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Abstract

Foshou yam (Dioscorea opposita Thunb.), cultivated as a vegetable in the region of
eastern Hubei Province, China, is a nutritious delicacy. Polysaccharides in the genus
Dioscorea play important roles in health-promoting activities. Previous extraction
methods used to obtain polysaccharides from Foshou yam (FYP) included water and
enzymes, but not alkali conditions. The extraction methods greatly influenced the
structure and biological properties of polysaccharides. Hence, in the present work, the
alkali extraction of FYP was explored and optimised using the response surface method.
The characterisation and antioxidant activity of FYP were also investigated. The results
showed that the optimal extraction conditions were as follows: sodium hydroxide
concentration, 1.0 mol/L; extraction time, 8 h; and solvent-to-material ratio, 10 mL/g.
Under these conditions, the FYP extraction yield was 64.52 + 0.23%. FYP contained
91.70% of the total sugar with a minimal amount of protein. FT-IR analysis revealed the
presence of a-D-glucopyranose in FYP. Congo Red tests indicated that the triple helical
conformation in FYP did not exist. In addition, in vitro antioxidant activity experiments
revealed that FYP exhibited good scavenging capacity on DPPH and superoxide anion
free radicals. These results indicated that the FYP can be used as a novel natural
antioxidant in the functional food industries.
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Introduction

polyphenols, flavonoids, saponins, terpenoids, and
allantoin, among others (Salehi et al., 2019).

There are more than 600 species of yam
(Dioscorea spp.) in the family Dioscoreaceae,
including D. opposita Thunb. or D. oppositifolia L.
(Chinese or Japanese yam), D. nipponica Thunb.
(Japanese yam), D. polystachya Turczaninow (white
or Chinese yam), D. alata (purple, greater, or water
yam), D. cayenensis Lam.-Holl (yellow yam or
African yam), and many other yams that are
regionally grown. As an ancient edible and medicinal
tuber crop, the yam family was first described in the
old book “Classic of Material Medica” (Shen-nung
Pen-tsao Ching), in which several pharmacological
effects, such as asthma relief and diarrhoea effects,
were documented (Huang et al., 2016). Yam contains
many bioactive components, including bioactive
polysaccharides, amino acids and proteins,
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Polysaccharides from the family Dioscoreaceae are
one of the most characteristic phytochemicals
because of their diverse biological activities. For
instance, mucilage polysaccharides extracted from D.
opposita exhibited hypoglycaemic,
immunoregulatory, antitumor, and antioxidative
activities (Ju et al., 2014; Hao, 2016a).

There are several methods for extracting
polysaccharides from yam. Commonly employed
methods include high temperature accelerated
method which assists in the dissolution of
polysaccharides from cell walls, ultrasonic assisted
water extraction which facilitates the release of
intracellular polysaccharides, enzymatic assisted
water extraction which destroys plant cell walls, and
increases the solubility of polysaccharides, and alkali
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treatment which breaks cell walls, and dissolves the
intracellular polysaccharide. The mechanism usually
involves breaking the cell walls and stimulating the
release of yam polysaccharides.

Foshou yam (D. opposita Thunb.) is
considered a rare species of the yam family, and
known for its high nutritional value and rich dietary
fibre. It is also referred to as the 'Ginseng of the Dabie
Mountains' or 'Food of the Gods' in the central part of
China. Foshou yam is regarded as an ideal delicacy
for health and longevity because it contains various
nutrients, such as polysaccharides, proteins, starches,
polyphenols, 19 different types of amino acids,
diosgenin, allantoin, vitamins, and trace elements.
Among them, polysaccharides have become a topic
because of their high biological activities. It has been
reported that yam polysaccharides possess a variety
of biological activities, such as immunomodulatory
(Hao, 2016b; Li et al., 2017; Huang et al., 2020a),
hypoglycaemic (Cheng et al., 2019), antiaging (Wang
et al., 2020), antioxidant (Zhou, 2021; Liu et al.,
2022), antitumor (Huang et al., 2020b), and
regulatory effects on gut microbiota diversity (Li et
al., 2020).

To date, many studies have focused on finding
the optimal method for extracting polysaccharides to
further study their physicochemical characteristics
and biological activities. The most commonly used
methods for the extraction of yam polysaccharides
include hot water extraction, enzyme extraction,
ultrasound- and microwave-assisted extraction (Liu
etal., 2019; 2022; Huang et al., 2020b). However, hot
water extraction has the disadvantages of longer time,
higher temperature, and lower extraction yield. It has
been reported that the optimal hot water extraction
conditions are an extraction temperature of 80°C, an
extraction time of 3 h, and a water-to-material ratio of
10:1 (w:w), and the extraction vyield of yam
polysaccharides is approximately 10% under these
conditions (Huang et al., 2020a). The enzymes used
in the extraction process can improve the extraction
yield, and shorten the extraction time, but they are
easily affected by many factors, such as extraction
temperature, extraction time, pH value, and other
factors. Ultrasound-assisted extraction involves the
crushing of plant cell walls by ultrasonic wave, so that
plant polysaccharides in cells can dissolve. Although
the extraction yield can be greatly improved by
reducing the reaction time, the problem of solvent
recovery must be addressed. Microwave extraction

has a high penetrating power, high selectivity and
heating efficiency, and a high extraction yield, but the
risk of microwave leakage is a challenge. It has been
reported that a dilute alkali solution used to extract
polysaccharides, such as lentinan and polysaccharide
from Lignosus rhinocerotis sclerotia at low
temperatures, leads to a high extraction yield with a
high degree of purity (Zhang et al., 2011; Hu et al.,
2017a; Sun et al., 2022).

Currently, the main methods employed for
Foshou yam polysaccharide (FYP) extraction include
water and enzyme extraction. However, studies
related to the alkali extraction method have not been
reported to date. Therefore, the present work aimed to
determine the optimal alkali extraction conditions for
FYP using response surface methodology (RSM) to
obtain the highest yield. The extraction of
polysaccharides via different methods affects their
characterisation and biological activities (Hu et al.,
2021b; 2022; Tang et al., 2023). Hence, FYP was
characterised by chemical content analysis, UV-vis,
Fourier transform infrared spectrometer (FT-IR), and
Congo Red tests. Moreover, the antioxidant activity
of FYP was investigated by determining its DPPH
and superoxide anion free radical scavenging
activities. The obtained results would provide a
theoretical basis for the utilisation of FYP as an
antioxidant.

Materials and methods

Materials and reagents

Foshou yam was procured from the Hubei
Province of Wuxue City (Wuxue, China). Dialysis
bags were obtained from Shanghai Yuanye
Biotechnology Co., Ltd. (Shanghai, China). Sodium
hydroxide, sodium bicarbonate, sulphuric acid,
anhydrous ethanol, Folin phenol reagent, potassium
bromide, and glucose were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). 1,1-Diphenyl-2-trinitrobenzene hydrazine
(DPPH) was purchased from Tishiai Huacheng
Industrial Development Co., Ltd. (Shanghai, China).
Tris-HCI was purchased from Shanghai Qiaoxing
Trading Co., Ltd. (Shanghai, China). Pyrogallol was
purchased from Shanghai Macklin Biochemical
Technology Co., Ltd. (Shanghai, China). Congo Red
was purchased from Beijing Dingguo Changsheng
Biotechnology Co., Ltd. (Beijing, China). All
chemical reagents were of analytical grade.
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Preparation of Foshou yam powder (FYP)

Fresh Foshou yams were washed, peeled,
sliced into 2 - 3 mm slices, and then soaked in 0.3%
Na,SOs solution for 3 h to retain the colour. After
washing, the Foshou yam slices were heated at 45°C
in an oven until only 10% moisture remained. The dry
Foshou yam slices were powdered using a grinder,
and sieved through 80 mesh. Finally, the Foshou yam
powder (FYP) was transferred to a sealed bag, and
stored in a drying vessel.

Extraction of FYP

A certain volume and concentration of NaOH
solution were added to the FYP, and kept at 4°C for a
certain period of time. After centrifugation (3,500
rpm, 10 min), the supernatant was collected and
neutralised by adding 4 M or 8 M hydrochloric acid,
and then dialysed in a dialysis bag (Mw: 8,000 —
12,000 Da) for 7 d against distilled water to remove
inorganic salts. Finally, the solution was lyophilised
to obtain FYP. The extraction yield of FYP was
determined using Eq. 1:

Mass of FYP (g)

% 100%
Mass of Foshou yam power (g) 0

(Eq. 1)

Extraction yield =

Single factor test

In the single factor test, the NaOH
concentration, extraction time, and solvent-to-
material ratio were selected for the optimisation of
FYP extraction. When the concentration of NaOH
ranged from 0.1 to 1.3 mol/L, the extraction time and
solvent-to-material ratio were 8 h and 10 mL/g,
respectively. When the extraction time was changed
from 4 to 12 h, the concentration of NaOH and the
solvent-to-material ratio were 0.9 mol/L and 10 mL/g,
respectively. When the solvent-to-material ratio
changed from 6 to 16 mL/g, the NaOH concentration
and extraction time were 0.9 mol/L and 8 h,
respectively.

Response surface optimisation experiment

Response surface methodology (RSM) was
used to investigate the effect of the concentration of
NaOH (A), extraction time (B), and solvent-to-
material ratio (C) on the extraction yield of FYP (Y).
The coding values and levels of the three factors of
Box and Behnken design (BBD) are shown in Table
1. Twenty combinations were produced by BBD as
shown in Table 2.

Table 1. Factors and levels of Box-Behnken design.

Factor
Leve] Concentration Extraction SS‘:\;:::;;?_
of NaOH time ratio
(mol/L) (A) (h) (B) (mL/g) (C)

-1 0.7 6 8

0 0.9 8 10

1 1.1 10 12

Table 2. Box-Behnken design and results.

Test A B C Response
no. (mol/L) (h) (mL/g) value (%)

1 1.10 10.00 8.00 56.03
2 0.90 8.00 10.00 61.23
3 0.90 8.00 10.00 65.04
4 0.70 10.00 8.00 48.60
5 0.70 6.00 12.00 53.87
6 0.90 8.00 10.00 62.65
7 0.90 8.00 10.00 59.63
8 0.90 8.00 10.00 64.45
9 0.90 8.00 10.00 46.67
10 0.70 6.00 8.00 51.21
11 0.70 10.00  12.00 52.87
12 1.10 6.00 12.00 56.59
13 0.90 8.00 10.00 64.73
14 0.90 8.00 10.00 63.87
15 1.10 10.00  12.00 57.86
16 0.90 10.00  10.00 49.33
17 0.90 8.00 10.00 64.10
18 0.90 8.00 10.00 54.59
19 1.10 6.00 8.00 53.32
20 0.90 8.00 8.00 54.96

Verification experiment

The actual extraction yield under the optimised
extraction conditions of FYP was determined, and the
process was repeated three times for reliability
analysis to verify the accuracy of the predicted
extraction yield of FYP.

Chemical composition analysis

The total sugar content of FYP was measured
using the phenol-sulphuric acid method with glucose
as a standard (Hu et al., 2017b). Briefly, anhydrous
glucose (10 mg) was weighed to prepare a 0.1 mg/mL
glucose standard solution. Next, 0, 0.2, 0.4, 0.6, 0.8,
1.0, and 1.2 mL of the standard glucose solutions
were placed in the test tubes, and distilled water
added to 2.0 mL, respectively. Then, 1.0 mL of 5%
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phenol and 5.0 mL of concentrated sulphuric acid
were added. The mixture was shaken and kept at
room temperature for 10 min, and the absorbance
value was measured at 490 nm using a visible
spectrophotometer. The standard curve was drawn
with the absorbance value as the ordinate, and the
glucose concentration as the abscissa. FYP (10 mg)
was dissolved in 10 mL distilled water to prepare a
1.0 mg/mL sample solution. Then, 1.0 mL sample
solution was removed, and 1.0 distilled water was
added. The remaining steps were the same as earlier
described, and the total sugar content of FYP was
calculated against the standard curve.

The protein content of FYP was determined by
the modified Lowry method using bovine serum
albumin as the standard (Hu et al., 2017b). Briefly,
bovine serum protein (10 mg) was weighed to prepare
a 1 mg/mL bovine serum protein standard solution.
Then, 0, 0.01, 0.03, 0.05, 0.07, and 0.09 mL of the
standard solution were added to 0.1 mL of distilled
water, respectively. Next, 1 mL of Folin A solution
was added, and the solution was mixed well. After
being kept in a 37°C water bath for 15 min, 0.1 mL of
Folin B solution was added. The mixture was shaken
and kept at 37°C water bath for 30 min, and the
absorbance value was measured at 750 nm using a
visible spectrophotometer. The standard curve was
drawn with the absorbance value as the ordinate, and
the protein concentration as the abscissa. Next, 1.0
mL FYP solution in the test tube was taken, and the
remaining steps were the same as earlier described.
The protein content of FYP was determined against
the standard curve.

UV-vis analysis

The UV-vis spectrum of FYP at a
concentration of 1.0 mg/mL was scanned using a UV-
vis spectrophotometer (UV-2600, Shimadzu, Japan)
from 200 - 600 nm (Liu et al., 2022).

FT-IR analysis

The FT-IR spectrum of FYP was recorded by
an FT-IR spectrometer (Nicolet 6700, Nicolet, UK)
using the KBr-pellet method at the frequency range
of 400 to 4000 cm™ (Ju et al., 2014).

Congo Red test

Following the method of Hu et al. (2021a),
FYP was dissolved in 2 mL of NaOH solution in the
concentration range of 0 - 0.6 mol/L. Then, the Congo
Red was added at a final concentration of 91 uM, and

the mixture was kept at room temperature for
approximately 20 min. The maximal absorption
wavelength of these mixtures was recorded using a
UV-vis spectrophotometer (UV-2600, Shimadzu,
Japan) from 400 - 600 nm.

In vitro antioxidant activity of FYP

The in vitro antioxidant activity of FYP was
evaluated based on the scavenging capacity of DPPH
and superoxide anion free radical.

Scavenging capacity of DPPH free radical

The DPPH free radical scavenging effect of
FYP was determined following our previous report
with some modifications (Wu et al., 2020). Different
concentrations of FYP solution (20, 40, 60, 80, and
100 pg/mL) were first prepared. Then, 4.0 mL of 0.04
mg/mL DPPH ethanol solution was added to 2.0 mL
of the previously prepared FYP solution with
different concentrations in the test tubes. The mixture
was mixed well, reacted in the dark for 30 min at
room temperature, and then the absorbance value was
measured at 517 nm. This experiment was repeated
three times. The DPPH free radical scavenging rate of
FYP was calculated using Eq. 2:

A1—(Az—43) o
" X 100%

(Eq. 2)

DPPH scavenging rate (%) =

1

where, A; = absorbance value of the blank control
determined by replacing the sample solution with
anhydrous ethanol of the same volume; A, =
absorbance value of the sample solution; and A; =
absorbance value of the background determined by
replacing the DPPH solution with anhydrous ethanol
of the same volume.

Scavenging capacity of superoxide anion free
radicals

The superoxide anion free radical scavenging
effect of FYP was measured following our previous
report with some modifications (Wu et al., 2020).
Firstly, 4.5 mL of 50 mmol/L Tris-HCI (pH = 8.2)
was added to 2.0 mL FYP solution with different
concentrations in the test tubes, and incubated at 25°C
water bath for 10 min. Then, 0.5 mL of 25 mmol/L
pyrogallol solution was added to the solution. After
mixing, the reaction was terminated by adding 0.5 mL
of 8.0 mol/L HCI. The absorbance value was
measured at 320 nm, and distilled water and V¢ were
used as the blank control and positive control,
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respectively. The scavenging rate of FYP on DPPH
free radical was calculated using Eqg. 3:

Superoxide anion free radical scavenging rate (%)

= 222 5 100 (Eq. 3)

where, A; = absorbance value of the blank control
determined by replacing the sample solution with
distilled water of the same volume; A, = absorbance
value of the sample solution; and As; = absorbance
value of the background determined by replacing the
pyrogallol solution with distilled water of the same
volume.

Statistical analysis

All the data are expressed as the mean %
standard deviation (n = 3). Origin 2017 was used for
graphs plotting, and SPSS 26.0 was used for data
processing and significance analysis.

Results and discussion

Extraction of FYP under alkali conditions

To date, the main extraction methods for FYP
are hot water and enzymatic extraction. Alkali
extraction has not been used for the extraction of
FYP. Hence, sodium hydroxide (NaOH) solution was
used as a solvent to extract FYP, and the influence of
three factors, namely, the NaOH concentration,
extraction time, and solvent-to-material ratio on the
extraction yield was investigated in the present work.
The optimal alkali extraction conditions of FYP were
determined by RSM. Moreover, the characterisation
and antioxidant activity of FYP were studied.

Concentration of NaOH (mol'1.)

©)

n yield (%)

Extractio;
T T

(B)

Optimisation of FYP extraction conditions

Single factors

The effects of NaOH concentration, extraction
time, and solvent-to-material ratio on the yield of
FYP are shown in Figure 1. As illustrated in Figure
1A, the extraction yield of FYP increased from 33.06
to 65.12% as the concentration of NaOH increased
from 0.1 to 0.9 mol/L, reaching a maximum when the
concentration of NaOH was 0.9 mol/L, and then
decreased with a further increase in the concentration
of NaOH. The reason may be that the alkali would
break the cell walls, leading to the polysaccharide
transfer into the solvent. If the concentration of NaOH
was too high, the structure of FYP would be easily
destroyed, thereby resulting in a reduced extraction
yield. Hence, a suitable concentration of NaOH was
determined to be 0.9 mol/L. The extraction yield of
FYP increased to a peak at 8 h, and then decreased
(Figure 1B). The reason was that an extended
extraction period caused the degradation of FYP,
leading to a decrease in the extraction Yyield.
Therefore, an optimal extraction time of 8 h was
selected. As shown in Figure 1C, the extraction yield
of FYP increased when the solvent-to-material ratio
ranged from 6 to 10 mL/g, and reached a maximum
at 10 mL/g. A further increase in the solvent-to-
material ratio caused a decrease in the extraction yield
of FYP. When the ratio of solvent-to-material was too
high, some other substances started to dissolve, thus
hindering the precipitation of polysaccharides and a
consequent decrease in the extraction yield of FYP.
Therefore, a suitable solvent-to-material ratio of 10
mL/g was used.

aterial ratio (mLig)

Figure 1. Effect of NaOH concentration (A), extraction time (B), and solvent-to-material ratio (C) on FYP

extraction yield.
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ANOVA of RSM

Based on the single-factor experimental
results, three factors, i.e., NaOH concentration (A),
extraction time (B), and solvent-to-material ratio (C)
were selected to optimise the FYP extraction process
by RSM. The levels of the experimental factors are
shown in Table 1. Based on the multiple regression
analysis of the experimental data in Table 2, the
extraction yield () can be predicted using Eq. 4:

Y = 64.14 + 1.88A + 0.35B + 1.65C + 0.95AB -
0.23AC + 0.022BC - 2.49A2-5.71B2 - 2.14C? (Eq. 4)

where, Y = extraction yield of FYP, A = NaOH
concentration, B = extraction time, and C = solvent-
to-material ratio.

The analysis of variance results are displayed

in Table 3. The significance of the regression model
can be measured by the values of p and F. The model
was highly significant as the F-value was 85.43 and p
< 0.0001. The lack of fit p-value (0.3699) was > 0.05,
which indicated that the lack of fit was insignificant.
The determination coefficient (R*> = 0.9872) and
adjusted determination coefficient (R%g = 0.9756)
were close to one, implying that the model was
reliable, and could be applied to predict the optimum
extraction conditions for FYP. The independent
variables (A and C) and quadratic terms (A2, B?, and
C? were highly significant (p < 0.0001), and the
interaction term (AB) had a significant effect (p <
0.05) on the extraction yield of FYP. The other terms
(B, AC, and BC) had no significant (p > 0.05). In
addition, the order of the three factors affecting the
extraction yield of FYP was A > C > B.

Table 3. Box-Behnken design variance analysis.

Source Sum of squares df Meansquare F-value p-value Significance
Model 647.71 9 71.97 85.43 <0.0001 ok
A 48.46 1 48.46 57.52  <0.0001 *%
B 1.72 1 1.72 2.04 0.1838
C 37.34 1 37.34 44.32  <0.0001 ok
AB 7.21 1 7.21 8.55 0.0152 *
AC 0.42 1 0.42 0.50 0.4953
BC 0.003 1 0.003 0.003  0.9470
A2 89.32 1 89.32 106.03 <0.0001 *%
B2 469.97 1 469.97 557.88 <0.0001 ok
c2 66.08 1 66.08 78.44  <0.0001 * %
Residual 8.42 10 0.84
Lack of Fit 4.87 5 0.97 1.37 0.3699
Pure Error 3.56 5 0.71

Total Regression 656.13 19

*significant difference at p < 0.05; **highly significant difference at p < 0.0001.

Response surface plot analysis

The three-dimensional (3D) response surface
reflecting the effects and their interaction on the yield
of FYP is displayed in Figure 2. Figure 2A shows the
effect of the NaOH concentration (A), extraction time
(B), and their interaction on the yield of FYP. The
FYP yield increased with increasing NaOH
concentration (A), and reached a maximum value
when the NaOH concentration reached a certain
value, after which the FYP yield tended to decrease.
When the concentration of NaOH was set, the FYP
yield also increased with increasing extraction time
(B), reached a peak at a certain value of extraction
time (B), and decreased when the extraction time

exceeded a certain value. Too high concentration of
NaOH and too long extraction time can lead to the
degradation of FYP, resulting in a decrease in the
FYP yield. Likewise, a similar trend was found in
Figures 2B and 2C. In addition, the steepness of the
response surface was proportional to the significance
of the interaction; the steeper the surface of the 3D
plot, the greater the impact of this factor on the yield
of FYP. Figure 2A shows that when the extraction
time (B) was fixed, the change in FYP yield with the
solvent-to-material ratio (C) was relatively flat,
suggesting that the influence of C was smaller than
that of A. Similarly, Figure 2B shows the influence of
B was smaller than that of A, and the influence of B
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Polysaccharide extraction yield (%)
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Polysaccharide extraction yield (%)
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Polysaccharide extraction yield (%)
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10.00

200 SE'G 98 B:Extraction time (h)

Figure 2. Response surface plots showing the effect
of alkali concentration (A), extraction time (B), and
solvent-to-material ratio (C) on FYP extraction yield.

was smaller than that of C as shown in Figure 2C. In
summary, the order of influence of the three factors
on the extraction yield of FYP was as follows: A >C
> B, which was consistent with the results of
ANOVA.

Therefore, the optimum extraction conditions
for the maximum extraction yield of FYP were a
NaOH concentration of 0.97 mol/L, an extraction
time of 8.13 h, and a solvent-to-material ratio of 10.73
mL/g. Under these conditions, the extraction yield of
FYP was predicted to be 64.81%. Considering the
practical operation, the conditions were adjusted in
the actual experiment as follows: the concentration of
NaOH was 1.0 mol/L, the extraction time was 8 h, and

A:AlKali concentration (mol/L)

the solvent-to-material ratio was 10 mL/g. The
average extraction yield of FYP was 64.52 + 0.23%
in three parallel experiments conducted under the
above conditions, which was close to the predicted
value, indicating that the model could be used for the
prediction of the extraction yield of FYP.

Characterisation of FYP
Analysis of chemical composition

The regression equation of the glucose
standard curve was Y = 0.3341X-0.0354 (R? =
0.9919), and the total sugar content of FYP was
calculated to be 91.70 + 0.23%. The regression
equation of the protein standard curve was Y =
0.3115X+0.2325 (R? = 0.9951), and the absorbance
of the 1 mg/mL FYP solution was 0.071 £ 0.035 at
750 nm, which indicated that FYP had a minimal
amount of protein. In addition, as shown in Figure 3,
there was a weak absorption at 260 or 280 nm in the
UV-vis spectrum of FYP, indicating that FYP
contained a small amount of protein, which was
consistent with the results of protein content
determination (Zhou, 2021).

1.2

0.8

0.6 -

Absorbance (A)

0.2

200 250 300 350 400
Wavelength(nm)
Figure 3. UV-vis spectrum of FYP.

FT-IR analysis

FT-IR can provide useful information about the
characteristic functional groups of polysaccharides,
and has typically been used to analyse their structures.
As shown in Figure 4, the spectrum of FYP showed a
strong absorption peak at approximately 3386 cm™,
which corresponded to the O-H stretching vibration
of the polysaccharide hydroxyl group, whereas a
weak absorption peak at approximately 2928 cm™
corresponded to the C-H stretching vibration,
including -CH, -CH,, and CHs (Yang et al., 2015;
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Feng et al., 2022). The absorption peak at around
1648 cm™ corresponded to the C=0 stretching
vibration of the sugar ring, and the absorption peak at
1373 cm™ corresponded to the C-H variable angle
vibration (Liu et al., 2022). The absorption peaks at
1000 - 1200 cm™ corresponded to the C-O-C
stretching vibrations of glycosidic linkages and C-O-
H stretching vibrations of side groups in FYP. The
absorption peaks at 929 and 858 cm™ corresponded to
a-D-glucopyranose (Wang et al., 2011; Jia et al.,
2021).

858

3386

1022
L 1 1 1 1 1 1 ]
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)
Figure 4. FT-IR spectrum of FYP.

Congo Red analysis

Congo red dye, upon mixing with
polysaccharide containing a triple helical structure,
showed a redshift in the maximum absorption
wavelength (Amax) compared to Congo Red dye alone
with increasing NaOH solution concentration (Guo et
al., 2021). If the polysaccharide did not have a triple
helical structure, the change trend of the Amax Of the
Congo Red dye-polysaccharide complex was similar

(A) 70 .
-V

-=FYP

[=a)
(=]

8

Clearance rate (%)
h
(=]

/

20 40 60 80 100
Mass concentration (pug/mL)

to that of the Congo Red dye alone. As shown in
Figure 5, the Amax Of FYP combined with Congo Red
exhibited a similar trend as the concentration of the
NaOH solution increased from 0 to 0.6 mol/L,
indicating that FYP had non-three helical structure.
The Amax Of FYP was higher than that of the blank
group, possibly because of the presence of hydrogen
bonds and other bonds in FYP.

500
=z 195 F
~
=
=
]
2
]
z
2
< 190
—=— Congo red
—e— Congo red+FYP
485 1 1 1 1 1 1 ]
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Alkali concentration (mol/L)

Figure 5. Congo Red absorption pattern of FYP

Antioxidant activity of FYP in vitro

DPPH is widely used to evaluate the free
radical scavenging activity of natural extracts.
Therefore, the DPPH free radical scavenging activity
of FYP was estimated using V¢ as the positive
control. As shown in Figure 6A, FYP and V¢ showed
significant DPPH free radical scavenging ability in a
concentration-dependent relationship in the range of
0.02 - 0.1 mg/mL. The DPPH free radical scavenging
ability of FYP increased when the concentration
increased from 0.02 to 0.1 mg/mL, and reached a
maximum value (41.35%) at a concentration of 0.1
mg/mL, implying that FYP exhibited DPPH free
radical scavenging ability.
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Figure 6. Effect of FYP on DPPH free radical scavenging rate (A) and superoxide anion free radical

scavenging rate (B).
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The superoxide anion free radical is a highly
toxic radical that can cause damage to the cells and
organs, leading to diseases such as cancer and aging.
Therefore, determining the superoxide anion free
radical scavenging ability is an approach for
evaluating the antioxidant activity. The superoxide
anion free radical scavenging ability of FYP at
different concentrations is displayed in Figure 6B. As
shown in Figure 6B, FYP and Vc exhibited
significant superoxide anion free radical scavenging
ability in a concentration-dependent manner in the
range of 0.02 - 0.1 mg/mL. The ability of FYP to
scavenge superoxide anion free radicals gradually
increased from 0.02 to 0.1 mg/mL, and the maximum
scavenging rate (53.85%) of 0.1 mg/mL FYP was
reached, which was lower than that of V¢, suggesting
that FYP has a potential superoxide anion scavenging
ability.

Conclusion

In the present work, the FYP extraction
conditions were optimised by RSM. The optimal
conditions were as follows: NaOH concentration of
1.0 mol/L, extraction time of 8 h, and solvent-to
material-ratio of 10 mL/g. Under these conditions, the
extraction yield of FYP was 64.52 £ 0.23%. FYP
contained 91.70% total sugar with few proteins. FT-
IR revealed that FYP exhibited absorption peaks
characteristic of a-D-glucopyranose. Congo Red
experiment showed that FYP had non-three helical
structure. FYP exhibited good antioxidant activity
against DPPH and superoxide anion free radicals.
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