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Abstract
In this study, a polysaccharide from Enteromorpha prolifera (EP) was extracted and its eﬀect
on maize seedlings under NaCl stress was investigated. Firstly, the components and structure of the EP
were determined. We found that EP is a sulfated polysaccharide of high-molecular weight (Mw, 1 840 KDa)
heteropolysaccharides and the main monosaccharide is rhamnose. The polysaccharide was applied to explore
its eﬀect on the growth of maize seedlings and its defense response under a salt stress. The results show that
EP could promote the growth of maize seedlings under the salt stress. In addition, EP was shown able to
signiﬁcantly regulate membrane permeability and adjustment of osmotic substances such as soluble protein,
soluble sugar, and proline, antioxidant enzymes containing superoxide dismutase, catalase, peroxidase, and
ascorbate peroxidase. Therefore, EP is an eﬀective salt-resistant substance for the growth of maize seedlings
under NaCl stress.
Keyword: polysaccharides; Enteromorpha prolifera; maize seedling; NaCl stress

1 INTRODUCTION
Due to climate change, the incidence of abiotic
stresses has been increased in recent years. On the
other hand, the impact of intensive agriculture
becomes another main reason that can result in
unfavorable conditions for the growth of crop plants.
Abiotic stresses account for considerable losses in
crop production around the world. Among the abiotic
stressors, salt stress is one of the most serious abiotic
stresses that can lead to the reduction of agricultural
productivity (Zhu, 2000; Wang et al., 2003; RuizLozano et al., 2012; Battacharyya et al., 2015).
Compared with normal growth conditions, high salt
concentration can inhibit photosynthesis, destroy the
metabolic balance and cellular structures, and directly
made crop yield reduce (Munns and Tester, 2008;
Zhang et al., 2017a). At present, there are diﬀerent
approaches to response to a salt stress in order to
increase the crop yield including development saline-

alkali-resistant crops, improvement physical and
chemical properties of soil and application of
exogenous biostimulators (Sharp et al., 1984;
Mekhedov and Kende, 1996; Liu et al., 2015). In
addition, the utilization of biostimulators was proved
an eﬀective and easy way to enhance salt tolerance of
plants. Presently, there are diﬀerent kinds of
biostimulators such as salicylic acid, plant harmones,
Ca2+, and polysaccharides or oligosaccharides (AbdelBasset, 1998; Pacholczak et al., 2016; Zhang et al.,
2017b, b; Mejía-Espejel et al., 2018; Glosek-Sobieraj
et al., 2018). Recently, seaweeds polysaccharides or
oligosaccharides such as fucoidan, sodium alginate,
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and carrageenan have been proved to elicit saltresistant activity for crops (Klarzynski et al., 2003;
Luan et al., 2009; Bi et al., 2011). However, although
polysaccharides from Enteromorpha prolifera have
been shown many biological activities such as
antioxidant, immunomodulation, hypoglycaemic,
hypolipidemic, antitumor, anti-aging, and antibacterial
eﬀects (Wang et al., 1995; Xu et al., 2005; Jiao et al.,
2010; Li et al., 2013; Lü et al., 2014), studies in the
literature on the agricultural utilization of them are
scarce.
Enteromorpha prolifera is an important edible and
medicinal alga and widely distributes in China,
particularly in the eastern coastal area (Lü et al.,
2014). In recent years, it has frequently bloomed in
coastal areas in Qingdao, China and caused ecological
problems, such as destruction of marine ecosystems,
a threat to coastal ﬁsheries, tourism development,
obstruction the channel, etc. At present, E. prolifera
in Qingdao has been commonly utilized to make
fertilizer for plants. However, it was not clear whether
EP could promote or stress the growth of plants.
Therefore, in this paper, EP was prepared and the
components and structure were determined. Then, we
investigated its eﬀect on maize seedlings under a
NaCl stress. Diﬀerent parameters of maize seedlings
such as membrane permeability, and adjustment of
osmotic substances such as soluble protein, soluble,
and proline, antioxidant enzymes containing
superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD), and ascorbate peroxidase (APX)
were determined individually. This study could
provide a scientiﬁc basis for developing new
biostimulators for plants.

2 MATERIAL AND METHOD
2.1 Preparation of EP
Enteromorpha prolifera was collected from the
First Bathing Beach of Qingdao, China, in 2011. The
alga was washed with tap water, air-dried, and ground
into powder. Dry alga powder (100 g) was heated in
stirring in distilled water (7 500 mL) at 90°C for 4 h,
ﬁltered with a 300-mesh sieve, and the hot liquid
supernatant was ﬁltered with diatomite. The solution
was concentrated by rotary evaporation; and the
concentrated liquid was dialyzed against tap water
and distilled water for 48 h, respectively. In addition,
the solution was concentrated to about 1 000 mL
under a reduced pressure. Then, 4 000-mL ethanol
was added to the solution to precipitate the
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polysaccharide. The precipitation was lyophilized to
yield a white powdered product that was named EP.
Total carbohydrate content was analyzed with
phenol-sulfuric acid method using rhamnose as the
standard for EP (Dubois et al., 1956). The sulfated
content was measured by the barium chloride gelatin
method (Kawai et al., 1969). The molar ratios of
monosaccharide composition were measured in
reference to Zhang et al. (2009). All monosaccharide
reagents were obtained from Sigma Aldrich (St Louis,
MO, USA). Fourier Transform Infrared Spectroscopy
(FT-IR) of EP was characterized by a Nicolet-360 FTIR spectrometer (360 scans, at a resolution of 6 cm-1)
from 400 to 4 000 cm-1. The dried EP sample was
mixed with potassium bromide (KBr) and pressed
into pellets for measurement (Song et al., 2016).
2.2 Plant material and treatments
Maize (Brassica rapa L.) seeds were surface
sterilized with 1% sodium hypochlorite solution.
Then, they were cleaned with tap water. After the
seeds germinated at 25°C for 48 h in the dark, good
germination seeds were transplanted into Petri dishes
(5 cm in diameter). Then Hoagland solution was put
into the dishes and the seeds were cultured in a light
growth chamber at 28/22°C and 14 h:10 h light/dark
scheme. The relative humidity was 75%, and the
strength of illumination was 400 μmol/(m2·s). After
the ﬁrst leaf fully grew up, Hoagland solution was
replaced by 1/2 Hoagland solution. When the second
leaf of every seed fully developed, the maize seedlings
were randomLy divided into four groups in triplicate
(CK (control), with 1/2 Hoagland), NaCl
(1/2 Hoagland+100 mmol/L NaCl), EP (1/2 Hoagland
+1 mg/mL EP), and EP+NaCl (1/2 Hoagland+
100 mmol/L NaCl+1 mg/mL EP). Due to the high
Mw of EP, we dissolved it in 60°C water. The nutrient
solution was renewed every other day. After 10 days
of treatment, the leaves of maize seedlings were used
to measure the physiological parameters.
2.3 Growth parameters
After treatment, maize seedlings of each group
were harvested for determination of shoot length and
rootstock length. Dry weight was determined after the
samples was dried at 105°C for 2 h.
2.4 Inﬂuence on membrane permeability
The inﬂuence on membrane permeability was
expressed by relative conductivity (L). The leaves
were rinsed with deionized water and cut into 1-mm

1374

J. OCEANOL. LIMNOL., 37(4), 2019

Vol. 37

Table 1 Chemical components of EP
Sample

Total sugar (%)

Sulfate (%)

GlcA (%)

Protein (%)

Ash (%)

Moisture (%)

Mw (KDa)

EP

52.83±0.02

21.98±0.05

26.46±0.01

1.04±0.02

15.94±0.04

10.6±0.01

1 840±0.04

GlcA: glucuronic acid; Mw: molecular weight.

Table 2 Monosaccharides composition (molar ratio) of EP
Sample

Rha

Man

Glu

Gal

Xyl

Fuc

EP

1±0.006

0.054±0.002

0.68±0.005

0.074±0.002

0.18±0.001

0.008 9±0.000 1

Rha: rhamnose; Man: mannose; Glu: glucose; Gal: galactose; Xyl: xylose; Fuc: fucose.

piece at the same part of the leaves. Put the pieces into
tubes respectively, and add some deionized water into
the tube. The tube was vacuumed for 15 min. Then
the air was slowly put in so that leaves were in the
bottom of the tubes. The plug was covered and the
tube was placed for 1 h. The conductivity (S1) was
determined. Then, every tube was sealed tightly and
placed in the boiling water for 15 min. When the tube
was cooled down into room temperature, the
conductivity (S2) was determined, and L=S1/S2.
2.5 Soluble protein, soluble sugar, and proline
contents
The content of soluble protein was determined by
Bradford method (Bradford, 1976). The content of
soluble sugar was measured by the anthrone method
(Sánchez et al., 1998). The proline content was
measured by the ninhydrin acid reagent method
(Bates, 1973). The L-proline used was standard.
2.6 Lipid peroxidation degrees
Malondialdehyde (MDA) content was determined
by thiobarbituric acid (TBA) reaction method reported
by Heath and Packer (Heath and Packer, 1968).
Samples (0.2 g) were homogenized in 10%
trichloroacetic acid (TCA) and centrifuged for 10 min
at 4 000×g. An amount of 2-mL supernatant was
mixed with the same volume of 0.6%-TBA and bathed
in boiling water for 30 min. The mixture was cooled
immediately afterwards. Next, the cooled reaction
liquid was centrifuged at 10 000×g for 15 min and the
supernatant was used to determine the MDA content.
2.7 Antioxidant enzyme activities
The second fully-grown leaf samples (0.2 g) of
maize seedlings were homogenized in liquid nitrogen
and it was used for enzyme extraction. Superoxide
dismutase (SOD) activity was measured according to
the Beauchamp method (Beauchamp and Fridovich,
1971). Catalase (CAT) activity of the leaf samples

was measured according to the method of Lu et al.
(2007) at 240 nm with a UV spectrophotometer.
Peroxidase (POD) activity was followed by the
method used by Seckin et al. (2009). The absorbance
values at 470 nm were read to determine the POD
activities. Ascorbate peroxidase (APX) was measured
according to the procedure of Dzung et al. (2011).
The APX activity was calculated from the decline in
absorbance at 290 nm.
2.8 Chlorophyll contents
After 10-day treatment with NaCl, the contents of
chlorophyll a (Chl a), chlorophyll b (Chl b), and the
total chlorophyll (Chl a+Chl b) of the seedlings were
determined by the method of Mittal et al. (2012).
2.9 Statistical analysis
All data were expressed in means±standard
deviation (SD). ANOVA was utilized to evaluate
statistical diﬀerences among the experimental groups;
P<0.05 was considered statistically signiﬁcant
diﬀerence.

3 RESULT AND DISCUSSION
3.1 Preparation of EP
The yield of EP from E. prolifera was 18.75%. The
chemical components of EP are given in Table 1. As
shown in Table 1, EP is a sulfated polysaccharide with
total sugar 52.83%, sulfate 21.98%, GlcA 26.46%,
and few proteins (1.04%). The ash content was
15.94%, which might be due to metal ion such as Na+,
K+ or Mg2+ that combined with sulfate in EP (Michalak
et al., 2015, 2016, 2017). Moreover, the molecular
weight (Mw) of EP is 1 840 KDa, which is higher
than that reported by Xu et al. (2015) due to diﬀerent
extraction methods. Monosaccharide composition
analysis (Table 2) reveals that rhamnose is the major
sugar in the EP, which is agreeable with that reported
by Cho et al. (2010). However, the content of glucose is
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higher, which might be due to diﬀerent harvested locations.
The FT-IR spectrum of EP is shown in Fig.1.
Typical signals of polysaccharide at about 3 400,
2 934, 1 642, 1 408, 1 248, and 1 039 cm-1 are clear.
The absorption peaks at 3 400 and 2 934 cm-1
correspond to O-H stretching vibrations and C-H
stretching vibrations, respectively. The peaks of 1 642
and 1 408 cm-1 reﬂect the carbonyl C=O antisymmetric
and symmetric vibrations in the uronic acid of EP.
The 1 248-cm-1 spike belongs to S=O asymmetric
stretching vibration of sulfate group and that of
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Fig.1 FTIR of EP

3.2 Eﬀect of EP on plant growth and biomass
accumulation
As shown in Fig.2, compared with CK, EP could
increase the plant height by 8.05%, rootstock height
by 21.07%, dry weight of leaves by 2.41%, and
weight of roots by 17.49%. Treatment in 100-mmol/L
NaCl inhibited signiﬁcantly the growth of maize
seedlings by decreasing plant height, rootstock height,
dry weight of leaves, and dry weight of roots.
However, when EP was utilized for maize, it could
obviously alleviate salt stress on maize by increasing
plant height, rootstock height, dry weight of leaves,
and dry weight of roots.
The roots and leaves of a plant are the weights of
roots and leaves, which are important indices to the
growth of maize seedling and stress tolerance.
Therefore, we calculated the roots/leaves of maize
seedlings with diﬀerent treatments as shown in
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1 039 cm-1 to C-O-H in glucosidal bond or C-O-C
stretching vibrations in the ring. In addition, the EP
shows a band at about 800 cm-1 indicating a
symmetrical C-O-S vibration. These results show that
the EP was a sulfated polysaccharide.
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Fig.2 Inﬂuence of EP on plant height (a), rootstock height (b), the dry weight of leaves (c), and dry weight of roots (d) of maize seedlings
The means designed with diﬀerent letters are signiﬁcantly diﬀerent at P<0.05.
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Table 3 Inﬂuence on roots/leaves of maize seedlings with
diﬀerent treatment
Treatment

CK

EP

NaCl

EP+NaCl

Roots/leaves

0.718±0.02

0.824±0.01

0.478±0.02

0.587±0.05

0.6
a
b

Vol. 37

a

a
b

0.7
c

0.6
0.5

d

0.4
0.3
0.2
0.1

0.4
c
0.3

0

c

CK
0.30
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NaCl

b

EP+NaCl
a
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0.1

0
CK
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NaCl

EP+NaCl

Fig.3 Inﬂuence of EP on membrane permeability of maize
seedlings
The means designed with diﬀerent letters are signiﬁcantly diﬀerent
at P<0.05.

Table 3. Without NaCl stress, EP could boost the
roots/leaves of maize seedlings by 14.69% compared
with the control. NaCl treatment signiﬁcantly reduced
the roots/leaves of maize seedlings, which showed
that the eﬀect of NaCl on roots was greater than that
on leaves. The use of EP could reduce the reduction of
roots/leaves. From the above-mentioned results of
maize seedling growth and biomass accumulation, EP
had the eﬀect of alleviating the negative eﬀect of
NaCl stress on maize growth, so we inferred that EP
could enhance the water absorption of roots to reduce
the growth inhibition of salt stress.
3.3 Inﬂuence on membrane permeability
As shown in Fig.3, the membrane permeability of
maize leaves of the EP group was 97% of the control,
which demonstrated that EP did no harm to the crop.
When 100-mmol/L NaCl was utilized, the membrane
system was seriously destroyed and the membrane
permeability increased by 78.9% compared to the
control. While EP and NaCl were used, the membrane
permeability increased only by 52.9%. Commonly,
the membrane system was the main site of plant
damaged by salt. The damage degree of the
membrane for the plant could be reﬂected by the
membrane permeability. The value of the membrane
permeability was greater, showing that the membrane

Content of soluble sugar (mg/g)

b
c
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d
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0.10
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0

CK
5
Content of proline (μg/g)

Membrance permeability (%)
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0.8
Content of soluble protein (mg/g)
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Fig.4 Eﬀects of EP on soluble protein, soluble sugar, and
proline contents in maize seedling leaves
The means designed with diﬀerent letters are signiﬁcantly diﬀerent
at P<0.05.

damage of the plant was greater. When cell
membrane was destroyed, a large number of
intracellular organic matters leaked. The membrane
permeability could be determined by measuring the
leakage rate of intracellular organic matters, which
could reﬂect the damage degree of the membrane
system (Rodriguez et al., 1997; Volkmar et al.,
1998). Therefore, these results show that EP could
harm the leaf system of maize but reduce the salt
stress on the cell permeability in the role of a
protective ﬁlm system.
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Fig.5 Eﬀect of EP on the content of MDA in maize seedling
leaves
The means designed with diﬀerent letters are signiﬁcantly diﬀerent
at P<0.05.

3.4 Soluble protein, soluble sugar, and proline
contents
As shown in Fig.4, when EP was used to culture
maize, the soluble protein content, soluble sugar
content and proline content of the maize seedling
leave obviously increased by 33.3%, 26.9%, and
12.8% respectively, compared to the control. When
maize was treated with 100-mmol/L NaCl, all the
indices were boosted. However, when EP and NaCl
were simultaneously utilized, the contents of soluble
protein, soluble sugar, and proline were increased
additionally by 15.3%, 9.8%, and 33.7%, indicating
that these matters played as osmotic agents that could
improve osmotic adjustment of maize seedling leaves
under a salt stress. Having reported previously,
soluble protein, soluble sugar, and proline are
important osmotic matters in plant cells, and their
contents can aﬀect directly the osmotic potential of
plant cells; higher concentration of them could
maintain lower osmotic potential and help plant resist
against the damage brought by salt stress, and
maintain the membrane integrity and protein stability
(Khatkar and Kuhad, 2000; Szabados and Savouré,
2010; Farhangi-Abriz and Torabian, 2017). Our
results are in agreement with these studies and it is
indicated that EP could regulate the contents of
compatible solutes of maize seedling leaves under a
salt stress.
3.5 Lipid peroxidation degrees
In Fig.5, the addition of EP for the culture of maize
did not aﬀect the content of MDA. While in NaCl-
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treated maize, the content of MDA of the maize
seedling leaves was signiﬁcantly increased (by
1.2 times compared to CK). While EP was also
utilized, the content of MDA decreased obviously
compared with NaCl (by 15.6%). The salt stress could
lead to membrane impairment in plants and mostly
mediated through membrane lipid peroxidation such
as Oˉ2∙, H2O2, and ∙OH, etc. Lipid peroxidation could
cause the increase of MDA content. The accumulation
of MDA in plant cells could destroy membrane
protein and cause intracellular ROS metabolism
imbalance. Therefore, it could lead to membrane
damage and thus inhibit the growth of plants (Meloni
et al., 2003; Gunes et al., 2007). Our results indicated
that the use of EP did not cause a lipid peroxidation
damage of seedling membrane but reduce the
accumulation of MDA under the salt stress in the role
of a protective ﬁlm system.
3.6 Antioxidant enzyme activities
In a salt-stress environment, the plant can produce
a large number of ROS and free radicals, which may
injure cell membrane structure and intracellular
biological macromolecules. Therefore, the scavenging
ability of ROS and free radicals is an important
parameter of plant salt tolerance. There are two types
of antioxidant protection systems for scavenging
ROS and free radicals in the plant. One is the enzyme
reaction protection system such as SOD, CAT, POD,
and APX, etc., and another is the non-enzymatic
reaction protection system such as ascorbic acid and
reduced glutathione. The enzyme reaction protection
system plays an important role in scavenging ROS
and free radicals in the plant. Thus, SOD, CAT, POD,
and APX are commonly determined to characterize
the salt stress of plant (Sudhakar et al., 2001; Foyer
and Noctor, 2005).
SOD is a metal enzyme in plants and could
disproportionate oxygen-free radicals. It cooperates
with other oxygen-free radical scavenging enzymes
to protect the cell membrane system and avoid
damage by ROS and free radicals. Figure 6a shows
the eﬀect of EP on SOD of maize seedlings under the
salt stress. Without NaCl stress, the SOD activity of
leaves treated with 1 mg/mL EP did not change
signiﬁcantly compared to CK; and 100 mmol/L NaCl
treatment reduced signiﬁcantly SOD activity by
44.6% compared with CK. For EP and NaCl cotreatment groups, SOD activity decreased by 25.5%
only. Thus, EP can inhibit the decrease of SOD
activity under a salt stress and reduce the oxidative
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Fig.6 Eﬀects of EP on SOD (a), CAT (b), POD (c), and APX (d) in maize seedling leaves
The means designed with diﬀerent letters are signiﬁcantly diﬀerent at P<0.05.

damage to cell membrane of maize seedling leaves.
CAT is also one of the important enzymes for
active oxygen scavenging systems in plant and can
specially remove H2O2. Similar to the role of SOD,
the EP treatment did not increase the activity of CAT
compared with CK. For 100 mmol/L NaCl stress, the
CAT of maize seedling leaves improved by 70%
compared with CK, but CAT increased by 2.3 times
compared with CK, which is obviously higher than
that of NaCl stress. Therefore, EP could increase CAT
activity in the plant, and enhance H2O2 scavenging
ability in maize seedling leaves.
POD also played a crucial role in ROS detoxiﬁcation
especially for reducing membrane lipid peroxidation
and protecting the membrane integrity of plants.
Treatment of 1 mg/mL EP increased CAT activity by
10% compared with CK. Treatment of 100 mmol/L
NaCl improved the POD activity for 1.8 times, but the
treatment of NaCl+EP improved the POD activity for
2.2 times. These results show that EP could enhance
the activity of POD in maize seedling leaves regardless
of the presence of NaCl stress, and it could enhance
the scavenging ability of ROS in plants and protect
the membrane.

APX is an important component of the active
oxygen scavenging enzyme system and it is mainly
present in plant chloroplasts and cytoplasm. Ascorbic
acid is the main electron donor for the speciﬁc
peroxidase (Mittler, 2002). The results are similar to
ours of SOD and CAT. The EP treatment did not
change the APX activity in maize seedling leaves
compared with CK. In the treatment of 100 mmol/L
NaCl, adding EP could signiﬁcantly increase the APX
activity by 18.4% compared with that of sole NaCl
stress. Thus, EP could improve the ROS scavenging
capacity by increasing the APX activity of plants.
3.7 Chlorophyll contents
Figure 7 shows the inﬂuence on contents of
chlorophyll including Chl a and b in diﬀerent
treatments. The results indicate that the 1-mg/mL EP
treatment signiﬁcantly increased the contents of Chl a
and b by 20.8% and 9.8%, respectively compared
with CK. Treatment of 100-mmol/L NaCl obviously
reduced the contents of Chl a and b to 46.3% and
65.6% of the control, respectively. However, when EP
and NaCl were co-used, the reduction in the contents
of chlorophyll was alleviated signiﬁcantly. Therefore,
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3.5

Contents of chlorophyll (mg/g)
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antioxidant enzymes activities. Therefore, the extract
can be explored as a salt-resistance substance for
plants.

5 DATA AVAILABILITY STATEMENT
The datasets in the current study are not publicly
available due to author request. It can be available
from the corresponding author on reasonable
request.
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Fig.7 Inﬂuence on contents of chlorophyll with diﬀerent
treatment
The means designed with diﬀerent letter are signiﬁcantly diﬀerent
at P<0.05.

EP could improve the contents of Chl a and Chl b and
reduce the chlorophyll degradation caused by the salt
stress, and alleviate the growth inhibition by
improving photosynthesis of maize seedlings.
Alga polysaccharides feature many important
biological activities against plant disease (Jaulneau et
al., 2010) and abiotic stresses. Sodium alginate has
been proved that it could increase survival rate,
chlorophyll content, and SOD activity so did the
adaptability of Helianthus annuus L. seedling to a salt
stress (Yang and Guo, 2010). Similarly, sodium
alginate could increase salt-tolerance adaptability if
Raphanus sativus seedlings and relief the harm from
NaCl stress (Yang and Guo, 2011). Zou et al. (2018)
showed that polysaccharide could protect wheat
seedlings against salt stress by regulating antioxidant
enzyme activities and modulating intracellular ion
concentration. In this paper, we have indicated that
EP could increase the resistance to salt stress not only
by regulating SOD, CAT, POD, and APX activities
but also by regulating membrane permeability.
However, the speciﬁc mechanism needs further
research.

4 CONCLUSION
The polysaccharide extract of Enteromorpha
prolifera is a sulfated polysaccharide, and its
molecular weight is high (1 840 KDa); thus it is a
hereopolysaccharide and the main monosaccharide is
rhamnose. Moreover, the extract could promote the
growth of maize seedlings under salt stress and able
to increase salt-tolerance by regulating membrane
permeability, adjustment of osmotic substances, and
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