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1 Introduction
Sechium edule (Jacq.) Swartz, an economic vegetable, also 

known as chayote, belongs to the Cucurbitaceae family (Shiga et al., 
2015). Chayote contains less calories, protein, starch and oil, 
and more cellulose (Coronel et al., 2017), especially non-starch 
polysaccharides (Castro-Alves & Nascimento, 2016). Non-starch 
polysaccharide is a kind of hydrocolloid with strong hydration 
ability and antioxidant activity which is widely used in the 
food industry (Hu et al., 2021; Liu & Li, 2021). Previous studies 
showed that chayote was rich in galactan (Shiga et al., 2015) and 
can be a good source of polysaccharides in the food processing 
industry (Vieira et al., 2019). Some information was available 
on the starch and mineral of chayote, but much information 
was not there as far as chayote non-starch polysaccharide was 
concerned (Shiga et al., 2015). Furthermore, any process that 
can change the molecular structure of polysaccharide may 
lead to change in the functional properties of polysaccharide. 
However, there were few studies on the extraction and properties 
of chayote non-starch polysaccharide, especially its application 
in the food industry.

In our previous research, the ultrasonic assisted method was 
applied to extract the chayote pectin (PEUO), and physicochemical 
properties of PEUO were measured (Ke et al., 2020). It is worth 
noting that in the process of ultrasonic assisted acid extraction, 
this ultrasonic effect can not only promote the dissolution of 
polysaccharide, but also change the characteristics of the dissolved 
polysaccharide, such as degradation (Li  et  al., 2020). While, 
conventional heating extraction method had little effect on the 
polysaccharide properties. The systematic study on fundamental 
characteristics of chayote non-starch polysaccharide can expand 
the source of natural polysaccharide in food processing and 
improve the economic value of chayote.

In view of the potential application of polysaccharide and 
the scarcity of studies on chemical characteristics of non-starch 
polysaccharide from chayote, the aim of the present study was to 
obtain chayote non-starch polysaccharide and to elucidate it’s the 
properties. In the current work, chayote non-starch polysaccharide 
(CP-CHE) extracted by conventional heating extraction method 
be obtained, at first; secondly, basic characteristics of CP-CHE, 
including color, molecular weight, monosaccharide composition, 
Fourier transform infrared spectroscopy, Zeta-potential, particle 
size, surface morphology had been measured; finally, functional 
features such as rheological behavior and thermal property also 
been investigated. The results of this study would provide the 
preliminary characteristics of CP-CHE, which was beneficial to 
the application of CP-CHE in food processing.

2 Materials and methods
2.1 Plant material and reagents

Fresh chayote (“smooth green”, Sechium edule) fruits (weight 
range from 180 to 220 g) were obtained from local farmers’ 
markets (China, Yaan), harvested in 2019. Then, the chayote was 
cleaned, nucleated, sliced and dried (12 h) in an air circulation 
oven at 60 °C. Finally, dried chayote slices were crushed and 
through 80 mesh sieve. Commercially apple pectin was used for 
comparative analysis and purchased from Yantai Andeli Pectin 
Co. LTD. (Yantai, China). Monosaccharide standards were 
purchased from Sigma–Aldrich (St. Louis, MO, USA). Other 
chemicals were analytical grade and purchased from Chengdu 
Kelong Chemical Co., Ltd (Chengdu, China). Deionized water 
was prepared using an IV-10T System (Sichuan ULUPURE 
Ultrapure Technology Co., Ltd).
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2.2 Extraction of non-starch polysaccharide

The starch of chayote was removed by enzymolysis approach 
before extraction of polysaccharide. The chayote powder was dispersed 
in deionized water (30:1, mL/g) and hydrolyzed with α-amylase 
(with enzyme activity of 4000 u/g) at pH 6.0 and 60 °C for 30 min. 
After enzymolysis, the mixture was filtered to collect filter residue. 
Then, the residue was washed three times with deionized water to 
remove the soluble sugar. Finally, the residue was dried at 60 °C in 
a blast oven, and crushed, screened with 80 mesh.

The extraction method of non-starch polysaccharide (CP-CHE) 
from chayote were according to a published by Hosseini et al. 
(2016a). Briefly, the chayote powder (after removed of starch) was 
dispersed in deionized water (pH2), at a ratio of 50:1 mL/g. Then, 
the mixture was heated at 70 °C for 100 min. After extraction, 
the mixture was filtered through eight layers of gauze. After that, 
the filter liquor was filtered again with a Buchner funnel, and the 
liquid supernatants were collected. Added ethanol (2:1, v/v) into 
the liquid supernatants, while stirring. Then, let it stand overnight 
at 4 °C to precipitate the CP-CHE. Next, the CP-CHE was collected 
by centrifugation at 4,000 r/min for 10 min. The impurities of CP-
CHE were washed three times with 95% (v/v) ethanol. Finally, 
CP-CHE extracted by conventional heating extraction method 
was obtained by freeze drying.

2.3 Determination of CP-CHE appearance and color

A certain amount of CP-CHE sample was taken in the photostudio, 
with white background as the background. The appearance of 
CP-CHE was recorded with a digital camera (70D, Canon, Japan). 
At the same time, commercial low-methoxy pectin (LMP) and 
high-methoxy pectin (HMP) were taken as the control.

The color difference values of CP-CHE, LMP and HMP were 
determined by a colorimeter (SC-10, Shenzheng 3nh Science and 
Technology Ltd., China). The colorimetric parameters L*, a*, b* 
were obtained with white board was used for calibration. Total 
color difference (ΔE) was calculated using the following Equation 1.

( ) ( ) ( )2 2 2* * * *E L a b= + +   

	 (1)

2.4 Molecular weight determination

High performance gel permeation chromatography (HPGPC) 
was applied to determine the molar mass distribution of CP-
CHE. The system consisted of Shimadsu LC-10A chromatograph 
with BRT105-104-102 column (8 × 300 mm) (Borui Saccharide, 
Biotech. Co. Ltd.) and refractive index detector (Shimadzu, LC-
10A, Japan) (Chen et al., 2020). The sample concentration was 5 
mg/mL. Glucan with different relative molecular weights were used 
to obtain the standard curve ( ( )2: y 0.1764x 11.494,   0.9944plgM RT R− = − + = ; 

( )2 : y 0.1898x 12.105,   0.9919wlgM RT R− = − + = ; ( )2: y 0.1709x 11.214,   0.9935nlgM RT R− = − + = ) 
and calculated the relative molecular weight of CP-CHE.

2.5 Monosaccharide composition determination

Monosaccharide composition of CP-CHE was analyzed 
according to the ion chromatography method described by 
Song  et  al. (2019) and with some modifications. The 5 mg 

sample was mixed with 2 M trifluoroacetic acid (TFA) (10 mL) 
and hydrolyzed at 120 °C for 3 h. Then, TFA was removed by 
nitrogen analyzer. After hydrolysis, the residue was dissolved 
in 5 mL deionized water. Before measurement, the solution 
was diluted 10 times, and centrifuged at 12000 rpm for 5 min, 
to remove impurities. Next the supernatant was pass 0.45 μm 
filter membrane. The sample was analyzed by ICS-5000 ion 
chromatography (Thermo Fisher, Germany) on Dionex Carbopac 
TMPA20 (3 mm × 150 mm) column.

2.6 Fourier transform infrared spectroscopy (FTIR) analysis

FTIR spectrum of CP-CHE was measured by an IR 
spectrometer (Nicolet iS10 Thermo Fisher Scientific, USA) 
with KBr method. Firstly, CP-CHE powder was mixed with KBr 
(1:100) and pressed. The scanning range was 4000-400 cm-1, the 
resolution was 2 cm-1 and the number of scans was 32.

2.7 Zeta- potential analysis

The Zeta-potential of CP-CHE was measured by dynamic light 
scattering (DLS) with a Malvern Zetasizer, NANO ZS (Malvern 
Instruments Limited, UK), using a He-Ne laser (wavelength of 
633 nm) and a detector angle of 173◦. CP-CHE was prepared 
into a solution with a concentration of 2%, and the pH values 
were adjusted to 1-10, respectively. Before determination, the 
samples were diluted for 10 times with deionized water (with 
same pH value) (Chevalier et al., 2019). The temperature was 
set at 25 °C, the water phase was selected as the dispersed phase, 
and the sample cell was DTS1070. Each sample was measured 
triplicate.

2.8 Particle size measured

The Z-average particle of CP-CHE was measured by laser 
particle size analyzer (Rise-2006, Jinan Rise Science & Technology 
CO., LTD., China) (Wu et al., 2020). Distilled water was used as 
dispersion medium, the refractive index was set as 1.33. At least 
12 data points were recorded, and D90, D50, D10 and Dav were 
obtained. The calculation formula of particle size distribution 
(PSD) was as follows (Equation 2):

( )90 10 50PSD D D / D= − 	 (2)

Where, D90, D50 and D10 represent the particle size when the 
cumulative distribution reached 90%, 50% and 10%, respectively.

2.9 Rheological measurements

In order to further investigate the rheological property 
of CP-CHE, the viscosity of CP-CHE solutions at different 
concentrations (1%, 2%, 3% and 4%, w/v) were measured using 
a DHR-1 rheometer combined with a 40 mm parallel plate. 
CP-CHE powder was dispersed in deionized water and stirred 
at room temperature for 2 h until it was completely dissolved. 
After the prepared, samples were balanced at 25 °C for 3 h. Then, 
about 2 mL of the sample was placed on the rheometer plate. 
Flow curve in the shear rate range of 0.01-100 s-1 was recorded 
for 120 s, at 25 °C (Feng et al., 2019). Power-law model fitted 
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with the obtained strain data (Ke et al., 2020), and the fitting 
formula was as follows (Equation 3):

nτ γ= Κ × 	 (3)

where τ is the shear stress (mPa), K is the consistency coefficient 
(mPa·sn), γ is the shear rate (s-1), and n is flow behavior index 
of power-law.

2.10 Differential scanning calorimetry (DSC)

Weighed 2 mg sample into a 40 μL aluminum crucible and 
sealed. The initial temperature was 20 °C, the temperature was 
heated to 200 °C at a rate of 10 °C/min, and the nitrogen flow 
rate was 50 mL/min. An empty sealed aluminum crucible was 
used as a blank control. The denaturation temperature range 
(ΔTd) and peak denaturation temperature (Td) of CP-CHE were 
recorded, and the denaturation enthalpy (ΔH) was evaluated 
(Bastos et al., 2018).

2.11 Scanning electron microscopy (SEM) measurements

The samples (chayote powder and CP-CHE powder) were 
sprayed with gold, and the images were observed and recorded 
under an accelerated voltage of 5 kV (Sucheta et al., 2020).

2.12 Statistical analysis

SPSS software 22.0 (Chicago, IL, USA) was used to process the 
data, and the results were expressed as average values ± standard 
deviation. The results were submitted to the analysis of variance and 
Duncan multiple comparison a significance level of 0.05. Origin 
2017 was used for mapping and model fitting. TA Instrunents 
Universal Analysis 2000 was used to calculate ΔTd, Td and ΔH 
of samples.

3. Results and discussion
3.1 Color of CP-CHE

Color of polysaccharide would affect the appearance of 
the it’s solution or gel produced and thus the appearance of 
the food which be added. So, color is an important parameter 
of polysaccharide. Digital photographs of LMP and HMP and 
CP-CHE were showed in Figure 1. As shown in Figure 1, three 
kinds of polysaccharide were similar in color. In order to describe 
the color of polysaccharide more accurately, the color parameter 
values were measured by a colorimeter, and the details were 
showed in Table 1. As can be seen, L* value of HMP was highest, 
and the ΔE* value was lowest, which indicating that the HMP 
was the brightest. While, the L* value of CP-CHE was lower than 
LMP and HMP, suggesting that color of CP-CHE was darker. 
The color difference between the three polysaccharides was due 
to the difference of raw material and extraction method.

3.2 Molecular weight distribution of CP-CHE

Molecular weight of polysaccharide has significant influence 
on its solubleness, emulsifying activity and rheology (Chen et al., 
2019). The molecular weight distribution of CP-CHE was successful 
measured by HPGPC method, and the result indicated that there 
were two weight distribution of CP-CHE. CP-CHE had a weight-
average molecular weight (Mw) of 1620 KDa, number-average 
molecular weight (Mn) of 803 KDa in the high molecular weight 
range, and a Mw of 48.1 kDa, Mn of 33.9 kDa in the low molecular 
weight range, respectively. The results showed that CP-CHE was a 
kind of polyphasic natural non-starch polysaccharide with a wide 
distribution of polymer molar mass (Yang et al., 2019).

3.3 Monosaccharide composition of CP-CHE

The neutral and acidic sugar compositions of CP-CHE, 
which were determined using ion chromatography technique. 

Table 1. The color parameters (L*, a*, b* and △E*) of LMP, HMP and CP-CHE.

Samples L* a* b* △E*
LMP 85.88 ± 0.63b 3.28 ± 0.54a 13.15 ± 1.17a 18.01 ± 1.35b

HMP 86.73 ± 0.88a 1.67 ± 0.20b 12.14 ± 0.36b 16.69 ± 0.44c

CP-CHE 80.05 ± 0.88c 1.08 ± 0.15c 11.99 ± 0.53b 19.35 ± 0.70a

Note: Different letters in the same column indicate significant differences among samples (p < 0.05).

Figure 1. Digital photographs of LMP (A), HMP (B) and CP-CHE (C).
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It could be seen that CP-CHE was mainly composed of six 
monosaccharides namely, galactose (Gal), glucoses (Glu), 
galacturonic acid (GalA), arabinose (Ara), rhamnose (Rha) 
and mannuronic acid (ManA) in a decreasing molar ratio order 
(51.9: 20.1: 19.6: 6.0: 1.2: 1.2). Similar behavior was observed 
by Shiga et al. (2015), who reported that chayote fruit was rich 
in galactan-rich pectin material. Ara, Gal and Rha were the 
main neutral monosaccharides of CP-CHE, which were mainly 
related to the rhamenogalacturonan-I (RG-I). Moreover, Xyl was 
found in a lower percentage among neutral sugars which may 
refer to the presence of xylogalactrunan (XG) and RG II in the 
CP-CHE structure. In addition, Glu and ManA could be due to 
the remnant of hemicellulose or cellulose (Muñoz-Almagro et al., 
2018). Furthermore, monosaccharide composition was greatly 
influenced by hydrothermal extraction conditions (Yuan et al., 
2018). A research conducted by Yuan et al. (2018), reported that 
polysaccharide extracted from Ulva prolifera contained less Rha 
and GalA, but more Glu, when at higher and temperature and 
higher acid concentration, indicating higher temperature with 
higher acid concentration would lead to lower proportion of 
Rha and GalA, but higher proportion of glucose. Hence, in the 
present paper, the low content of GalA and higher Glu would 

duo to harsh extraction conditions (the higher temperature and 
higher acid concentration).

3.4 Zeta-potential of CP-CHE

The presence of some unesterified α-D-GalpA units in 
polysaccharide, making it have a certain amount of negative charge 
in aqueous solution (Castaño-Peláez et al., 2022). Viscosity, solubility 
and gel property are important properties of polysaccharide, which 
are related to the linear anionic polymer structure of polysaccharide. 
Hence, the Zeta-potential of CP-CHE in different pH values were 
measured, and the results were showed in Figure 2A. It could 
be seen that CP-CHE was characterized by a negative charge 
(-0.36 ± 0.02 mV to -38.40 ± 1.41) at pH from 2 to 10. According 
to the report by Pancerz et al. (2019), cornelian cherry pectin 
has the same behavior at pH from 3 to 7. The absolute value of 
Zeta-potential of CP-CHE was larger in neutral and alkaline 
environment, but lower in acidic environment. Especially, when 
pH values below 5, the absolute values of Zeta-potential of CP-
CHE decreased rapidly, which was due to the decreased degree of 
ionization of carboxyl group on polysaccharide molecular chain 
during acidification (Zhang et al., 2018).

Figure 2. (A) Zeta-potential of CP-CHE at different pH values; (B) Particle size distribution of CP-CHE; (C) FTIR spectrum of CP-CHE; (D) 
The flow behavior of CP-CHE; (E) Differential scanning calorimetry (DSC) thermogram of CP-CHE.
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3.5 Particle size analysis of CP-CHE

The particle size of polysaccharide has a great influence on 
the emulsifying ability, foaming ability and foaming stability of 
polysaccharide (Oduse et al., 2018). Particle size of CP-CHE was 
showed in Figure 2B and Table 2. The mean particle diameter 
(Dav), D10, D50 and D90 of CP-CHE were 2.038 ± 0.006 μm, 
0.893 ± 0.003 μm, 1.701 ± 0.0053 μm, and 3.679 ± 0.010 μm, 
respectively. Concomitantly, particle size distribution (PSD) of 
CP-CHE was and 1.639±0.002, which suggested that CP-CHE 
had a wide distribution of size.

3.6 FTIR of CP-CHE

FTIR, a spectroscopic method, is usually used for the 
characterization of functional groups and chemical bonds of 
polysaccharide. An FTIR spectrum for CP-CHE was typically 
represented in Figure 2C. It can be seen from Figure 2C, a broad 
area around wavenumbers 3000 and 3500 cm-1 were caused by 
the inter- and intra-molecular hydrogen links of O-H groups 
(Hosseini et al., 2016b). The observed peak at 2930 cm-1 was the 
-CH absorption peak in CH, CH2, and CH3 (Gharibzahedi et al., 
2019). The peak at near 1735 cm-1 was caused by stretching 
vibration of CO group (-COOR) on methyl carboxylate 
(Siqueira et al., 2022). The absorption peak at 1654 cm-1 was 
caused by stretching vibration of the unesterified carboxylic 
acid group. The methylated -CH3 group had the absorption 
bands in the region of 1350-1450 cm-1, and the asymmetric 
and symmetric stretching absorption peaks of -CH3 were at 
1439 cm-1 and 1370 cm-1, respectively (Shafie et al., 2019). The signal 
between 1200-850 cm-1 was caused by carbohydrates and was 
the “fingerprint region” of polysaccharide (Santos et al., 2020). 
Absorption peaks between 1000 and 1250 cm-1 were attributed 
to C-O vibrations of glycosides (Kazemi et al., 2019a). In the 
infrared spectrum, characteristic absorption at 888 cm-1 and 
922 cm-1 indicated the presence of α- and β- configurations in 
both CP-CHE (Su et al., 2019).

3.7 Rheological property of CP-CHE

Generally, polysaccharide was dissolved in water prior to 
application (Barbieri et al., 2019). Thus, the rheological properties 
of polysaccharide would determine its range of application. The flow 
behaviors of aqueous solutions of CP-CHE (1%, 2%, 3%, and 4%) 
were investigated, and were presented in Figure 2D. Meanwhile, 
the power law model was applied to described the flow behaviors 
of studied polysaccharide solutions, and the detail were showed 
in Table 3. As can be observed in Figure 2D, the viscosity of all 
polysaccharide solutions decreased with the increase of shear rate. 
Due to the intermolecular force of polysaccharide decreases with 
the increase of shear rate, all CP-CHE solutions exhibited shear-
thinning behaviour. This phenomenon indicated that the solutions 
of CP-CHE were a pseudoplastic fluid (n, 0.3962-0.4607) in the 
investigated concentration range. Furthermore, literatures showed that 
most plant polysaccharide solutions have shear thinning properties 
(Barbieri et al., 2019). The initial viscosity of CP-CHE at 1%, 2%, 3% 
and 4% concentration were 0.0701, 0.1250, 0.1819 and 0.7245 Pa•s, 
respectively. The viscosity of CP-CHE solution increased with the 
increase of polysaccharide concentration, and the viscosity was the 
highest at 4%. At the same time, K values increased significantly 
in 4% solutions of CP-CHE. This phenomenon was due to the 
significant hydrophobic interaction of macromolecular polysaccharide, 
which enhanced the shear resistance of aqueous solution at higher 
concentration. Understanding the rheological characteristic of 
CP-CHE was helpful to develop potential application of chayote 
non-starch polysaccharide in different food industrial fields.

3.8 Differential scanning analysis of CP-CHE

DSC is a thermodynamic technique which used to investigate 
the thermal properties and stability of polysaccharide (Fan et al., 
2023). The thermal properties of CP-CHE were studied by 
DSC, and the changes in the process of thermal denaturation 
were described, as shown in Fig. 2E. The enthalpy change of 
CP-CHE was 139.15 ± 6.72 J/g. The DSC curve of CP-CHE 
pointed an obvious endothermic peak at 116.93 ± 2.50 °C, 
which might be due to the dehydration or the loss of peripheral 
polysaccharide chains and dehydroxylation reactions. A similar 
curve was observed in the case of polysaccharide isolated from 
Medemia argun fruit, which revealed transition temperatures 
of 139.06 °C (Mohammed et al., 2020).

3.9 Surface morphology of CP-CHE and chayote powder

SEM is a surface imaging method that can provide information 
about surface morphology and structure (Kazemi  et  al., 

Table 2. Particle size distribution parameters of CP-CHE.

Particle size distribution parameters CP-CHE
D10 (μm) 0.893 ± 0.003
D50 (μm) 1.701 ± 0.005
D90 (μm) 3.679 ± 0.010
Dav (μm) 2.038 ± 0.006

PSD 1.639 ± 0.002

Table 3. Rheological parameters of solutions of CP-CHE based on Power-law model.

Samples Concentration (%)
nτ γ= Κ ×

K (pa ns⋅ ) n R2

CP-CHE

1 0.0772 ± 0.0050d 0.4031 ± 0.0166 0.9559
2 0.1283 ± 0.0134c 0.3962 ± 0.0188 0.9483
3 0.1642 ± 0.0093b 0.6365 ± 0.0132 0.9935
4 0.8429 ± 0.0251a 0.4607 ± 0.0063 0.9937

Note: Different letters in the same column indicate significant differences among samples (p < 0.05).
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2019b). SEM microstructure of CP-CHE and chayote powder 
before and after non-starch polysaccharide extraction using 
conventional heating extraction method were shown in Figure 3. 
As it was illustrated, unprocessed chayote powder showing 
complete structure and smooth surface (Figure 3A and 3B). 
While, after conventional heating extraction, the surface 
morphology of chayote powder provided a clear surface 
morphology change, and the tissue became loose and rough 
(Figure 3C and 3D). This may be due to the high temperature 
and strong acid (HCl) as the extraction conditions. According 
to the report by Rodsamran & Sothornvit (2019) lime peel 
powder after pectin extraction using conventional heating 
provided a similar rough tissue surface. Also, the extracted 
CP-CHE from chayote were scanned and the results were 
provided in Figure 3E and 3F. According to the mentioned 
figure, CP-CHE formed a rough and hard surface with surface 
cracking. Previously, Gharibzahedi et al. (2019) studied the 

tissue surface of pectin from fig (Ficus carica L.) skin and 
stated that the similar surface morphology.

4 Conclusions
The present research attempted to illustrate the preliminary 

properties of CP-CHE. Chemical characterization suggested that 
the color of CP-CHE was darker than LMP and HMP; mainly 
composed by galactan, glucoses and galacturonic acid; CP-CHE 
solutions exhibited typical non-Newtonian fluids. In addition, 
CP-CHE showed promising values in functional features such 
as negatively charged and advantageous thermal properties. 
Considering the suitable properties for CP-CHE, CP-CHE was 
confirmed its potential application for food industries. Hence, 
chayote non-starch polysaccharide could be considered as a 
potential new food ingredient which could be applied in food 
science. Finally, further research on the application of chayote 
non-starch polysaccharide in emulsion and gel is needed.

Figure 3. SEM micrographs of chayote powder: (A) and (B) were untreated; (C) and (D) were chayote powder after CHE; (E) and (F) were CP-
CHE (left: 500×, right: 10K×).
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