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The objective of this study was to evaluate the in vitro antimicrobial activity of 

ethanolic extracts of Lippia sidoides, Ocimum gratissimum and Zingiber officinale 

against 10 isolates of Aeromonas spp. The ethanolic extracts were obtained by 

cold static maceration of the plant´s leaves and rhizomes. It was used ethanol 

95% as a solvent, and the extraction underwent to a rotary evaporation process. 

Moreover, to determine their antimicrobial activity, the technique of microdilu-

tion in broth was used to obtain the minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC). The extracts were tested at concen-

trations of 10,000, 5,000, 2,500, 1,250, 625 and 312.5 g mL-1, with three replicates 

for each plant species. The three ethanolic extracts evaluated showed bacteri-

cidal and bacteriostatic action against isolates of Aeromonas spp., with MIC val-

ues ranging from 625 to 10,000 g mL-1. Of these, the ethanolic extract of L. si-

doides presented the lowest MIC (625 g mL-1) against five isolates of Aeromonas 

spp., thus showing the best antimicrobial activity. The results from this study pro-

vide information that may support the use of these medicinal plants for treating 

fish infections caused by Aeromonas spp. 

 

: medicinal plants, minimal inhibitory concentration, minimum bacte-

ricidal concentration, bacteriosis, fish culture.  

 

. 

O objetivo deste estudo foi avaliar a atividade antimicrobiana in vitro de extratos 

etanólicos de Lippia sidoides, Ocimum gratissimum e Zingiber officinale contra 

10 isolados de Aeromonas spp. Os extratos etanólicos foram obtidos por meio 

de maceração estática a frio das folhas e rizomas das plantas, utilizando álcool 

etílico a 95% como solvente, o qual foi evaporado pelo processo de rotoevapo-

ração. Após o preparo dos extratos, para a determinação da sua atividade an-

timicrobiana foi utilizada a técnica de microdiluição em caldo visando obter a 

concentração inibitória mínima (CIM) e a concentração bactericida mínima 

(CBM). Os extratos foram testados nas concentrações de 10.000, 5.000, 2.500, 

1.250, 625 e 312,5 µg mL-1, com três repetições para cada espécie de planta. Os 
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três extratos etanólicos avaliados apresentaram atividade bactericida e bacte-

riostática frente isolados de Aeromonas spp., com valores de CIM variando de 

625 a 10.000 µg mL-1. Destes, o extrato etanólico de L. sidoides apresentou a me-

nor CIM (625 µg mL-1) frente cinco isolados de Aeromonas spp., demonstrando 

a melhor atividade antimicrobiana. Os resultados deste estudo fornecem infor-

mações que podem subsidiar o uso dessas plantas medicinais no tratamento de 

infecções em peixes causadas por Aeromonas spp. 

 

: plantas medicinais, concentração inibitória mínima, concen-

tração bactericida mínima, bacteriose, piscicultura. 

 

Motile Aeromonas species are 

opportunistic Gram-negative bacte-

rium that is present in aquatic envi-

ronments (PEIXOTO et al., 2012; GRIF-

FIN et al., 2013; PESSOA et al., 2019). 

Aeromonas hydrophila stands out for 

being the most frequently isolated 

species in fish farming worldwide 

(NOGA, 2010; PESSOA et al., 2019). In 

fish, it causes hemorrhagic septice-

mia, with cutaneous lesions, hemor-

rhages and ulcers (NOGA, 2010; SE-

BASTIÃO et al., 2015; BAUMGARTNER 

et al., 2017). The high degree of in-

fection that this bacterium causes is 

responsible for increasing the mor-

bidity and mortality rates in the aq-

uaculture sector (FIGUEIREDO & 

LEAL, 2008; TAVARES-DIAS & MAR-

TINS, 2017; PESSOA et al., 2019), thus 

affecting native species such as 

tambaqui (Colossoma macropo-

mum), pacu (Piaractus mesopotami-

cus), pintado (Pseudoplatystomafas-

ciatum) and jundiá (Rhamdia 

quelen) (COSTA & CYRINO, 2006; 

BARCELLOS et al., 2008; SEBASTIÃO et 

al., 2015, ARIEDE et al., 2018; PESSOA 

et al., 2019; 2020). 

Only a few antibiotics have 

been approved by the United States 

Food and Drug Administration for 

treating bacterial infections in fish. 

These include sulfadimethoxine/ or-

metoprim, florfenicol and oxytetra-

cycline (FDA, 2018). In Brazil, only the 

latter two have been released for 

use by the Ministry of Agriculture, 

Livestock-rearing and Supply (MAPA, 

2011). However, use of unregistered 

antibacterials has become a com-

mon practice within aquaculture 

and has generated environmental 

pollution, accumulation of residues 

in fish and development of bacterial 

strains that are resistant to antibiotics 

(RINGO et al., 2010). This has already 

been observed in Brazil, in relation to 

A. hydrophila isolated from pacus 

(Piaractus mesopotamicus) and ti-

lapias (Oreochromis niloticus) 

(COSTA & CYRINO, 2006).  

In this context, natural products 

have been evaluated regarding 

their possible antimicrobial activity, 

since large numbers of bioactive 

components are present in the ex-

tracts and essential oils of plants. The 

aim has been to select new mole-

cules for treating bacterial diseases 

in fish (REVERTER et al., 2014; 

TAVARES-DIAS, 2018).  

Among the medicinal plants 

with potential, Lippia sidoides Cham. 

(Verbenaceae), known as pepper-

rosmarin, can be highlighted. This is 

an erect branched deciduous 

shrubby herb (LORENZI & MATOS, 

2008) that has aroused great botani-

cal and pharmaceutical interest be-

cause of its extensive use in folk med-

icine. In addition to antimicrobial po-

tential, the extract of L. sidoides has 
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been used as an antifungal and an-

thelmintic agent (SILVA et al., 2010, 

SOUZA et al., 2010; BATISTA et al., 

2013). 

Ocimum gratissimum L. (Lami-

aceae), known as clove basil, is na-

tive to eastern Brazil and subsponta-

neous throughout this country, and it 

presents characteristics of rapid 

growth. It is widely used in a variety 

of therapeutic applications because 

of the antimicrobial, anesthetic and 

antioxidant properties of its extracts 

and/or essential oils (AGUIYI et al., 

2000; ALO et al., 2012; BOIJINK et al., 

2016). 

Zingiber officinale (Zingibera-

ceae), known as ginger, is a peren-

nial herbaceous plant whose rhi-

zome is widely marketed for food 

and industrial use (LORENZI & MATOS, 

2008). It has been proven to have 

antioxidant, anti-inflammatory, anti-

bacterial, larvicidal and repellent 

properties (KHANDAGLE et al., 2011; 

GULL et al., 2012; MAJOLO et al., 

2014; EL-SHERBINY, 2015). 

Given the potential of medici-

nal plants to form natural alternatives 

for controlling pathogens in fish farm-

ing, instead of the conventional 

chemicals that are used, with their 

deleterious effects, the objective of 

this study was to evaluate the in vitro 

antimicrobial activity of ethanolic ex-

tracts of Lippia sidoides, Ocimum 

gratissimum and Zingiber officinale 

against Aeromonas spp. isolated 

from tambaquis (Colossoma 

macropomum). 
 

Specimens of L. sidoides, O. 

gratissimum and Z. officinale (ge-

netic heritage register accession 

number AB13781) were cultivated in 

the medicinal plants sector of Em-

brapa Amazônia Occidental, Ma-

naus, Amazonas (AM), Brazil, from 

where leaves and/or rhizomes were 

collected for preparation of etha-

nolic extracts. The plant material thus 

collected was identified and depos-

ited in the herbarium of the Federal 

Institute of Education, Science and 

Technology of Amazonas (Instituto 

Federal de Educação, Ciência e 

Tecnologia do Amazonas, IFAM), 

Manaus, AM, under registration num-

bers 13882, 13889 and 13887, respec-

tively. 

 

To obtain the ethanolic extract, 

the in natura plant material (leaves 

and rhizomes) was subjected to a 

drying process in a heated chamber 

with air circulation and forced air re-

newal at 45 °C, until a constant 

weight was reached, in accordance 

with the recommendations of AN-

VISA (2018). After drying, the material 

was crushed in a mill and stored in 

plastic bags until ethanol extraction 

was performed. Ethanolic extracts 

were obtained by means of static 

cold maceration. The solvent that 

was used was 95% ethyl alcohol. Ini-

tially, 100 g of each plant material (L. 

sidoides, O. gratissimum and Z. offici-

nale) were weighed and placed in a 

one-liter amber flask. Then, 900 ml of 

ethanol (extractant liquid) was 

added to the flask. This extractive sys-

tem was kept under full light at room 

temperature for seven days. After 

this period, the extracts were filtered 

and subjected to the rotoevapora-

tion process, under reduced pres-

sure, in a thermostat-controlled bath, 

at a temperature of 45 °C, for solvent 

evaporation, and drying at 50 0C for 
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24 h and subsequent resuspension 

with dimethyl sulfoxide (DMSO, 1:1). 

 

Ten isolates of Aeromonas 

spp. (248, 249, 284, 351, 432, 561, 562, 

565, 568 and 570) were evaluated in 

this study. The isolates were obtained 

from tambaqui (C. macropomum) 

and the biochemical identification 

was done using the kit API 20E® (Bio-

mérieux, EUA) in the Fish Farming La-

boratory at Embrapa Amazônia 

Ocidental, Manaus, AM. The isolates 

were stored in brain heart infusion 

broth (BHI; Himedia, Mumbai, India), 

supplemented with 30% sterile glyc-

erol, at -80 °C. For reactivation, the 

isolates were inoculated in BHI and 

incubated for 24 h at 35 °C. For purity 

assessment, the isolates were plated 

on tryptone soy agar (TSA; Himedia, 

Mumbai, India) and were Gram-

stained. After this, samples of the 

bacterial growth were diluted in ster-

ile saline solution and the absorb-

ance was adjusted at 600 nm in a 

spectrophotometer to obtain a via-

ble cell count of 108 CFU mL-1. The di-

luted and adjusted samples were 

then diluted in Mueller-Hinton broth 

(MHB; Kasvi, Italy) to obtain 105 CFU 

in 100 L, and it was added to each 

well containing the extracts evalu-

ated in this study. 

 

Assays to determine the mini-

mum inhibitory concentration (MIC) 

and minimum bactericidal concen-

tration (MBC) were conducted using 

the broth microdilution technique, in 

accordance with the procedures for 

using 96-well plates described by the 

Clinical and Laboratory Standards In-

stitute (CLSI-M7-A6), National Com-

mittee for Clinical Laboratory Stand-

ards (2003). Positive and negative 

controls were used in these assays: 

the medium without the bacterial in-

oculum and with the ethanolic ex-

tracts was used as the negative con-

trol; and the medium with the bacte-

rial inoculum was used as the positive 

control. The antibiotic gentamicin 

sulfate (Inlab, Diadema, SP, Brazil) 

was used as a positive control 

against bacterial isolates. Microdilu-

tions were performed for each ex-

tract, to reach final concentrations 

of 10,000, 5,000, 2,500, 1,250, 625 and 

312.5 μg mL-1, and these were then 

incubated at 35 °C for 24 hours. 

After incubation, the results 

were confirmed by means of aseptic 

addition of 0.5% sterile aqueous solu-

tion of triphenyl tetrazolium chloride 

(TTC) to the wells of the plates, with 

incubation at 35 °C for 1 hour. The re-

sults were obtained in triplicate and 

expressed in μg mL-1. The minimum in-

hibitory concentration (MIC), de-

fined as the lowest concentration of 

an antimicrobial that inhibited visible 

growth of a microorganism after 24 

hours of incubation, was deter-

mined. The bactericidal action of the 

extracts was evaluated through ad-

dition of 20 μL of the microbial cul-

ture, withdrawn from the wells at or 

above the MIC. This was then inocu-

lated into Mueller-Hinton agar plates 

(MHA; Kasvi, Italy) and incubated at 

35° C for 24 hours, with three repli-

cates. After incubation, the plates 

were read and the minimum bacte-

rial concentration (MBC) was de-

fined as the lowest concentration 

without bacterial growth. Strong ac-

tivity was defined when MIC < 100 μg 

mL-1 (KUETE, 2010). 
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In this study, the MIC and MBC 

values of ethanolic extracts of L. si-

doides, O. gratissimum and Z. offici-

nale, in relation to 10 Aeromonas 

spp. isolates, ranged from 625 to 

10,000 μg mL-1 (Table 1). The etha-

nolic extracts of the species studied 

presented bacteriostatic and bacte-

ricidal activity against Aeromonas 

spp. isolates. However, the ethanolic 

extract of L. sidoides showed a better 

response regarding antimicrobial 

activity, compared with the extracts 

of O. gratissimum and Z. officinale. 

 

Table 1 Minimum inhibitory concentration (MIC) and minimum bactericidal concentra-

tion (MBC) of ethanolic extracts from the O. gratissimum, Z. officinale and L. sidoides on 

Aeromonas hydrophila strains.  

Strains L. sidoides O. gratissimum Z. officinale   

 MIC MBC MIC MBC MIC MBC 

248 625 625 5,000 5,000 10,000 10,000 

249 625 625 5,000 5,000 5,000 5,000 

284 1,250 1,250 5,000 5,000 5,000 5,000 

351 625 625 5,000 5,000 5,000 5,000 

432 625 625 5,000 5,000 5,000 5,000 

561 625 625 5,000 5,000 1,250 1,250 

562 625 625 5,000 5,000 5,000 5,000 

565 625 625 5,000 5,000 2,500 10,000 

568 625 625 5,000 5,000 10,000 10,000 

570 625 625 5,000 5,000 10,000 10,000 

MIC and MBC values were expressed in g mL−1.  

 

For the ethanolic extract of L. si-

doides, the MIC and MBC values in 

relation to Aeromonas spp. ranged 

from 625 to 1,250 μg mL-1 (Table 1). 

Similar results were obtained by 

FABRI et al. (2011) in relation to the 

Gram-negative bacteria Shigella 

sonnei and Pseudomonas aeru-

ginosa, using the methanolic extract 

of L. sidoides, for which the MIC val-

ues were 625 μg mL-1. In relation to 

the Gram-positive bacterium Staph-

ylococcus aureus, the MIC value was 

higher (5,000 μg mL-1) (FABRI et al., 

2011). Studies have shown that 

Gram-negative bacteria have lower 

sensitivity than Gram-positive bacte-

ria, because Gram-negative bacte-

ria have an outer membrane that is 

capable of inhibiting or even post-

poning, the penetration of ex-

tracts/essential oils (MUNYENDO et 

al., 2011). In the present study, it was 

observed that the extract of L. si-

doides was able to inhibit different 

isolates of Aeromonas spp., at lower 

concentrations compared to the 

other extracts, despite the fact that it 

is a Gram-negative bacteria. 

For the ethanolic extract of O. 

gratissimum, the MIC and MBC val-

ues were 5,000 μg mL-1 in relation to 

all isolates of Aeromonas spp. evalu-

ated (Table 1). With the same etha-

nolic extract, NWINYI et al. (2009) ob-

tained MIC values of 2,500 and 

10,000 μg mL-1 in relation to Staphylo-

coccus aureus and Escherichia coli, 

respectively. Compared with E. coli 

(Gram-negative), the results ob-

tained in the present study showed 

that the Aeromonas spp. isolates 

evaluated were more sensitive. 

STANLEY et al. (2014) obtained a MIC 

of 12,500 μg mL-1 in relation to S. au-

reus, also through evaluating the eth-
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anolic extract of O. gratissimum. Us-

ing the essential oil of O. gratissimum, 

BANDEIRA-JR et al. (2017) obtained 

MICs ranging from 400 to 800 μg mL-1 

in relation to A. hydrophila strains, 

thus showing better essential oil re-

sponses than those from the etha-

nolic extract evaluated in the pre-

sent study. 

For the ethanolic extract of Z. 

officinale, the MIC and MBC varia-

tion was from 1,250 to 10,000 μg mL-1 

(Table 1). In this study, the ethanolic 

extract of Z. officinale showed the 

lowest sensitivity in relation to most of 

the strains tested (except for strains 

561 and 565). EL-SHERBINY et al. 

(2015), evaluating aqueous and eth-

anolic extracts of Z. officinale against 

Enterococcus faecalis, Streptococ-

cus mutans, Streptococcus acido-

minimus and Porphyromonas gingi-

valis, found MIC ranges of 500 to 

1,300 μg mL-1 and 300 to 1,000 μg mL-

1, respectively. This indicated that 

there were variations in the sensitivity 

of different microorganisms, com-

pared with different extracts. 

According to KUETE (2010), the 

antimicrobial activity of extracts can 

be considered strong when MIC < 

100 μg mL-1, moderate when 100 < 

MIC ≤ 625 μg mL-1 and weak when 

MIC > 625 μg mL-1. Therefore, ac-

cording to this classification, the anti-

microbial activity of the L. sidoides 

ethanolic extract was considered 

moderate in relation to all isolates of 

Aeromonas spp. evaluated, except 

for isolate 284. For the ethanolic ex-

tracts of O. gratissimum and Z. offici-

nale, the antimicrobial activity was 

considered to be weak for all the iso-

lates of Aeromonas spp. These results 

are of great importance as support 

for future actions regarding the use 

of these medicinal plants as an alter-

native method for treating infections 

in fish caused by Aeromonas spp. 

Other extracts and essential oils 

from medicinal plants such as Hes-

perozygis ringens, Aloysia triphylla, 

Lippia alba, Ocimum americanum 

and O. gratissimum have been de-

scribed as potent antibacterial 

agents against A. hydrophila iso-

lated from fish (SUTILI et al., 2016; 

BANDEIRA-JR et al., 2017; ROSA et al., 

2019). Synergistic effects from the es-

sential oils of A. triphylla or L. alba, 

used with the antibiotic florfenicol, 

have also been described, with 

achievement of better antibacterial 

activity (SOUZA et al., 2017). These 

combinations thus contribute to-

wards the aim of new therapeutic al-

ternatives that will also enable re-

duction of resistance to antibiotics. 

Presence of motile Aeromonas 

species is considered to be an im-

portant factor limiting aquaculture 

production in many countries be-

cause this generates large losses, 

which may make it impossible to pro-

duce several fish species around the 

world. In this study, it was possible to 

describe the in vitro antimicrobial ac-

tivity of ethanolic extracts of L. si-

doides, Z. officinale and O. gratissi-

mum against Aeromonas spp. iso-

lated from tambaqui, from which the 

best results were obtained using L. si-

doides extract. These extracts have 

different phytochemical com-

pounds that can inhibit the bacte-

rium through different mechanisms.  

In general, the common phe-

nolic compounds in L. sidoides etha-

nolic extracts reported by Braga et 

al., (2019) were tannins, catechins, 

flavonoids, steroids and triterpenes, 

coumarin derivatives, saponins and 

alkaloids. For the O. gratissimum the 

compounds alkaloids and saponins 
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were present in higher quantities, but 

phenols, tannins, phlobatannins, and 

anthraquinones were also present 

(TALABI & MAKANJUOLA, 2017). For Z. 

officinale the phytochemical consti-

tuints were alkaloids, phlobotannins, 

flavanoids, glycosides, saponins, tan-

nins and terpenoids (BHARGAVA et 

al., 2012). It is important to highlight 

that some authors attributed the an-

timicrobial activity to the compo-

nents of these plant extracts due to 

the disturbance in the cell structure 

and permeability (NAZZARO et al., 

2013; MOSTAFA et al., 2018) 

It is intended to continue the 

present studies, with the aims of iso-

lating active compounds from the 

extracts and evaluating combina-

tion of these compounds with antibi-

otics. Through this, it is sought to re-

duce the minimum inhibitory con-

centration and minimum bacteri-

cidal concentration values of all 

plants evaluated, including those 

that have shown efficacy in in vivo 

evaluations on farmed fish, and to 

validate the results and make new 

options for treating bacteriosis in 

farmed fish. 

 

The ethanolic extracts of Lippia 

sidoides, Ocimum gratissimum and 

Zingiber officinale presented antimi-

crobial activity against 10 isolates of 

Aeromonas spp. The extract of L. si-

doides presented the best response, 

and its activity was considered mod-

erate. 

 

To Embrapa - Brazilian Agricul-

tural Research Corporation (#MP2 

02.12.01.020.00.00) and CNPq - Na-

tional Council for Scientific and Tech-

nological Development 

(#485993/2013-9) for financial sup-

port. P. C. Monteiro received PhD. 

fellowship from FAPEAM. 
 

This article is unpublished and is 

not being considered for any other 

publication. The authors and review-

ers did not report any conflict of in-

terest during this evaluation. There-

fore, the Scientia Amazonia maga-

zine owns the copyrights, has the ap-

proval and the permission of the au-

thors for disclosure, of this article, by 

electronic means. 

 

AGUIYI, J.C.; OBI, C.I.; GANG, S.S. & IG-
WEH, A.C. Hypoglycaemic activity of Oci-
mum gratissimum in rats. Fitoterapia, v. 
71, p. 444-446, 2000. 

https://doi.org/10.1016/S0367-

326X(00)00143-X. 

ALO, M.N.; ANYIM, C.; IGWE, J.C.; ELOM, M. 

& UCHENNA, D.S. Antibacterial activity of 
water, ethanol and methanol extracts of Oci-
mum gratissimum, Vernonia amygdalina and 

Aframomum melegueta. Adv. Appl. Sci. 

Res., v. 3, n. 2, p. 844-848, 2012. 

ANVISA-Agência Nacional de Vigilância Sani-
tária. Primeiro Suplemento do Formulá-

rio de Fitoterápicos da Farmacopeia 

Brasileira. First edition. 2018 

ARIEDE, R.B.; FREITAS, M.V.; HATA, M.E.; 

MASTROCHIRICO-FILHO, V.A.; PILARSKI, 
F.; BATLOUNI, S.R.; PORTO-FORESTI, F. & 

HASHIMOTO, D.T. Microsatellites associated 
with growth performance and analysis of 

resistance to Aeromonas hydrophila in 

tambaqui Colossoma macropomum. Front. 
Genet., v. 9, p. 1-8, 2018. 

https://doi.org/10.3389/fgene.2018.00003. 

BANDEIRA-JR, G.; PÊS, T.S.; SACCOL, 

E.M.H.; SUTILI, F.J.; ROSSI-JR, W.; 

MURARI, A.L.; HEINZMANN, B.M.; 
PAVANATO, M.A.; VARGAS, A.C.; SILVA, L.L. 

& BALDISSEROTTO, B. Potential uses of 
Ocimum gratissimum and Hesperozygis 
ringens 

https://doi.org/10.1016/S0367-326X(00)00143-X
https://doi.org/10.1016/S0367-326X(00)00143-X
https://doi.org/10.3389/fgene.2018.00003


 

 

 

CA32 
 

essential oils in aquaculture. Ind. Crops 

Prod., v. 97, p. 484-491, 2017. 
https://doi.org/10.1016/j.indcrop.2016.12.0

40. 

BARCELLOS, L.J.G.; KREUTZ, L.C.; RODRI-
GUES, L.B.; SANJTOS, L.R.; MOTTA, A.C.; 

RITTER, F.; BEDIN, A.C.; SILVA, L.B. Aero-
monas hydrophila em Rhamdia quelen: as-

pectos macro e microscópico das lesões e 

perfil de resistência a antimicrobianos. B. 

Inst. Pesca, v. 34, n. 3, p. 355-363, 2008.  

BATISTA, R.S.A.; SILVA, G.S.; MACHADO, 
S.E.F. & VIEIRA, K.V.M. Atividade antifún-

gica de alecrim pimenta (Lippia sidoides 
Cham.) sobre Candida spp. Agro. Téc., v. 

34, n. 1, p. 40-49, 2013. 

BAUMGARTNER, W.A.; FORD, L. & HANSON, 
L. Lesions caused by virulent Aeromonas 
hydrophila in farmed catfish (Ictalurus 
punctatus and I. punctatus x I. furcatus) in 

Mississippi. J. Vet. Diagn. Invest., v. 29, 

n. 5, p. 747-751, 2017. 

BHARGAVA, S.; DHABHAI, K.; BATRA, A.; 

SHARMA, A.; MALHOTRA, B. Zingiber offici-
nale: Chemical and phytochemical screening 

and evaluation of its antimicrobial activities. 
J. Chem. Pharm. Res., v. 4, n. 1, p. 360-

364, 2012. 

BRAGA, M.A.; ABREU, T.S.; TRENTO, 
M.V.C.; MACHADO, G.H.A.; PEREIRA, L.L.S.; 

SIMÃO, A.A. & MARCUSSI, S. Prospection of 
Enzyme modulators in Aqueous and Etanolic 

Extracts of Lippia sidoides Leaves: 

Genotoxicity, Digestion, Inflammation, and 
Hemostasis. Chem. Biodiversity, v. 16, 

e1800558, 2019. 

BOIJINK, C.L.; QUEIROZ, C.A.; CHAGAS, 

E.C.; CHAVES, F.C.M. & INOUE, L.A.K.A. 
Anesthetic and anthelminthic effects of clove 

basil (Ocimum gratissimum) essential oil for 

tambaqui (Colossoma macropomum). 
Aquaculture, v. 457, p. 24-28, 2016. 

https://doi.org/10.1016/j.aquaculture.2016.

02.010. 

COSTA, A.B. & CYRINO, J.E.P. Antibiotic re-

sistence of Aeromonas hydrophila isolated 
from Piaractus mesopotamicus (Holmberg, 

1887) and Oreochromis niloticus (Linnaeus, 
1758). Sci. Agr., v. 63, p. 281-284, 2006. 

http://dx.doi.org/10.1590/S0103-

90162006000300011. 

EL-SHERBINY, G.M. Antimicrobial Suscepti-

bility of Bacteria Detected from the Root Ca-
nal Infection (Before and After) Root-Filled 

Teeth: An in vitro study. Int. J. Dent. Sci. 

Res., v. 3, n. 1, p. 4-9, 2015. 

http://dx.doi.org/10.12691/ijdsr-3-1-2.  

FABRI, R.L.; NOGUEIRA, M.S.; MOREIRA, 
J.R.; BOUZADA, M.L.M. & SCIO, E. Identifi-

cation of Antioxidant and Antimicrobial Com-

pounds of Lippia Species by Bioautography. 
J. Med. Food., v. 14, p. 1-7, 2011.. 

https://doi.org/10.1089/jmf.2010.0141. 

FDA - United States Food and Drugs Ad-

ministration. Approved Aquaculture Drugs. 
2018. https://www.fda.gov/animal-veteri-

nary/aquaculture/approved-aquaculture-

drugs (accessed 18 June 2019). 

FIGUEIREDO, H.C.P. & LEAL, C.A.G. Tecno-

logias aplicadas em sanidade de peixes. R. 
Bras. Zootec., v. 37, p. 8-14, 2008. 

http://dx.doi.org/10.1590/S1516-

35982008001300002.   

GRIFFIN, M.J.; GOODWIN, A.E.; MERRY, 

G.E.; LILES, M.R.; WILLIAMS, M.A.; WARE, 
C. & WALDBIESER, G.C. Rapid quantitative 

detection of Aeromonas hydrophila strains 
associated with disease outbreaks in catfish 

aquaculture. J. Vet. Diagn. Invest., v. 25, 

n. 4, p. 473-481, 2013. 
https://doi.org/10.1177/104063871349421

0. 

GULL, I.; SAEED, M.; SHAUKAT, H.; ASLAM, 

S. & SAMRA, Z. Inhibitory effect of Allium sa-
tivum and Zingiber officinale extracts on clin-
ically important drug resistant pathogenic 

bacteria. Ann. Clin. Microbiol. Antimi-
crob., v. 11, n. 8, p. 1-6. 2012. 

https://doi.org/10.1186/1476-0711-11-8. 

KHANDAGLE, A.J., TARE, V.S., RAUT, K.D., 

MOREY, R.A. Bioactivity of essential oils of 

Zingiber officinalis and Achyranthes aspera 
against mosquitões. Parasitol. Res., v. 

109, p. 339-343, 2011. 
https://doi.org/10.1007/s00436-011-

2261-3.  

KUETE, V.; POUMALE, H.M.; GUEDEM, A.N.; 
SHIONO, Y.; RANDRIANASOLO, R. & 

NGADJUI, B.T. Antimycobacterial, antibacte-
rial and antifungal activities of the methanol 

extract and compounds from Thecacoris an-
nobonae (Euphorbiaceae). S. Afr. J. Bot., v. 

https://doi.org/10.1016/j.indcrop.2016.12.040
https://doi.org/10.1016/j.indcrop.2016.12.040
https://doi.org/10.1016/j.aquaculture.2016.02.010
https://doi.org/10.1016/j.aquaculture.2016.02.010
http://dx.doi.org/10.1590/S0103-90162006000300011
http://dx.doi.org/10.1590/S0103-90162006000300011
http://dx.doi.org/10.12691/ijdsr-3-1-2
https://doi.org/10.1089/jmf.2010.0141
https://www.fda.gov/animal-veterinary/aquaculture/approved-aquaculture-drugs
https://www.fda.gov/animal-veterinary/aquaculture/approved-aquaculture-drugs
https://www.fda.gov/animal-veterinary/aquaculture/approved-aquaculture-drugs
http://dx.doi.org/10.1590/S1516-35982008001300002
http://dx.doi.org/10.1590/S1516-35982008001300002
https://doi.org/10.1177%2F1040638713494210
https://doi.org/10.1177%2F1040638713494210
https://doi.org/10.1186/1476-0711-11-8
https://doi.org/10.1007/s00436-011-2261-3
https://doi.org/10.1007/s00436-011-2261-3


 

 

 

CA33 
 

76, p. 536-542, 2010. 

https://doi.org/10.1016/j.sajb.2010.04.003. 

LORENZI, H. & MATOS, F.J.A. Plantas Me-

dicinais no Brasil: nativas e exóticas. 

Second ed. Nova Odessa, Instituto Planta-

rum, 2008. 

MAJOLO, C.; NASCIMENTO, V.P. & CHAGAS, 
E.C. Atividade antimicrobiana do óleo 

essencial de rizomas de açafrão (Curcuma 
longa L.) e gengibre (Zingiber officinale 
Roscoe) frente a salmonelas entéricas 

isoladas de frango resfriado. R. Bras. Pl. 
Med., v. 16, n. 3, p. 505-512, 2014. 

http://dx.doi.org/10.1590/1983-

084X/13_109.  

MAPA - Ministério da Agricultura, Pecuária e 

Abastecimento. Guia de validação e con-
trole de qualidade analítica: fármacos 

em produtos para alimentação e medi-
camentos veterinários, Brasília- DF, 

2011. 

MOSTAFA, A.A.; AL-ASKAR, A.A.; ALMAARY, 
K.S.; DAWOUD, T.M.; SHOLKAMY, E.N.; 

BAKRI, M.M. Antimicrobial activity of some 
plant extracts against bacterial strains 

causing food poisoning diseases. Saudi J. 

Biol. Sci., v. 25, p. 361-366, 2018. 

MUNYENDO, W.L.L.; ORWA, J.A.; 

RUKUNGA, G.M.; BII, C.C. Bacteriostatic and 
Bactericidal Activities of Aspilia 
mossambicensis, Ocimum gratissimum and 
Toddalia asiática Extracts on Selected 

Pathogenic Bacteria. Res. J. Med. Plant., 

v. 5, n. 6, p. 717-727, 2011. 
https://doi.org/10.3923/rjmp.2011.717.7

27.  

NAZZARO, F.; FRATIANNI, F.; MARTINO, L.; 

COPPOLA, R.; FEO, V. Effect of essential oils 
on pathogenic bacteria. Pharmaceuticals, 

v. 6, p. 1451–1474.  

NATIONAL COMMITTEE FOR CLINICAL 
LABORATORY STANDARDS. Methods for 

dilution antimicrobial susceptibility 
tests for bacteria that grow 

aerobically. Approved standard M7-A6. 

Wayne, PA, USA, 2003. 

NOGA, E.J. Fish Disease: Diagnosis and 

treatment. Second ed., Wiley-Blackwell, 

Iowa, USA, 2010. 

NWINYI, O.C.; CHINEDU, N.S.; AJANI, O.O.; 

IKPO, C.O. & OGUNNIRAN, K.O. 
Antibacterial effects of extracts of Ocimum 
gratissimum and piper guineense on 

Escherichia coli and Staphylococcus aureus. 
Afr. J. Food Sci., v. 3, p. 3, p. 77-81, 2009. 

PEIXOTO, L.J.S.; SÁ, M.C.A.; GORDIANO, 
L.A. & COSTA, M.M. Aeromonas spp.: 

Fatores de virulência e perfis de resistência 

a antimicrobianos e metais pesados. Arq. 
Inst. Biol., v. 79, p. 453-461, 2012. 

http://dx.doi.org/10.1590/S1808-

16572012000300020.  

PESSOA, R.B.G.; OLIVEIRA, W.F.; 
MARQUES, D.S.C.; CORREIA, M.T.S.; 

CARVALHO, E.V.M.M. & COELHO, L.C.B.B. 

The genus Aeromonas: A general approach. 

Microb. Pathog., v. 130, p. 81-94, 2019. 

PESSOA, R.B.G.; MARQUES, D.S.C.; LIMA, 
R.O.H.A.; OLIVEIRA, M.B.M.; LIMA, G.M.S.; 

CARVALHO, E.V.M.M. & COELHO, L.C.B.B. 

Molecular characterization and evaluation of 
virulence traits of Aeromonas spp. Isolated 

from the tambaqui fish (Colossoma 
macropomum). Microb. Pathog., v. 147, 

104273, 2020. 

REVERTER, M.; BONTEMPS, N.; LECCHINI, 

D.; BANAIGS, B. & SASAL, P. Use of plant 

extracts in fish aquaculture as an alternative 
to chemotherapy: Current status and future 

perspectives. Aquaculture, v. 433, p. 50–
61, 2014. 

http://dx.doi.org/10.1016/j.aquaculture.201

4.05.048.  

RINGO, E.; OLSEN, R.E.; GIFSTAD, T.O.; 

DALMO, R.A.; AMLUND, H.; HEMRE, G.I. & 
BAKKE, A.M. Prebiotics in aquaculture: A re-

view. Aquac. Nutr., v. 16, p. 117-136, 
2010. https://doi.org/10.1111/j.1365-

2095.2009.00731.x. 

ROSA, I.A.; RODRIGUES, P.; BIANCHINI, 
A.E.; SILVEIRA, B.P.; FERRARI, F.T.; 

BANDEIRA-JUNIOR, B.; VARGAS, A.P.C.; 
BALDISSEROTTO, B. & HEINZMANN, B.M. 

Extracts of Hesperozygis ringens (Benth.) 

Epling: in vitro and in vivo antibacterial 
activity against fish pathogenic bacteria. J. 

Appl. Microbiol., v. 126, p. 1353-1361, 

2019. https://doi.org/10.1111/jam.14219.  

SEBASTIÃO, F.A.; FURLAN, L.R.; 

HASHIMOTO, D.T. & PILARSKI, F. 

https://doi.org/10.1016/j.sajb.2010.04.003
http://dx.doi.org/10.1590/1983-084X/13_109
http://dx.doi.org/10.1590/1983-084X/13_109
http://dx.doi.org/10.3923/rjmp.2011.717.727
http://dx.doi.org/10.3923/rjmp.2011.717.727
http://dx.doi.org/10.1590/S1808-16572012000300020
http://dx.doi.org/10.1590/S1808-16572012000300020
http://dx.doi.org/10.1016/j.aquaculture.2014.05.048
http://dx.doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1111/j.1365-2095.2009.00731.x
https://doi.org/10.1111/j.1365-2095.2009.00731.x
https://doi.org/10.1111/jam.14219


 

 

 

CA34 
 

Identification of Bacterial Fish Pathogens in 

Brazil by Direct Colony PCR and 16S rRNA 
Gene Sequencing. Adv. Microbiol., v. 5, p. 

409-424, 2015. 

http://dx.doi.org/10.4236/aim.2015.56042.  

SILVA, V.A.; FREITAS, A.F.R.; PEREIRA, 

M.S.V.; SIQUEIRA JÚNIOR, J.P.; PEREIRA, 
A.V. & HIGINO, J.S. Avaliação in vitro da ati-

vidade antimicrobiana do extrato da Lippia 
sidoides Cham. sobre isolados biológicos de 
Staphylococcus aureus. Rev. Bras. Plantas 

Med., v. 12, n. 4, p. 452-455, 2010. 
http://dx.doi.org/10.1590/S1516-

05722010000400008.   

SOUZA, W.M.A.; RAMOS, R.A.N.; ALVES, 

L.C.; COELHO, M.C.O.C. & MAIA, M.B.S. In 
vitro evaluation of "alecrim pimenta" (Lippia 
sidoides Cham.) hydroalcoholic extract 

(HAE) on the development of 
gastrointestinal nematode 

(Trichostrongylidae) eggs. Rev. Bras. 

Plantas Med., v. 12, n. 3, p. 278-281, 
2010. http://dx.doi.org/10.1590/S1516-

05722010000300005.   

SOUZA, R.C.; COSTA, M.M.; BASLDIS-

SEROTTO, B.; HEINZMANN, B.M., SCHMIDT, 
D., CARON, B.O. & COPATTI, C.E. Antimicro-

bial and synergistic activity of essential oils 

of Aloysia triphylla and Lippia alba against 
Aeromonas spp. Microb. Pathog., v. 113, 

p. 29-33, 2017. 
https://doi.org/10.1016/j.micpath.2017.10.

013. 

STANLEY, M.C.; IFEANYI, O.E.; CHINEDUM, 

O.K. & CHINENYE, N.D. The Antibacterial 
Activity of Leaf Extracts of Ocimum 
Gratissimum and Sida Acuta. J. Dental 

Med. Sci., v. 13, n. 6, p. 80-85, 2014. DOI: 

10.5829/idosi.ijmr.2014.5.2.84150. 

SUTILI, F.J.; MURARI, A.L.; SILVA, L.L.; 
GRESSLER, L.T.; HEINZMANN, B.M.; DE 

VARGAS, A.C.; SCHMIDT, D. & BALDIS-

SEROTTO, B. The use of Ocimum ameri-
canum essential oil against the patho-

gens Aeromonas hydrophila and Gyrodacty-
lus sp. in silver catfish (Rhamdia quelen). 

Lett. Appl. Microbiol., v. 63, p. 82-88, 

2016.  https://doi.org/10.1111/lam.12602. 

TALABI, J.Y. & MAKANJUOLA, S.A. Proxi-

mate, Phytochemical, and In Vitro Antimicro-
bial Properties of Dried Leaves from Ocimum 
gratissimum. Prev. Nutr. Food Sci., v. 22, 
n. 3, p. 91-194, 2017. 

https://doi.org/10.3746/pnf.2017.22.3.191. 

TAVARES-DIAS, M. Current knowledge on 
use of essential oils as alternative treatment 

against fish parasites. Aquat. Living 
Resour., v. 31, p. 2-11, 2018. 

https://doi.org/10.1051/alr/2018001.  

TAVARES-DIAS, M. & MARTINS, M.L. An 

overall estimation of losses caused by 

diseases in the Brazilian fish farms. J. 
Parasit. Dis., v. 41, p. 913-918, 2017. 

http://dx.doi.org/10.1007/s12639-017-

0938-y. 

 

http://dx.doi.org/10.4236/aim.2015.56042
http://dx.doi.org/10.1590/S1516-05722010000400008
http://dx.doi.org/10.1590/S1516-05722010000400008
http://dx.doi.org/10.1590/S1516-05722010000300005
http://dx.doi.org/10.1590/S1516-05722010000300005
https://doi.org/10.1016/j.micpath.2017.10.013
https://doi.org/10.1016/j.micpath.2017.10.013
http://lattes.cnpq.br/6291807196986659
http://lattes.cnpq.br/0786124562427815
http://lattes.cnpq.br/5512500747950163
https://doi.org/10.1111/lam.12602
https://doi.org/10.1051/alr/2018001
http://dx.doi.org/10.1007/s12639-017-0938-y
http://dx.doi.org/10.1007/s12639-017-0938-y

