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Abstract. Chondroitin sulfate is currently one of the bioactive compounds obtained from different natural 

materials with high benefit in human medical treatment and pharmaceutical. However, the natural 

concentration of chondroitin sulfate in high cost raw material is low and this situation makes the 

commercialization become difficult. This study focused on production of chondroitin sulfate isolated from 

Bohadschia argus using enzyme-assisted extraction methodology. Optimization experiments were 

conducted based on Response Surface Methodology (RSM) using Box–Behnken design (BBD). Three 

important extraction parameters, including enzyme concentration (X1: 0.05-0.5 %), Time (X2: 0.25–3 h), 

and temperature (X3: 55–65 ◦C) were varied to obtain maximum chondroitin sulfate yields. The RSM 

optimized model obtained from statistical analysis presented the high correlation coefficiency (R2) at 

0.7508, advocating the significance of the model. The optimum extraction conditions were selected as 

enzyme concentration of 0.48% with extraction time of 1.01 h. at an extraction temperature of 56.53◦C. 

Under these conditions, the experimental yield of chondroitin sulfate was 415.59 mg/100g dry, which is in 

good agreement with the value predicted by the model. 
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1 INTRODUCTION  
 

Osteoarthritis clinical studies confirmed the therapeutic 

effects of orally taken chondroitin sulfate on 

osteoarthritis patients with improvement of joint function 

and pain reduction [1-2]. Chondroitin sulfate is present 

abundantly in the extracellular matrix of cartilaginous 

tissues and connective tissue, which are composed of 

collagen networks and amorphous ground substance 

including glycoproteins, hyaluronan, proteoglycans [3]. 

Chondroitin sulfate is an acid mucopolysaccharide, a 

macrobiomolecule, that is comprehensively used in 

medicine, biological materials, cosmetics, and other 

fields for its unique pharmacological activities [4], such 

as anti-inflammatory, anticancer [5]. In general, 

chondroitin sulfate can be added in cosmetic products as 

a moisturizing agent. Due to the large amount of 

negative charge within the chondroitin sulfate molecule, 

the repulsions create a gap causing water and nutrients to 

retain within the molecule's empty space. Therefore, 

chondroitin sulfate is very effective in maintaining 

moisture [6]. Being a water-soluble biopolymer, it has 

the potential to retain the moisture in skin and replace 

the conventionally used glycerin from moisturizers. 

 Currently, the commercial product of chondroitin 

sulfate is derived from shark, cow, pig and chicken 

cartilage, etc. The main benefits for utilizations of these 

biomaterials are to increase the value of bio-wastes and 

to reduce the disposal of wastes to environment and to 

reduce the workloads of waste management. It is widely 

being used in cosmetic industry and as a dietary 

supplement. However, the current problem is due to the 

chance of infectious disease outbreaks such as Mad cow 

disease and H1N1 virus caused by poor preparing raw 

materials. Furthermore, the religious or social 

restrictions on animal sources such as pork, cow or shark 

are the reasons to seek for alternative source for 

chondroitin sulfate production. 

 Marine sources have been demonstrated to be the 

raw materials of bioactive compounds with numerous 

health benefits and high level of biodiversity. In these 

recent years, extensive studies have been conducted to 

investigate biological activities, nutritional value, and 

potential health benefits of marine based bioactive  
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substances [7-8]. Marine living organisms produced 

biological compounds, especially sulfated 

polysaccharides with anticoagulant, antithrombotic 

activities [9]. Several researches are conducted to harvest 

bioactive compounds from sea cucumbers because this 

natural meat source is one of staple food in Asian 

countries due to its high good fatty acid and collagen and 

it is included in Ayuravedic medicine [10-11]. 

 Sea cucumbers are a good alternative to the future 

production of chondroitin sulfate. Among large variation 

of chondroitin sulfate, there are two main types of 

sulfated polysaccharide in the body wall sea cucumber 

namely fucans (SF) often named “fucoidans” and 

fucosylated chondroitin sulfates (FuCS) (Figure 1). 

FuCS obtained from sea cucumbers are characterized to 

be polymeric molecules of D-glucuronic acid, N-acetyl-

D-galactosamine, L-fucose, and sulfate residues [12]. 

Interestingly, FuCS isolated from the body wall of sea 

cucumbers are structurally different from sulfated 

polysaccharides in other invertebrates [13]. The 

molecular structures and biological activities of FuCS 

can vary depending on the species. However, the 

extraction process of chondroitin sulfate has been 

demonstrated mostly in laboratory scale.    

 

 

Fig. 1.  Fucosylated chondroitin sulfates (FucCS) 

 

From the past reports of chondroitin sulfate 

extraction, there are different extraction methods 

depending on the type of raw material, such as extraction 

of chondroitin sulfate using acids, alkaline [14] or 

extraction under high pressure and enzymatic extraction. 

Generally, proteolysis methods are used to release 

peptides of glycosaminoglycans (GAGs) from their 

tissues [3]. For this purpose, many researchers use an 

overly expensive proteinase namely, papain. An 

alternative and more economical enzyme is required to 

substitute this costly enzyme to reduce the cost of 

extraction. Moreover, cleavage of core protein of 

proteoglycan depends on the types of proteolytic 

enzymes. The size of peptides greatly depends on the 

proteolytic enzyme used [3].  

 The major drawbacks of conventional methods, 

acid or alkali extraction, include breaking of bonds 

between xylose and serine resulting in the release of 

sulfate and chondroitin from their extracellular matrix. 

This makes it difficult to detect CS after digestion. 

However, these CS molecules which are released free, 

can be easily absorbed by human digestive system. 

Enzymatic extraction was demonstrated to be able to 

overcome this problem because enzymes digest only in 

the specific regions of the substrates. Hence, using 

different enzymes provide different end products of CS 

and CS biological activities. 

 Therapeutic capability of the orally ingested CS 

has been proved by the clinical studies conducted on 

osteoarthritis patients. These patients had pain reduction 

and improvement in joint function by intake of CS [15-

17]. Therapeutic effects of bovine derived CS (C4S and 

C6S) as a drug has also been proved by its oral intake at 

a dose of 800 mg/day in regular intervals, twice a year 

[18]. The cartilaginous rings of bovine trachea, pork ears 

and snout and shark cartilage are used as sources of CS 

in nutritional supplements. Other available sources of CS 

have been investigated by many researchers [19–22], 

also different methods for extraction and analysis of CS 

have been reported [23–27] 

This study was aimed to investigate the Papain-

assisted extraction method of chondroitin sulfate from 

sea cucumber, Bohadschia argus, based on Response 

Surface Methodology (RSM) with Box–Behnken design 

(BBD), a widely used statistical technique [28][29-30]. 

This study could provide new insights in the production 

of CS from sea cucumber under optimized conditions 

using papain. The extracted CS can be further applied in 

the nutraceutical and functional food industry [31].   

 

2 MATERIAL AND METHODS 
 

2.1. Sample prepareation 
 

Samples of dried Tigerfish (Bohadschia argus) were 

delivered from Papua New Guinea to the laboratory 

(Courtesy provided by Wonnapob Co., Ltd., Bangkok, 

Thailand) (Figure 2). The dried weight and the wet 

weight were measured and recorded. For the wet weight, 

the sea cucumbers were rehydrated, by putting sea 

cucumber into deionized water for 96 hours at 4 °C. 

Deionized water was changed every 24 hours. Weight 

was recorded and the moisture content was analyzed. 

The sea cucumbers were sliced into small pieces and 

stored at -20 °C. Food grade Papain (EC 3.4.22.2), 

chondroitin-4-sulfate from bovine trachea (Fluka) was 

used as standards. 1,9-Dimethylmethylene blue was 

purchased from Aldrich. All the other reagents used in 

the experiment were analytical grade. 
 

 
 

Fig. 2.  Tiger fish sea cucumber (Bohadschia argus) 
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2.2 Enzyme extraction of chondroitin sulfate 
 

Extraction of proteins depends on two vital elements, 

namely extraction condition and the specificity of the 

enzyme. A previous study on defatted Lemna minor has 

demonstrated that protein recovery, degree of hydrolysis 

values and antioxidant properties of hydrolysed proteins 

could be enhanced by increasing enzyme concentration 

and hydrolysis time [32]. During enzyme assisted 

extraction, protein and glycan sulfate present in the 

connective tissue of sea are broken-down to release 

chondroitin sulfate free. Chondroitin sulfate was 

extracted by a method modified from 

Garnjanagoonchorn et al. [30].  

 Initially, the sea cucumber was cut into about 1 

cm-sized slices. 2.0 g of sliced sea cucumber was 

blended in a homogenizer with 0.1 M sodium phosphate 

buffer containing 0.005 M Ethylenediaminetetraacetic 

acid, 0.005 M cysteine hydrochloride, and 0.02% sodium 

azide for preservation of raw material in extraction 

process. In addition to this, sodium phosphate buffer can 

maintain the ionic environment required for extraction 

process.  pH of the buffer was adjusted to 7.0 and Papain 

enzyme was added into mixture. Enzyme hydrolysis 

treatment was carried out according to Box-Behnken 

Design (BBD). The sample was taken after stopping the 

enzyme reaction with boiling water at 95 °C.   

 

2.3 Experimental design 

 

Optimization of parameters for the extraction of 

chondroitin sulfate from Bohadschia argus was carried 

out based on RSM with Box-Behnken design (BBD) by 

using the Design-Expert software (V.7.0.0, Stat- Ease, 

Inc, Minneapolis, USA). This model has been widely 

used to evaluate the relationships between response 

values and factors [5] Furthermore, this method has the 

benefit of reducing the number of experiments. The 

selected extraction parameters in this work included the 

concentration of enzyme, extraction time, and extraction 

temperature. The range and center point values of the 

three independent variables were presented in (Table 1.) 

The three factors were assigned as enzyme concentration 

(X1), extraction times (X2), and extraction temperature 

(X3) and varied to three levels, coded +1, 0, and 1 for 

high, intermediate, and low values, respectively. A total 

of 17 experimental runs were carried out according to 

this design in (Table 2) for optimization of the extraction 

process. The extraction yield of chondroitin sulfate was 

selected as the response (Y). 

 
Table 1. Factor and level of Box-Behnken design 

 
Factor Coded 

symbols 

Levels 

-1 0 +1 

Concentration (%) X1 0.05 0.253 0.5 

Time (min) X2 0.25 1.625 3 

Temperature (°C) X3 55 60 65 

 

The ranges of each factor were selected based on 

our preliminary studies. The temperature range was set 

between 55 to 65°C. Even though the enzyme is active in 

room temperature (+/-20°C), the optimal papain activity 

was observed between 55 to 65°C. Higher temperature 

above 65 °C may lead to inactivation of enzyme which 

led to setting temperature range between 55 and 65 °C.    

Extraction time can depend on raw material used for 

study. Extraction of chondroitin sulfate from bovine 

cartilage require an extraction time was 48 hours due to 

differences in the raw material used in the extraction 

process. However, extraction from sea cucumber does 

not require too long incubation. Therefore, the extraction 

time was limited between 0.25 to 3 minutes. Enzyme 

concentration was chosen according to the previous 

study from Nguyen et al. within range of 0.2 to 1%. [33] 

 
Table 2. Experimental design and responses of the dependent 

variables to extraction conditions 
 

 

 
2.4 Determination of chondroitin sulfate 
 
The content of chondroitin sulfate was determined by 

dimethylmethylene blue assay (DMMB) according to the 

procedure defined by Thomas-Coulson et al. [34]. 

Different concentrations 0, 2, 4, 6, 8 g/ml of 

chondroitin-4-sulphate (C4S) was used as standard curve 

for quantitative calculation (Figure 3). Stock solutions 

were prepared along with DMMB dye and was pipetted 

into 96 well microplates. The volume was adjusted to 20 

l with deionized water. A volume of 20 l from each 

extracted chondroitin sulfate sample was pipetted out in 

subsequent wells containing 200 l of DMMB dye in the 

microplate followed by shaking of the microplate for 5 

seconds using a microplate shaker. The absorbance was 

recorded using UV–Vis spectrophotometer at 525 nm 

immediately and plotted against the concentration on a 

graph and the CS content was determined by referring to 

the standard graph. The standard curve selected the 

chondroitin sulfate as a standard, and the regression 

equation was Y = 0.0382X+0.0116 with R
2 
= 0.9901 

Run Factor 1 

X1 : 

Concentration 

(%) 

Factor 

2 

X2: 

Time 

(min) 

Factor 3 

X3 : 

Temperature 

(°C) 

Yields 

(mg/100g 

dry) 

1 0.50 1.63 55 426.98 

2 0.01 0.25 60 252.28 

3 0.50 3.00 60 343.69 

4 0.25 0.25 55 395.28 

5 0.25 1.63 60 392.24 

6 0.25 3.00 65 349.58 

7 0.25 1.63 60 410.03 

8 0.01 1.63 55 272.92 

9 0.25 1.63 60 393.07 

10 0.01 1.63 65 407.82 

11 0.25 1.63 60 429.93 

12 0.25 1.63 60 443.93 

13 0.25 3.00 55 432.88 

14 0.01 3.00 60 362.85 

15 0.25 0.25 65 409.29 

16 0.50 1.63 65 437.30 

17 0.50 0.25 60 404.13 
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Fig. 3. Standard curve for quantitation of chondroitin sulfate 

 

 
3 RESULT AND DISCUSSION 

 

Optimization of extraction conditions of chondroitin 

sulfate from Bohadschia argus was conducted based on 

RSM. Before conducting the RSM, the levels of RSM 

independent variables for chondroitin sulfate extraction 

were determined based on the preliminary experiments 

(data not shown). After preliminary experiments, 17 

experimental runs with three independent variables, and 

three levels were conducted according to the Box–

Behnken design (BBD) as shown in (Table 2). The 

independent variables were enzyme concentration (X1), 

extraction times (X2), and extraction temperature (X3) 

while the response variable (Y) was the amount of 

chondroitin sulfate from the Bohadschia argus. 

 The application of the RSM offered a model 

representing an empirical relationship between the 

response variable (extraction rate of CS) and the test 

variables under targeted investigation. Table 2 

represented the yields of CS under different 17 

extraction conditions. It was found that the highest yield 

of CS from RSM experiment was 443.93 mg/100 g from 

run number 12 and the lowest yield was 252.28 mg/100 

g from run number 2. 

 The significance of the model was determined by 

ANOVA analysis (Table 3) suggesting the quadratic 

model to fit with experimental data. The P-value of the 

model was less than 0.0001, which suggested the 

significance of the used model. The high correlation 

coefficiency (R2) at 0.7508 of the predicted model was 

obtained, advocating the significance of the model. 

Furthermore, Lack of Fit test showed insignificant p-

value at 0.2619, which was in good agreement to model 

p-value and R2. In case of term models, enzyme 

concentration (X1) and Time x Temp were statistically 

significant (P-value < 0.1). By applying regression 

analysis on the experimental data, the response variable 

(CS yield) and the test variables (extraction parameters) 

were related by the following second order polynomial 

equation Y = - 2120.22564 + 1535.51868 * X2 + 

6872.55469 * X1 + 36.47787 * X3 – 94.02424 * X1 * X3 

– 463.95372 * Time2 – 1637.79206 * X1 

 

Table 3. ANOVA for response surface quadratic model 
 

 

The normal distribution plot was conducted to 

examine the residuals of the data and analyzed the 

linearity of response distribution. The distribution of the 

residual values in Figure 4 showed that there was a linear 

distribution. It confirmed that the residues from the 

experimental results of the chondroitin sulfate yield 

extracted from the Bohadschia argus were normally 

distributed. 

 
Fig. 4. Normal plot of residuals 
 

The response surface plots between different 

independent variables and response were plotted to 

monitor the interactions of the variables and their effects 

on target response, CS yield. This response surface plot 

also determined the optimum level of each variable for 

the maximum response. The optimum values of the 

variables were obtained by solving the regression 

equation using the Design-Expert software. The 3D 

response surface plots and contour plots between 

different variables and yield of CS were represented in 

(Figure 5) and (Figure 6). Figure 5 showed the effect of 

enzyme concentration and extraction time on the yield of 

CS. From figure 5A, at the center point, where enzyme 

concentration was 0.25% and time 1.63 hours, a slight 

increase in the yield of CS was visible. It was also 

Source Sum of 

Squares 

df Mean 

Squares 

F 

Value 

p-

value 

Prob > 

F 

Model 3.521E+0.006 6 5.868E+005 50.73 < 

0.0001 

X2 11578.38 1 115793.38 1.00 0.3407 

X1 79990.00 1 79990.00 6.91 0.0252 

X3 32444.96 1 32444.96 2.80 0.1249 

X2X3 54153.94 1 54153.94 4.68 0.0558 

X1
2 3.249E+006 1 3.249E+006 280.82 < 

0.0001 

X2
2 42497.11 1 42497.11 3.67 0.0843 

Residual 1.157E+005 10 11568.36   

Lack of 
Fit 

86751.68 6 14458.61 2.00 0.2619 

Pure 

Error 

28931.88 4 7232.97   

Cor 
Total 

3.637E+006 16 5.868E+005   
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observed that the CS yield was increased with the 

increasing enzyme concentration.  

 This could be explained that the higher enzyme 

concentration caused a greater number of site-specific 

digestions leading to the release of more polysaccharides 

in a short extraction time. However, when the extraction 

time was extended, the trend of CS yield was different. 

With increasing extraction time, the yield of CS 

decreased, which could be due to the partial 

decomposition of the polysaccharide. This indicated that 

the shorter extraction time of enzyme concentration was 

suggested in this study for improving the extraction 

yield. 

 

(A) 

 

(B) 

Fig. 5. (A) 3D response surface and (B) contour picture plots 

between extraction parameters (concentration, times) and yield.  

On the other hand, when enzyme concentration 

was fixed at the center point (0.25%), CS yield was 

increased by increasing the extraction temperature from 

55 °C to 60 °C (Figure 6). Figure 6 showed the 

correlation between enzyme concentration and extraction 

temperature on the CS yield at a fixed extraction 

temperature at 60 °C. CS yield increased steadily when 

enzyme concentration increased from 0.035 to 0.25%. 

However, the CS yield decreased when temperature 

exceeded 62 °C, which may be due to decomposition of 

CS. 

(A) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

(B) 

Fig. 6. (A) 3D response surface and (B) contour picture plots 

between extraction parameters (concentration, temperature) 

and yield. 

 

Table 4. Factor and level of Box-Behnken design 

 

Parameter Optimum value 

Predicted 

valuesa 

Experimental 

valuesb 

Concentration (%) 0.48 0.48 

Time (min) 1.01 1.01 

Temperature (°C) 56.53 57 

Chondroitin sulfate 

yield (mg/100g dry) 

444.566 415.59 

 

Additionally, model validation experiments were 

performed using the predicted optimum extraction 

conditions from RSM (Table 4). The predicted optimum 

extraction conditions for the maximum yields of 

chondroitin sulfate contents were determined at an 

enzyme concentration 0.48%, extraction temperature of 

56.53 °C and extraction times 0.96 hours. This predicted 

optimum extraction conditions will provide an extraction 

yield of 444.566 mg/100g dried sample. From this 

validation experiment, the chondroitin sulfate yield at 

415.59 mg/100g dried was obtained, which showed 

model error of about 6.51%. This result showed that the 

actual experimental value was in good agreement with 

the predicted values obtained from the quadratic model 

[35-38]. Hence, the response surface modeling can be 

Yi

el

d 

C: Temperature B: Concentration 

450 
405 
360 
315 
270 

65 

55 57.50 60 
62.50 

0.13 
0.01 

0.25 
0.38 

0.50 
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applied effectively to the prediction of extraction of 

chondroitin sulfate from Bohadschia argus.  

 

4 Conclusion 
 

RSM was employed to understand the relationship 

between the extraction parameters and yield of 

chondroitin sulfate. According to ANOVA, the effects of 

enzyme concentration on extraction yield were 

significant. And the best conditions to obtain a high yield 

of chondroitin sulfate content in the extracts were 

determined as enzyme concentration 0.48%, extraction 

time of 1.01 h., extraction temperature of 56.53 °C, with 

the maximum yield of chondroitin sulfate 415.59 

mg/100g dry. Further studies are required to deduce the 

structure and the physiological activity of the 

chondroitin sulfate from Bohadschia argus.  
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