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Abstract. The extraction condition of crude polysaccharides from Codonopsis pilosula by hot water 

reflux method was studied and the results analyzed by kinetic model. Then, the extraction rate and 

maximum extraction temperature were determined. furthermore, the thermal and pH stability and the 

rheological properties of the crude polysaccharide were also studied. crude Codonopsis pilosula 

polysaccharide (CCPP) under different conditions was extracted by hot water reflux method, the 

content was determined by phenol-sulfuric acid and DNS method, and the kinetic model of the 

extraction process was established. The viscosity was determined under different solute concentration, 

salt concentration, rotation speed, pH, and temperature. The thermal stability and pH stability were 

determined; the protein content and sulfate ion content were determined by the coomassie brilliant 

blue method and barium sulfate turbidimetry method, respectively. The yield of CCPP by the hot water 

reflux method was 25.72%. At 50 oC, the maximum extraction concentration, the rate constant and the 

linear relationship between the rate constant and the time were obtained at different ratios of material 

to liquid. The extraction process of this experiment coincided with Fick's second law, R2 was greater 

than 0.88 and with the increase of extraction time, the dissolution rate increased, but with the increase 

of the ratio of material to liquid, the dissolution rate was decreased. CCPP showed a loss of 

polysaccharide fluidity as temperature increased and was affected by pH change. The apparent 

viscosity was affected by a change in solute concentration, temperature, pH, rotation speed and salt 

and sucrose concentrations.  
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1.Introduction 
Codonopsis pilosula is a medicinal plant of the family Campanulaceae that is predominantly found 

in Asia [1]. There are about 40 Codonopsis species that can be found in China [2], and among them, 

Codonopsis pilosula is the most popular. It has long been used in Chinese medicine as a natural herb 

and also occasionally as a substitute of Panax ginseng [3]. The roots of Codonopsis pilosula have been 

reported to have also been used in traditional Chinese medicine for the treatment of asthma, cough, and 

psychoneurosis [4-5] and there are reports that Codonopsis species contain phytochemicals such as 

polysaccharides, triterpenoids, alkaloids, flavones, polyacetylenes, etc some of which are responsible 

for its bioactivities [1,3].  

Literature report of the study of bioactive polysaccharides isolated from medicinal plants is 

becoming large and increasing because of their industrial and pharmacological potentials. Currently, 

about thirty polysaccharides have been studied in clinical trials [6] and many methods have been 

developed and applied to extract and purify bioactive polysaccharides from natural sources. Some of 

the commonly used extraction methods include hot water extraction, acid or alkali extraction, 

ultrasound-assisted extraction, enzyme hydrolysis, and microwave assisted extraction [7]. In recent 
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times, there is an increasing interest in the extraction and purification of secondary metabolites and 

phytochemicals including bioactive polysaccharides from codonopsis pilosula because of the 

importance of the plant in traditional Chinese medicine and many scholars have reported their 

studies of extraction of polysaccharides from codonopsis pilosula. But the use of different 

extraction and purification methods often influence the modification and bioactivities of the 

polysaccharides [6,8], hence the yields and physicochemical properties often reported are different. 

In this study, polysaccharide extraction technology was studied and the maximum extraction yield 

was obtained using hot water reflux method. Also, the kinetics model for the reaction was 

established and the thermal and pH stability and rheological properties of the polysaccharide were 

evaluated. It is hoped that the result will contribute to the current knowledge of extraction of 

polysaccharides from C. pilosula and help to further expand its use in food and medicine.  

 

2.Materials and methods 
2.1. Preparation of sample and extraction of polysaccharides 

Dried roots of Codonopsis pilosula were purchased from Longnan city, Gansu province, China. 

The root was crushed into fine powered in a blender (Tianjin Taisite Instrument Co. Ltd., Tianjin, 

China) and sifted through a sieve of 60 mesh sizes. About 5.0 g each of the fine powder was 

transferred into a tripod bottle and labeled, distilled water was added according to four different 

solid to liquid (g/mL) ratios (1:15, 1:20, 1:25, and 1:30) and heated in a water bath with occasional 

stirring for hot water extraction (extraction time: 0.5, 1, 1.5, and 2.5 h; extraction temperature: 50, 

60, 70, and 80 ℃). The mixture was centrifuged (4000 r/min for 15 min), filtered and the 

supernatant collected.  95% ethanol of 4 times its volume was added to it for ethanol precipitation 

and then placed in the refrigerator (4 oC). After 12 hours, it was centrifuged (4500 r/min for 20 min) 

and the precipitate was collected and dried to obtain C. pilosula crude polysaccharides termed 

CCPP. The determination of the total polysaccharide content was done using the phenol-sulfuric 

acid method and the polysaccharide yield (%) was calculated according to the equation: 

                                                      1
 (%)  100      (1)

2

W
Polysaccharide yeild

W
   

where, W1 is weight of the polysaccharide and W2 is weight of the raw material in gram, respectively. 

All chemicals used in this study were analytical grade. 

2.2. Establishment of the Kinetic model 

The kinetic analysis of the extraction process was established based on Fick’s second law. For the 

purpose of this study, the grounded solid particles of Codonopsis pilosula were regarded as spherical, 

and the following assumptions were made: 

i.The pulverized fruiting bodies were uniform spherical particles, and the shape of the 

particles  remained almost unchanged throughout the extraction process.  

ii.At the beginning of extraction and at any sampling interval, the components in the 

particles were uniformly distributed and the quality of polysaccharide components was 

maintained.  The concentration and diffusion coefficient of polysaccharides remain unchanged. 

iii.The diffusion of polysaccharides is carried out radially from the inside of the particle. 

iv.The mass transfer resistance on the surface of the particles is neglected; assuming that the 

solid particles of C. pilosula are spherical, the radius is R, the volume of the solvent in the 

particle is Vi, and the effective component at time t is r from the surface of the sphere. The 

mass concentration of polysaccharide is c, the mass concentration of the main active 

component in the liquid phase is Cout, the average concentration of polysaccharide in the 

particle is CI, and the internal diffusion coefficient is DS. According to Fick’s second law of 

diffusion:  
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                                                                                                                           (3) 

The boundary conditions are: r = 0, f = 0 
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In the formula, the contact area between the particle and the solvent is obtained, according to the 

Fourier transformation method.  

          (5)

 Because the distribution of concentration is infinite series, its high order term tends to zero and can be 

neglected.

                         RtDCCCC S
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The logarithm of pairs (6) is obtained: 

 

     (7)

 Note: Equations (6) and (7) are the obtained kinetic equations, which reflect the relationship between 

the radius of particles, temperature, extraction time and the concentration of polysaccharide. 

 

2.3. Determination of physicochemical properties of CCPP 

2.3.1. Determination of total carbohydrate, protein and sulfate content 

The phenol-sulfuric acid method with glucose as standard was used to determine the carbohydrate 

content [9]. The protein content was determined by Bradford method using bovine serum albumin as 

the standard [10], while barium sulfate turbidimetry was used to estimate the sulfate content [11]. 

2.3.2. Thermal and pH stability 

To test the thermal stability of CCPP, 0.05 g of CCPP sample was dissolved in 50 ml water to make 

1 mg/mL solution. The CCPPs solution was then allowed to heat for 2 h in a water bath (heating 

temperatures: 40, 50, 60, 70, 80, 90, and 100 oC) and the absorbance value was measured at 490 nm by 

the phenol-sulfuric acid method. Fresh samples were used in all physicochemical and rheological 

measurements, each test was done in triplicate and the average values were obtained. For the pH 

stability test, CCPP (0.05 g) was dissolved in 50 mL water. The pH of the CCPPs solution was 

adjusted with acid and alkali and the absorbance (OD490 nm) value was measured at pH 1-13.  

 

2.4. Measurement of rheological properties of CCPP 

2.4.1. Effect of the rotation speed on viscosity of CCPP 

3 mg/mL of CCPP solution (CCPPs) was prepared. The solution was stirred for proper mixing and 

then allowed to settle at room temperature. The apparent viscosity of CCPPs was measured at different 

rotational speeds (0.3, 0.6, 1.5, 3, 6, 12, 30, and 60 r/min).  

 

2.4.2.  Effect of concentrations on viscosity of CCPP 

Solutions of CCPP (0.8, 1, 2, 3, 4, and 5 mg/mL) were separately prepared, stirred and allowed to 

settle at room temperature. Then the apparent viscosity was measured at 1.5 r/min rotational speed.  

 

2.4.3. Effect of temperature on viscosity of CCPP 

CCPP solution of a fixed concentration (3 mg/mL) was heated to the following temperatures 20, 30, 

40, 50, 60, 70, and 80 oC in a hot water bath. The apparent viscosity at each test temperature was 

measured at 1.5r/min.  
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Figure 1. Linear 

relationship between 

ln(C∞/C∞-C) and t    

at (A) 50oC, (B) 60oC, 

(C)70oC, and  (D) 80oC 
 

2.4.4.Effect of pH change on viscosity of CCPP 

The viscosity of 3 mg/mL CCPP solution was measured at pH 1, 3, 5, 7, 9, 11, and 13. The 

rotational speed was fixed at 1.5 r/min. 

 

2.4.5. Effect of salts and sucrose concentrations  

0.5, 1.0, and 1.5 mg/mL of salt (NaCl, KCl, ZnCl2, and CaCl2) and sucrose solutions were 

prepared, and added to 3 mg/mL of CCPP solution separately. The mixture was then shaken for 

proper dissolution of the polysaccharide molecules and then allowed to settle at room temperature. 

The apparent viscosity of the new solution was determined at 1.5 r/min rotational speed. 

 

3.Results and discussions 
3.1. Polysaccharide yield and kinetic model 

In this experiment, 129 g C. pilosula was used and 33.18 g crude polysaccharide was obtained 

by hot water extraction and ethanol precipitation. Therefore, the yield of crude polysaccharide 

extracted from C. pilosula by hot water reflux method was calculated to be 25.72%. The dynamic 

parameters (The regression equations and observed rate constants) of the kinetic study for the 

extraction process were summarized in Table 1. 

 

Table 1. Dynamic parameters at different material to liquid ratios 
Material to liquid ratio C∞ ln[C∞/(C∞-C)] Fitted linear equation R2 

1：15 469.86 0.73 y=3.7791x-1.8085 0.9251 

1：20 421.91 0.57 y=2.4577x-0.9585 0.8889 

1：25 329.86 0.98 y=0.55x+0.6805 0.9942 

1：30 196.74 1.17 y=0.5907x+0.857 0.9951 

The maximum extraction concentration, the rate constant and the linear relationship between 

the rate constant and time were obtained at 50 °C at different ratio of material to liquid. From Table 

1, R2  was greater than 0.88 at the different material to liquid ratios and fixed temperature, showing 

that the extraction process coincides with the Fick's second law. In addition, Figure 1 was a linear 

relationship graph fitted according to Fick's second law at 50, 60, 70, and 80 °C, respectively. The 

results showed that the dissolution rate of crude polysaccharides from C. pilosula increased with 

the increase of extraction time, but decreased with the increase of material-liquid ratio. 
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3.2. Physicochemical properties of CCPP 

Table 2 showed the standard curve linear regression and the calculated content of protein and sulfate 

in CCPP. Protein content was 0.36% by Bradford method, and sulfate content was 13.89% by 

turbidimetry method.  

 

Table 2. Content of protein and sulfate in polysaccharide 

Items Standard curve R2  Value Content 

Protein content of 

polysaccharide 
y= 1.712x+1.3942 0.9816 0.36% 

Sulfate content of 

polysaccharide 
y=3.893x+0.3672 0.9909 13.89% 

 

Results of the thermal and pH stability of CCPP were displayed in Figure 2(A) and(B). The heat 

treatment under the condition of normal pressure brought about an accompanying loss of 

polysaccharide fluidity (gelation) as the temperature increases towards 100 oC. This phenomenon may 

have resulted from the physical association of its polymer chains through hydrogen bonding and 

development of hydrophobic interactions [12-15]. Gelation was more significant from 60 to 80 oC and 

the gelation temperature was taken to be 60 oC. From Figure 2(B), the polysaccharide was unstable 

when subjected to pH treatment, its stability significantly decreasing as pH value tends to alkaline. 

 

 
Figure. 2. Thermal and pH stability of CCPP 

 

3.3. Rheological properties of CCPP 

3.3.1. Effect of rotation speed and concentration on apparent viscosity of CCPP 

Figure 3(A) showed the effect of changing rotation speed on the apparent viscosity of CCPP.   

The apparent viscosity decreased with increasing rotation speed (shear-thinning) at the same 

concentration (3mg/mL) and temperature (25oC), a behaviour that was characteristic of Pseudoplastic 

fluids [16]. 

 
Figure 3. Effect of Rotational speed and solute concentrations on apparent  

viscosity of CCPP solution 
 

A 
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The effect of solute concentration on the viscosity of CCPP was measured at 1.5 r/min rotation 

speed and the temperature was fixed at 25 oC. As shown in Figure 3(B), the apparent viscosity of 

CCPP increased as the solute concentration increased. Wang et al. [17] had earlier reported that 

solubility and viscosity of polysaccharide solutions were usually influenced by solute 

concentration. This could be due to the fact that the higher the solute concentration of the solution, 

the greater the degree of molecular interactions in the solution. Thus, the increased polysaccharide 

concentration led to enhanced interaction between the polysaccharide chains [18] eventually 

contributing to a greater viscosity of the polysaccharide solution.  

 

3.3.2. Effect of temperature and pH on apparent viscosity of CCPP   

Figure 4(A) showed how a change in temperature affected the viscosity of CCPP. From the data 

in this study, it can be seen that at a concentration of 3 mg/mL and 1.5 r/min rotation speed, the 

apparent viscosity of CCPP decreased steadily as the temperature increased from 20 to 80 oC. This 

could be due to the increase of molecular energy that is required for molecular mobility so that the 

distance between the molecules became widen with less internal friction (reduction of their 

cohesiveness) [19] resulting in the decrease in the apparent viscosity of the polysaccharide solution 

[19-21]. Another reason could be that the increase in temperature resulted in the decomposition of 

the polysaccharide, causing a change in its structure and thus, reducing the viscosity of the 

solution. According to Fig. 4(B), changing the pH from the neutral pH of 7.0 caused a 

corresponding change in the conformation of the polysaccharide molecules which was in 

agreement with a previous report by Medina-Torres et al.[22]. Thus, resulting in the change 

(decrease) of the viscosity of the solution. Obviously, the lowest viscosity of the solution was 

recorded at pH 1.0 and 13 indicating its instability under strong acidic and alkaline conditions. 

 
Figure 4. Effect of temperature and pH on apparent viscosity of CCPP solutions 

 

3.3.3. Effect of different salt concentrations and Sucrose solution on apparent viscosity of CCPP 

The presences of metal ions in a polysaccharide solution often lead to a change in the electric 

charge distribution of the polysaccharide molecules, thus affecting the viscosity of the 

polysaccharide solution [17]. In Fig. 5, the effects of sodium chloride, potassium chloride, zinc 

chloride, calcium chloride and sucrose on the viscosity of CCPP solutions were given. In all, the 

presence of the metal ions affected the viscosity of CCPPs. An increase in salt concentration led to 

a corresponding increase in viscosity of CCPP. By comparing the apparent viscosities of CCPP in 

the presence of NaCl, KCl, ZnCl2, and CaCl2 at the same ionic strength, it was observed that the 

effects of the divalent salts (CaCl2 and ZnCl2) were stronger on the viscosity of CCPP than that of 

the monovalent salts (NaCl, KCl,).  

These findings agreed with the previous report of Wang et al that in the salt of higher 

concentration, the effect of Ca2+ on polysaccharide viscosity was stronger than that of K+. This was 
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attributed to the fact that polysaccharides containing a high amount of uronic acid (acidic 

polysaccharides with carboxyl groups) were able to undergo complex reaction in the presence of 

divalent cations to form a salt bridge, thus improving its apparent viscosity. Furthermore, comparing 

the effects of all the salt solutions on CCPP viscosity, the effect of ZnCl2 was strongest [17-25]. 

Also, as can be seen from Fig. 5, the viscosity of CCPP increased significantly as the sucrose 

concentration increased. First of all, it was worth noting that the presence of sucrose might contribute 

itself to the viscosity of the solution. Also was the fact that the hydration of its molecule in the solution 

will reduce the amount of free water, strengthening the interaction of the CCPP molecular chain and 

enhancing polymerization of hydrogen bonds between the polysaccharides, thus leading to the 

increased viscosity of the polysaccharide solution [26-35]. 

 
 

 

Figure 5.  Effect of salt (NaCl, KCl, ZnCl2 , and CaCl2) 

 and Sucrose concentrations on apparent viscosity of CCPP 

 

4. Conclusions 
Hot water reflux method was used for the polysaccharide extraction and the polysaccharide yield of 

25.72% was obtained. The extraction process was consistent with Fick’s second law and R2 >0.88. 

CCPP apparent viscosity was affected by temperature, rotational speed, solute concentration, pH and 

presence of metal ions. The apparent viscosity increased with increased in solute concentration but 

decreased with increasing temperature and rotation speed (Pseudoplastic fluid). At the same 

concentration, divalent cations had a stronger effect on the viscosity of CCPP than monovalent cations 

suggesting that CCPP could be acidic polysaccharides with carboxyl groups. Increase in sucrose 

concentration also significantly increased the viscosity of CCPP. The results from this study support 

the potential usefulness of CCPP in food and drug applications although further analysis will be 

needed to fully describe its other physicochemical and rheological properties and also its full 

biochemical composition. 
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