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Abstract The aim was to optimize ultrasonic extraction conditions and study antioxidant activities of lychee pericarp polysaccharides. The

effects of extraction temperature, time, ultrasonic power, solid-liquid ratio on polysaccharides yield were investigated by single-factor experi-

ment and orthogonal experiment to obtain optimum extraction conditions; the antioxidant activities of lychee pericarp polysaccharides were eval-

uated by the total antioxidant activity. Optimum extraction process was under extraction temperature of 80 °C, extraction time of 2.5 h, ultra-

sonic power of 180 W, solid-liquid ratio of 1: 25 g /mL; the total antioxidant activity was increased with the increasing concentration of poly-

saccharides. The extraction process is simple and efficient. The extraction rate of lychee pericarp polysaccharides with antioxidant activities is

high.
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1 Introduction

Lychee, as one of the characteristic fruits, is mainly grown in
tropical and subtropical regions. Lychee fruit is tasty and sweet,
and contains a variety of active ingredients''’. People tend to re-
tain only the pulp and discard pericarp when using the lychee.
This will form a large lychee pericarp waste, and it will further
pollute the environment if not handled properly. Lychee pericarp
has a variety of functional components, and a variety of health
benefits. Studies have shown that the lychee pericarp contains pol-
ysaccharides with antioxidant activity'? | and it has auxiliary ther-

B0 so it has great po-

apeutic effect on hypertension, cancer, etc.
tential value. The development and utilization of lychee pericarp
has become the trend of deep processing of lychee, and the extrac-
tion and utilization of polysaccharides has also become one of the
hotspots. Currently, the extraction of lychee pericarp polysaccha-
rides has been reported, for example, the traditional water extrac-
tion method is used to extract lychee pericarp polysaccharides™
but this method has low extraction rate and flawed extraction
process. Research also shows that ultrasonic extraction has high
efficiency in extracting lychee pulp polysaccharides™ | but it is
rarely reported in the lychee pericarp extraction. Therefore, this
study uses ultrasonic extraction method to extract lychee pericarp,
and this method has characteristics of quickness and high efficien-
cy, and applying the ultrasonic technology to the extraction of ly-
chee pericarp polysaccharides helps improve the extraction process
of lychee pericarp polysaccharides. The study on oxidation activity
of polysaccharides obtained from lychee pericarp by ultrasonic ex-

traction contributes to the further use and extraction of active poly-
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saccharides, and provides an important scientific basis for the re-

source-based reuse of lychee pericarp.

2 Materials and methods

2.1 Materials

2.1.1 Main instruments. KQ5200 ultrasonic cleaning instru-
ment, DHG-907A blast electric oven, TGL-16M Xiangyi Desk
Centrifuge, UV-2700 Shimadzu UV-visible spectrophotometer,
BSA124S Sartorius analytical balance.

2.1.2 Materials and reagents. Lychee pericarp was removed
from fresh black leaf lychee bought from Golden Triangle Market
in Youjiang District of Baise City, and after being cleaned and
naturally dried, it was crushed, sifted by 60-mesh sieve, dried
and stored; phenol was freshly distilled; glucose, concentrated
sulfuric acid, absolute ethyl alcohol, hydrogen peroxide, 1, 1-di-
phenyl-2-trinitrobenzene hydrazine ( DPPH ), as analytical rea-
gents, were purchased from Sinopharm Chemical Reagent Co. ,
Ltd. ; the experimental water was distilled water.

2.2 Methods

2.2.1 Preparation of standard solution. 0. 0162 g of anhydrous
glucose, dried to constant weight, was precisely weighed, and
placed in 100 mL volumetric flask, to get 162 wg/mL glucose so-
lution.

2.2.2 Determination method of lychee pericarp polysaccharides.
It is based on the sulfuric acid-phenol colorimetry with glucose as

standard substance™” .

2.2.3 Standard curve drawing. 0.20 mL, 0.40 mL, 0.60 mL,
0.80 mL and 1. 00 mL glucose solutions were precisely siphoned
and placed in 5 stoppered test tubes, respectively, and then dis-
tilled water was added to 2.0 mL, and 1.0 mL of 6% phenol was
added , respectively. After being shaken, 10.0 mL of concentrated
sulfuric acid was added, respectively. With the same reagent
without glucose as control, it was placed in boiling water for 5 min

after being kept still for 5 min, and then transferred to cold water
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to cool. After 30 min, the absorbance was measured at a wave-
length of 490 nm™’. With mass concentration ( C) as abscissa and
absorbance (A) as vertical axis, the linear regression was done to
obtain a linear equation; A =0. 0059C +0. 0055, r =0. 9995.
2.2.4 Preparation of test solution. 5.00 g of lychee pericarp
powder sample was weighed and placed in 250 ml stoppered coni-
cal beaker. The distilled water was added according to proportion,
and the extraction was carried out based on certain ultrasonic pow-
er, temperature and time. The leaching was conducted after ex-
traction, and the filtrate was concentrated in a 100 mL volumetric
flask. 10.0 mL of the above solution was taken and mixed with ab-
solute ethyl alcohol for ethanol precipitation in 4°C refrigerator for
12 h; it was then centrifugalized for 10 min at 8000 r/min to get
the ethanol sediments; the water was used to dissolve the ethanol
sediments in 25 mL flask to get the test solution.

2.2.5 Determination of the test solution. In accordance with the
standard solution determination method in "2.2.3" | the content
was determined from the standard curve by measuring the
absorbance of the sample solution, and the polysaccharides extrac-
tion rate was calculated. polysaccharides extraction rate = (the
amount of polysaccharide extracted/the weight of the lychee peri-
carp extracted) X 100%.

2.2.6

ethanol sediments obtained in "2.2.4" treatment as lychee peri-

Study of polysaccharides antioxidant activity. With the

carp polysaccharides, the dry polysaccharides were prepared into
different concentrations for the study of antioxidant activity. Ac-

cording to the literature method, the scavenging effect of lychee
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pericarp polysaccharides on superoxide anion radical ™’ | hydroxyl

radical ™’ and DPPH radical™"! was examined.

3 Results and analysis
3.1 Single-factor test
3.1.1

polysaccharides extraction rateUnder extraction temperature of

Effect of ultrasonic power and extraction temperature on

70°C, extraction time of 0.5 h and extraction solid-liquid ratio of
1.20, the effect of ultrasonic power of 120 W, 140 W, 160 W,
180 W and 200 W on the polysaccharides extraction rate of lychee
pericarp was examined, respectively, as shown in Fig. 1. As can
be seen from Fig. 1, when the ultrasonic power increased from
120 W to 200 W, the extraction rate increased first and then de-
creased, and the extraction rate was highest at 180 W, so the ul-
trasonic power of 180 W was chosen for the extraction. Under ul-
trasonic power of 180 W, extraction time of 0.5 h and extraction
solid-liquid ratio of 1:20, the effect of extraction temperature of
40°C, 50°C, 60°C, 70°C and 80°C on the polysaccharides extrac-
tion rate of lychee pericarp was examined, respectively, as shown
in Fig. 2. As can be seen from Fig. 2, the polysaccharides ex-
traction rate increased with the rising temperature, because when
the temperature was high, the polysaccharides would spread fast
from lychee pericarp. However, when the temperature was over
80°C, the water would evaporate quickly, so 80°C was chosen as

the extraction temperature.
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Fig.1 Effect of ultrasonic power and extraction temperature on polysaccharides extraction rate

3.1.2 Effect of extraction time and solid-liquid ratio on polysac-
charides extraction rate. Under ultrasonic power of 180 W, extrac-
tion temperature of 80°C and extraction solid-liquid ratio of 120,
the effect of extraction time of 0.5 h, 1.0 h, 1.5 h, 2.0 h and
2.5 h on the polysaccharides extraction rate of lychee pericarp was
examined , respectively, as shown in Fig. 3a. As can be seen from
Fig. 3a, at 2.0 h, the polysaccharides extraction rate peaked, so
the extraction time was chosen as 2.0 h. Under ultrasonic power of
180 W, extraction temperature of 80°C and extraction time of 2.0
h, the effect of solid-liquid ratio of 1:15, 1:20, 1.:25, 1.:30 and
1:35 on the polysaccharides extraction rate of lychee pericarp was

examined, respectively, as shown in Fig. 3b. As can be seen

from Fig. 2b, when the solid-liquid ratio changed from 1:15 to
1.25, the extraction rate increased significantly, and when the
solid-liquid ratio changed from 1:25 to 1:35, the extraction rate
showed no obvious increasing trend, because at 1:25, a large por-
tion of polysaccharide could be extracted, and if the solvent con-
tinued to increase, the dissolution amount of polysaccharides
would be very limited. From the perspective of saving energy, the
solid-liquid ratio of 1:25 was chosen.

3.2 Orthogonal test

test, extraction time, ultrasonic power, extraction temperature and

On the basis of the above single-factor

solid-liquid ratio were selected as the influencing factors, and with

polysaccharide extraction rate as indicator, 4-factor and 3-level L,
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(3") orthogonal test was performed. The factor level and test re-
sults are shown in Table 1 and Table 2, respectively. From the
range, it was found that R, >R, >R, > R,, so the influencing
factors were in the order of extraction temperature > ultrasonic

power > extraction time > solid-liquid ratio. By the comparison of
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the mean, it was found that the optimum process combination was
A3B,C,D,, that is, the optimum extraction process parameters
were extraction time of 2.5 h, ultrasonic power of 180 W, extrac-

tion temperature of 80 °C and solid-liquid ratio of 1:25.

JE—— |
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Fig.2 Effect of extraction temperature on the extraction time and solid-liquid ratio of polysaccharides extraction rate

Table 1 Factor level design

Factors
Level A time B power C temperature D solid-liquid
h w < ratio // g/ mL
1 1.5 160 70 1:20
2 2.0 180 75 1:25
3 2.5 200 80 1:30
Table 2 L, (3*) orthogonal test results
No. Factors Extraction
A B C D rate // %
1 1 1 1 1 0.601
2 1 2 2 2 0.976
3 1 3 3 3 1.176
4 2 1 2 3 0.930
5 2 2 3 1 1.412
6 2 3 1 2 0.721
7 3 1 3 2 1.306
8 3 2 1 3 0.824
9 3 3 2 1 0.935
K, 0.918 0. 946 0.715 0.983
K, 1. 021 1.071 0. 947 1. 001
K, 1.022 0.944 1.298 0.977
R 0.104 0.127 0.583 0.024

3.3 The optimum process verification The lychee pericarp
was extracted under optimum process conditions, and its content
was determined. It was repeated 5 times and it was calculated that
the average extraction rate of lychee pericarp polysaccharides was
1.45% and RSD was 1.92% , so it was an optimum process.

3.4 Antioxidation of lychee pericarp polysaccharides The
antioxidant activity results of lychee pericarp polysaccharides can
be shown in Table 3. From Table 3, it was found that the lychee
pericarp polysaccharides had a certain scavenging effect on super-
oxide anion radical O, -, hydroxyl radical OH - and DPPH

radical. When the amount of polysaccharides increased from 25 g
to 100 g, the scavenging ability would also increase. This shows
that lychee pericarp polysaccharides have antioxidant properties,

consistent with the literature™ .

Table 3 Radical scavenging ability of polysaccharides

Scavenging Scavenging

Amount effect on effect on Scavenging
Sample superoxide  hydroxyl effect on
anion radical  radical DPPH // %
% %
Polysac- 25 11.3 9.8 8.7
charides 50 23.8 23.1 18.5
100 32.1 28.9 24.2

4 Conclusions and discussions
In this study, the optimum extraction process was extraction time
of 2.5 h, ultrasonic power of 180 W, extraction temperature of
80°C , and solid-liquid ratio of 1:25. Under the optimum process,
the extraction rate of lychee pericarp polysaccharides reached 1.
45% . In the concentration of 25 g to 100 g, lychee pericarp poly-
saccharides showed different scavenging effect on superoxide anion
radical , hydroxyl radical and DPPH radical, and had good antioxi-
dant activity. The extraction rate of lychee pericarp polysaccha-
rides under ultrasonic extraction was higher than under traditional
water extraction '’ | mainly because ultrasound could speed up the
dissolution of polysaccharide molecules from the lychee pericarp.
The dissolution of active ingredients of lychee pericarp was affect-
ed by solid-liquid ratio, ultrasonic power, extraction time and ex-
traction temperature, and the dissolution mechanism among the
factors was yet to be studied. The extraction process in this study
has high polysaccharides extraction rate, so it can be used for ex-
traction of lychee pericarp polysaccharides, the potentially huge
value of lychee pericarp will be further developed, and it will cre-
ate greater economic value for industry and agriculture.

(To page 68)
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more than 3.50% in comparison with the normal organic fertilizer,
and the economic benefit increases by 1800 yuan/ha. There are
many previous studies on banana waste resource-based utilization
pathway and stacking conditions for the preparation of organic fer-
tilizer, but few studies focus on the comparison of application

effect of finished banana stalk fertilizer and ordinary commercial

[17221]

fertilizer . The banana stalk fertilizer with small application

scale has higher production cost and process requirements than or-
dinary commercial organic fertilizer, but in view of its application
value and environment-friendliness, the banana stalk organic fer-

tilizer has great market prospects and promotional value.
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