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1 Introduction
Benincasa hispida var. chieh-qua How (known as “Chieh 

qua” or “mini Donggua”), a variety of Benincasa hispida (Thunb.) 
Cogn. var. hispida (known as “Donggua or Winter melon”), is a 
popular vegetable in south of China, especially in Guangdong 
and Guangxi Province (Flora of China Editorial Committee, 
1986). The fruit of Chieh qua is smaller than that of Donggua 
(Figure 1). Like Donggua, the fruit of Chieh qua is also a rich 
source of nutrients such as proteins, vitamins, and minerals 
(Flora of China Editorial Committee, 1986; Zaini et al., 2011). 
Many chemical components isolated from Donggua such as 
flavanoids, saponins, organic acids and polysaccharides have 
various biological activities and pharmacological functions 
(Bimakr et al., 2012; Du et al., 2005; Jayasree et al., 2011; Jiang et al., 
2016; Zaini et al., 2011). However, no phytochemical research 
on Chieh qua was reported before. Natural polysaccharides have 
attracted more and more researchers’ interest because of their 
various biological activities (Chen et al., 2021; He et al., 2020; 
Huang et al., 2015; Li et al., 2020, Liu & Li, 2021; Yu et al., 2021). 
Here we reported the antioxidant activities of water-soluble 
polysaccharide extracted from Chieh qua.

2 Materials and methods

2.1 Materials and chemicals

The fruit of Benincasa hispida var. chieh-qua How (Chieh 
qua) were provided by Institute of Vegetable, Zhejiang Academy 
of Agricultural Sciences. Dimethyl sulfoxide (DMSO), 
2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 
ascorbic acid (Vc), 1,1-diphenyl-2-picryl- hydrazyl (DPPH), 
and monosaccharide standards (D-xylose (D-Xyl), L-arabinose 

(L-Ara), D-glucose (D-Glu), D-galactose (D-Gal), D-mannose 
(D-Man), L-rhamnose (L-Rha), and L-fucose (L-Fuc)), were 
purchased from Sigma Chemical Co. (St. Louis, MO, USA). 
The other chemical reagents were of analytical grade.

2.2 Preparation of BHCP

Extraction of BHCP and protein removal

The powder of dried B. hispida var. chieh-qua How fruit was 
extracted with 95% EtOH refluxing 2 times (1 h for each time) to 
remove lipophilic compounds, and then successively extracted 
with 10 vol of distilled water at 90 ºC for 3 times (2 h for each 
time). The aqueous extracts were combined and concentrated 
under reduced pressure and then precipitated with 75% ethanol at 
4 ºC overnight. The precipitate was centrifuged and re-dissolved 
in distilled water to remove the protein using Sevage method 
(CHCl3: n-BuOH, 4: 1, v/v) (Li et al., 2021b). Finally, the samples 
were lyophilized, giving the polysaccharide (BHCP).

Monosaccharide composition

About 5 mg BHCP was hydrolyzed in 1 mL trifluoroacetic 
acid (TFA, 2 mol/L) at 120 ºC for 3.0 h. The excess acid was 
completely removed by nitrogen. Neutral sugars and inositol 
were acetylated utilizing the method described as reported 
previously (Song  et  al., 2017; Zhang  et  al., 2010) and then 
simultaneously detected by GC. GC was performed on an Agilent 
7890B instrument equipped with a capillary column of Agilent 
HP-5 (30 m × 0.32 mm × 0.25 μm). The temperature program 
was: 120 ºC for 3 min, then to 210 ºC at 3 ºC/min and maintain 
for 15 min. The injection volume was 0.2 μL
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The sample of BHCP (30 mg) was dissolved in D2O (99.9%) and 
lyophilized three times to substitute the exchangeable protons and 
finally dissolved in 0.6 mL D2O. 13C-NMR spectroscopy was analyzed 
using a Bruker AVANCE III 500 MHz spectrometer at 125 MHz.

2.3 Antioxidant activities in vitro

DPPH free radicals scavenging activity

DPPH free radicals scavenging activity of BHCP was evaluated 
using the method reported (Hu et al., 2021; Zhang et al., 2017) with 
some modifications. First, a series of BHCP solutions (50, 100, 200, 
500, 1000, 2000 μg/mL) were prepared, respectively. Then, 2 mL of 
DPPH solution (0.1 mmol/L) was added into 2 mL of above prepared 
solution separately, blending, and then the mixture was placed in 
darkroom for 30 min at 37 °C. Vc was used as a positive control. 
The absorbance was determined at λ=517 nm. The scavenging rate 
was calculated according to the following equation.

( ) ( )1 2 0 %   1 /   100%Scavenging rate A A A= − − ×    (1)

A0: Absorption (Abs) of the DPPH solution without BHCP.

A1: Abs of the reaction mixture.

A2: Abs of BHCP without the DPPH solution.

ABTS free radicals scavenging activity

ABTS free radicals scavenging ability of BHCP was determined 
in terms of the method conducted before (Chen et al., 2021; 

Hu et al., 2021) with some modifications. ABTS radicals cation 
was prepared by mixing 7 mmol /L ABTS with 2.45 mmol/L 
potassium persulphate in the ratio of 1:1 and incubated at room 
temperature in darkroom for 16 h. The solution was then diluted 
with phosphate buffer (10 mmol/L, pH 7.4) to an absorbance 
of 0.70 ± 0.02 at 734 nm. 2 mL of BHCP solution with various 
concentrations (100, 200, 300, 400, 500 and 1000 μg/mL) were 
added to cationic ABTS radicals solution (2 mL), shaken and 
incubated at 37 ºC for 30 min. The absorbance was measured 
at 734 nm. Vc was served as positive control.

( ) ( )1 2 0 %   1 /   100%Scavenging rate A A A= − − ×    (2)

A0: Abs of the ABTS solution without BHCP.

A1: Abs of the reaction mixture.

A2: Abs of BHCP without the ABTS solution.

Determination of scavenging capacity of hydroxyl radicals

1.5 mL BHCP solution with different concentration of 
100, 200, 500, 1500 and 2000 ug/mL was added to the test 
tube separately. 0.5 mL 6 mmol/L FeSO4 solution and 0.5 mL 
3% H2O2 solution were then added quickly. Ten minutes later, 
0.5 mL 9 mmol/L salicylic acid-ethanol solution was added. 
The mixture was reacted in water bath at 37 °C for 30 min. 
The ultraviolet absorbance of the mixed solution was recorded 
at 517 nm (Chen & Huang, 2019; Zheng et al., 2020). Vc was 
used as a positive control.

Figure 1. The fruit of B. hispida var. chieh-qua.
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( ) ( )1 2 0 %   1 /   100%Scavenging rate A A A= − − ×    (3)

A0: Absorption of BHCP replaced by distilled water.

A1: Absorption of the reaction mixture.

A2: Absorption of BHCP.

3 Results and discussion

3.1 Deproteinization and yield of BHCP

After the hot water extraction, ethanol precipitation, and 
deproteinization by Sevage method, the pale yellow polysaccharide 
(BHCP) was obtained (12.08% yield from the dry powder) from 
B. hispida var. chieh-qua How (Chieh qua). The weak ultraviolet 
absorbance of BHCP solution at 280 nm and 260 nm (Figure 2) 
indicated that it was almost free of protein and nucleic acid 
(Li et al., 2021a; Huang et al., 2015; Zhang et al., 2016).

3.2 GC and NMR analysis

Monosaccharide compositions of BHCP were analyzed by 
GC. BHCP consisted of D- galactose and D-glucose in the molar 
ration of 2.59: 1 (Figure 3).

The 13C-NMR spectrum of BHCP is shown in Figure  4. 
The chemical shifts of anomeric carbons indicated that there 
are both α- and β-glycosidic bond in BHCP. The chemical shifts 
from δ 99–101 ppm were attributed to α-galactose/α-glucoside 
anomeric carbons, while the chemical shift of δ 104 ppm was the 
characteristic resonance absorption peak of β-galactose/β-glucoside 
anomeric carbon (Liu et al., 2021; Pan et al., 2020). These results 
are consistent with the analytical results of GC.

3.3 Analysis of antioxidant activity results

Scavenging activity of BHCP on DPPH

The DPPH free radicals scavenging activity of BHCP was 
shown in Figure 5a. The BHCP showed preferable scavenging 
ability against DPPH free radicals. The scavenging activity 
increased from 4.30% to 73.00% in a concentration-dependent 
manner following the concentration of BHCP increased from 
0.05 mg/mL to 2.0 mg/mL. As a control, the scavenging activity of 
Vc was higher than BHCP, reaching 98.80% at the concentration 
of 2.0 mg/mL.

Scavenging activity of BHCP on ABTS

Figure 5b showed the scavenging rate of ABTS free radicals. 
BHCP exhibited remarkably scavenging abilities on ABTS radicals 
cations in a dose-dependent pattern at the concentrations region 
of 0.1–0.5 mg/mL. The ABTS radicals cations scavenging ability 
of BHCP was 98.58% at 0.5 mg/mL, which was almost the same 
capacity as VC (99.60%), suggesting that BHCP was a potential 
ABTS radical-scavenger.

Hydroxyl radicals scavenging activity of BHCP

The hydroxyl radicals scavenging activity of BHCP was 
shown in Figure 5c. The ability of scavenging hydroxyl radicals 
was enhanced with the increase of BHCP concentration. 
At a concentration of 2.0 mg/mL, BHCP displayed remarkable 
hydroxyl radicals scavenging rate of 82.30%, while Vc showed 
higher scavenging rate of 98.10% at the same concentration.Figure 2. The UV spectrum of BHCP.

Figure 3. GC spectra of the acetylated derivative of standard monosaccharide mixture (a), BHCP (b). (Rt 19.063: L-Rha; Rt 19.630: L-Ara; Rt 
19.952: L-Fuc; Rt 20.151: D-Xyl; Rt 26.936: D-Man; Rt 27.323: D-Glu; Rt 28.018: D-Gal; Rt 31.295: Inositol).
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4 Conclusion
In this study, the water-soluble polysaccharide (BHCP) 

was extract and isolated from Chieh qua (B. hispida var. 
chieh-qua How) fruit. Its structural characteristics, including 
the monosaccharide composition and glycosyl linkages, were 

elucidated. Furthermore, the antioxidant capacities of BHCP 
on DPPH, ABTS, and hydroxyl radicals were investigated in 
vitro. The results demonstrated that BHCP exhibited strong 
antioxidant activities, showing that the BHCP from Chieh qua  
has potential application value on the functional food.

Figure 4. 13C-NMR spectrum of BHCP.

Figure 5. Antioxidant activities of BHCP. Scavenging activity of (a) DPPH radicals, (b) ABTS, (c) hydroxyl radicals. 

Original Article



Wang et al.

Food Sci. Technol, Campinas, 42, e88421, 2022 5

Acknowledgements
This work was supported by the general subject fund of Science 

Technology Department of Zhejiang Province (LGN18C15008).

References
Bimakr, M., Rahman, R. A., Taip, F. S., Adzahan, N. M., Sarker, M. 

Z. I., & Ganjloo, A. (2012). Optimization of ultrasound-assisted 
extraction of crude oil from Winter Melon (Benincasa hispida) seed 
using response surface methodology and evaluation of its antioxidant 
activity, total phenolic content and fatty acid composition. Molecules 
(Basel, Switzerland), 17(10), 11748-11762. http://dx.doi.org/10.3390/
molecules171011748. PMid:23044712.

Chen, J., Li, L., Zhang, X., Wan, L., Zheng, Q., Xu, D., Li, Y., Liang, Y., 
Chen, M., Li, B., & Chen, Z. (2021). Structural characterization 
of polysaccharide from Centipeda minima and its hypoglycemic 
activity through alleviating insulin resistance of hepatic HepG2 
cells. Journal of Functional Foods, 82, 104478-104488. http://dx.doi.
org/10.1016/j.jff.2021.104478.

Chen, L., & Huang, G. (2019). Antioxidant activities of phosphorylated 
pumpkin polysaccharide. International Journal of Biological Macromolecules, 
125, 256-261. https://doi.org/10.1016/j.ijbiomac.2018.12.069.

Du, Q. Z., Zhang, Q., & Ito, Y. (2005). Isolation and identification of 
phenolic compounds in the fruit of Benincasa hispida by HSCCC. 
Journal of Liquid Chromatography & Related Technologies, 28(1), 
137-144. http://dx.doi.org/10.1081/JLC-200038620.

Flora of China Editorial Committee. (1986). Flora of China (Vol. 73, 
No. 1, p. 198). Beijing: Science Press.

He, S., Ma, X., Meng, Q., Lu, J., Qin, X., Fang, S., & Ma, C. (2020). Effects 
and mechanisms of water-soluble Semen cassiae polysaccharide on 
retinitis pigmentosa in rats. Food Science and Technology (Campinas), 
40(1), 84-88. http://dx.doi.org/10.1590/fst.32718.

Hu, J., Gao, J., Zhao, Z., & Yang, X. (2021). Response surface optimization 
of polysaccharide extraction from Galla Chinensis and determination 
of its antioxidant activity in vitro. Food Science and Technology 
(Campinas), 41(1), 188-194. http://dx.doi.org/10.1590/fst.38619.

Huang, Y., Li, N., Wan, J. B., Zhang, D., & Yan, C. (2015). Structural 
characterization and antioxidant activity of a novel heteropolysaccharide 
from the submerged fermentation mycelia of Ganoderma capense. 
Carbohydrate Polymers, 134, 752-760. http://dx.doi.org/10.1016/j.
carbpol.2015.08.067. PMid:26428182.

Jayasree, T., Kishore, K. K., Vinay, M., Vasavi, P., Dixit, R., Rajanikanth, 
M., & Manohar, V. S. (2011). Diuretic effect of chloroform extract of 
Benincasa hispida rind (pericarp) in Sprague-Dawley rats. International 
Journal of Applied Biology and Pharmaceutical Technology, 2, 94-99. 
http://dx.doi.org/10.1002/jlac.18993060111.

Jiang, X., Kuang, F., Kong, F., & Yan, C. (2016). Prediction of the 
antiglycation activity of polysaccharides from Benincasa hispida 
using a response surface methodology. Carbohydrate Polymers, 
151, 358-363. http://dx.doi.org/10.1016/j.carbpol.2016.05.079. 
PMid:27474577.

Li, H., Zhang, H., Zhang, Z., & Cui, L. (2020). Optimization of 
ultrasound-assisted enzymatic extraction and in vitro antioxidant 
activities of polysaccharides extracted from the leaves of Perilla 
frutescens. Food Science and Technology (Campinas), 40(1), 36-45. 
http://dx.doi.org/10.1590/fst.29518.

Li, G. Q., Chen, P. F., Zhao, Y. T., Zeng, Q. H., Ou, S. Y., Zhang, Y. H., 
Wang, P. C., Chen, N. H., & Ou, J. Y. (2021a). Isolation, structural 
characterization and anti-oxidant activity of a novel polysaccharide 

from garlic bolt. Carbohydrate Polymers, 267, 118194. https://doi.
org/10.1016/j.carbpol.2021.118194.

Li, L., Xue, Y., Zhang, H., Liu, Y., Yi, F., & Dong, Y. (2021b). A new 
polysaccharide isolated from Dendrobium offcinale, stimulates 
aquaporin-3 expression in human keratinocytes. Food Science and 
Technology (Campinas), 41(1), 90-95. http://dx.doi.org/10.1590/
fst.31119.

Liu, Y., Huang, W., Han, W., Li, C., Zhang, Z., Hu, B., Chen, S., Cui, P., 
Luo, S., Tang, Z., Wu, W., & Luo, Q. (2021). Structure characterization 
of Oudemansiella radicata polysaccharide and preparation of selenium 
nanoparticles to enhance the antioxidant activities. Lebensmittel-
Wissenschaft + Technologie, 146, 111469-111477. http://dx.doi.
org/10.1016/j.lwt.2021.111469.

Liu, Y., & Li, S.-M. (2021). Extraction optimization and antioxidant 
activity of Phyllanthus urinaria polysaccharides. Food Science 
and Technology (Campinas), 41(Suppl. 1), 91-97. http://dx.doi.
org/10.1590/fst.11320.

Pan, L. C., Zhu, Y. M., Zhu, Z. Y., Xue, W., Liu, C. Y., Sun, H. Q., & 
Yue-Yin. (2020). Chemical structure and effects of antioxidation and 
against α-glucosidase of natural polysaccharide from Glycyrrhiza 
inflata Batalin. International Journal of Biological Macromolecules, 
155, 560-571. http://dx.doi.org/10.1016/j.ijbiomac.2020.03.192. 
PMid:32224177.

Song, G. L., Wang, K. W., Zhang, H., Sun, H. X., Wu, B., & Ju, X. Y. 
(2017). Structural characterization and immunomodulatory activity 
of a novel polysaccharide from Pteridium aquilinum. International 
Journal of Biological Macromolecules, 102, 599-604. http://dx.doi.
org/10.1016/j.ijbiomac.2017.04.037.

Yu, Q.-Y., Yuan, S., Yan, Y.-Y., & Zhang, X.-F. (2021). Extraction, 
preparation and an assessment of the activity of carboxymethyl 
polysaccharide from Panax japonicas. Food Science and Technology 
(Campinas). http://dx.doi.org/10.1590/fst.82221.

Zaini, N. A. M., Anwar, F., Hamid, A. A., & Saari, N. (2011). Kundur 
[Benincasa hispida (Thunb.) Cogn.]: A potential source for valuable 
nutrients and functional foods. Food Research International, 44(7), 
2368-2376. http://dx.doi.org/10.1016/j.foodres.2010.10.024.

Zhang, C. W., Wang, C. Z., & Tao, R. (2017). Characterization and 
antioxidant activities of polysaccharides extracted from enzymatic 
hydrolysate of Ginkgo biloba leaves. Journal of Food Biochemistry, 
41(3), e12352-e12358. http://dx.doi.org/10.1111/jfbc.12352.

Zhang, H., Ye, L., & Wang, K. W. (2010). Structural characterization 
and anti-inflammatory activity of two water-soluble polysaccharides 
from Bellamya purificata. Carbohydrate Polymers, 81(4), 953-960. 
http://dx.doi.org/10.1016/j.carbpol.2010.04.011.

Zhang, Y., Zhou, T., Wang, H., Cui, Z., Cheng, F., & Wang, K. P. 
(2016). Structural characterization and in vitro antitumor activity 
of an acidic polysaccharide from Angelica sinensis (Oliv.) Diels. 
Carbohydrate Polymers, 147, 401-408. http://dx.doi.org/10.1016/j.
carbpol.2016.04.002. PMid:27178946.

Zheng, H.-G., Chen, J.-C., Weng, M.-J., Ahmad, I., & Zhou, C.-
Q. (2020). Structural characterization and bioactivities of a 
polysaccharide from the stalk residue of Pleurotus eryngii. Food 
Science and Technology (Campinas), 40(Suppl. 1), 235-241. http://
dx.doi.org/10.1590/fst.08619.

Original Article

https://doi.org/10.3390/molecules171011748
https://doi.org/10.3390/molecules171011748
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23044712&dopt=Abstract
https://doi.org/10.1016/j.jff.2021.104478
https://doi.org/10.1016/j.jff.2021.104478
https://doi.org/10.1081/JLC-200038620
https://doi.org/10.1590/fst.32718
https://doi.org/10.1590/fst.38619
https://doi.org/10.1016/j.carbpol.2015.08.067
https://doi.org/10.1016/j.carbpol.2015.08.067
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26428182&dopt=Abstract
https://doi.org/10.1016/j.carbpol.2016.05.079
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27474577&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27474577&dopt=Abstract
https://doi.org/10.1590/fst.29518
https://doi.org/10.1590/fst.31119
https://doi.org/10.1590/fst.31119
https://doi.org/10.1016/j.lwt.2021.111469
https://doi.org/10.1016/j.lwt.2021.111469
https://doi.org/10.1590/fst.11320
https://doi.org/10.1590/fst.11320
https://doi.org/10.1016/j.ijbiomac.2020.03.192
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32224177&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32224177&dopt=Abstract
https://doi.org/10.1590/fst.82221
https://doi.org/10.1016/j.foodres.2010.10.024
https://doi.org/10.1111/jfbc.12352
https://doi.org/10.1016/j.carbpol.2010.04.011
https://doi.org/10.1016/j.carbpol.2016.04.002
https://doi.org/10.1016/j.carbpol.2016.04.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27178946&dopt=Abstract
https://doi.org/10.1590/fst.08619
https://doi.org/10.1590/fst.08619



