molecule, enzyme structure is changed. However, dextran doe not have the functional group of 
carboxyl and amino groups. Hydroxyl group in dextran might not destroy the structure of enzyme. It was found 
that papain had the activity in the high concentrated dextran solution.  

3.2. Keratin Hydrolysis in Dextran Solution 
By removing old cuticle on peel surface, the new dermal tissue would smoothly grow from the inside of skin. 
Our aim of this paper is the proposal of the removal of old cuticle without using the agent of chemical peeling. 
Instead of chemicals, the enzymatic reaction in dextran solution is used for peeling by hydrolysis in mild condi-
tion. Because old cuticle has low water moisture, for hydrolysis enzyme should be located on the old cuticle 
with water molecules. Due to its high viscosity dextran would make enzyme locate on the skin for long resi-
dence time. Time course curve of keratin hydrolysis with papain in dextran solution is shown in Figure 3. The 
concentration of hydrolysates after microfiltration in each solution was determined by the absorbance of UV.  

In the case of only keratin the concentration of hydrolysates did not change, meaning no occurrence of hy-
drolysis. Keratin in the presence of papain in the solution was hydrolyzed and the concentration of the hydroly-
sates reached at equilibrium after 24 hours. Keratin in dextran solution was hydrolyzed by papain, but the hy-
drolyzed speed was low compared with that in water solution. However, irrespective of high concentration of 50 
g/L of dextran solution, keratin hydrolysis proceeded. Compared with water solution, the hydrolyzed concentra-
tion at the steady state was lower.  

The hydrolyzed solutions of keratin were observed in Figure 4. Keratin has the helical structure and the S-S 
bonding between cysteines. In processing the hydrolysis, cysteins of keratin are cleaved by papain in both water  
 

 
Figure 1. Relationship of activity of papain with concentration of dex-
tran solution.                                                  



N. Hara et al. 
 

 
52 

 
Figure 2. Viscosity of dextran solution. Temperature: 303 K.            

 

 
Figure 3. Hydrolysis of keratin powder by papain in dextran solution. 
The concentration of dextran: 50 g/L.                                

 

 
Figure 4. Images of keratin powder hydrolyzed by papain in dextran 
solution from Figure 3. (a) t = 0, (b) t = 1440 min, keratin + papain, (c) 
t = 2880 min, keratin+papain, (d) t = 2880 min, keratin + papain + 
dextran.                                                         

 
and dextran solutions, coloring the solution to yellow. Therefore, from Figure 4, due to no hydrolysis in only 
keratin and water solution, the solution remained white turbidity. The degree of yellow color in water was lower 
than that in dextran solution. In dextran solution, dextran is adsorbed to the surface of keratin to prohibit the hy-
drolysis by papain. 
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4. Final Remarks 
Papain activity in high concentration of dextran solution was determined for the peeling in cosmetics. Dextran 
has the plural hydroxyl groups and high solubility in water to show the high viscosity. With increasing the con-
centration of dextran, the activity of papain gradually increased. This was because the mobility of substrate and 
enzyme in dextran solution was low. Keratin, peel composition, was hydrolyzed by papain in dextran solution, 
demonstrating that papain in dextran solution has the potential composition for cosmetics. 
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