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Abstract The phytochemical constituents, total phenolic and flavonoid contents, antioxidant and
antimicrobial activities of the ethanolic extract of the marine green alga Ulva pertusa collected from
floating fish net cages off the coast of Guimaras island, Philippines, were investigated. Qualitative
phytochemical analysis revealed the presence of bioactive compounds including alkaloids, flavonoids,
phenols, saponins, tannins, and terpenoids. Quantitatively, total phenolic and flavonoid contents of the
extract were 20.54+2.08 mg gallic acid equivalent (GAE) g' and 539.07+6.36 mg rutin equivalent (RE)
g, respectively. The antioxidant activity of the extract using 1,1-diphenyl-1-picrylhydrazyl (DPPH)
assay exhibited a concentration-dependent radical scavenging capacity. Additionally, the ethanolic extract
inhibited the growth of Staphylococcus aureus ATCC25923, Escherichia coli ATCC25922, Streptococcus
agalactiae, Aeromonas hydrophila, A. sobria, and Vibrio harveyi in a concentration-dependent manner
with strong inhibitory activity at 100 mg mL™! concentration. Taken together, U. pertusa contains bioactive
compounds that possess potent antibacterial activity and remarkable antioxidant capacities. These substances
are promising candidates that may be utilized in the synthesis of novel drugs.

Keywords Ulva pertusa . Antimicrobial activity . Antioxidant . Streptococcus agalactiae . Aeromonas
species

Introduction

Being one of the primary producers in the ocean, the role that seaweeds play has been regarded crucial
in the marine ecosystem. Seaweeds are potential renewable living resources that are not only utilized as
human food but as well as animal feed and plant fertilizer in many parts of the world (Ferdouse et al.
2018). About 6000 species of seaweeds have by far been identified and accordingly grouped into 3 different
classes, i.e. green (Chlorophytes), brown (Phaeophytes), and red (Rhodophytes) algae (Chandini et al.
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2008). The global seaweed production had doubled from 14.6 million tonnes in 2005 to 30.4 million tonnes
in 2015, with 29.4 million tonnes and 1.1 million tonnes generated from the aquaculture and capture sectors,
respectively (Ferdouse et al. 2018). There has been a growing interest with regard to mass propagation of
seaweeds because majority of the maricultured seaweeds have been found to possess medicinal activities
(Pérez et al. 2016). Several bioactive substances isolated from green, brown, and red marine seaweeds
including among others, polysaccharides, proteins, fatty acids, phenolics, and terpenes are important as
they have been documented to have significant antibacterial, antiviral, anticancer, anti-inflammatory, and
anti-oxidative properties (Devi et al. 2008; Satpati and Pal 2011; Pérez et al. 2016; Thanigaivel et al. 2016;
Liet al. 2018D).

Microorganisms have developed novel strategies to evade the action of antibiotics, leading to the
emergence of multiple drug-resistant bacterial strains. As fish inevitably becomes susceptible to various
bacterial infectious diseases particularly when reared in high stocking densities, occurrence of unwarranted
bacterial disease outbreaks has been recognized as one of the major contributors responsible for elevated
mortality rates, reduced productivity efficiency, and resultant high economic losses to the fish farmers. The
application of antibiotics to treat bacterial infections has by far been intensively practiced by fish farmers
as mitigating measure aimed at controlling if not eradicating the disease. However, over the past several
years, the indiscriminate use of antibiotics has unfortunately led to the emergence of drug-resistant bacteria.
For example, emergence of multiple drug-resistant bacterial strains implicated in diseases of various pond-
cultured fish species like tilapias and milkfish has been reported in Streptococcus iniae, S. agalactiae,
Aeromonas hydrophila, A. sobria, A. salmonicida, Edwardsiella tarda, E. ictaluri, Vibrio harveyi, and V.
anguillarum among others (Martinez et al. 2009; Cabello et al. 2013; Lo et al. 2014). It should be noted
that these fish bacterial pathogens have been implicated in human diseases (food-borne or zoonotic) thereby
making the aquaculture products as potential risk to the consumers (Cabello et al. 2013). Decreased efficacy
and resistance of bacterial fish pathogens to commonly used antibiotics necessitates the development of
new alternatives.

In recent years, seaweed extracts have been widely utilized for the prevention of bacterial and viral
diseases in aquatic animals (Bansemir et al. 2006; Li et al. 2018a). In particular, seaweed extracts have
been found to exhibit marked antibacterial activity against fish pathogenic bacteria (Bansemir et al. 2006;
Cavallo et al. 2013; Thanigaivel et al. 2016). The green alga, Ulva pertussa, a light green seaweed typically
composed of foliaceus blade with papery thin undulating margin, is a fast-growing seaweed that is typically
opportunistic for space and nutrient uptake (Hurtado et al. 2006). Ulva is commonly found in the intertidal
zones and labeled as nuisance species as they could over proliferate producing blooms or ‘green tide’
(Largo et al. 2004). Nevertheless, Ulva is not grown commercially outside Asia because there is no market
for it (Bolton et al. 2009). However, it should be noted that U. pertusa is abundant in vitamins, trace
elements, dietary fibers, and nutritiously low in calorie (Benjama and Payap 2011). Additionally, various
bioactive compounds extracted from U. pertusa have been reported to have potent antibacterial (Choi et al.
2014), antiviral (Sun et al. 2018), and antioxidant (Choi et al. 2011) properties. For example, the sulfated
polysaccharide extracted from U. pertusa has been shown to have powerful antioxidant activities, including
scavenging ability of the superoxide and hydroxyl radicals, chelating ability of iron ion, and reducing
power (Qi et al. 2005). While various studies delving on antioxidant, antibacterial, and antiviral properties
of the different classes of seaweeds and concomitantly their wide application in food, pharmaceutical,
and aquaculture industry have been comprehensively conducted in some seaweed-producing countries
around the world, many types of wild and cultured seaweeds, particularly the green seaweed U. pertusa,
in the Philippines have by far been unexplored. It is in this light that the current study was conducted to
evaluate the phytochemical composition, antioxidant, and antibacterial activity of the ethanolic extract of
the green alga (U. pertusa) collected from the floating net cages used to rear pompano (7rachinotus blochii)
in Igang Marine Station (IMS), Aquaculture Department of the Southeast Asian Fisheries Development
Center (SEAFDEC/AQD) located in Guimaras island, Philippines. Resolute results generated from this
study would plausibly strengthen the potentiality of U. pertusa extract as a novel and cost-effective
antioxidant and antibacterial agent against pathogenic bacteria, particularly those involved in zoonosis,
and undoubtedly, would be a substantial springboard that could spur further investigations on the isolation,
purification, and identification of some of its yet unidentified bioactive compounds.
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Materials and methods
Chemicals used

2,2-Diphenyl-1-picrylhydrazyly (DPPH), ascorbic acid, gallic acid, sodium carbonate (Na,CO,), aluminum
chloride (AICL,), and rutin were purchased from Sigma Aldrich (Philippines). Folin-Ciocalteu’s phenol
reagent and hydrogen peroxide, methanol, and dimethylsulfoxide (DMSO) were purchased from Merck
(Philippines). All other solvents and chemicals used were of analytical grade.

Seaweed material

The green seaweed (U. pertusa) growing on the nets of grow-out floating cages used to rear pompano
(T. blochii) broodstocks in SEAFDEC/AQD’s Igang Marine Station (IMS), were collected in April and
May wherein the ambient daytime water temperature ranged from 29-32 °C. The collected seaweed
samples used in the different experiments were authenticated by SEAFDEC/AQD’s seaweed expert. The
seaweed samples collected were thoroughly washed with sterile seawater followed by sterile distilled
water. The washed samples were then stored in sterile plastic bags and transported in an iced condition to
SEAFDEC/AQD’s Fish Health Laboratory in Tigbauan, Iloilo within 1 hour after sampling. The seaweed
samples were shade dried (38+2 °C) in a drier for about 24 to 36 h, cut into small pieces and powdered
using a mixer grinder. The powdered samples were collected in sterile amber bottles and stored at —20°C
until used.

Preparation of U. pertusa extract

The powdered seaweed was extracted with ethanol following a modified method adapted from (Li et al.
2018a). Briefly, 150 g of the powdered dried seaweed was soaked in 450 ml of 80% ethanol and allowed
to stand at room temperature (28°C) for 72 hours. The mixture was shaken at regular intervals during the
course of the experiment. The extract was then filtered with sterile Whatman filter paper No. 1 (320 mm, 11
um). The extraction procedure was repeated once more for another 72 hours, after which the two filtrates
were combined and concentrated under reduced pressure at 45°C using a rotary evaporator. The dried
extracts were stored at —20°C until needed for various analysis.

Phytochemical screening

The ethanolic extract of U. pertusa was subjected to various tests to detect the presence of phytochemical
compounds following standard procedures as described by Harborne (1998) and Evans (2009). The
qualitative detection of alkaloids present in U. pertusa ethanolic extract was carried out using Mayer’s
and Wagner’s test. Additionally, the presence flavonoids (Shinoda test), glycosides (Keller-Killiani test),
phenols and tannins (ferric chloride test), saponin (foam test), and terpenoids (Salkowski test), were
likewise qualitatively examined.

Total phenolic content

The total soluble phenolic compounds in the U. pertusa extract were estimated with Folin-Ciocalteu reagent
using gallic acid as standard following the method of Singleton et al. (1999) as described by Stankovic et
al. (2011). The ethanolic solution of the extract in the concentration of Img mL! was used in the analysis.
Briefly, 0.5 mL of the ethanolic extract was mixed with 2.5 mL of Folin-Ciocalteu reagent (previously
diluted 10-fold with distilled water) and 2 mL of 7.5% NaHCO,. The reaction mixture was mixed thoroughly
and allowed to stand for 45 min at 45°C after which, the absorbance was measured at 765 nm versus blank
sample using a spectrophotometer (Shimadzu, Japan). Samples were prepared in triplicate for each analysis
and the mean value of the absorbance was accordingly obtained. The total phenolic content was determined
using a standard curve with gallic acid and the result was expressed as mg gallic acid equivalent per gram
(mg GAE g') of extract.
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Total flavonoid content

The total flavonoid content of U. pertusa extract was determined spectrophotometrically following a
standard method (Quettier-Deleu et al. 2000). Briefly, 1 mL of 2% AICI, reagent was mixed with the same
volume of the U. pertusa ethanolic extract (1 mg mL™"). After allowing the mixture to be incubated for 1
hour at room temperature (28°C), absorption readings at 415 nm were recorded against a blank (ethanol)
sample. The samples were prepared in triplicate for each analysis and the mean value of the absorbance was
generated. The total flavonoid content was determined using a standard curve with rutin and the result was
expressed as mg rutin equivalent per gram (mg RE g') of extract.

DPPH radical scavenging activity

The ability of U. pertusa extract to scavenge 1,1-diphenyl-1-picrylhydrazyl (DPPH) free radicals was
performed following the method described by Cho et al. (2010) with slight modifications. Briefly, the stock
solution of extracts was prepared in ethanol to obtain concentrations of 3.0, 2.5, 2.0, 1.0, 1.50, 0.75, 0.50,
and 0.25 mg mL"'. One hundred microliter of each diluted solution was mixed with 100 pL of 0.1 mM
DPPH prepared with ethanol. The solution was then incubated in the dark at room temperature (28°C) for
30 minutes, after which the absorbance was measured at 515 nm using a microplate reader. Ethanol was
used as blank while 100 pL ethanol mixed with 100 pL. DPPH served as control. Additionally, ascorbic
acid (20 pg mL") (Vitamin C) standard was used as positive reference (Cho et al. 2010). The percentage of
scavenged DPPH was calculated using the following equation:

DPPH Scavenging activity (%) = ([A.,, — A, J/A,,) % 100

Where A is the absorbance of the control and A, is the absorbance of the sample. The half-maximal
inhibitory concentration (IC, ) was calculated by linear regression analysis and expressed as mean of three
determinations.

Antibacterial assay
Bacterial strains

Streptococcus agalactiae isolated from the kidney (isolate code: TKG510208) and spleen (TMD10206)
of tilapia with streptococcal infection (Pakingking unpublished study), Aeromonas hydrophila isolated
from the gills (T1201301) (Pakingking et al. 2020) and kidney (P1261308) (Albances 2015) of tilapia
(Oreochromis niloticus) with aeromonad septicemia, 4. sobria (TI2013025) isolated from the gills of
O. niloticus (Pakingking et al. 2020), and Vibrio harveyi (TbE090) isolated from diseased pompano (7.
blochii) (Pakingking et al. 2018) were used in the antibacterial assay. Additionally, Staphylococcus aureus
ATCC25923 (gram-positive) and Escherichia coli ATCC25922 (gram-negative) were used as reference
strains. All microorganisms used in the assay were maintained in trypticase soy broth (TSB; Merck)
supplemented with 15% glycerol at —80°C.

Antibacterial screening

The antibacterial activity of the seaweed extract was examined using the modified agar well diffusion method
of Perez et al. (1990) as described by Mattana et al. (2010). Briefly, the seaweed extract was dissolved in
3% DMSO to obtain an initial concentration of 1000 mg mL" and sterilized by filtration through 0.45 um
membrane filter (Millipore). All tests were conducted in triplicate using different concentrations of the seaweed
extracts diluted in 3% DMSO. Amoxicillin (0.02 mg mL"") was used as the standard antimicrobial agent.

Agar well diffusion method

Agar cultures of the bacteria used in the antibacterial assay were prepared as described by Pakingking
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Table 1 Qualitative phytochemical screening of the Ulva pertusa ethanolic extract

Result
Phytochemical compound Test
Aliquot 1 Aliquot 2 Aliquot 3

Alkaloids Mayer’s and Wagner’s test + + +
Flavonoids Shinoda test + + +
Glycosides Keller-Killiani test - - -
Phenols Ferric chloride test + + +
Saponin Foam test + + +
Tannins Ferric chloride test + + +
Terpenoids Salkowski test + + +

(+) = present; (—) = absent

et al. (2015). Briefly, the bacterial isolates were inoculated in TSB and incubated for 18-24 h at 35°C. The
concentration of the cultures was standardized by matching the turbidity with 0.5 McFarland standard using
sterile normal saline solution (NSS) to obtain approximately 1 x 10* colony forming units per mL (CFU
mL™"). The prepared bacterial suspensions were then swabbed on the surface of Mueller-Hinton agar (MHA;
Merck) plates, i.e. 25 mL of solidified MHA per plate, and subsequently punched with 7 mm diameter wells
at appropriate distances apart using sterile cork borer. Each well was filled with 100 uL of the seaweed extract
with varying concentrations ranging from 3.125 to 100 mg mL"! (Table 3). Concomitantly, wells filled with 100
pL of amoxicillin (0.02 mg mL") and 3% DMSO served as positive and negative controls, respectively. Plates
were incubated at 35°C for 24 h. After incubation, the plates were retrieved and the zones of growth inhibition
surrounding the wells were recorded. Clear zones around the wells indicated the presence of antibacterial
activity. All experiments were conducted in triplicate and one-way ANOVA was employed to compare the
mean values of each treatment. Significant differences among the bacterial isolates tested per treatment or
concentration of U. pertusa extract were compared by Duncan test (P < 0.05).

Results

Yield of U. pertusa extract

The quantity of the crude U. pertusa ethanolic extract obtained in the current study was 20.5+0.7 g which is
equivalent to a yield of 13.7+0.3 %. This result comparatively concurs with the previous report of Li et al.
(2018a) wherein these authors obtained a yield of approximately 12.9% from a 30 g powdered U. pertusa
using 85% ethanol as extractant.

Phytochemical screening

As shown in Table 1, qualitative phytochemical analysis of the different aliquots of the crude U. pertusa
ethanolic extract revealed the presence of different bioactive compounds including alkaloids, flavonoids,
phenols, saponins, tannins, and terpenoids. However, all the representative aliquots examined were negative
for the detection of glycosides.

Total phenolic content

As shown in Table 2, the total phenolic compounds quantified in the three aliquots of U. pertusa ethanolic
extract ranged from 19.33+0.29 to 22.95+0.40 mg GAE g with a mean of 20.54+2.08 mg GAE g

Total flavonoid content
The total flavonoid content of the crude U. pertusa ethanolic extract was determined with reference to the

standard rutin and expressed as its equivalent (mg RE g). The total flavonoids present in the three aliquots
of U. pertusa ethanolic extract examined ranged from 533.69+23.03 to 546.09+6.83 mg RE g' with a mean
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Table 2 Total phenolic and flavonoid contents of the U. pertusa ethanolic extract

Result
Test Aliquot 1 Aliquot 2 Aliquot 3 Mean
Total phenolics content 22.95+0.40 19.35+1.72 19.33+0.29 20.54+2.08
(mg gallic acid equivalent [GAE] g of extract)
Total flavonoids content 533.69+23.03 546.09+6.83 537.42+24.81 539.07+6.36

(mg rutin equivalent [RE] g of extract)

Data are presented as Mean + SD

Table 3 Antimicrobial activity of the U. pertusa ethanolic extract against selected bacterial fish pathogens

Inhibition Zone (mm +SD)
Microorganism Amoxicillin 0.02 mg mL"! DMSO 100 mgmL' 50 mgmL" 25mgmL!  125mgmL'  625mgmL’  3.125 mgmL"

Gram positive
Staphylococcus aureus

ATCC25003 29.67:0.58 - 30.67£0.58"  26.67+0.58°  24.00800°  19.33:0.58°  10.67:0.58" -
?128([3’;01000260? s agalactiae 21.67:0.58 - 17.67:0.58°  13.17:029°  10.330.58"  8.00£0.00° - _
Vo 0206 agalactize 21330.58 - 18.17£020%  12.83£029°  9.83029°  8.00:0.00° - -
Gram negative

Bscherichia col 1133058 - 146760580 9.50£0.50° - - _ -
%’fﬁé’?’;”é’f‘ s hrdrophila - - 19.330.58"  10.00+0.00° - _ _ _
g Tgtgi;«gggs hydrophila _ E 20.00+0.00° 10.000.00° - - _ B
?‘f{g’.";’é’z‘? sobria - - 17.67£0.58° 1033058 - - _ ~
?{;”58"93 e - - 9.000.00° - - _ _ -

(-) no zone of inhibition. Data are presented as Mean + SD. Values with different superscripts »* % ¢within each column are signifi-
cantly different as determined by Duncan test (P < 0.05)

of 539.07+6.36 mg RE g! (Table 2).
DPPH radical scavenging activity

The DPPH radical scavenging activity of the U. pertusa ethanolic extract is shown in Fig. 1. The U. pertusa
ethanolic extract exhibited a concentration-dependent DPPH radical scavenging capacities from 0.25 to 3
mg mL"!, such that the scavenging activities recorded correspondingly increased from 17+0.2 to 80+0.4 %,
respectively. Accordingly, the computed IC, | of the U. pertusa ethanolic extract was 1.53+0.012 mg mL"".
The scavenging activity of the U. pertusa extract was comparable to the scavenging capacity of our positive
control (ascorbic acid).

Antibacterial activity

To better elucidate the antibacterial activity of the U. pertusa ethanolic extract, the agar well diffusion
method was employed. All of the 3% DMSO control wells did not produce any zones of inhibition on any of
the bacterial strains examined, while the antibiotic control wells produced zones of inhibition of 29.67+0.58
for S. aureus ATCC25923. As shown in Fig. 2 and Table 3, the U. pertusa ethanolic extract possesses potent
antibacterial activity against S. aureus ATCC25923 as supported by a marked inhibition zone of 30.67+0.58
mm produced after a 24h exposure to 100 mg mL"! of the extract. Concomitantly, a decreasing trend parallel
to the decreasing concentrations of the extract was evidently noted such that at 6.25 mg mL"!, the zone of
inhibition that was produced was only 10.67+0.58 mm. Notably, the extract exhibited antimicrobial activity
against E. coli, A. hydrophilaand A. sobria. The antibacterial activity induced by the extract at 100 mg mL"!
against S. agalactiae and Aeromonas spp. was not significantly different (P <0.05) whereas, a markedly
lower activity against V. harveyi was noted (Table 3).

Discussion

Concordant to the previous phytochemical studies on green seaweed extracts (Cho et al. 2010; Wang et al.
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Fig. 1 DPPH (1,1-Diphenyl-1-picrylhydrazyl) radical scavenging activity of the U. pertusa ethanolic extract. Ethanol + DPPH
(CeDPPH) and ascorbic acid (Asc) were used as negative and positive controls, respectively.

Fig. 2 Representative plates for the agar well diffusion assay showing zones of inhibition produced by the varying concentrations of
the U. pertusa ethanolic extract (UpEE) on S. aureus ATCC25923. Negative control (DMSO) (a); Amoxicillin 0.02 mg mL"' (b); 100
mg mL"' UpEE (c); 50 mg mL"' UpEE (d); 25 mg mL"' UpEE (e); 12.5 mg mL"' UpEE (f); 6.25 mg mL"' UpEE (g); 3.125 mg mL"'
UpEE (h).

2010), our current data likewise revealed the presence of different bioactive compounds in the U. pertusa
ethanolic extract including alkaloids, flavonoids, phenols, saponins, tannins, and terpenoids. Bioactive
compounds stored in seaweeds possess antioxidant and antibacterial activities that can be utilized as
alternative to treat bacterial infections in fish, particularly those bacterial pathogens implicated in zoonosis
(Vatsos and Rebours 2015; Thanigaivel et al. 2016). These bioactive compounds detected in U. pertusa
extract have been previously documented to confer resistance in opposition to microbial pathogens (Cho
et al. 2010; Choi et al. 2011, 2014) and this could be accountable for the exposition of antioxidant and
antibacterial activities of the extract in the present study. It should be noted that secondary metabolites
stored in plants like terpenoids have been documented to have antiviral, antimalarial, antibacterial, and
anti-inflammatory properties (Mahato and Sen 1997). Alkaloids, on the other hand, have been reported to
have a wide range of pharmacological potentials like antiasthma, antimalarial, and anticancer activities
(Thawabteh et al. 2019). Moreover, saponins have been identified to possess antidiabetic, antifungal, and
anti-inflammatory properties (Feroz 2018). Additionally, tannins are polyphenolic compounds found to
exhibit antioxidant, antimicrobial, and anti-inflammatory properties (Macakova et al. 2014).

Phenolic compounds are ubiquitous secondary metabolites commonly found in plants and have been
documented to have several biological activities including antioxidant and antibacterial activities (Kuda et
al. 2005). Accordingly, the Folin-Ciocalteu method was used to examine the total phenolic content of the
U. pertusa extract. Folin-Ciocalteu reagent determines the total phenols as evidenced by the production
of a blue color indicative of the reduction of the yellow heteropoly phosphomolydate-tungstate anions
(Stankovic et al. 2011). The total phenolic content of the U. pertusa ethanolic extract in the current study
was significantly higher compared to the values previously reported for ethanolic extracts of U. pertusa
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and another green seaweed Capsosiphon fulvescens (Cho et al. 2010). However, current values were lower
than those of the ethanolic extracts reported from another green seaweeds Chaetomorpha monilifera and
Enteromorpha compressa (Cho et al. 2010). Although reports have indicated that phenolic content was
found to be higher in ethanolic extracts due to its polarity, the differences in the total phenolic contents of
the U. pertusa ethanolic extract between our current and previous studies may be attributed to the extraction
protocol employed and viably, influence of various environmental factors on the phenolic contents (Kuda
et al. 2005; Wang et al. 2010). Flavonoids, a group of secondary metabolites that refers to a class of
naturally occurring polyphenols, are also commonly found in plants. They are typically accountable for
taste, color, disablement of fat oxidation and prevention of enzymes and degradation of vitamins in food.
Flavonoids have been reported to have anti-oxidative activity, free-radical scavenging capacity, coronary
heart disease prevention, anticancer activity, and some have been found to exhibit potential for anti-human
immunodeficiency virus functions (Yao et al. 2004). The mean total flavonoid content of the U. pertusa
ethanolic extract obtained in the current study was significantly higher than the previous report of Farasat
et al. (2014) for the methanolic extract of the green seaweeds Ulva clathrata and U. intestinalis. The
differences noted between the data generated in the current study and the previous report of Farasat et al.
(2014) may be plausibly attributed to the method of extraction used and possibly due to marked changes
in the chemical constituents of seaweeds with the change of seasons and environmental conditions such as
variation in physicochemical parameters of the rearing water (Kuda et al. 2005; Wang et al. 2010; Farasat
et al. 2014). Because phenolic compounds including flavonoids which are commonly found in plants have
been generally proven to be effective free radical scavengers and antioxidants, we further evaluated the
antioxidant capacity of the U. pertusa ethanolic extract employing the DPPH radical scavenging method.
This method is based on the reduction of an ethanolic DPPH solution in the presence of a hydrogen donating
antioxidant thereby resulting in the formation of the non-radical form DPPH-H molecule upon the uptake of
a hydrogen atom from antioxidant species (Schlesier et al. 2002). DPPH is a stable nitrogen centered free
radical which can be effectively scavenged by antioxidants, hence, it has been widely used for rapid evaluation
of antioxidant activity of plant extracts including seaweeds due to its reliability. The present study showed
that the scavenging effect of the U. pertusa extract typically behaved in a concentration-dependent manner,
i.e. the inhibitory effect increased with increasing concentration of the extract. Moreover, the IC,, value
generated for U. pertusa ethanolic extract in the current study was lower compared with the U. clathrata
extract but considerably higher than U. linza, U. intestinalis, and U. flexuosa methanolic extracts previously
reported by Farasat et al. (2014). Several studies have by far elucidated the antioxidant activity in Ulva
species. For example, among the 48 marine algae evaluated for their antioxidant activity, low antioxidant
activity with a relatively high IC, were documented for U. intestinalis (Zubia et al. 2007). However,
some researchers have otherwise reported high free radical scavenging activity for other Ulva species. For
instance, extracts of U. compressa, U. linza, and U. tubulosa exhibited high antioxidant activity in linoleic
acid system, notably, with an excellent DPPH radical scavenging activity obtained for the methanolic
extract of U. compressa as evidently supported by an IC, of 1.89 mg mL"' (Ganesan et al. 2011). Moreover,
Qi et al. (2006) demonstrated that the natural ulvan, a group of sulfated heteropolysaccharides obtained
from Ulva species, and its derivatives have higher scavenging activity on superoxide radical than vitamin
C. Additionally, Hassan et al. (2011) accordingly documented that prolonged consumption of U. lactuca
polysaccharides extract conferred potent antioxidant and hypocholesterolemic effects in experimentally-
induced hypercholesterolemic rats. Corroborative to the published reports on Ulva species (Ganesan et
al. 2011; Farasat et al. 2014), the antioxidant activity of U. pertusa extract in the current study likewise
correlated with the quantity of its phenolic and flavonoid contents. As free radicals are formed during
metabolism, i.e. as a result of the mitochondrial metabolism, inflammatory responses, phagocytosis, and
physical activities, their production may be accelerated by external factors such as radiation, drugs and
pesticides. As a consequence, overproduction of free radicals in the biological systems may damage all
classes of chemicals including proteins, amino acids, nucleic acids, and carbohydrates in the biological
materials (Sanjeewa et al. 2018). Thus, counteracting oxidative stress in the biological systems through
the use of natural antioxidants such as those coming from seaweed extracts would be a practical strategy of
protecting the organism from oxidative damage (Wang et al. 2010; Sanjeewa et al. 2018).

As shown in Table 3, U. pertusa ethanolic extract exhibited potent antibacterial activity against S. aureus
ATCC25923. Li et al. (2018a) previously demonstrated that 10 mg mL™! of the U. pertusa ethanolic extract
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could induce a mean inhibition zone of 10.00+0.00 mm against S. aureus. Noticeably, such antibacterial
activity is lower compared with the data that we generated in the present study since comparable values were
markedly obtained when the S. aureus was exposed to a lower concentration (6.25 mg ml!) of the U. pertusa
ethanolic extract. Our current findings consistently corroborate with the previous reports demonstrating
the sensitivity of gram-positive S. aureus strains to seaweed extracts (Morales et al. 2006; Stirk et al.
2007), particularly against U. pertusa extract (Mtolera and Semesi 1996). Staphylococcus aureus typically
constitutes the natural microbiota of the pond-reared fish and their culture environments (Pakingking et al.
2015). Staphylococcus species are generally not considered as fish pathogens as they have not by far been
implicated in any serious disease outbreaks. However, among the principal foodborne bacteria described as
human pathogens, S. aureus is the leading cause of gastroenteritis due to the consumption of fish products
contaminated with this pathogen and its enterotoxin (Arfatahery et al. 2015). In fact, high population of
these bacteria in harvested fish indicates the degree of spoilage it might have undergone. The extract likewise
induced potent antibacterial activity against S. agalactiae isolates in a concentration-dependent manner.
This finding is imperative as streptococcal infection among net-caged tilapias confined in open waters
such as lakes have been recently recognized in the Philippines as a persistent problem that has resulted in
serious economic losses (Legario et al. 2020). Fish farmers have resorted to using antibiotics, particularly
amoxicillin (a newer version of penicillin), which is mixed with the feed (Legario et al. 2020). However,
the emergence of multidrug-resistant S. agalactiae strains found in human and fish with high penicillin
non-susceptibility has been recently reported (Li et al. 2020). Thus, the addition of U. pertusa extract in fish
feed as an alternative prophylactic agent against streptococcal infection in cultured fish is worth pursuing.
Of note, the capacity of U. pertusa ethanolic extract to inhibit the growth of A. hydrophila and A. sobria is
an unequivocally important finding considering that these Aeromonas species are opportunistic pathogens
which are ubiquitously found in fish and their rearing environments (Pakingking et al. 2015, 2020).

While there is no standard way to carry out a qualitative evaluation of the antimicrobial activity of a
certain seaweed extract as different authors used different scales to assess in vitro antimicrobial susceptibility
test (Silva et al. 2020), nevertheless, pertinent discrepancies observed with regard to variations in the
antibacterial activity of the U. pertusa extract obtained in the current study and those previously reported
for U. pertusa and other seaweed extracts feasibly lie on the extraction method employed, source and
composition of macroalgae, and as well as protocols (method, time/ period/ season, etc.) utilized for the
seaweed collection as previously reported (Stirk et al. 2007; Choi et al. 2014; Thanigaivel et al. 2016). For
example, Choi et al. (2014) documented seasonal variations in the antimicrobial activity of the U. pertusa
extracts against Gardnerella vaginalis; the extracts did not show activity during summer and autumn but
notable activity from early winter (December) to middle spring (April). Despite the numerous studies
by far conducted on the antimicrobial activities of the different seaweed extracts against fish pathogens,
particularly those with zoonotic potential, there is still limited information on the exact mechanism of action
for the majority of these extracts (Vatsos and Rebours 2015). Nevertheless, antibacterial compounds in
seaweeds that have been considerably documented include fatty acids, lipophilic and phenolic compounds,
lectins, acetogenins, terpenes, alkaloids, polyphenolics, isoprenoid metabolites, tannins, and hydrogen
peroxide as reviewed by Mohamed et al. (2012). Thus, the potent antibacterial activity exhibited by the
U. pertusa ethanolic extract against S. aureus in the current study could be attributed to these bioactive
compounds present in the U. pertusa extract that we examined. Hitherto, pertinent investigations on U.
pertusa ethanolic extract did not point out one individual substance or particular substance class which
could be entirely responsible for its antimicrobial action, clearly indicating that a synergistic action is
essential for the biological activity of the U. pertusa extract to be liberally expressed. Future studies should
therefore isolate and characterize the major bioactive components of this green alga and their corresponding
mode of action against important bacterial fish pathogens. Moreover, the practical therapeutic application
of U. pertusa ethanolic extract against bacterial infections in tilapia and other susceptible high value marine
fish species such as sea bass and groupers via feed supplementation is warranted.

Conclusion

In summary, our current data clearly demonstrated that U. perfusa ethanolic extract possesses potent
antibacterial activity, particularly against infectious bacterial fish pathogens, and some bioactive components
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with remarkable antioxidant capacities that may be utilized in the synthesis of novel drugs. With reference
to the many studies by far conducted on the antimicrobial activities of the U. pertusa extracts that we
reviewed, this study is the first to demonstrate the antioxidant and antibacterial activity of the ethanolic
extract of U. pertusa commonly found in the Philippines and may therefore serve as promising alternatives
for the prevention and control of infectious diseases in aquacultured species.

Authors’ contributions The conception and design of the study were developed by RPJ and EGDJ-A. RPJ, DJL, RU, EGDJ-A, and
CMC contributed to the data acquisition, analyses, and interpretation. RPJ wrote the manuscript with input from all authors. The final
manuscript was approved by all authors.

Acknowledgements We would like to thank Drs. Teruo Azuma, Takuro Shibuno and Chihaya Nakayasu, former GOJ-TF managers,
and the staff of IMS and NPPMCI for their invaluable assistance during the collection and analyses of our samples, respectively. This
study was funded by the Government of Japan Trust Fund V through the Regional Disease Project (study code: FH01-F2010-T) and
partly by SEAFDEC AQD.

Conflicts of interest The authors declare that they have no conflict of interest.
References

Albances JO (2015) Pathogenicity of Aeromonas hydrophila from diseased Oreochromis niloticus fingerlings by intraperitoneal and
intramuscular injection. Master of Science thesis, University of the Philippines Visayas

Arfatahery N, Mirshafiey A, Abedimohtasab TP, Zeinolabedinizamani M (2015) Study of the prevalence of Staphylococcus aureus in
marine and farmed shrimps in Iran aiming the future development of a prophylactic vaccine. Procedia Vaccinol 9:44-49 https://
doi.org/10.1016/j.provac.2015.05.008

Bansemir A, Blume M, Schroder S, Lindequist U (2006) Screening of cultivated seaweeds for antibacterial activity against fish
pathogenic bacteria. Aquaculture 252:79-84 https://doi.org/10.1016/j.aquaculture.2005.11.051

Benjama O, Payap M (2011) Nutritional composition and physicochemical properties of two green seaweeds (Ulva pertusa and U.
intestinalis) from the Pattani Bay in Southern Thailand. Songklanakarin J Sci Technol 33:575-583

Bolton JJ, Robertson-Andersson DV, Shuuluka D, Kandjengo L (2009) Growing Ulva (Chlorophyta) in integrated systems as a
commercial crop for abalone feed in South Africa: a SWOT analysis. J Appl Phycol 21, 575-583 https://doi.org/10.1007/s10811-
008-9385-6

Cabello FC, Godfrey HP, Tomova A, Ivanova L, DSlz H, Millanao A, Buschmann AH (2013) Antimicrobial use in aquaculture re-
examined: its relevance to antimicrobial resistance and to animal and human health. Environ Microbiol 15:1917-1942 https://doi.
org/10.1111/1462-2920.12134

Cavallo RA, Acquaviva MI, Stabili L, Cecere E, Petrocelli A, Narracci M (2013) Antibacterial activity of marine macroalgae against
fish pathogenic Vibrio species. Cent Eur J Biol 8:646-653 https://doi.org/10.2478/s11535-013-0181-6

Chandini SK, Ganesan P, Bhaskar N (2008) In vitro antioxidant activities of three selected brown seaweeds of India. Food Chem
107:707-713 https://doi.org/10.1016/j.foodchem.2007.08.081

Cho M, Kang 1J, Won MH, Lee HS, You S (2010) The antioxidant properties of ethanol extracts and their solvent-partitioned fractions
from various green seaweeds. J] Med Food 13(5):1232-1239 https://doi.org/10.1089/jmf.2010.1124

Choi JS, Ha YM, Lee BB, Moon HE, Cho KK, Choi IS (2014) Seasonal variation of antibacterial activities in the green alga Ulva
pertusa Kjellman. J Environ Biol 35:341-344

Choi EM, Park JJ, Han T (2011) Temporal changes in oxidative stress and antioxidant activities in Ulva pertusa Kjellman. Toxicol
Environ Health Sci 3:206-212 https://doi.org/10.1007/s13530-011-0106-1

Devi KP, Suganthy N, Kesika P, Pandian SK (2008) Bioprotective properties of seaweeds: In vitro evaluation of antioxidant activity
and antimicrobial activity against food borne bacteria in relation to polyphenolic content. BMC Complement Altern Med 8:38
https://doi.org/10.1186/1472-6882-8-38

Evans WC (2009) Trease and Evans pharmacognosy. International edition. E-Book: Elsevier Health Sci

Farasat M, Khavari-Nejad RA, Nabavi SMB, Namjooyan F (2014) Antioxidant activity, total phenolics and flavonoid contents of
some edible green seaweeds from northern coasts of the Persian Gulf. Iran J Pharm Res 13:163-170

Ferdouse F, Holdt SL, Smith R, Murua P, Yang Z (2018) The global status of seaweed production, trade and utilization. Food and
Agriculture Organization of the United Nations.

Feroz B (2018) Saponins from marine macroalgae: a review. ] Marine Sci Res Dev 8:8 https://doi.org/10.4172/2155-9910.1000255

Ganesan K, Kumar KS, Rao PVS (2011) Comparative assessment of antioxidant activity in three edible species of green seaweed,
Enteromorpha from Okha, Northwest Coast of India. Innov Food Sci Emerg Technol 12:73-78 https://doi.org/10.1016/].
ifset.2010.11.005

Harborne AJ (1998) Phytochemical methods a guide to modern techniques of plant analysis, 3rd edn. Springer, Netherlands

Hassan S, El-Twab SA, Hetta M, Mahmoud B (2011) Improvement of lipid profile and antioxidant of hypercholesterolemic albino rats
by polysaccharides extracted from the green alga Ulva lactuca Linnaeus. Saudi J Biol Sci 18:333-340 https://doi.org/10.1016/j.
sjbs.2011.01.005

Hurtado AQ, Luhan MRJ, Guanzon Jr N (2006) Seaweeds of Panay, 2nd edn. Aquaculture Department, Southeast Asian Fisheries
Development Center 9SEAFDEC), Tigbauan, Iloilo, Philippines

Kuda T, Tsunekawa M, Goto H, Araki Y (2005) Antioxidant properties of four edible algae harvested in the Noto Peninsula, Japan. J
Food Compost and Anal 18:625-633 https://doi.org/10.1016/j.jfca.2004.06.015

Largo DB, Sembrano J, Hiraoka M, Ohno M (2004) Taxonomic and ecological profile of "green tide’ species of Ulva (Ulvales,
Chlorophyta) in Central Philippines. Hydrobiologia 512:247-253 https://doi.org/10.1023/B:HYDR.0000020333.33039.4b

Legario FS, Choresca CH, Turnbull JF, Crumlish M (2020) Isolation and molecular characterization of streptococcal species recovered



Int Aquat Res (2022) 14:51-62 61

from clinical infections in farmed Nile tilapia (Oreochromis niloticus) in the Philippines. J Fish Dis 43:1431-1442 https://doi.
org/10.1111/jfd.13247

Li C, Sapugahawatte DN, Yang Y, Wong KT, Lo NWS, Ip M (2020) Multidrug-resistant Streptococcus agalactiae strains found
in human and fish with high penicillin and cefotaxime non-susceptibilities. Microorganisms 8(7):1055 https://doi.org/10.3390/
microorganisms8071055

LiY, Sun S, Pu X, Yang Y, Zhu F, Zhang S, Xu N (2018a) Evaluation of antimicrobial activities of seaweed resources from Zhejiang
Coast, China. Sustainability 10:2158 https://doi.org/10.3390/su10072158

Li W, Wang K, Jiang N, Liu X, Wan M, Chang X, Liu D, Qi H, Liu S (2018b) Antioxidant and antihyperlipidemic activities of purified
polysaccharides from Ulva pertusa. J Appl Phycol 30:2619-2627 https://doi.org/10.1007/s10811-018-1475-5

Lo DY, Lee YJ, Wang JH, Kuo HC (2014) Antimicrobial susceptibility and genetic characterisation of oxytetracycline-resistant
Edwardsiella tarda isolated from diseased eels. Vet Rec 175:203-203 https://doi.org/10.1136/vr.101580

Macakova K, Koleckar V, Cahlikova L, Chlebek J, Host’alkova A, Kuca K, Jun D, Opletal L (2014) Chapter 6 - Tannins and their
influence on health. In: Atta-ur-Rahman, Choudhary MI, Perry G (eds) Recent advances in medicinal chemistry. Elsevier, pp
159-208

Mahato SB, Sen S (1997) Advances in triterpenoid research, 1990-1994. Phytochemistry 44:1185-1236 https://doi.org/10.1016/
$0031-9422(96)00639-5

Martinez JL, Fajardo A, Garmendia L, Hernandez A, Linares JF, Martinez-Solano L, Sanchez MB (2009) A global view of antibiotic
resistance. FEMS Microbiol Rev 33:44-65 https://doi.org/10.1111/j.1574-6976.2008.00142.x

Mattana CM, Satorres SE, Sosa A, Fusco M, Alcara LE (2010) Antibacterial activity of extracts of Acacia aroma against methicillin-
resistant and methicillin-sensitive Staphylococcus. Brazilian J Microbiol 41(3):581-587 https://doi.org/10.1590/S1517-
83822010000300007

Mohamed S, Hashim SN, Rahman HA (2012) Seaweeds: a sustainable functional food for complementary and alternative therapy.
Trends Food Sci Technol 23(2):83-96 https://doi.org/10.1016/j.tifs.2011.09.001

Morales JL, Cantillo-Ciau ZO, Sanchez-Molina I, Mena-Rejon GJ (2006) Screening of antibacterial and antifungal activities of six
marine macroalgae from coasts of Yucatan Peninsula. Pharm Biol 44 (8):632-635 https://doi.org/10.1080/13880200600897569

Mtolera M, Semesi AK (1996) Antimicrobial activity of extracts from six green algae from Tanzania. In: Bjork M, Semesi AK,
Pedersen M, Bergman B (eds) Current trends in marine botanical research in East African region, SIDA, pp 211-217

Pakingking RJ, Bautista NB, de Jesus-Ayson, EG (2018) Characterisation of Vibrio isolates recovered from the eyes of cage-cultured
pompano (Zrachinotus blochii) infested with caligid parasites (Lepeophtheirus spinifer). Bull Eur Assoc Fish Pathol 38(1):35-41

Pakingking RJ, Palma P, Usero R (2015) Quantitative and qualitative analyses of the bacterial microbiota of tilapia (Oreochromis
niloticus) cultured in earthen ponds in the Philippines. World J Microbiol Biotechnol 31:265-275 https://doi.org/10.1007/s11274-
014-1758-1

Pakingking RJ, Palma P, Usero R (2020) Aeromonas load and species composition in tilapia (Oreochromis niloticus) cultured in
earthen ponds in the Philippines. Aquacult Res 51:4736-4747 https://doi.org/10.1111/are.14820

Pérez MJ, Falqué E, Dominguez H (2016) Antimicrobial action of compounds from marine seaweed. Mar Drugs 14(3):52 https://doi.
org/10.3390/md 14030052

Perez C, Pauli M, Bazerque P (1990) An antibiotic assay by the agar well diffusion method. Acta Biol Med Exp 5:113-115

Qi H, Zhang Q, Zhao T, Hu R, Zhang K, Li Z (2006) In vitro antioxidant activity of acetylated and benzoylated derivatives of
polysaccharide extracted from Ulva pertusa (Chlorophyta). Bioorg Med Chem Lett 16:2441-2445 https://doi.org/10.1016/j.
bmcl.2006.01.076

Qi H, Zhao T, Zhang Q, Li Z, Zhao Z, Xing R (2005) Antioxidant activity of different molecular weight sulfated polysaccharides from
Ulva pertusa Kjellm (Chlorophyta). J Appl Phycol 17:527-534 https://doi.org/10.1007/s10811-005-9003-9

Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, Luyckx M, Cazin M, Cazin JC, Bailleul F, Trotin F (2000) Phenolic
compounds and antioxidant activities of buckwheat (Fagopyrum esculentum Moench) hulls and flour. J Ethnopharmacol 72(1-
2):35-42 https://doi.org/10.1016/s0378-8741(00)00196-3

Sanjeewa KKA, Lee W, Jeon YJ (2018) Nutrients and bioactive potentials of edible green and red seaweed in Korea. Fish Aquatic Sci
21:19 https://doi.org/10.1186/s41240-018-0095-y

Satpati GG, Pal R (2011) Biochemical composition and lipid characterization of marine green alga Ulva rigida- a nutritional approach.
J Algal Biomass Utln 2(4):10-13

Schlesier K, Harwat M, B6hm V, Bitsch R (2002) Assessment of antioxidant activity by using different in vitro methods. Free Radic
Res 36:177-187 https://doi.org/10.1080/107157602900064 11

Silva A, Silva SA, Carpena M (2020) Macroalgae as a source of valuable antimicrobial compounds: extraction and applications.
Antibiotics 9(10):642 https://doi.org/10.3390/antibiotics9100642

Singleton VL, Orthofer R, Lamuela-Raventés RM (1999) Analysis of total phenols and other oxidation substrates and antioxidants by
means of Folin-Ciocalteu reagent. In: Methods in enzymology, vol 299. Academic Press, pp 152—178

Stankovic MS, Niciforovic N, Topuzovic M, Solujic S (2011) Total phenolic content, flavonoid concentrations and antioxidant activity,
of the whole plant and plant parts extracts from Zeucrium montanum L. var. montanum, f. supinum (L.) Reichenb Biotechnol
Biotechnol Equip 25:2222-2227 https://doi.org/10.5504/BBEQ.2011.0020

Stirk WA, Reinecke DL, van Staden J (2007) Seasonal variation in antifungal, antibacterial and acetylcholinesterase activity in seven
South African seaweeds. J Appl Phycol 19:271-276 https://doi.org/10.1007/s10811-006-9134-7

Sun Y, Chen X, Song L, Yu H, Wang X, Qin Y, Li P (2018) Antiviral activity against avian leucosis virus subgroup j of degraded
polysaccharides from Ulva pertusa. BioMed Res Int. Article ID 9415965 https://doi.org/10.1155/2018/9415965

Thanigaivel S, Chandrasekaran N, Mukherjee A, John Thomas (2016) Seaweeds as an alternative therapeutic source for aquatic
disease management. Aquaculture 464:529-536 https://doi.org/10.1016/j.aquaculture.2016.08.001

Thawabteh A, Juma S, Bader M, Karaman D, Scrano L, Bufo SA, Karaman R (2019) The biological activity of natural alkaloids
against herbivores, cancerous cells and pathogens. Toxins 11(11):656 https://doi.org/10.3390/toxins11110656

Vatsos IN, Rebours C (2015) Seaweed extracts as antimicrobial agents in aquaculture. J Appl Phycol 27:2017-2035 https://doi.
org/10.1007/s10811-014-0506-0

&



62 Int Aquat Res (2022) 14:51-62

Wang CY, Han L, Kang K (2010) Secondary metabolites from green algae Ulva pertusa. Chem Nat Compd 46:828-830 https://doi.
org/10.1007/s10600-010-9760-9

Yao LH, Jiang YM, Shi J (2004) Flavonoids in food and their health benefits. Plant Foods Hum Nutr 59:113-122 https://doi.
org/10.1007/s11130-004-0049-7

Zubia M, Robledo D, Freile-Pelegrin Y (2007) Antioxidant activities in tropical marine macroalgae from the Yucatan Peninsula,
Mexico. J Appl Phycol 19:449-458 https://doi.org/10.1007/s10811-006-9152-5

Publisher’s Note

IAU remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.



