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Introduction

The emergence of multiple drug-resistant (MDR) pathogens
has created a worldwide public health problem in the recent
past. The concern on MDR has shifted the research priority
of epidemiologists and allied researchers into the discovery
of alternative sources of antimicrobial agents, wherein the zo-
onotic pathogen is of top concern. The development of MDR,
moreover, is one of the major drivers of research to explore
alternative natural antimicrobial agents that are locally avail-
able, cost-effective, and have minimal toxicity, but have
lesser health impacts than commercial antibiotics (Cheung et
al., 2014; Pérez et al., 2016; Cotas et al., 2020).

Seaweeds are marine plants without true leaves, stems, and
roots and are mostly found on rocky shorelines (Cordero,
2009). Among the groups of seaweeds, red algae (Rhodo-
phyta) have received much attention for it contains high
amounts of polyunsaturated fatty acids, sterols, terpenes, my-
cosporine-like amino acids, essential amino acids, phycobili-
proteins and carotenoids, and phenolic compounds (Torres et
al., 2019; Cotas et al., 2020; Lopez-Santamarina et al., 2020).
‘In aquaculture, seaweed extracts have been used extensively
for the prevention and treatment of viral and bacterial dis-
eases (Noorjahan et al., 2022). Recently, the use of seaweed
extract has received attention in pharmaceutical industries af-
ter research has revealed its inhibitory potential against the
antibiotic-resistant pathogen (Cabral et al., 2021; Cotas et al.,
2020; Klimjit et al., 2021; Lu et al., 2021)

Salmonella spp. is traditionally treated with antibiotics; how-
ever, recent reports on its antibiotic resistance have alarm-
ingly increased (Wang et al., 2017; Cameron-Veas et al.,
2018; Khademi et al., 2020). In the meta-analysis of Shen et
al. (2022), it was revealed that Salmonella spp. isolates were
highly resistant to tetracycline, sulfisoxazole, ampicillin,
streptomycin, and sulfamethoxazole. This issue has contrib-
uted to the economic burden of most developing countries,
where added costs are devoted to the prevention and treat-
ment of persistent diseases caused by drug-resistance bacteria
(Dodgostar, 2019). To date, research efforts and a vast litera-
ture has been published on the antibacterial activity of medic-
inal plant extracts against Sa/monella spp., however, the fo-
cus was on common foodborne pathogens such as S. #yphi, S.
enterica, and S. typhimurium (Dayuti, 2017; Dhas et al.,
2020; Martelli et al., 2020; Silva et al., 2020; Nozohour and
Jalilzadeh, 2021; Gavriil et al., 2021; Wang et al., 2021; Naz
et al., 2022). Meanwhile, studies on equally important health
concerns and uncommon species and subspecies have re-
mained elusive.
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Salmonella enterica subsp. arizonae (Caldwell and Ryerson,
1939) is an uncommon pathogen initially described as a path-
ogen of cold-blooded animals, especially snakes until infec-
tion on humans, poultry, and fish have been published (Cald-
well and Ryerson, 1939; Seligmann et al., 1944; Jortner and
Larsen, 1984; Kodama et al., 1987; Hoag and Sessler, 2005;
dos Santos et al., 2019; Limbago et al., 2021). By then, S.
arizonae was considered zoonotic, mediating diseases in a
wide array of animal species. In 2017, Nishioka et al. (2017)
reported that S. arizonae developed resistance to the accepta-
ble antibiotic, where there is recurring pyelonephritis second-
ary to S. arizonae infection even after cephalosporin treat-
ments.

In 2018, a concerning record of S. arizonae infection was re-
ported in Carassius auratus (Linnaeus, 1758) in the Philip-
pines (Limbago et al., 2021). Mass mortality of C. auratus
from a nearby fish pet shop in Barotac Nuevo, Iloilo, Philip-
pines has been noticed, and S. arizonae is inferred to be one
of the causes after performing Koch’s postulate. Despite the
study of Gut et al. (2022) on the antibacterial potential of tra-
ditional kefir against S. arizonae, the utilization of this dairy
product in aquaculture might be expensive. Furthermore, the
use of commercial antibiotics in aquaculture is currently dis-
couraged since antibiotic residue may lead to the develop-
ment of bacterial drug resistance (Santos and Ramos, 2018;
Albarico and Pador, 2019). It is imperative, therefore, to
screen locally available materials as a possible source of an-
timicrobials against S. arizonae, which motivated this study.
In this study, the antibacterial activity of three red macroalgae
species ethanol extracts was screened against a zoonotic path-
ogen, S. arizonae. This study aimed to contribute and answer
the lack of research on uncommon Salmonella serotypes. Mo-
reover, the results will be beneficial to aquaculturists and
hobbyists should S. arizonae infection occur.

Material and Methods
Seaweed Sample Collection

Seaweed samples were collected from the coastal areas of Es-
tancia, Northern Iloilo, Philippines. Collected samples were
identified with the aid of the Field Guide and Atlas of the
Seaweed Resources of the Philippines (Trono, 1997). Identi-
fied seaweed species were Kappaphycus striatus (F.
Schmitz) Doty ex P. C. Silva (1996), Hydropuntia edulis
(S.G. Gmelin) Gurgel and Fredericq, (2004), and Eucheuma
denticulatum (N.L. Burman) Collins and Hervey,
(1917). Seaweeds were then washed with distilled water to
remove the adherent soils and salts. Cleaned samples were
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oven-dried at 60°C for 72 h and were cut into pieces using
sterile scissors.

Ethanolic Extract Preparation

Samples were soaked into 500 mL 80% ethyl alcohol in a 1
L capacity Erlenmeyer flasks. The flasks were covered with
carbon paper and stored in a dark cabinet at ambient temper-
ature for 72 h. Each extract obtained was separately filtered
using a Buchner funnel lined with Whatman No. 1 filter paper
(Manilal et al., 2009; Lavanya and Veerapan, 2011; Sa-
lem et al., 2011). Then, a 100 mL filtered extract was concen-
trated to about 20 mL using a thermostatic waterbath (La-
vanya and Veerappan, 2011). The remaining pure extracts
were stored in a dark cabinet and were used in subsequent
analysis.

Preparation of McFarland Standards

A 15x10® CFU/mL MacFarland standard was prepared by
mixing 5 mL of 1.175% Barium Chloride dihydrate
(BaCl,.2H,0) with 95 mL of 1% sulfuric acid (H2SO4). The
mixture was then vortex for 30 secs. On the other hand, 30 x
10® CFU/mL MacFarland standard was prepared by mixing
10 mL 1.175% BaCl,.2H>0 with 90 mL of 1% H>SO4 (Mon-
tafio et al., 2022).

Bacterial Isolation and Culture

Pure cultures of S. arizonae were isolated from moribund
Carassius auratus (Linnaeus, 1758) that were brought to the
laboratory. Moribund C. auratus was brought to the labora-
tory and was clinically diagnosed with abdominal dropsy,
loss of scales, rotten caudal tail, nonintact internal organs, and
pale gills and flesh. Pure cultures of S. arizonae were main-
tained in nutrient broth and incubated at 25°C for 48 h. Every
3 days, working cultures were transferred to fresh nutrient
broth media. Before subsequent experiments, a loopful S. ar-
izonae culture was aseptically transferred to Shigella-Salmo-
nella agar (SSA). Colonies on SSA plates were aseptically
transferred into 10 mL tryptic soy broth (TSB) in replicates
until bacterial suspension and turbidity reached 15 x 10®
CFU/mL (used for in vitro test) and 30 x 108 CFU/mL (used
for in vivo tests) following 0.5 MacFarland Nephelometer
Standard (Ruangpan and Tendencia, 2004). Cultures incu-
bated at 25°C for 5 h were used for subsequent study.

Preparation of Impregnated Disc

Sterilized 6 mm Whatman No. 1 filter paper discs were used
in this study. In sterilization, discs were placed in a Petri dish
and autoclaved at 121°C for 30 minutes under 15 psi pressure
(Hossain et al., 2012). Sterilized discs were then oven-dried
for 48 h. Subsequently, five compact discs were immersed in

either 10 mL antibiotics or algal extract. Discs were dried for
24 h in an oven at 45°C.

In Vitro Antibacterial Test

In vitro antimicrobial activity of three seaweeds and ten com-
mercial antibiotics (as positive controls) against S. arizo-
nae were conducted using the standard disc diffusion method
(Ruangpan and Tendencia, 2004). Briefly, the pure culture
of S. arizonae was lawn on Muller Hinton agar (MHA) plates
and then was dried for 10 minutes. Prepared impregnated
discs were then placed on the MHA surface using sterile for-
ceps. Samples were incubated for 72 h at 25°C, and plates
were kept in an inverted position.

Antibiotics used as positive controls were (1) 10 g Gentamy-
cin, (2) 5g Ciprofloxacin, (3) 30g Vancomycin, (4) 10g Strep-
tomycin, (5) 30g Chloramphenicol, (6) G 10 units Penicillin,
(7) 5g Cefixime, (8) 2.5g Trimethoprim, (9) 25g Amoxycil-
lin, and (10) 30pg Novobiocin.

Bioassay Test

Twenty-five healthy C. auratus with an average weight of 15
g were brought to the laboratory and were acclimatized for
five days before the experiment. Fish were subdivided into
five treatments comprising five fish per 20 L capacity aquar-
ium. Samples were exposed to different concentrations of
seaweed extract to determine the maximum allowable con-
centration (MAC). The treatment I was exposed to 50 ppm;
Treatment II (100 ppm); Treatment III (200 ppm); Treatment
IV (300 ppm); and Treatment V (500 ppm). Concentrations
in bioassay tests were based on Thanigaivel et al. (2015).
Daily fish mortality was recorded to determine the toxicity of
the extract. The MAC of seaweed extract to the fish was used
for the antibactericidal test.

In Vivo Antibacterial Test

Fifteen healthy C. auratus were used in the conduct of this
experiment. Fish samples were subdivided into three groups.
Positive control and treated groups were intraperitoneally in-
jected with 100 pL of S. arizonae (30 x 10* CFU/fish) while
the negative control group was injected with 100 pL of dis-
tilled water. After 72 h of post-infection, groups were ex-
posed to different treatments. The treatment group was ex-
posed to the MAC of K. striatus extract while positive control
and negative control were not exposed to the extract.

Antibacterial activity was determined by recording the daily
fish mortality for 10 days. A second experiment was con-
ducted to validate the results, employing the same methodol-
ogies.
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Data Analysis

Inhibition zone and mortality rates were determined and sta-
tistically analyzed. Data were presented as percentages and
means with standard deviation. Statistical differences were
computed using One-way ANOVA with Tukey’s HSD
posthoc test using SPSS (IBM SPSS 22).

Results and Discussion

As shown in Figure 1, K. striatus, H. edulis, and E. denticu-
latum have a high zone of inhibition against S. arizonae.
Among these three species, K. striatus had the highest anti-
bacterial activity against S. arizonae with an average zone of
inhibition at 30.9 £0.62 mm indicating the sensitivity of the
pathogen to the marine algae extract. A promising result was
also noted in H. edulis with an average zone of inhibition of
29.6 £1.61 mm and E. denticulatum with 27.6 £0.51 mm, re-
spectively.

Furthermore, the zone of inhibition of K. striatus, H. edulis,
and E. denticulatum is not significantly different from that of
cefixime, trimethoprim, and novobiocin. However, the zone
of inhibition of three seaweed ethanolic extracts is statisti-
cally higher than that of gentamycin, ciprofloxacin, vanco-
mycin, streptomycin, chloramphenicol, penicillin, and amox-
icillin.
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Bioassay Test

The bioassay test of K. striatus extract in C. auratus was car-
ried out at different concentrations. Treatments and concen-
trations include Treatment I with 50 ppm concentration,
Treatment II with 100 ppm, Treatment III with 200 ppm,
Treatment I'V with 300 ppm, and Treatment V with 500 ppm.
The result of this experiment showed that the fish survived
with all the treatments after 10 days of monitoring; indicating
the non-toxic effect of the marine algal extracts (data not
shown). The maximum allowable concentration (500 ppm)
was used for the subsequent in vivo antibacterial test.

In vivo Antibacterial Test

The effect of K. striatus extracts on S. arizonae-infected C.
auratus showed promising results (Figure 2). The positive
control group has 20% mortality on the 3rd day after 72 h
post-infection. The mortality of the positive control group has
further increased to 100% mortality on day seven of post-in-
fection. The treatment group, on the other hand, has a late
onset of mortality as compared to the positive control group,
starting with 20% mortality on day seven. The mortality in
the treatment group has plateaued and was maintained at 40%
until the 10th day of the experiment. While negative control
group injected with distilled water has 0% mortality through-
out the experiment.

Furthermore, treated K. striatus treated C. auratus showed
normal flesh, intact scales, normal caudal fins, intact internal
organs, and normal gills (Figure 3A) while the untreated con-
trol group showed pale gills, loss of scales, rotted caudal fin,
internal organs not intact, and pale gills (Figure 3B).
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Figure 1. Susceptibility of S. arizonae to K. striatus, H. edulis and E. denticula-
tum ethanolic extract and thirteen commercial antibiotics. Each value is
the mean zone of inhibition (mm) + computed standard deviation from
two replicates. Different superscripts mean the significant difference at

p<0.05 levels.
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Figure 2. Antibacterial test of K. striatus ethanolic extract in C. auratus infected
with S. arizonae for 10 days after 72 h post-infection.
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Figure 3. Dissected C. auratus infected with S. arizonae. (A) Treated group (B) Untreated control group.
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In some Eastern countries, like the Philippines, marine auto-
trophs have been already used for their medicinal purpose.
The diversity of plants and their traditional medicinal use has
led to vast research to prove their therapeutic activity. Thus,
it is worthwhile to conduct studies on life-saving drugs and
biologically active substances from this renewable resource.

In the present study, in vitro experiments revealed that K. stri-
atus has the highest inhibitory activity against S. arizonae.
Promising antibacterial activity against S. arizonae was also
observed from H. edulis and E. denticulatum extracts. This
study also revealed that K. striatus, H. edulis, and E. dentic-
ulatum antimicrobial activities are comparable with tested
commercial antibiotics. Although no studies have been con-
ducted on the antibacterial effect of K. striatus on S. arizonae,
a similar study has been tested on S. typhi (Prasad et al.,
2013). However, compared to the antimicrobial activity of K.
striatus in S. typhi, S. arizonae is highly susceptible to K. stri-
atus ethanolic extracts (Prasad et al., 2013). Consequently,
the ethanolic extract of H. edulis in this study has also a
higher zone of inhibition compared to the study of Mahen-
dran et al. (2021) on H. edulis against Salmonella spp. with
only 22 mm. Meanwhile, E. denticulatum ethanolic extract in
this study has a higher zone of inhibition in contrast with the
study of Magallanes et al. (2021) with only a 13.2 mm zone
of inhibition against S. typhi.

Many factors contribute to the differences in antimicrobial
activity of plant extract in a pathogen. Factors include plant
species and the solvent-extraction method used in the study
(Sameeh et al., 2016). For example, in the study of Chuah et
al. (2017) methanol extract of K. alvarezii has zero zones of
inhibition against S. enterica which contradicts the results of
this study where the high inhibitory activity of K. striatus was
observed against S. arizonae. In the study of Prasad et al.
(2013), results showed that K. striatus was slightly more ef-
fective than K. alvarezii. Moreover, ethanolic K. striatus ex-
tract showed a higher zone of inhibition than methanol ex-
tracts. It could be inferred that methanol and ethanol extrac-
tion-method, yielded different amounts of bioactive com-
pounds although it should be noted that authors used different
seaweed species. As support, several studies have shown that
different extraction method has yielded different amounts of
bioactive compounds. For example, the study by Bhuyar et
al. (2020) reported that higher polyphenols were detected in
the ethanolic extract of K. alvarezii than in hot water extract.
In the study of Rebecca et al. (2013), it was concluded that
ethanolic extraction was the best solvent for maintaining the
active compounds in almost species of seaweeds. Ethanolic
extracts of K. alverii include levoglucosenone, pyridinemeth-
anol, 1,2,5-thiadiazole-3-carboxamide, and 4-[(2-chloro-
ethyl) amino]-N-(2-hydroxyethyl)] (Bhuyar et al., 2020). It
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should be noted that a higher yield of bioactive compounds
such as phytochemicals would likely result in a higher zone
of inhibition. Phytochemicals are synthesized in response to
microbial infection (Kumar and Pandey, 2013; Mierziak et
al., 2014). Phenolic compounds, which are abundant in red
seaweeds, have the property to disrupt the cellular mem-
branes of microbes leading to their antimicrobial mechanism
(Kumar and Pandey, 2013; Djouossi et al., 2015; Mishra et
al., 2017; Cabral et al., 2021). Hence, the abundance of phe-
nolic compounds would likely inhibit the growth of microor-
ganisms including food-related pathogens. However, the ex-
act mechanism of action of phenols is not yet fully understood
at the cellular and molecular level (Chibane et al., 2019).

Meanwhile, a bioassay test revealed that 500 ppm of K. stri-
atus tested is not toxic to C. auratus. It could be attributed to
the fact that K. striatus is edible, thus, posing no to little tox-
icity in animals. This result enhances the promising antimi-
crobial activity of K. striatus against S. arizonae. Moreover,
lower mortality was recorded in treated fish during in vivo
experiments compared with 100% mortality in the untreated
group. Another interesting result is that the treatment of K.
striatus in infected fish delayed the onset of mortality.

While there is a myriad of studies on the antimicrobial activ-
ities of different plant extracts against Salmonella spp., the
focus has been on the foodborne pathogen, while studies on
S. arizonae are rather elusive. Previously published studies
on the antibacterial activity of plants focused on foodborne
pathogens including S. typhi, S. enterica, and S. typhimurium
(Dayuti, 2017; Dhas et al., 2020; Sliva et al., 2020; Nozohour
and Jalilzadeh, 2021; Gavriil et al., 2021; Wang et al., 2021;
Naz et al., 2022). Recent studies on the susceptibility of S.
arizonae only include the study of Limbago et al. (2021) and
Gut et al. (2022) in mangroves leaf extracts and traditional
kefir, respectively. While this study contributes to the afore-
mentioned data gap, further research on the isolation of phy-
tochemicals of K. striatus and its antimicrobial activity in S.
arizonae is recommended. It is recommended to maintain the
water physio-chemical parameters in the aquarium, and reg-
ular water exchange to prevent the occurrence of diseases
from opportunistic pathogens like S. arizonae.

Conclusion

In conclusion, the present results showed that the ethanolic
extract of K. striatus, E. denticulatum, and H. edulis possess
antibacterial activity against S. arizonae, in vitro. Further in
vivo experiment indicates that K. striatus extract can reduce
the mortality of S. arizonae-infected C. auratus. The results
of this study project the utilization of red seaweeds in treating
S. arizonae infection in aquaculture.



Aquat Res 5(4), 275-284 (2022) e https://doi.org/10.3153/AR22027

Research Article

Compliance with Ethical Standard

Conflict of interests: The authors declare that for this article they
have no actual, potential, or perceived conflict of interests.

Ethics committee approval: The authors declare that all interna-
tional, national and institutional guidelines for the care and use of
laboratory animals have been followed and complied with for this
study.

Funding disclosure: -

Acknowledgments: We thank Dr. Reynaldo Paler for his support
and assistance given to the authors during the conduct of this study.
We would also acknowledge two anonymous reviewers who provi-
ded critical comments for the improvement of this manuscript.

Disclosure: -

References

Albarico, F.P.J., Pador, E.L. (2019). Chemical and micro-
bial analyses of organic milkfish farm in Negros Occidental,
Philippines. Asia Pacific Journal of Multidisciplinary Re-
search, 7(2), 41-46.

Bhuyar, P., Rahim, M.H.A., Sundararaju, S., Maniam,
G.P., Govindan, N. (2020). Antioxidant and antibacterial ac-
tivity of red seaweed Kappaphycus alvarezii against patho-
genic bacteria. Global Journal of Environmental Science and
Management, 6(1), 47-58.

Cabral, E.M., Oliveira, M., Mondala, J.R.M., Curtin, J.,
Tiwari, B.K., Garcia-Vaquero, M. (2021). Antimicrobials
from seaweeds for food applications. Marine Drugs, 19(4),
211.

https://doi.org/10.3390/md19040211

Caldwell, M.E., Ryerson, D.L. (1939). Salmonellosis in cer-
tain reptiles. The Journal of Infectious Diseases, 65, 242-245.
https://doi.org/10.1093/infdis/65.3.242

Cameron-Veas, K., Fraile, L., Napp, S., Garrido, V.,
Grill6, M.J., Migura-Garcia, L. (2018). Multidrug resistant
Salmonella enterica isolated from conventional pig farms us-
ing antimicrobial agents in preventative medicine pro-
grammes. Veterinary Journal, 234, 36-42.
https://doi.org/10.1016/j.tvjl.2018.02.002

Cheung, R.C.F., Wong, J.H., Pan, W.L., Chan, Y.S., Yin,
C.M., Dan, X.L., Wang, H.X., Fang, E.F., Lam, S.K., Ngai,
P.H.K,, Xia, X.L., Liu, F., Ye X.Y., Zhang, G.Q., Liu, Q.H,
Sha, O., Lin, P., Ki, C., Bekhit, A.A., Bekhit, A.E.D., Wan,
D.C.C., Ye, X.J., Xia, J., Ng, T.B. (2014). Antifungal and

antiviral products of marine organisms. Applied Microbiol-
ogy and Biotechnology, 98, 3475-3494.
https://doi.org/10.1007/s00253-014-5575-0

Chibane, B.L., Degraeve, P., Ferhout, H., Bouajila, J., Ou-
lahal N. (2019). Plant antimicrobial polyphenols as potential
natural food preservatives. Journal of the Science of Food
and Agriculture, 99, 1457-1474.
https://doi.org/10.1002/jsfa.9357

Chuah, X.Q., Mun, W., Teo, S.S. (2017). Comparison study
of anti-microbial activity between crude extract of Kap-
paphycus alvarezii and Andrographis paniculata. Asian Pa-
cific Journal of Tropical Biomedicine, 7, 729-731.
https://doi.org/10.1016/1.apjtb.2017.07.003

Cordero, P.A. Jr. (2009). Aquatic Resources and Ecology.
Rex Bookstore Incorporated, Manila, Philippines, 344p,
ISBN: 9789712353543

Cotas, J., Leandro, A., Pacheco, D., Gongalves, A., Pereira,
L. (2020). A comprehensive review of the nutraceutical and
therapeutic applications of red seaweeds (Rhodophyta). Life
(Basel, Switzerland), 10, 19.

https://doi.org/10.3390/1ife 10030019

Dadgostar, P. (2019). Antimicrobial resistance: Implications
and costs. Infection and Drug Resistance, 12, 3903-3910.
https://doi.org/10.2147/IDR.S234610

Dayuti, S. (2017). Antibacterial activity of red algae
(Gracilaria verrucosa) extracts against Escherichia coli and
Salmonella typhimurium. IOP Conference Series: Earth and
Environmental Science, 137, 012074.
https://doi.org/10.1088/1755-1315/137/1/012074

Djouossi, M.G., Tamokou, J.D., Ngnokam, D., Kuiate,
J.R., Tapondjou, L.A., Harakat, D., Voutquenne-Naza-
badioko, L. (2015). Antimicrobial and antioxidant flavo-
noids from the leaves of Oncoba spinosa Forssk (Salicaceae).
BMC Complementary and Alternative Medicine, 15, 134.
https://doi.org/10.1186/s12906-015-0660-1

Dhas, T.S., Sowmiya, P., Kumar, V.G., Ravi, M., Suthind-
hiran, K., Borgio, J.F., Narendrakumar, G., Kumar, V.
R., Karthick, V., Kumar, C.M.V. (2020). Antimicrobial ef-
fect of Sargassum plagiophyllum mediated gold nanoparti-
cles on Escherichia coli and Salmonella typhi. Biocatalysis
and Agricultural Biotechnology, 26, 101627.
https://doi.org/10.1016/].bcab.2020.101627

281


https://doi.org/10.3390/md19040211
https://doi.org/10.1093/infdis/65.3.242
https://doi.org/10.1016/j.tvjl.2018.02.002
https://doi.org/10.1007/s00253-014-5575-0
https://doi.org/10.1002/jsfa.9357
https://doi.org/10.1016/j.apjtb.2017.07.003
https://doi.org/10.3390/life10030019
https://doi.org/10.2147/IDR.S234610
https://doi.org/10.1088/1755-1315/137/1/012074
https://doi.org/10.1186/s12906-015-0660-1
https://doi.org/10.1016/j.bcab.2020.101627

282

Aquat Res 5(4), 275-284 (2022) e https://doi.org/10.3153/AR22027

dos Santos, R.R., Xavier, R.G.C., de Oliveira, T.F.,
Leite, R.C., Figueiredo, H.C.P., Leal, C.A.G. (2019). Oc-
currence, genetic diversity, and control of Salmonella enter-
ica in native Brazilian farmed fish. Aquaculture, 501, 304-
312.

https://doi.org/10.1016/j.aquaculture.2018.11.034

Gavriil, A., Zilelidou, E., Papadopoulos, A.E., Siderakou,
D., Kasiotis, K.M., Haroutounian, S.A., Gardeli, C., Gian-
nenas, 1., Skandamis, P.N. (2021). Evaluation of antimicro-
bial activities of plant aqueous extracts against Salmonella
typhimurium and their application to improve safety of pork
meat. Scientific Reports, 11(1), 21971.
https://doi.org/10.1038/s41598-021-01251-0

Gut, A.M., Vasiljevic, T., Yeager, T., Donkor, O.N. (2022).
Antimicrobial properties of traditional kefir: An in vitro
screening for antagonistic effect on Salmonella Typhimurium
and Salmonella arizonae. International Dairy Journal, 124,
105180.

https://doi.org/10.1016/j.idairyj.2021.105180

Hoag, J.B., Sessler, C.N. (2005). A comprehensive review
of disseminated Salmonella arizona infection with an illus-
trative case presentation. Southern Medical Journal, 98,
1123-1129.
https://doi.org/10.1097/01.sm;j.0000177346.07719.00

Hossain, M.S., Balakrishnan, V., Rahman, N.N., Sarker,
M.Z., Kadir, M.O. (2012). Treatment of clinical solid waste
using a steam autoclave as a possible alternative technology
to incineration. International Journal of Environmental Re-
search and Public Health, 9(3), 855-867.
https://doi.org/10.3390/ijerph9030855

Jortner, B.S., Larsen, C. (1984). Granulomatous ventricu-
litis of the brain in arizonosis of turkeys. Veterinary Pathol-
ogy, 21, 114-115.
https://doi.org/10.1177/030098588402100118

Khademi, F., Vaez, H., Ghanbari, F., Arzanlou M., Mo-
hammadshahi, J., Sahebkar, A. (2020). Prevalence of fluo-
roquinolone-resistant Salmonella serotypes in Iran: a meta-
analysis. Pathogens and Global Health, 114, 16-29.
https://doi.org/10.1080/20477724.2020.1719701

Klimjit, A., Praiboon, J., Tiengrim, S., Chirapart, A.,
Thamlikitkul, V. (2021). Phytochemical composition and
antibacterial activity of brown seaweed, Padina australis
against human pathogenic bacteria. Journal of Fisheries and
Environment, 45(1), 8-22.

Research Article

Kodama, H., Nakanishi, Y., Yamamoto, F., Mikama, T.,
Izawa H. (1987). Salmonella arizonae isolated from a pi-
rarucu, Arapaima gigas Cuvier, with septicaemia. Journal of
Fish Diseases, 10(6), 509-512.
https://doi.org/10.1111/].1365-2761.1987.tb01103.x

Kumar, S., Pandey, A.K. (2013). Chemistry and biological
activities of flavonoids: an overview. The Scientific World
Journal, 2013, 162750.
https://doi.org/10.1155/2013/162750

Lavanya, R., Veerappan, N. (2011). Antibacterial potential
of six seaweeds collected from Gulf of Mannar of southeast
coast of India. Advances in Biological Regulation, 5, 38-44.

Limbago, J.S., Sosas, J., Gente, A.A., Maderse, P., Roca-
mora, M.N., Gomez, D.K. (2021). Antibacterial effects of
mangrove ethanolic leaf extract against zoonotic fish patho-
gen Salmonella arizonae. Journal of Fisheries, 9, 92205.
https://doi.org/10.17017/].fish.260

Lopez-Santamarina, A., Miranda, J.M., Mondragon, A.,
Lamas, A., Cardelle-Cobas, A., Franco, C.M., Cepeda, A.
(2020). Potential use of marine seaweeds as prebiotics: A re-
view. Molecules (Basel, Switzerland), 25, 1004.
https://doi.org/10.3390/molecules25041004

Lu, W.J., Hsu, P.H., Chang, C.J., Su, C.K., Huang, Y.J.,
Lin, H.J., Lai, M., Ooi, G.X., Dai, J.Y., Lin, H.T.V. (2021).
Identified seaweed compound diphenylmethane serves as an
efflux pump inhibitor in drug-resistant Escherichia coli. An-
tibiotics, 10(11), 1378.
https://doi.org/10.3390/antibiotics10111378

Magallanes, J.N., Lauzon, R.D., Emnace, I.C. (2021). In-
hibitory potential of Fucheuma denticulatum (N.L. Burman)
F.S. Collins & Hervey against selected foodborne pathogens.
Philippine Journal of Science, 150(2), 371-376.

Mahendran, S., Maheswari, P., Sasikala, V., Rubika, J.J.,
Pandiarajan, J. (2021). In vitro antioxidant study of poly-
phenol from red seaweeds dichotomously branched gracilaria
Gracilaria edulis and robust sea moss Hypnea valentiae. Tox-
icology Reports, 8, 1404-1411.
https://doi.org/10.1016/j.toxrep.2021.07.006

Manilal, A., Sujith, S., Selvin, J., C Shakir, C., Seghal
Kiran, G. (2009). Antibacterial activity of Falkenbergia hil-
lebrandii (Born) from the Indian coast against human patho-
gens. Journal of Experimental Botany, 78, 161-166.
https://doi.org/10.32604/phyton.2009.78.161



https://doi.org/10.1016/j.aquaculture.2018.11.034
https://doi.org/10.1038/s41598-021-01251-0
https://doi.org/10.1016/j.idairyj.2021.105180
https://doi.org/10.1097/01.smj.0000177346.07719.00
https://doi.org/10.3390/ijerph9030855
https://doi.org/10.1177/030098588402100118
https://doi.org/10.1080/20477724.2020.1719701
https://doi.org/10.1111/j.1365-2761.1987.tb01103.x
https://doi.org/10.1155/2013/162750
https://doi.org/10.17017/j.fish.260
https://doi.org/10.3390/molecules25041004
https://doi.org/10.3390/antibiotics10111378
https://doi.org/10.1016/j.toxrep.2021.07.006
https://doi.org/10.32604/phyton.2009.78.161

Aquat Res 5(4), 275-284 (2022) e https://doi.org/10.3153/AR22027

Research Article

Martelli, F., Cirlini, M., Lazzi, C., Neviani, E., Bernini, V.
(2020). Edible seaweeds and spirulina extracts for food appli-
cation: In vitro and in situ evaluation of antimicrobial activity
towards foodborne pathogenic bacteria. Foods, 9(10), 1442.
https://doi.org/10.3390/foods9101442

Mierziak, J., Kostyn, K., Kulma, A. (2014). Flavonoids as
important molecules of plant interactions with the environ-
ment. Molecules, 19, 16240-16265.
https://doi.org/10.3390/molecules191016240

Mishra, M.P., Rath, S., Swain, S.S., Ghosh, G., Das, D &
Padhy, R.N. (2017). In vitro antibacterial activity of crude
extracts of 9 selected medicinal plants against UTI causing
MDR bacteria. Journal of King Saud University-Science, 29,
84-95.

https://doi.org/10.1016/].jksus.2015.05.007

Montaio Q.M.C., Poblete, S.S.B., Lavoie, O.G., Fuentes,
A.G., Presidente, J.P., Saayo, M.C., Gomez, D.K. (2022).
Isolation of Lactobacillus spp. in African Catfish Clarias
gariepinus as probable probiotics in aquaculture. Interna-
tional Journal of Fisheries and Aquatic Sciences, 10(1), 125-
129.

https://doi.org/10.22271/1ish.2022.v10.11b.2632

Naz, S., Alam, S., Ahmed, W., Masaud Khan, S., Qayyum,
A., Sabir, M., Naz, A., Igbal, A., Bibi, Y., Nisa, S., Salah
Khalifa, A., Gharib, A.F., el Askary, A. (2022). Therapeu-
tic potential of selected medicinal plant extracts against
multi-drug resistant Salmonella enterica serovar Typhi.
Saudi Journal of Biological Sciences, 29(2), 941-954.
https://doi.org/10.1016/].sjbs.2021.10.008

Nishioka, H., Doi, A., Takegawa, H. (2017). Pyelonephritis
in Japan caused by Salmonella enterica subspecies arizonae.
Journal of Infection and Chemothererapy, 23, 841-843.
https://doi.org/10.1016/j.jiac.2017.08.001

Noorjahan, A., Mahesh, S., Anantharaman, P., Aiyampe-
rumal B. (2022). Antimicrobial Potential of Seaweeds: Crit-
ical Review. In A. Ranga Rao, G.A. Ravishankar, (Eds.), Sus-
tainable Global Resources of Seaweeds (p. 399—420).
Springer, Cham. ISBN: 978-3-030-91955-9
https://doi.org/10.1007/978-3-030-91955-9 21

Nozohour, Y., Jalilzadeh, G. (2021). Antibacterial activities
of ethanolic extract of Malva sylvestris L. against Salmonella
enterica and Escherichia coli isolated from diarrheic lambs.
Iranian Journal of Medical Microbiology, 15(1), 121-129.
https://doi.org/10.30699/ijmm.15.1.121

Pérez, M.J., Falqué, E., Dominguez, H. (2016). Antimicro-
bial action of compounds from marine seaweed. Marine
Drugs, 14, 52.

https://doi.org/10.3390/md 14030052

Prasad, M.P., Shekhar, S., Babhulkar, A.P. (2013). Anti-
bacterial activity of seaweed (Kappaphycus) extracts against
infectious pathogens. African Journal of Biotechnology, 12,
2968-2971.

Rebecca, J.L., Dhanalakshmi, V., Sharmila, S., Das, M.P.
(2013). In vitro antimicrobial activity of Gracilaria sp and
Enteromorpha sp. Research Journal of Pharmaceutical, Bio-
logical and Chemical Sciences, 2013, 693-697.

Ruangpan, L., Tendencia, E.A. (2004). Laboratory manual
of standardized methods for antimicrobial sensitivity tests for
bacteria isolated from aquaculture. SEAFDEC Aquaculture
Department, [loilo, Philippines, p. 65, ISBN 971-8511-74-1

Salem, W.M., Galal, H., Nasr El-deen, F. (2011). Screening
for antibacterial activities in some marine algae from the Red
Sea (Hurghada, Egypt). Microbiological Research, 5, 2160-
2167.

https://doi.org/10.5897/AJMR11.390

Sameeh, M.Y., Mohamed, A.A., Elazzazy, A.M. (2016).
Polyphenolic contents and antimicrobial activity of different
extracts of Padina boryana Thivy and Enteromorpha sp. ma-
rine algae. Journal of Applied Pharmaceutical Science, 6, 87-
92.

https://doi.org/10.7324/JAPS.2016.60913

Santos, L., Ramos, F. (2018). Antimicrobial resistance in aq-
uaculture: Current knowledge and alternatives to tackle the
problem. International Journal of Antimicrobial Agents,
52(2), 135-143.
https://doi.org/10.1016/j.ijjantimicag.2018.03.010

Seligmann, E., Saphra, L., Wassermann, M. (1944). Oc-
currence of some unusual Salmonella types in man including
a new type, Salmonella georgia. American Journal of Hy-
giene, 40, 227-231.
https://doi.org/10.1093/oxfordjournals.aje.al 18990

Shen, W., Chen, H., Geng, J., Wu, R. A., Wang, X., &
Ding, T. (2022). Prevalence, serovar distribution, and antibi-
otic resistance of Salmonella spp. isolated from pork in
China: A systematic review and meta-analysis. International
Journal of Food Microbiology, 361(16), 109473,
https://doi.org/10.1016/j.ijfoodmicro.2021.109473

283


https://doi.org/10.3390/foods9101442
https://doi.org/10.3390/molecules191016240
https://doi.org/10.1016/j.jksus.2015.05.007
https://doi.org/10.22271/fish.2022.v10.i1b.2632
https://doi.org/10.1016/j.sjbs.2021.10.008
https://doi.org/10.1016/j.jiac.2017.08.001
https://doi.org/10.1007/978-3-030-91955-9_21
https://doi.org/10.30699/ijmm.15.1.121
https://doi.org/10.3390/md14030052
https://doi.org/10.5897/AJMR11.390
https://doi.org/10.7324/JAPS.2016.60913
https://doi.org/10.1016/j.ijantimicag.2018.03.010
https://doi.org/10.1093/oxfordjournals.aje.a118990
https://doi.org/10.1016/j.ijfoodmicro.2021.109473

284

Aquat Res 5(4), 275-284 (2022) e https://doi.org/10.3153/AR22027

Thanigaivel, S., Chandrasekaran, N., Mukherjee, A.,
Thomas, J. (2015). Investigation of seaweed extracts as a
source of treatment against bacterial fish pathogen. Aquacul-
ture, 448, 82-86.
https://doi.org/10.1016/j.aquaculture.2015.05.039

Torres, M.D., Florez-Fernandez, N., Dominguez, H.
(2019). Integral utilization of red seaweed for bioactive pro-
duction. Marine drugs, 17, 314.
https://doi.org/10.3390/md17060314

Trono, G.C. Jr. (1997). Field guide and atlas of the seaweed
resources of the Philippines. Bookmark Incorporated, Manila,
Philippines, p. 303, ISBN 13: 9789715692526

Research Article

Wang, J., Li, Y., Xu, X., Liang, B., Wu, F., Yang, X., Ma,
Q., Yang, C., Hu, X,, Liu, H., Li, H., Sheng, C., Du, X, Hao,
R., Qiu, S., Song, H. (2017). Antimicrobial resistance of Sal-
monella enterica serovar typhimurium in Shanghai, China.
Frontiers in Microbiology, 8, 510.
https://doi.org/10.3389/fmicb.2017.00510

Wang, Y., Gou, X., Yue, T., Ren, R., Zhao, H., He, L., Liu,
C., Cao, W. (2021). Evaluation of physicochemical proper-
ties of Qinling Apis cerana honey and the antimicrobial ac-
tivity of the extract against Salmonella Typhimurium LT2 in
vitro and in vivo. Food Chemistry, 337, 127774.
https://doi.org/10.1016/j.foodchem.2020.127774



https://doi.org/10.1016/j.aquaculture.2015.05.039
https://doi.org/10.3390/md17060314
https://doi.org/10.3389/fmicb.2017.00510
https://doi.org/10.1016/j.foodchem.2020.127774

	Antibacterial potential of different red seaweed (Rhodophyta) extracts against ornamental fish pathogen Salmonella arizonae
	Introduction
	Material and Methods
	Seaweed Sample Collection
	Ethanolic Extract Preparation
	Preparation of McFarland Standards
	Bacterial Isolation and Culture
	Preparation of Impregnated Disc
	In Vitro Antibacterial Test
	Bioassay Test
	In Vivo Antibacterial Test
	Data Analysis

	Results and Discussion
	Bioassay Test
	In vivo Antibacterial Test

	Conclusion
	References


