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  Abstract : The discovery of various activities of natural plants has increased interest in 
halophytes. Suaeda australis and S. maritime are perennial halophytes that belong to the 
Chenopodiaceae family. Extracts of S. australis and S. maritime plants were investigated for 
concentration and time-dependent antibacterial and antioxidant activities using bacterial species and 
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, respectively, as well as total 
phenolic content. The S. australis extract (500 µg/mL) showed activity against all the bacterial 
species including P. aeruginosa, P. mirabilis, A. baumannii, and VRE with 61.1, 42.3, 44.49, and 
40.38%, respectively, inhibition and suppressed of these four species for 12 h. Overall, the S. 
australis extract showed marked antibacterial activities while, in contrast, the S. maritime extract 
had excellent antioxidant effects. However, the effects of the two extracts were much lower than 
that of quercetin. The present study identified antibacterial activities of S. australis, and it would be 
necessary to perform further phytochemical studies of S. australis. 
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1. Introduction

In 1928, Fleming discovered that blue mold 
grew on plates where Staphylococcus species 
were cultured, and cells around the fungi were 
killed, which led to the discovery of penicillin, 
the first antibiotic[1]. Since then, 
life-threatening infections such as bacteremia, 
bacterial meningitis, tuberculosis and 
pneumonia    have    been    treated    with 
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antibiotics[2]. However, some pathogenic 
bacteria have acquired resistance to antibiotics 
owing to continuous abuse of broad ranges of 
antibiotics[3]. This has led to the emergence of 
pathogenic bacteria that are resistant to 
various antibiotics, which has created a major 
medical problem worldwide and a significant 
threat to human health[4].

Hospital infections are considered the biggest 
problem in medical facilities worldwide and 
lead to the death of patients, failure of 
surgeries, graft rejections, failure of 
chemotherapy, increased hospital expense 
burden   for   patients,   and   long-term
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hospitalization[5]. Methicillin-resistant 
Staphylococcus aureus (MRSA) is classified as 
a causative pathogen of hospital infections and 
has been identified as one of the most 
common bacterial pathogens since its discovery 
in 1961. In addition, recent studies indicate 
that MRSA infections still are attributable for 
serious negative clinical outcomes despite 
antibacterial treatment[6]. Furthermore, MRSA 
accounts for 60–70% of hospital infections 
caused by Staphylococcus aureus in Korea, and 
the use of glycopeptide antibiotics such as 
vancomycin for the treatment of MRSA has 
increased[7,8]. This has gradually increased the 
number of pathogens that are resistant to 
antibiotics.

The World Health Organization (WHO) 
reported that natural plants would be useful in 
the treatment of diseases caused by 
antibiotic-resistant bacteria, and interest in 
natural resources with useful bioactivities 
against infectious diseases has increased in 
recent years[9]. The various natural plants, 
interest has increased considerably in halophyte 
plants, which are resistant to high soil salt 
levels, and are found in sand dunes, rocky 
coasts, saline depressions, inland deserts, and 
coastal environments such as salt marshes of 
the coast[10]. It is known that halophytes 
thrive in and are resistant to these harsh 
environments[11]. In addition, they can inhabit 
a broad range of environments and are 
equipped with an antioxidant system centered 
on their phenolic compound content[12]. The 
human body possesses a defense system with 
antioxidant enzymes including superoxide 
dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx), which function 
to prevent oxidative damage[13]. However, this 
system can lose its effectiveness owing to 
structural and functional modifications caused 
by excessive production of free radicals[14]. 
Therefore, there is a need to protect the body 
from oxidative stress using the natural 
antioxidants.

Suaeda australis and S. maritime are 

perennial halophytes that belong to the family 
Chenopodiaceae and are distributed in the 
West and Southern coast, Jeju Island in Korea, 
Southern China, Taiwan, and Southern Japan. 
The seven genera of Chenopodiaceae reported 
in Korea, the Suaeda species, which are 
regarded as the most important, were studied 
for various folkloric medical effects including 
hypoglycemic and hypolipidemic (S. fruticose), 
antimicrobial (S. pruinosa), and anti-oxidative 
and anti-inflammatory (S. asparagoides) 
[15-18]. In contrast, few studies have 
investigated the effects of S. australis and S. 
maritime thus far. Therefore, the present study 
aimed to investigate the antibacterial and 
antioxidant effects of extracts of S. australis 
and S. maritime against various bacterial 
species, to provide basic data for the 
development of natural antibiotics that could 
replace currently used synthetic antibiotics.

2. Materials and Methods

2.1 Extraction and isolation of plant 

    constituents

  The whole plants of S. australis and S. 
maritime, which grow wild in West coast were 
extracted thrice with ethanol (EtOH) at room 
temperature (1 day per each extraction), and 
the extracts were vacuum-dried at 40°C 
followed by resuspension in EtOH to a 
concentration of 10 mg/mL for further use in 
the tests. Quercetin (Sigma-Aldrich, USA) was 
used as a positive control in the determination 
of antioxidant effects.

2.2 Bacterial strains

  The bacterial strains used to investigate the 
specific antibacterial activities of extracts of S. 
australis and S. maritime included the 
gram-positive Staphylococcus aureus (ATCC 
25923), Streptococcus pyogenes (ATCC 19615), 
Enterococcus faecalis (ATCC 19433), Listeria 
monocytogenes (ATCC 15313), and Bacillus 
cereus (KCTC 1014); gram-negative 
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Pseudomonas aeruginosa (ATCC 27853), 
Proteus mirabilis (ATCC 7002), Klebsiella 
pneumonia (ATCC 13883), Acinetobacter 
baumannii (ATCC 19606), and Neisseria 
gonorrhoeae (Clinical Isolates); and antibiotic- 
resistant methicillin-resistant Staphylococcus 
aureus (MRSA), vancomycin-resistant 
Enterococci (VRE), and multidrug‐resistant 
Pseudomonas aeruginosa (MDR-PA). These 
strains were spread on blood agar plate (BAP) 
and then cultured in brain heart infusion 
(Difco, USA) broth overnight prior to being 
used.

2.3 Concentration-dependent extract 

    antibacterial activities

The bacterial suspensions cultured in BHI 
media were further diluted to 0.5 × 105 
cell/mL with BHI and the optical densities 
were measured at 600 nm. The natural plant 
extracts were serially diluted to 250 and 500 
µg/mL with BHI medium, aliquoted into a 
96-well plate (100 μL per well), and then the 
same volume of diluted bacterial suspensions 
was added to each well, based on the strain. 
The plate was then cultured in an incubator at 
37°C for 24 h and the negative control was 
BHI liquid medium. Following the incubation, 
optical densities were measured at 600 nm 
using Biotrak Ⅱ Plate reader (Amersham Life 
Science, UK).

2.4 Time-dependent extract antibacterial 

    activities

Antibacterial activity testing was carried out 
by using the above method. The natural plant 
extracts were diluted with BHI medium to a 
concentration of 500 μg/mL and the same 
volume of each diluted bacterial suspension 
was added, followed by incubation in an 
incubator at 37°C for 2, 4, 8, 12 and 24 h. 
The optical densities were measured at 600 nm 
using Spectronic Genesys 5 (Milton Roy 
Company, USA).

2.5 1,1-Diphenyl-2-picrylhydrazyl (DPPH) 

    radical scavenging activity

The radical scavenging activities of the 
extracts of S. australis and S. maritime were 
measured using 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) radical scavenging assay[19]. The 
natural plant extracts were prepared as 1 and 
5 mg/mL dilutions in each solvent, aliquoted 
to a 96-well plate with 10 μL per well, and 
then 190 μL of 200 μM DPPH 
(Sigma-Aldrich, USA) in ethanol was added to 
each well. This was followed by incubation at 
37°C for 30 min, and then the optical 
densities were measured at 550 nm using 
Biotrak Ⅱ Plate reader (Amersham Life 
Science, UK).

2.6 Total phenolic content

The total phenolic content of the extracts 
was measured using the Folin-Denis method 
with modifications[20]. Briefly, 50 µL of the 
extracts at 1 mg/mL concentration in distilled 
water (DW, 1.65 mL), and 100 μL 
Folin-Denis reagent (Sigma-Aldrich, USA) 
were mixed for 5 min, and then 200 µL 1N 
sodium carbonate (Na2CO3) was added. This 
was followed by incubation at room 
temperature for 2 h, and then the optical 
density was measured at 750 nm using 
Spectronic Genesys 5 (Milton Roy Company, 
USA). Gallic acid was subjected to the same 
procedure as the samples as a standard to 
obtain a standard curve, which was used to 
determine the total phenolic contents that were 
expressed as gallic acid equivalents per gram 
of extract sample (mg GAE/g).

3. Results and discussion

3.1 Concentration-dependent extract 

    antibacterial activities

Well-known halophytes to date include 
Spergularia marina, Limonium tetragonum, and 
Salicornia herbacea[21-23]. The antibacterial 
activities of the extracts of S. australis and S. 
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strain

S. australis S. maritima

Concentration (μg/mL) Concentration (μg/mL)

250 500 250 500

S. aureus 10.02 36.4 4.5 67.7*

S. pyogenes 15.72 32.8 11.32 32.08

E. faecalis 7.18 16.48 NA NA

L. monocytogenes 12.86 34.44 10.46 36.63

B. cereus NA 29.2 13.74 15.06

P. aeruginosa 19.27 61.1* 12.7 59.08*

P. mirabilis 5.32 42.34* 9.49 39.32

K. pneumoniae 8.06 31.5 6.05 20.95

A. baumannii 12.46 44.49* NA 37.67

N. gonorrhoeae 18.19 22.91 NA NA

MRSA 17.33 25.4 1.9 13.3

VRE 28.55 40.38* 17.24 41.07*

MDR-PA 20.79 38.37 NA 31.74

* : More than 40% anti-bacterial effect, NA : without antibacterial inhibitory effect, 
MRSA : Methicillin resistant staphylococcus aureus, VRE : Vancomycin-resistant 
enterococci, MDR-PA : Multidrug‐resistant Pseudomonas aeruginosa. These results 
were obtained by three independent experiments.

Table 1. Antibacterial activity of extracts from S. australis and S. maritime

maritime were shown to be concentration- 
dependent. As shown in Table 1, The S. 
australis extract at 500 µg/mL (mean of three 
replicates) inhibited the gram-positive bacteria 
(S. aureus, S. pyogenes, E. faecalis, L. 
monocytogene, and B. cereus) by 36.40, 32.8, 
16.48, 34.44, and 29.2%, respectively; the 
extract also inhibited the growth of 
gram-negative bacteria such as P. aeroginosa, 
P. mirabilis, K. pneumonia, A. baumannii, N. 
gonorrhoeae by 61.1, 42.3, 31.5, 44.49 and 
22.91%, respectively. In addition, the S. 
australis extract inhibited antibiotic-resistant 
bacteria at 25.4, 40.38, and 38.37% for 
MRSA, VRE, and MDR-PA, respectively. 
Taken together, the S. australis extract showed 
activity against the gram-positive, gram- 
negative, and antibiotic-resistant bacteria 
tested. The S. maritime extract at 500 µg/mL, 
inhibited the gram-positive bacteria at 67.7, 

32.08, 36.63, and 16.06% for S. aureus, S. 
pyogenes, L. monocytogene, and B. cereus, 
respectively, while gram-negative bacterial 
inhibition was 59.08, 39.32, 20.95, and 
37.67% for P. aeroginosa, P. mirabilis, K. 
pneumonia, and A. baumannii, respectively. In 
addition, S. maritime extract inhibited the 
antibiotic-resistant bacteria at 13.3, 41.07, and 
31.74% for MRSA, VRE, and MDR-PA, 
respectively. Although S. maritime extract 
showed activity against all bacterial species 
tested except E. faecalis and N. gonorrhoeae, 
the S. australis extract showed an overall 
higher antibacterial activity.

3.2 Time-dependent extract antibacterial 

    activities

As shown in Fig. 1, The S. australis extract 
at 500 µg/mL, showed time-dependent (2, 4, 
8, 12, and 24 h) antibacterial activity against 
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(A)                                         (B)

(C)                                         (D)

Fig. 1. Inhibition of bacteria growth by S. australis extracts on time. (A) Pseudomonas 
aeruginosa, (B) Proteus mirabilis, (C) Acinetobacter baumannii, (D) 
Vancomycin-resistant enterococci, ◆, 500 μg/mL; ■, Negative control. These results 

were obtained by three independent experiments. 

four bacterial strains including P. aeruginosa, 
P. mirabilis, A. baumannii, and VRE. All four 
strains cultured in the absence of the extract 
showed bacterial growth after 4 h, whereas 
there was no growth even 12 h following 
treatment with the S. australis extract; 
however, slight bacterial growth was observed 
after 12 h. S. australis extract showed activity 
against all the species tested and, in particular, 
inhibited the gram-negative P. aeruginosa by 
60%. P. aeruginosa is an important causative 
bacterium in a number of hospital infections 
including pneumonia, urinary tract infections, 
gastrointestinal infections, and sepsis[24]. In 
addition, the number of antibiotic-resistant 
bacterial strains has increased due to 
continuous use of antibiotics, leading to more 

serious and difficult to treat infections. The S. 
australis extract showed an inhibitory activity 
of more than 38% against MDR-PA in 
addition to its effects against P. aeruginosa. 
Although the S. maritime extract had an 
overall lower antibacterial activity than S. 
australis did, it had a higher antibacterial 
activity against S. aureus. Most hospital- and 
community-acquired infections are caused by 
S. aureus, and the increased antibiotic 
resistance has become a serious problem 
worldwide[25]. The extracts of S. australis and 
S. maritime showed activities against bacteria 
that are the major causes of 
antibiotic-resistant infections and, therefore, 
they can considered as good potential 
candidates to replace synthetic antibiotics. 
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Extracts
Total phenolic content

(mgGAE/gextract)

S. australis 7.87±0.61

S. maritima 24.47±4.64

Further studies to elucidate the specific 
constituents of both these natural plant 
extracts are necessary. 

3.3. DPPH radical scavenging activity

Although halophytes are known to contain 
compounds including vitamins, polysaccharides, 
glycosides, and phenols[26]. The DPPH radical 
scavenging activity test was performed to 
evaluate the antioxidant effects of the S. 
australis and S. maritime extracts. As shown 
in Fig. 2, the S. australis extract showed slight 
antioxidant effects of less than 1 and 7.25% at 
1 and 5 mg/mL, respectively. In contrast, the 
S. maritime extract showed antioxidant effects 
of 8.01 and 25.26% at 1 and 5 mg/mL, 
respectively. Although the S. maritime extract 
showed a higher antioxidant effect than the S. 
australis extract did, both extracts showed 
lower effects than quercetin.

Fig. 2. DPPH radical scavenging activity of 
extracts from S. australis, S. maritime 
and quercetin. These results were 
obtained by three independent 
experiments.

3.4 Total phenolic content

  As shown in Table 2, Total phenolic 
contents were determined to be 7.87 and 
24.47 mg GAE/g of S. australis and S. 
maritime extracts, respectively. Riadh et al. 
measured the phenolic content of the 
halophyte Tamarix gallica, and its leaves and 

flowers were shown to contain 34.44 mg and 
135.35 mg GAE/g of extract, respectively[27]. 
This result indicates a higher phenolic content 
for T. gallica than for the S. australis and S. 
maritime extracts.

Table 2. Total phenolic content of extracts 
from S. australis and S. maritime

4. Conclusions

Halophytes are plants that have gained 
attention recently and are known to have high 
phenolic contents and various biological 
activities. There are currently few studies on 
the halophytes S. australis and S. maritime 
and, therefore, the present study compared and 
evaluated the antibacterial and antioxidant 
effects of their extracts. The antibacterial 
activities of the extracts of S. australis and S. 
maritime were shown to be concentration and 
time-dependent. However, DPPH 
radical-scavenging activities of the S. australis 
and S. maritime extracts were not outstanding 
in this study. The present study demonstrated 
the antibacterial activities of S. australis and S. 
maritime and based on these results, it would 
be expedient to conduct further phytochemical 
analysis of these extracts. 
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