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Abstract 

Ultrasonic assisted method was used to explore the optimal extraction conditions of yam 
polysaccharide, and the antioxidant activity of yam polysaccharide in vitro was further 
investigated. The results showed that the optimal extraction conditions were as follows: 
ultrasonic time 40 min, ultrasonic power 800 W, solid-liquid ratio 1:10 (g/mL), 60 ℃ 
water bath extraction time 30 min, 2 times of extraction. Under these conditions, the 
extraction rate of yam polysaccharide reached 14.5 %. DPPH free radical, hydroxyl free 
radical and superoxide anion free radical scavenging rate of the polysaccharide were 
determined. The results showed that the polysaccharide had significant antioxidant 
activity. 
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1. Introduction 

Dioscorea alata L., also known as purple yam, belongs to Dioscorea zingiberaceae. It is a perennial 

dicotyledonous plant with short growth cycle and high yield. It is named for its irregular flat tuber 

shaped like foot plate in China. As a kind of medicine and food homologous food with great 

development value, purple yam contains not only a large amount of starch, but also a large number 

of beneficial substances such as viscosity polysaccharides, saponins, trace elements, vitamins, 

proteins and so on. Its bioactive components include polysaccharide (mucilage and glycoprotein), 

allantoin, choline polyphenol oxidase and so on [1]. 

Active polysaccharide is known as the "seventh nutrient" of human body, and a large number of 

studies have proved that it has excellent effects on regulating immunity, anti-tumor, anti-virus, 

lowering blood pressure, lowering blood lipid, lowering blood glucose, anti-aging, anti-radiation, and 

protecting liver and kidney [2-4]. Polysaccharide has high safety and has high application value in 

food and health care products. The research and development of active polysaccharides has been paid 

close attention by various industries at home and abroad and is a hot field in the academic field. 

However, the research on the immune mechanism of polysaccharides has made rapid progress, which 

has been developed from the general observation to the molecular level, especially the effect of 

polysaccharide immune function on macrophages. Purple yam is a kind of natural food resource with 

high edible and health value. The purple yam polysaccharides (RDPS) are important functional active 

components of the Rhizoma Dioscoreae. It has been reported that RDPS has good antibacterial 

activity, hypoglycemic and lipid lowering effects, and can inhibit the proliferation of tumor cells. 

Promotes the growth of normal cells such as human endometrial epithelial cells. In addition, yam 

polysaccharide can also enhance the phagocytic function of macrophages and exert immune 
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regulatory activities, but whether yam polysaccharide can effectively intervene in acrylamide-

induced macrophage damage has not been reported. 

In this study, we prepared purple yam polysaccharide (PYP) by ultrasonic assisted extraction method, 

and determined the best extraction conditions of PYP by orthogonal test, and studied its antioxidant 

activity in vitro.  

2. Materials and Methods 

2.1 Preparation of PYP 

The purple yam was naturally dried in the shade to a state without mucus and then transferred to a 

constant temperature drying oven at 60 ℃ to be dried to a constant weight, crushed by a grinder and 

then passed through a 60-mesh sieve. A certain amount of pretreated purple yam powder was weighed 

and placed in a beaker, and distilled water was added. Under the conditions of certain ultrasonic time, 

ultrasonic power, solid-liquid ratio and water bath extraction time, purple yam polysaccharide was 

extracted. The extraction solution was centrifuged in a centrifuge at 3 000 r/min for 15 min, and the 

filtrate residue was repeated for secondary extraction. The supernatants were combined twice in a 

rotoevaporator, and then rotoevaporated to 1/3 of the original volume at 70 ℃, followed by adding 3 

to 4 times the volume of 95% ethanol, and left to rest overnight at room temperature. After ethanol 

precipitation, the liquid was centrifuged at 3 000 r/min for 15 min and the supernatant was taken. The 

obtained supernatant was then placed in a rotary-evaporator and rotated to a viscous state at 60 ℃. 

The viscous liquid was placed in a constant temperature drying oven at 60 ℃ to a constant weight, 

and then the purple yam crude polysaccharide was obtained by mortar grinding. 

2.2 Determination of polysaccharide content of purple yam 

The polysaccharide content of purple yam was determined by phenol-concentrated sulfuric acid 

method. The maximum absorption wavelength was 483 nm (200 nm ~ 700 nm uv scanning). The 

concentration of PYP in sample solution was calculated by regression equation of glucose standard 

curve, and the percentage of PYP in sample solution was calculated according to formula (1). 

Polysaccharide content (%)=[C×D× F /W]×100               (1) 

In the formula, C is the glucose concentration of the sample solution, mg/mL; D is the dilution factor 

of sample solution; F is the conversion factor, 0.9; W is the sample quality, g. 

2.3 Single factor test 

Accurately weigh 2 g PYP powder and add deionized water into a 100 mL beaker according to a 

certain ratio of material to liquid. Put the beaker into a large beaker with ice water mixture, and then 

put it into the ultrasonic cell crusher. After extracting at the preset ultrasonic power for a period of 

time, the beaker was transferred to a water bath at 60 ℃ for a period of time, and the extract was 

centrifuge at 3 000 r/min for 15 min. The filtrate was repeated with the filter residue, and the filtrate 

was combined twice. 1 mL filtrate was dissolved in 10 mL volumetric flask, and the content of 

polysaccharide was determined by phenol-concentrated sulfuric acid method. The optimal ultrasonic 

time, ultrasonic power, solid-liquid ratio and water bath extraction time were determined. 

2.4 Orthogonal test 

On the basis of single factor test, orthogonal test design was carried out by using L9(34) orthogonal 

table. 

2.5 Antioxidative activity of PYP in vitro 

2.5.1 Determination of DPPH radical scavenging rate 

DPPH free radical contains multiple electron absorbing -No2 and large π bonds of benzene ring, so 

it contains stable nitrogen free radical, which is dark purple. When antioxidant (purple yam 

polysaccharide) eliminates DPPH free radical, the absorbance value at the maximum absorption 

wavelength of 517 nm decreases, so the corresponding absorbance value is smaller at a certain 
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concentration. The stronger its antioxidant capacity. 2 mL purple Chinese herb polysaccharide 

solution with different concentrations and 0.0002 mol/L DPPH free radical solution (95% ethanol) 

were mixed, and the reaction was conducted at room temperature under light protection for 20 min. 

The same volume of ethanol and distilled water were used to zero the solution, and the absorbance 

was measured at 517 nm. According to formula (2), DPPH free radical scavenging rates of purple 

yam polysaccharides with different concentrations were calculated. 

DPPH radical scavenging rate /%=[1- (AS-AC) /Ab] ×100             (2) 

As is the absorbance value of the test group, 2 mL sample solution +2 mL DPPH radical solution; Ac 

was the absorbance value of the control group, 2 mL sample solution +2 mL 95 % ethanol; Ab was 

the absorbance value of blank group, 2 mL distilled water +2 mL DPPH solution. 

2.5.2 Determination of hydroxyl radical scavenging rate 

The Fenton reaction can produce hydroxyl radicals, and oxidize Fe2+ to Fe3+ in the solution of o-

phenyl-Fe2 +. The color of the reaction is proportional to the amount of hydroxyl radicals, that is, the 

smaller the absorbance at 536 nm, the stronger the scavenging ability of the sample to hydroxyl 

radicals. The absorbance value of 250 μL purple yam polysaccharide solution was measured at 536nm 

according to the kit instructions. Blank group (Ab), control group (Ac) and experimental group (A) s 

were set. According to formula (3), the hydroxyl radical scavenging rate of purple yam 

polysaccharides with different concentrations was calculated. 

Hydroxyl radical scavenging rate /%=[(AS-AB) /Ac] ×100             (3) 

2.5.3 Determination of superoxide anion radical scavenging rate 

The scavenging rate of superoxide anion radical of purple yam polysaccharide was determined by 

pyrogallol autoxidation. With distilled water As blank Ab, the absorbance value of the mixture As 

was measured at 325 nm. According to formula (4), the scavenging rate of superoxide anion radical 

of purple yam polysaccharides at different concentrations was calculated. 

Superoxide anion radical scavenging rate /%=[(Ab-As) /Ab] ×100           (4) 

2.6 Cell culture 

Mouse macrophage RAW264.7 cells were cultured in DMEM complete medium (containing 10% 

fetal bovine serum and 1% double antibody) in a cell incubator at 37 ℃ and 5% CO2. Cells in 

logarithmic growth phase were inoculated into 96-well plates at a rate of 8×103 cells per well and 

cultured overnight. After cell wall adherent, 100μL of acrylamide solution (2.0, 3.0, 4.0, 5.0, 

6.0mmol/L) in serum-free medium was added to each well of the experimental group, and equal 

volume serum-free medium was added to the blank group. Each group had 6 replicates. After the 

culture, the old medium was sucked out, 100 μL MTT working solution (0.5 mg/mL) was added to 

each well, and the supernatant was discarded, 200 μL DMSO was added to the supernatant and placed 

in a 100 r/min shaker for 10 min. The OD was measured at 490 nm using a microplate reader. 

2.7 Effect of PYP on the growth activity of macrophages induced by acrylamide 

RAW264.7 cells in logarithmic growth phase were inoculated into 96-well plates with 8×103 cells 

per well and cultured overnight. After cell attachment, supernatant was discarded, blank group and 

acrylamide induced experimental group were added with 100 μL serum-free medium to each well. 

The experimental groups were pretreated with PYP, and the experimental groups were separately 

treated with PYP and added with polysaccharide solution (25.0, 50.0, 100.0, 200.0, 500.0 μg/mL) in 

the same volume of serum-free medium. Cells were incubated in an incubator for 4 h, the supernatant 

of PYP pretreatment and acrylamide induction groups was added to 100 μL acrylamide solution (4.0 

mmol/L), and the cells were cultured for 24 h. Cell viability was calculated at the end of the culture. 

2.8 Effect of PYP on phagocytic activity of acrylamide induced macrophages 

The phagocytosis ability of RAW264.7 was measured by its ability to phagocytosis neutral red. After 

culture, discard the medium and add 100 μL neutral red reagent (1 mg/mL) to the well. After 10 min, 

remove the excess neutral red and wash with PBS twice, add 200 μL cell lysate [V(ethanol): V(glacial 
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acetic acid)=1:1], lysate at room temperature for 1 h, and determine the OD value at 540 nm by 

microplate analyzer. 

2.9 Data processing methods 

SPSS 19.0 software was used for statistical analysis. All experiments were repeated for 3 times. The 

results were expressed as mean ± standard deviation. (P<0.05). 

3. Results and Analysis 

The ultrasonic power was fixed at 600 W, the water bath extraction time was 30 min, and the solid-

liquid ratio was 1:20 (g/mL). The extraction rate of PYP was investigated under ultrasonic time of 

10, 20, 30, 40, 50 and 60 min, respectively. The extraction rate of PYP increased gradually within the 

ultrasonic time of 10 min ~ 40 min. The extraction rate of PYP reached the maximum when the 

ultrasonic time was 40 min. After that, with the extension of time, the change of PYP extraction rate 

tended to be stable. Therefore, the optimal ultrasonic time is 40 min. 

The ultrasonic time was fixed for 40 min, the water bath time was fixed for 30 min, and the solid-

liquid ratio was 1:20 (g/mL). The extraction rate of PYP was investigated under the power of 200, 

400, 600, 800 and 1 000 W, respectively. In the range of 200 W to 800 W, the extraction rate of PYP 

increased gradually and reached the maximum value at 800 W. After that, the extraction rate of PYP 

decreased. Therefore, the optimal ultrasonic power is 800 W. 

The ultrasonic power was fixed at 800 W, the ultrasonic time was 40 min, and the water bath 

extraction time was 30 min. The extraction rate of PYP was investigated under the solid-liquid ratio 

of 1:10, 1:15, 1:20, 1:25, and 1:30 (g/mL), respectively. When the solid-liquid ratio was 1:10 (g/mL) 

~ 1:15 (g/mL), the extraction rate of PYP increased greatly. From 1:15 (g/mL) to 1:25 (g/mL), the 

extraction rate of PYP decreased, and then the change was gentle. Therefore, the solid-liquid ratio of 

1:15 (g/mL) is the most suitable choice. 

 

Table 1. Factors and levels of orthogonal experiment 

Levels 

Factors 

A 

ultrasonic time (min) 

B 

ultrasonic power (W) 

C 

solid-liquid ratio (g/mL) 

D 

water bath time (min) 

1 30 600 1:10 20 

2 40 800 1:15 30 

3 50 1000 1:20 40 

 

Table 2. Results and analysis of orthogonal experiment 

Test No. A B C D PYP extraction ratio (%) 

1 1 1 1 1 3.45±0.41 

2 1 2 2 2 9.26±0.51 

3 1 3 3 3 4.56±0.11 

4 2 1 2 3 6.17±0.47 

5 2 2 3 1 11.52±0.22 

6 2 3 1 2 14.23±0.46 

7 3 1 3 2 4.54±0.57 

8 3 2 1 3 13.97±0.42 

9 3 3 2 1 7.02±0.75 
K1 5.56 4.77 10.26 8.01  

K2 11.06 11.99 7.34 9.48  

K3 8.35 8.92 7.58 8.75  

R 5.75 7.91 3.05 1.44  

 

The extraction rate of PYP was investigated under the conditions of 10, 20, 30, 40 and 50 min of 

water bath extraction at the fixed ultrasonic power of 800 W, ultrasonic time of 40 min and solid-
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liquid ratio of 1:15 (g/mL). The extraction rate of PYP increased slowly from 10 min to 20 min. From 

20 min to 30 min, the extraction rate of PYP increased greatly. Thereafter, with the increase of time, 

the extraction rate of PYP began to decline. Therefore, the optimal water bath extraction time is 30 

min. 

According to the single factor test results, L9(3
4) orthogonal table was used to optimize the optimal 

conditions of ultrasonic assisted extraction of PYP. The factor level coding table is shown in Table 1. 

The orthogonal test results are shown in Table 2. 

According to the orthogonal test results and range analysis, it can be seen that the main order of 

influence of various factors on the extraction rate of polysaccharide is B > A > C > D. According to 

the value of K, the optimal extraction conditions were as follows: A2B2C1D2, namely: ultrasonic time 

40 min, ultrasonic power 800 W, solid-liquid ratio 1:10 (g/mL), 60℃ water bath extraction time 30 

min. Under these conditions, the extraction rate of polysaccharide was 14.5%. 

When the concentration of PYP was between 1.5 mg/mL and 2.5 mg/mL, the DPPH radical 

scavenging ability of VC in control group was significantly higher than that of PYP (P<0.05); The 

DPPH radical scavenging ability of PYP was close to or better than that of control group when the 

concentration of PYP ranged from 2.5 mg/mL to 4.0 mg/mL, and the difference was not significant 

(P>0.05), indicating that only when the content of PYP reached a certain concentration, it had a strong 

ability of scavenging DPPH free radical. 

 

 

Fig. 1 DPPH radical scavenging rate (%) 

 

When the concentration of PYP was 1.5 mg/mL to 2.5 mg/mL, the hydroxyl radical scavenging ability 

of PYP was almost equal to that of control group VC, but the difference was not significant (P>0.05). 

When the concentration of polysaccharide ranged from 3.0 mg/mL to 4.0 mg/mL, the scavenging 

ability of PYP was higher than that of control group VC. 

 

 

Fig. 2 -OH radical scavenging rate (%) 
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In the concentration range of 0.5-3.0 mg/mL, the scavenging ability of both PYP and VC on 

superoxide anion radical increased gradually, and the scavenging ability was similar. 

 

 

Fig. 3 -OH radical scavenging rate (%) 

4. Conclusion 

In this study, the polysaccharide was extracted by ultrasonic assisted method. The extraction time 

was 40 min, the ultrasonic power was 800 W, the solid-liquid ratio was 1:10 (g/mL), and the 

extraction time was 30 min at 60 ℃. The extraction rate of polysaccharide was 14.5 %. The results 

showed that the polysaccharides had good antioxidant activity in vitro, and there was a certain 

quantitative effect relationship with the mass concentration. When the concentration of PYP reached 

4.0, 4.0 and 3.0 mg/mL, the scavenging ability of PYP on DPPH, hydroxyl and superoxide anion 

radical reached 86%, 82% and 63%, respectively. 
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