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 Humanity is currently experiencing 
problems associated with the increase in bacterial 
infections and the many side effects of synthetic 
drugs that are being used to deal with these medical 
problems.  In addition, overuse has made antibiotics 
less effective, resulting in bacteria that are resistant 
to one or more antibiotics, which is a growing 
problem worldwide (Hsieh and Amin, 2016).  The

high human mortality rates associated with bacterial 
infections in Thailand caused by drug-resistant 
bacteria, particularly extended spectrum β-lactamase 
(ESBL)-producing Enterobacteriaceae (Thamlikitkul 
et al., 2015) and methicillin-resistant Staphylococcus 
aureus (MRSA) (Jariyasethpong et al., 2010; Kitti 
et al., 2011), are a cause for concern.  One of the 
methods to treat antibiotic-resistant bacteria is to use 
new compounds rather than the existing synthetic 
antibacterial drugs.  Therefore, the search for novel
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ABSTRACT

 Seaweeds have become targets for chemical screening in search of new compounds that have 
potential medical value, including antibacterial activity.  The aim of this study was to evaluate the 
chemical composition and antibacterial activity of the extract and fractions of Padina australis.  The 
chemical compounds in seaweed samples were extracted with methanol, then sequentially partitioned 
with hexane, dichloromethane, ethyl acetate (EA) and n-butanol.  The EA fraction was further separated 
using silica gel column chromatography to yield eight subfractions (EA-1 to EA-8).  The antibacterial 
activity was tested against seven pathogenic bacteria through the disc diffusion method and its minimum 
inhibitory concentration was tested using the standard broth dilution method.  The highest activity against 
gram-positive bacteria was observed for the EA-1 subfraction with inhibition zones of 9.37±0.09 mm, 
12.25±0.60 mm and 10.30±0.05 mm for Bacillus subtilis ATCC6633, Staphylococcus aureus ATCC25923 
and methicillin-resistant S. aureus KL046, respectively.  None of the extracts showed activity against 
gram-negative bacteria.  Moreover, the antibacterial activity was positively correlated with the total 
phenolic content in the extracts against B. subtilis (r = 0.656), S. aureus (r = 0.800) and methicillin-
resistant S. aureus (r = 0.880).  The highest fucoxanthin content was also observed in the EA-1 subfraction.  
The active compounds of the EA-1 subfraction were identified using gas chromatography coupled with 
mass spectroscopy, and the major components were fucosterol, (3β, 24Z)-Stigmasta-5, 24(28)-dien-3-ol 
and phloroglucinol.  Based on these results, the bioactive compounds responsible for the antibacterial 
activity might be the phenolic compounds fucoxanthin, fucosterol and fucosterol derivative. 
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natural sources, particularly marine organisms, 
could lead to the isolation of new antibiotics.  Among 
marine organisms, seaweed is an under-exploited 
plant resource (Gupta and Abu-Ghannam, 2011; 
Eom et al., 2012; Brown et al., 2014).  Many studies 
have already found that seaweeds are capable of 
producing bioactive compounds with antibacterial 
activity, such as terpenes (Rodrigues et al., 2015), 
sterols (Kavita et al., 2014), phlorotannins (Choi 
et al., 2010) and fucoxanthin (Peng et al. 2011; 
Rajauria and Abu-Ghannam, 2013).

 Specifically, brown seaweeds have been 
reported to contain a wide range of bioactive 
compounds, mainly polyphenols in the group of 
phlorotannins, with potential antibacterial activity 
(Nagayama et al., 2002; Eom et al., 2012; Lee et al., 
2014).  Phlorotannins have high molecular weight 
chains of phloroglucinol (1, 3, 5-benzenetriol) units 
and differ from terrestrial plant tannins.  The size 
of phlorotannins ranges from 126 Da to 650 kDa. 
Dieckol, a phlorotannin derivative purified from 
Ecklonia stolonifera, exerts an antibacterial effect 
on MRSA with minimum inhibitory concentration 
(MIC) of 64 µgmL-1 as well as a synergistic effect 
with ampicillin (MIC: 0.5 µgmL-1) and penicillin 
(MIC: 0.5 µgmL-1) (Lee et al., 2008).  Moreover, 
the ethyl acetate (EA) fraction (containing dieckol, 
bieckol, and eckostolonol) of Eisenia bicyclis 
possesses anti-MRSA activity with an MIC of 32-64 
µgmL-1 (Eom et al., 2011).  Diterpenes are non-
volatile compounds with different carbon structures 
that are abundant in the Family Dictyotaceae (Gupta 
and Abu-Ghannam, 2011).  Several reports have 
described the antibacterial activity of brown seaweeds; 
however, only a few studies have examined brown 
seaweeds from Thailand, such as Sargassum binderi, 
Turbinaria conoides (Boonchum et al., 2011) and 
Sargassum polycystum (Rattaya et al., 2015).

 Padina australis is a common brown 
seaweed belonging to the Family Dictyotaceae that 
is mostly found in the South China Sea and along 
the coast of Thailand (Prathep et al., 2011; Phang 
et al., 2016).  This alga has been increasingly 
cultivated and studied as a source of alginate and 
iodine, products that are useful for industries 
such as food, pharmacy, cosmetics and textiles 
(Brotosudarmo et al., 2018).  Moreover, it has been

reported to have beneficial biological activities, 
such as antibacterial (Kantachumpoo and Chirapart, 
2010; Chiao-Wei et al., 2011; Zailanie, 2016), 
antioxidant (Gunji et al., 2007), antiangiogenic 
and cytotoxic effects (Canoy and Bitacula, 2018). 
However, no report has clearly described the 
antibacterial activity against drug-resistant bacteria. 
Therefore, the aim of this study was to evaluate the 
antibacterial activity and phytochemical components 
responsible for the activity of the extracts and 
fractions from P. australis.

Seaweed 
 
 The seaweed Padina australis was collected 
at Sattahip district, Chonburi Province, Thailand 
(12°37ʹ32.6ʺN 100°57ʹ53.7ʺE) during March 2017. 
The seaweed samples were stored in plastic bags 
and transported to the laboratory.  Seaweed was 
washed with running tap water to remove surface 
debris, and epiphytes were removed by hand.  The 
cleaned samples were stored frozen at  20 °C and 
thawed at room temperature before use.

Preparation of crude extracts
 
 The seaweed samples were cut into small 
pieces (∼0.5-1.0 cm) and then extracted for 24 h 
with 95% methanol (10 g of seaweed:100 mL of 
methanol).  The mixture was incubated on a shaker 
at room temperature (25±2 °C) in the dark and then 
filtered through Whatman No. 2 filter paper with 
vacuum pump to collect the filtrate.  The residues 
were extracted again two additional times under the 
same conditions.  The resulting filtrate was then 
evaporated to dryness at 40 °C using a rotary 
evaporator (Buchi R-200, Switzerland) and blown 
with N2.  The resulting dried extract was weighed 
to calculate the percent yield, re-dissolved in 95% 
methanol and stored at -20 °C until further analysis.

Fractionation of the crude methanolic extract
 
 A liquid-liquid solvent extraction procedure 
was used to separate bioactive substances according 
to their relative polarity.  The crude methanolic
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extract was dried with a rotary evaporator and 
then re-dissolved in 95% methanol.  The aqueous 
suspension was sequentially partitioned with n-
hexane (Hex), dichloromethane (DCM), ethyl acetate 
(EA) and n-butanol (BuOH) in sequence (Eom 
et al., 2011).  Ultimately, Hex, DCM, EA, BuOH 
and aqueous fractions were obtained.  Each fraction 
was evaporated to dryness, weighed, re-dissolved 
in 95% methanol and stored at -20 °C until further 
analysis.  The EA fraction was further separated by 
column chromatography because it displayed the 
best antibacterial activity.  The dried dark green 
residue of the EA fraction was separated using open 
column chromatography (70-230 mesh (62-200 
µm), 3.5×50 cm, 150 g silica gel) with a gradient of 
EA-MeOH (50:1, 40:1, 30:1, 20:1, 10:1, 1:1, 0.5:1 
and 0:1) to yield eight subfractions (EA-1 to EA-8). 
The EA-MeOH ratios were modified from Lee et al. 
(2012).  Each subfraction was evaporated to dryness,
weighed, re-dissolved and stored in a -20 °C freezer  

until further analysis.  The fractionation procedure 
is shown in Figure 1.

Bacterial strains
 
 All of the bacterial strains used in this study 
were obtained from the Department of Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol 
University and included Bacillus subtilis ATCC 
6633, Escherichia coli ATCC25922, Staphylococcus 
aureus ATCC25923, methicillin-resistant S. aureus 
(MRSA) KL046, ampicillin-resistant E. coli ATCC
35218, extended spectrum β-lactamase-producing 
E. coli (ESBL+E. coli) and extended spectrum 
β-lactamase-producing Klebsiella pneumoniae 
(ESBL+K. pneumoniae).  Before use, all strains 
were maintained on a nutrient agar at 4 °C.  The 
bacteria were activated by subculture at 37 °C for 
6 h with fresh Mueller Hinton Agar (MHA, DifcoTM, 
France) before any antibacterial tests.
   
  

Figure 1. Extraction scheme to obtain various fractions from Padina australis. Hex: n-hexane, DCM: dichloromethane, 
 EA: ethyl acetate, BuOH: n-butanol.
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Antibacterial agar disc diffusion assay 
 
 The in vitro antibacterial activity of each 
extract or fraction was evaluated using the disc 
diffusion method (Bauer et al., 1966).  Bacterial 
suspensions were prepared with deionized water, 
the turbidity was adjusted to 0.5 with a McFarland 
densitometer (Biosan, Den-1B), and then bacteria 
were spread on MHA plates.  Sterile paper discs 
(6 mm diameter) were placed on the surface of the 
MHA agar plates.  Each paper disc was loaded with 
20 µL (50 mgmL-1 in 10% dimethyl sulfoxide, 
DMSO) of each extract (the final concentration was 
1 mgdisc-1).  Antibiotics, including ampicillin, 
oxacillin, vancomycin, ceftriaxone, and meropenem, 
were used as positive controls and 10% DMSO 
served as the negative control.  The zone of inhibition 
was determined by measuring the diameter of the 
extract-impregnated disc, then compared with 
the controls after an incubation at 37 °C for 24 h. 
Measures of the inhibition zone are presented as 
the mean values of three replicates and standard 
deviation.

Determination of minimum inhibitory concentration 
(MIC) 
 
 The MIC was determined using the broth 
microdilution method as recommended by CLSI 
(Clinical and Laboratory Standard Institute, 2012), 
with some modifications.  Briefly, a serial dilution of 
each extract/fraction was prepared in concentrations 
ranging from 2 µgmL-1 to 1,024 µgmL-1 in sterile 
96-well plates containing Mueller-Hinton broth 
medium.  DMSO was used as the solvent for extracts 
and partially purified compounds and was present 
in final concentrations at less than 1% (v/v).  Then, 
50 µL of bacterial suspensions with a density of 105 
CFUmL-1 were added to each well and incubated 
at 37 °C for 24 h.  MIC was recorded as the lowest 
concentration that inhibited the visible growth of 
bacteria.

Analysis of total phenolic content 
 
 The total phenolic content (TPC) was 
evaluated using the method described by Widjaja-
Adhi Airanthi et al. (2011).  The extract was weighed 
and dissolved in methanol to the appropriate test

concentration in a final volume of 100 µL.  One 
hundred microliters of the sample solution was 
added to 750 µL of 10% Folin-Ciocalteu solution 
and incubated at 37 °C.  After 5 min, 750 µL 
of 6% Na2CO3 was added, and the mixture was 
incubated at 37 °C for 30 min in the dark.  The 
absorbance was measured at 750 nm using a UV/
Vis-spectrophotometer (Shimadzu UV-1700).  The 
TPC of each extract was then calculated based on 
a phloroglucinol standard curve and reported as 
milligrams of the phloroglucinol equivalent (PGE) 
per gram of the extract. 

Analysis of fucoxanthin content 
 
 All HPLC analyses were performed using 
an Agilent 1260 Infinity HPLC system (Agilent 
Technologies Inc., Germany) equipped with a 
pump (model G1311C 1260 Quant Pump VL), an 
autosampler (model G1329B 1260 ALS), and a UV 
detector (model G1365D 1260 MWD VL).  The 
fucoxanthin content of the extract was determined 
using reverse-phase HPLC (RP-HPLC) with the 
mixture of methanol and acetonitrile (7:3 v/v) as 
the mobile phase at a flow rate of 1.0 mLmin-1 
(Jaswir et al., 2011).  All RP-HPLC analyses were 
conducted at 25 °C using Zorbax Eclipse Plus C18 
column (5.0 µm particle size, 250 mm x 4.6 mm 
i.d., Agilent Technologies Inc., Germany).  Briefly, 
an extract was dissolved in the methanol and filtered 
with a 0.45-µm PTFE membrane filter.  The detection 
wavelength was set to 450 nm for fucoxanthin. 
The purified fucoxanthin (Sigma-Aldrich, Lot No. 
BCBQ1635V) was used as standard to calculate the 
fucoxanthin content in the extract. 

Thin-layer chromatography (TLC) assay
 
 TLC was performed using an aluminium 
silica gel plate (20×20 cm, TLC silica gel 60 F254, 
Merck).  Each fraction of the extract was spotted on 
the silica gel plate with a solvent system consisting 
of chloroform/ethanol/acetic acid/water (98:10:2:2 
v/v) as the mobile phase (Sathya et al., 2017).  The 
spots were observed by spraying the silica gel plates 
with vanillin-sulfuric acid reagents (3 g of vanillin 
in 100 mL of ethanol and 0.5 mL sulfuric acid).  A 
blue spot was observed when the fraction contained 
terpenoids and red spots were observed when the 
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fraction contained a phenolic compound (Matysik 
et al., 2016).  The spots were observed by spraying 
silica gel plates with Dragendorff ’s reagent 
(Alghazeer et al., 2013). Orange spots indicated 
alkaloids.

Gas Chromatography-Mass Spectrometry (GC-MS) 
 
 The components of the EA-1 extract of 
Padina australis were analysed using GC-MS (GC 
Agilent Model 7890 B, MS Agilent Model 5977 B). 
One microliter of the sample was injected into a HP-
5MS UI column (60 m × 0.25 mm, film thickness 
0.25 µm).  Helium was used as the carrier gas with a 
flow rate of 1 mLmin-1.  The injector was operated 
at 250 °C and the oven temperature was initially 
programmed at 60 °C, increased to 120 °C within 
2 min at a rate of 10 °Cmin-1, increased to 230 °C 
(rate of 4 °Cmin-1), and increased to 280 °C within 
14.5 min at a rate of 10 °Cmin-1 (total run time 55 
min) as modified from Maheswari et al. (2017). 
The detector used Mass Selective Detection (MSD) 
and scanned a mass range of 30-600 mass units. 
Compounds were further identified and authenticated 
by comparing their mass spectra to W10N14.L 
(Wiley 10th and NIST 2014 libraries).  Peaks with 
higher than 95 % similarity compared to the database 

were noted and the compounds with peak area below 
1 % were not reported (as in Table 5).

Statistical analysis
 
 The values of the chemical composition 
and antibacterial activity of Padina australis were 
statistically analysed using a one-way analysis of 
variance (ANOVA) at a probability level p<0.05 
and reported as mean±standard deviation.  Pairwise 
comparisons after the ANOVA were performed using 
Duncan’s multiple range test.  The correlation 
between TPC and inhibition zone of the disc diffusion 
method was performed by using the program R 
version 3.5.0.

Extraction yields
 
 The extraction yields of the methanolic 
extract, fractions and subfractions of Padina australis 
are presented in Table 1.  The yield of the methanolic 
extract was 24.27±1.19 % dry weight (DW).  Among 
the fractions, the aqueous fraction had the highest 
yield (44.76±0.50 % of crude methanolic extract or

RESULTS AND DISCUSSION

 Table 1. Yield of methanolic extract (mean±SD, n = 3) and its fractions from Padina australis. 

        Note:  Hex, DCM, EA, BuOH and Aqueous are expressed in percent yield of crude methanolic extract; EA-1 to EA-8 subfractions 
 are expressed in percent yield of EA fraction

Fractions

Crude
Hex
DCM
EA
   EA-1
   EA-2
   EA-3
   EA-4
   EA-5
   EA-6
   EA-7
   EA-8
BuOH
Aqueous

Yield of g dry weight
(%)

24.27±1.19
1.81±0.27
1.94±0.45
4.03±0.08
1.91±0.00
0.16±0.04
0.05±0.02
0.07±0.01
0.83±0.00
0.36±0.11
0.12±0.06
0.15±0.10
5.17±0.05
10.87±0.13

Yield of crude extract
(%)

-
7.46±1.13
8.00±1.86
16.57±0.34

-
-
-
-
-
-
-
-

21.26±0.21
44.76±0.50

Yield of EA extract
(%)

-
-
-
-

47.36±0.05
3.91±1.12
1.15±0.47
1.69±0.25
20.61±0.61
8.95±2.86
3.01±1.66
3.66±0.25

-
-
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10.87±0.13 % DW), followed by the BuOH and EA 
fractions.  The EA fraction was further partitioned 
using column chromatography into eight subfractions 
because it displayed the highest antibacterial activity, 
as shown in Table 2.  The highest yield was obtained 
from the EA-1 subfraction followed by the EA-5 
subfraction.

 The extraction yield of the seaweed 
appeared to be influenced by the polarity of the 
solvent, and by the degree of polarity of the various 
components of the extract, such as phenolic 
compounds.  In this study, the crude methanolic 
extract was partitioned with different solvents using 
the liquid-liquid extraction method to yield five 
fractions (Hex, DCM, EA, BuOH and aqueous). 
Compounds with a low polarity were extracted 
with Hex and DCM, while medium-high polarity 
compounds were extracted with EA and BuOH     

(Khanum et al., 2015).  Regarding the extraction 
yield (Table 1), the crude methanolic extract of 
P. australis was mostly composed of medium to 
high polarity compounds due to the higher yields of 
the EA, BuOH and aqueous fractions.  Our results 
were consistent with many reports regarding the 
extraction yields from numerous species of brown 
seaweed (e.g. Eisenia bicyclis, E. stolonifera and 
E. cava) which showed highest yields for EA, 
BuOH and aqueous fractions (Lee et al., 2008; 
Li et al., 2009; Eom et al., 2011).  However, the 
extraction yield also depended on the seaweed 
structure and solvent used for extraction (Cox et al., 
2010; Lόpez et al., 2011).

Antibacterial activity
 
 The antibacterial activity of each extract 
toward pathogenic bacteria was quantitatively
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 Table 2. Antibacterial activity (mean±SD, n = 3) of the crude extract, fractions, and subfractions of Padina australis 
 determined by agar disc diffusion method.

        Note:  * = drug-resistant pathogenic bacteria, - = no activity, ND = not determined; 
 Means in the same column with different superscript letters are significantly different (p<0.05)

ESBL+
Klebsiella

 

pneumoniae*

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ND

ND

ND

ND

29.90±0.26

ESBL+
Escherichia

 

coli *

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ND

ND

ND

ND

29.03±0.06

Escherichia
Klebsiella

35218*

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ND

ND

ND

30.96±0.13

ND

Escherichia
coli

25922

-

-

-

-

-

-

-

-

-

-

-

-

-

-

15.65±0.25

ND

ND

ND

ND

MRSA
KL046*

8.15±0.39c

-

-

9.34±0.13b

8.47±0.13c

6.82±0.21e

10.30±0.05b

-

-

7.63±0.22cd

9.47±0.17b

7.62±0.12cd

7.75±0.17c

-

ND

ND

18.47±0.44a

ND

ND

Staphylococcus
aureus
25923

9.81±0.08de

7.20±0.16h

-

10.70±0.21cd

10.05±0.12de

-

12.25±0.60b

8.73±0.27fg

8.18±0.29g

9.52±0.19e

11.05±0.08c

9.49±0.22ef

10.25±0.10de

-

ND

21.48±0.42a

ND

ND

ND

Bacillus
subtilis
6633

7.76±0.11cd

7.46±0.42de

7.24±0.31de

8.58±0.16bc

7.19±0.13ef

6.55±0.10e

9.37±0.09b

6.44±0.10e

-

6.52±0.16e

6.59±0.20e

-

-

-

31.84±0.39a

ND

ND

ND

ND

Fractions

Crude

Hex

DCM

EA

BuOH

Aqueous

       EA-1

       EA-2

       EA-3

       EA-4

       EA-5

       EA-6

       EA-7

       EA-8

Positive control

Ampicillin (10 µg)

Oxacillin (1 µg)

Vancomycin (30 µg)

Ceftriaxone (30 µg)

Meropenem (10 µg)

Gram-positive bacteria Gram-negative bacteria

Diameter of inhibition zone (mm)
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assessed by measuring the inhibition zones, if present. 
As shown in Table 2, none of the fractions of Padina 
australis extracts displayed activity against gram-
negative pathogenic bacteria.  The results of this 
study indicated that gram-positive bacteria were 
more sensitive to the extracts than gram-negative 
bacteria.  A potential explanation is the presence 
of the hydrophobic lipopolysaccharide in the outer 
membrane of gram-negative bacteria that protects 
against different agents, possibly by inhibiting the 
cell entry of the active substance (Berber et al., 
2015).  Richter et al. (2017) also reported that gram-
negative bacteria have an outer membrane consisting 
of porin proteins that make them more complex 
than gram-positive bacteria.  The results from our 
study were consistent with the report of Mashjoor 
et al. (2016), which showed that the methanolic and 
EA extracts of Padina antillarum and P. boergeseni 
exhibited antibacterial activity against Bacillus 
subtilis and Staphylococcus aureus, while no activity 
against Klebsiella pneumoniae or Pseudomonas 
aeruginasa, representative species of gram-negative 
bacteria.  Similar results were also found by 
El-Shafay et al. (2016), who reported that the 
methanolic extracts of Padina pavonica showed 
antibacterial activity against MRSA while no activity 
against Escherichia coli.  In another study, it was 
reported that the ethanolic extracts of P. pavonica 
did not show activity against E. coli or P. aeruginosa 
(Madkour et al., 2019).  However, our results 
differed from the report of Chiao-Wei et al. (2011), 
which showed that P. australis extracts possess 
antibacterial  activity against E. coli ATCC 25922

and E. coli ATCC 35218, with MIC ranging between 
0.83 mgmL-1 and 2.08 mgmL-1, and showed better 
activity against S. aureus with MIC value of 0.414 
mgmL-1 (Table 3).  This difference in activity might 
be due to the use of different extraction methods and 
solvents, as well as active compounds in seaweeds 
collected from different locations or seasons (Kaufman 
et al., 1999; Praiboon et al., 2018).

 In the present study, the EA fraction that 
displayed the best antibacterial activity was further 
purified using column chromatography to yield eight 
subfractions (EA-1 to EA-8).  The EA-1 subfraction 
exhibited the highest antibacterial activity against 
Bacillus subtilis (9.37±0.09 mm), Staphylococcus 
aureus (12.25±0.06 mm) and MRSA KL046 (10.30±
0.05 mm), with MICs of 1,024 (S. aureus and MRSA 
KL046) or >1,024 µgmL-1 (B. subtilis), followed 
by the EA fraction (Table 2 and Table 3).  Similar 
results were found by Eom et al. (2011), who showed 
that the EA fraction of Eisenia bicyclis exhibited 
the highest antibacterial activity against S. aureus 
(15 mm) and MRSA (16–17 mm), with MICs ranging 
from 32 µgmL-1 to 64 µgmL-1.

 Moreover, the antibacterial activity 
measured by the disc diffusion assay also positively 
correlated with the TPC of the extract.  This result 
was consistent with the study of Eom et al. (2013a), 
which reported that the antibacterial activity of 
Eisenia bicyclis was positively correlated with the 
TPC of the extract.  Phenolic compounds possess 
antibacterial activity, particularly phlorotannin,

 Table 3. MIC values (µgmL-1) of Padina australis extract including crude methanolic extract and EA fraction.  

Note: * denotes drug-resistant pathogenic bacteria

Fractions

Crude
EA
      EA-1
      EA-2
      EA-3
      EA-4
      EA-5
      EA-6
      EA-7
      EA-8

Bacillus subtilis 6633

>1,024
>1,024
>1,024
>1,024
>1,024
>1,024
>1,024
>1,024
>1,024
>1,024

Staphylococcus aureus 25923

1,024
1,024
1,024

>1,024
1,024
1,024
1,024

>1,024
1,024

>1,024

MRSA KL046*

1,024
1,024
1,024

>1,024
>1,024
>1,024
1,024

>1,024
>1,024
>1,024
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a polyphenol formed through the polymerization 
process of phloroglucinol (1, 3, 5-trihydroxybenzene) 
units that is mostly found in brown seaweed 
(Nagayama et al., 2002; Li et al., 2011; Eom et al., 
2012).

Phytochemical composition of Padina australis 
 
 The TPC of each extract was determined 
using the Folin-Ciocaltue method.  Among the 
extractions by solvent type, the highest TPC was 
observed in the BuOH fraction (168.86±1.76 mg 

  

PGEg-1 extract), followed by the EA fraction 
(136.94±0.54 mg PGEg-1 extract) (Figure 2a). 
The EA fraction (Figure 2b) was selected for further 
fractionation due to its high antibacterial activity.  The 
highest TPC was observed in the EA-1 subfraction 
(246.88±4.35 mg PGEg-1 extract), followed by the 
EA-5 subfraction (163.93±5.35 mg PGEg-1 extract).  
Moreover, the antibacterial activity against Bacillus 
subtilis (r = 0.656), Staphylococcus aureus (r = 0.800) 
and MRSA (r = 0.880), as assessed using the disc 
diffusion method, exhibited a significant correlation 
with the TPC of the extracts (data not shown).        

15

Figure 2. Total phenolic content of Padina australis extracts from solvents (a) and the subfractions from EA (b); 
 Error bars indicate SD.
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 Fucoxanthin is one of the most abundant 
carotenoids in brown seaweeds as a natural 
compound, and it possesses high antioxidant activity 
and exerts many biological effects on human health. 
Moreover, the antibacterial activity of fucoxanthin 
has been reported against Listeria monocytogenes, 
with an inhibition zone of 10.89 mm (Peng et al., 
2011; Rajauria and Abu-Ghannam, 2013).  In our 
study, the highest fucoxanthin content was detected 
in the EA-1 subfraction (50.40±0.22 mgg-1 extract) 
(Figure 3), which revealed that fucoxanthin might 
play an important role in the antibacterial activity.

 The chemical compounds responsible for 
the antimicrobial activity of seaweed are sterols, 
terpenes, and halogenated, heterocyclic, phenolic and 
lipophilic compounds.  Thin-layer chromatography 
profiling of all extracts of Padina australis extracts 
revealed the presence of various phytochemicals, such 
as alkaloids, terpenoids, and phenolic compounds 
(Table 4).  Alkaloid compounds were only detected 
in the crude methanolic extract, the EA fraction and 
the EA-8 subfraction, while terpenoids were present 
in all fractions, except the EA-2 to EA-8 subfractions 
and the aqueous fraction.  Moreover, phenolic

Figure 3. Fucoxanthin content of Padina australis extracted from the solvents and a subfraction from EA (EA-1); 
 Error bars indicate SD.

Extract

Crude
Hex
DCM
EA 
      EA-1
      EA-2
      EA-3
      EA-4
      EA-5
      EA-6
      EA-7
      EA-8
BuOH
Aqueous

Alkaloids

+
-
-
+
-
-
-
-
-
-
-
+
-
-

Terpenoids

+
+
+
+
+
-
-
-
-
-
-
-
+
-

Phenolic compounds

+
+
+
+
+
+
+
+
+
+
+
+
+
+

 Table 4. Phytochemical compounds in Padina australis extracts and fractions detected by TLC.

Note: + = the compound was present in the extract; - = the compound was absent in the extract. 
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compounds were detected in all extracts.  Our study 
suggests that the chemical compounds that respond 
to antibacterial activity might belong to the groups 
of terpenoid and phenolic compounds (Smith, 2004; 
Kim et al., 2008).

 Some of the components of the EA-1 
subfraction were identified using GC-MS.  Based 
on the spectral match of each obtained compound 
with the NIST library and relative percentage of the 
compound, the three most prevalent compounds were 
fucosterol (23.43 %), which eluted at 53.32 min, 
(3β, 24Z)-stigmasta-5, 24(28)-dien-3-ol (17.33 %), 
which eluted at 42.99 min, and 1, 3, 5-benzenetriol 
or phloroglucinol (16.39 %), which eluted at 
24.89 min (Figure 4 and Table 5).  These results 
were consistent with several studies showing that 
fucosterol was the main sterol found in many 
members of the genus Padina, such as Padina 
sanctae-crucis from the Caribbean coast (Caamal-
Fuentes et al., 2014), P. pavonia from the Adriatic 
Sea (Kamenarska et al., 2002), P. gymospora from the 
Qatar coast (Al Easa et al., 1995) and P. vickersiae 
from Senegal waters (Aknin et al., 1992).  Seaweed 
sterols have been reported to possess antibacterial
activity against Mycobacterium tuberculosis (Kim

and Ta, 2011).  In another study, Kumar et al. 
(2010) reported that the fucosterol isolated from 
Turbinaria conoides showed moderate antibacterial 
activity against the tested bacteria. Phloroglucinol, 
the smallest unit of phlorotannin, has been reported 
as a major EA-soluble compound (Cho et al., 2012; 
Eom et al., 2013b; Lee et al., 2014).  Abdelhamid 
et al. (2018) reported that the EA fraction of 
P. pavonica was a phlorotannin-rich fraction.  In 
another study, Lee et al. (2008) reported the highest 
antibacterial activity for dieckol, a phlorotannin 
derivative isolated from EA fraction of E. stolonifera, 
against Staphylococcus aureus and MRSA.  Similar 
results were found by Eom et al. (2013b), who 
reported that the highest anti-MRSA activity was 
observed for the EA fraction of E. cava fermented 
by Candida utilis.

 In addition to fucosterol and phlorotannin, 
fatty acid and its derivatives have been identified as 
antimicrobial substances in algae (Thirunavukkarasu 
et al., 2014).  Suresh et al. (2016) reported the 
presence of (E)-9-Octadecadienoic acid and Di-
(2-ethylhexyl) phthalate in P. tetrastomatica,
with potent antibacterial and antifouling activity. 
Moreover, tocopherol derivatives have been reported  

17

Figure 4. GC-MS Chromatogram of EA-1 subfraction of Padina australis.
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to exert potent antibacterial effects on MRSA by 
inducing interleukin-24 production, a cytokine 
that is involved in host defenses against bacteria 
(Pierpaoli et al., 2011; Fonseca-Camarillo et al., 
2014).  However, tocopherol and its derivatives were 
present at low percentages in our study (Table 5).

 This study is a novel report on the 
antibacterial activity of Padina australis extracts 
and fractions against drug-resistant pathogenic 
bacteria, especially MRSA.  The EA subfraction 
(EA-1) of P. australis exhibited the highest 
antibacterial activity against Bacillus subtilis 
ATCC6633, Staphylococcus aureus ATCC25923 
and methicillin-resistant S. aureus (MRSA) KL046. 
The antibacterial activity from disc diffusion method 
showed positive correlation with the TPC of the 
extract.  The phytochemical compounds responsible 
for the antibacterial activity were proposed as 
phlorotannin, fucoxanthin, fucosterol and fucosterol 
derivatives.  Since only the EA-1 subfraction of 
P. australis was determined in this study, further 
studies are needed to purify and isolate the active 
compounds from the extract to optimize their 
antibacterial activity.  Although the extracts of
P. autralis in this study displayed relatively low 
antimicrobial activity, the extracts from this species  

may have other potentially beneficial activities, 
such as anti-cancer, anti-viral, or anti-inflammatory. 
Therefore, other biological activities should be 
studied further.
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