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ABSTRACT. We evaluated the inhibition activity of extracts from two common plants, moringa (Moringa 

oleifera) and croton (Croton californicus), against Vibrio parahaemolyticus (IPNGS16), which causes acute 

hepatopancreatic necrosis disease (AHPND). The experiment was developed in three phases. First, extracts were 

prepared, and phytochemical screening of plants was performed. Second, microbiological tests were applied to 

calculate the minimum inhibitory concentration (MIC). Finally, two bioassays were performed on juvenile 

shrimp by administering the extracts (first) in shrimp feed at 24 and 72 h, pre-infection, and the second in feed 

and directly to the culture water. Based on preliminary results of antimicrobial activity, an extract concentration 

of 60 mg mL-1 inhibited V. parahaemolyticus (IPNGS16) at a final concentration of approximately 1×106 CFU 

mL-1. Bioassays were carried out in order to determine the V. parahaemolyticus (IPNGS16) median lethal dose 

(LC50) for juvenile Penaeus vannamei (0.20 ± 0.05 g); the LC50 was 85×103 CFU mL-1. As a first test, the extracts 

were added to commercial feed at doses of 20, 40, and 60 mg mL-1. After feeding, the shrimp were infected with 

V. parahaemolyticus (IPNGS16), and mortality was recorded. For the first infection time (24 h), survival was 

46 and 33% with croton and moringa, respectively; for the second infection time (72 h), survival was 16 and 

25% with croton and moringa. Application of antibacterial extracts directly to culture water were effective 

against V. parahaemolyticus (IPNGS16). The best result (94% survival) was obtained with a high dose (3.6 mg 

mL-1 or 30%) of moringa extracts added directly to culture water. Moringa methanol extracts produce active 

compounds capable of inhibiting replication of V. parahaemolyticus (IPNGS16) in shrimp aquaculture and 

reducing shrimp mortality. 
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INTRODUCTION 

Globally, Pacific white shrimp (Penaeus vannamei) 
aquaculture is vulnerable to a Vibrio parahaemolyticus 
strain with a plasmid that is responsible for its entero-

toxicity (Tinwongger et al. 2016), which causes acute 
hepatopancreatic necrosis disease (AHPND). The pri- 
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mary triggers are high-density shrimp culture, water 

polluted by nearby farms, and poor aquaculture 

practices that can create negative environmental 

consequences for water and wild communities in 

adjacent ecosystems. Infectious bacterial diseases may 

be prevented using shrimp culture plant products 
(Munaeni 2020) to avoid bacterial antibiotic resistance. 
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The main symptom of AHPND is high mortality 

observed during the first 20-30 days of cultivation 

(Muthukrishnan et al. 2019), resulting in 40 to 100% 

mortality 12-24 h after symptomatic infection (Soto-

Rodriguez et al. 2015, González-Meza et al. 2022). The 

V. parahaemolyticus strain harbors the plasmid that 

expresses the PirA and PirB proteins during the 

growing phase and is responsible for AHPND 

(Tinwongger et al. 2016). Recent studies 

(Muthukrishnan et al. 2019) have reported that the 

associated species V. owensii (Liu et al. 2015), V. 
harveyi (Kondo et al. 2015), V. campbellii (Dong et al. 

2017), and V. punensis (Restrepo et al. 2018) all carry 

the PirA and B toxin plasmid (Muthukrishnan et al. 

2019) and cause AHPND.  

The process begins with bacteria growing in water 

debris and at the pond's bottom. They are transmitted 

orally, and infection starts in the digestive tract. In the 

acute phase, the bacteria produce toxins and hepato-

pancreatic (HP) dysfunction, detachment of tubular 

epithelial cells, haemocytic inflammation, and HP 

necrosis (Muthukrishnan et al. 2019), followed by 

secondary bacterial infections in the terminal phase 

(Tran et al. 2013, Soto-Rodriguez et al. 2015). The 

usual response is the use of antimicrobial drugs, which 

in aquaculture have been associated with developing 

drug-resistant bacterial populations (DRBP) (Costa et 

al. 2017) and contamination of ecosystems adjacent to 

culture ponds. 

Plant extracts have been presented as options to 

control and reduce bacterial populations and improve 

shrimp health in phytochemical and pharmacological 

studies (Jabamalai et al. 2011, Akinyeye et al. 2014). 

Croton californicus is a cosmopolitan plant found in the 

desert environments of the southwestern USA and 

northwestern Mexico (Williams et al. 2001). The 

plant's antibacterial activity is associated primarily with 

alkaloid metabolites (Pardo et al. 2014); triterpenes and 

flavonoids are the main metabolites detected. Another 

plant, Moringa oleifera, has been researched since the 

1980s for its antimicrobial effect, which appears to be 

related to the presence of glycosides, 4-(𝛼-L-

rhamnosyloxy)-benzyl isothiocyanate, and 4-(𝛼-L-

rhamnosyloxy)-phenyl-acetonitrile (Costa et al. 2017). 

Moringa is useful for removing turbidity of 

contaminated water by coagulation (Golestanbagh et al. 

2011) and biosorption of heavy metals in effluents 

(Araújo et al. 2010). It is an anti-inflammatory (Pereira 

et al. 2011) and has antibacterial activity. The 

phytochemicals in moringa pod husks have the 

potential for use against microbial drug-resistant 
pathogens (Arora & Onsare 2014), including Vibrio 

spp., and are thus promising for developing broad-

spectrum drugs. 

The rapid spread of aquaculture requires the 

development of new approaches aimed at measuring, 

controlling, and reducing the environmental impact. 

Despite the extensive scientific evidence on the 

bioactivity of moringa and other plant extracts as 

antibacterial agents (Moura et al. 2015, Onsare & Arora 

2015), such studies have focused primarily on the in 

vitro use of extracts against multidrug-resistant Vibrio 

genus (Costa et al. 2017). Thus, the objective of the 

present study was to determine the inhibition capacity 

in vivo of extracts obtained from M. oleifera and C. 
californicus in P. vannamei shrimp infected with 
IPNGS16. 

MATERIALS AND METHODS 

Plant and bacterial material 

For the experiments, the used Moringa oleifera 

(Verdcourt 1985) was obtained from the CIIDIR-Sinaloa 

experimental field (25°32'46.4"N, 108°28'52.7"W) and 

Croton californicus (Wiggins 1980) was collected from 

the Ahome Valley, Sinaloa, Mexico (25º99'01.92"N, 

109º37'64.31"W). The collected species were validated 

(theplantlist.org) and separated by tissue of interest. 

Moringa seeds and pods were used, while croton 

petiole, leaves, and flowers were utilized without 

distinction. Surface sterilization was performed with 

5% sodium hypochlorite. Each fraction was dried in the 

shade at room temperature (35ºC) and humidity (60%) 

until variation in weight was minimum. Later, each 

fraction was homogenized in an electric mill; the 

powder was sieved through a 10 μm mesh and 
preserved at -4oC until use. 

Vibrio parahaemolyticus (IPNGS16; isolated and 

characterized by López-León et al. 2016) was obtained 

from shrimp farms in Guasave, Sinaloa, Mexico. This 

Vibrio strain was used for bactericidal assays and 

infection challenges. Sub-cultures were preserved at      

-80ºC on trypticase soy agar (TSA) solid medium with 

10% glycerol suspension. V. parahaemolyticus (IPNG 

S16) was activated in trypticase soy broth (TSB) 

medium with 2.5% NaCl, incubated at 33ºC for 24 h, 

and absorbance was read at 580 nm. In the exponential 

phase of kinetic growth, a stock was saved in 

Eppendorf tubes (approximately 1×106 CFU mL-1) at 

the 0.5 McFarland standard. 

Extract preparation 

The solvents used to prepare the extracts were 

chloroform, ethanol (96%), methanol, and water added 
to increase polarity. For each extract, plant powder (5 

g) was added to 25 mL (1:5, w/v) solvent; this was 

replicated three times. After extraction, the concen-
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tration of extracts was 200 mg mL-1. The mixture was 

held at 180 rpm for 1 h on an Orbital Shaker (S2030 

Labnet International, Woodbridge, NJ, USA) and then 
allowed to stand for 24 h in the dark. 

Following the resting period of each extract, the 

liquid fraction was separated from the sediment and 

centrifuged at 3900 rpm for 10 min, then filtered 

through Whatman N°1 filter paper. Only the 

chloroform extracts were filtered under an extraction 

hood (CFV-96, ECNO-Lab, Querétaro, Mexico). 

Extracts were concentrated in a rotary evaporator 

(Buchi R-3000, Buchi Labortechnik AG, Switzerland) 

to dryness at a temperature of 40°C (Amessis-

Ouchemoukh et al. 2014, Sniegocki et al. 2014), and 

suspended in distilled water (15 mL) for ultraviolet 

light sterilization for 20 min. Finally, they were stored 

at -4ºC in tubes covered with aluminum foil, to be used 
within 12 weeks. 

Antimicrobial activity and minimum inhibitory 

concentration (MIC) 

The antimicrobial activity of the extracts against V. 

parahaemolyticus (García et al. 2006) was evaluated by 

TSA diffusion assay (Oliveira-Peixoto et al. 2011) to 

determine the diameter of the growth inhibition halo 

(Vieira et al. 2010) around the 6 mm test hole. To each 

hole, 100 μL (200 mg mL-1) of the extract was added 

and distilled water as a control. The Petri dishes were 

incubated at 30°C for 24 h. 

A combination extract-solvent was then used to 

calculate the MIC for V. parahaemolyticus (IPNGS16) 

growth inhibition. MIC was determined by the TSA 

dilution method (Arora & Onsare 2014, Kaur & Narang 

2019). The initial extract solution (200 mg mL-1) was 

distributed in dilutions of 20, 40, and 60 mg mL-1. 

Tubes were inoculated with Vibrio (20 µL) at an 

estimated concentration of 1×106 CFU mL-1. V. 

parahaemolyticus (IPNGS16) were incubated at 30°C 

for 24 h under the same conditions used for the 

subsequent shrimp infection test. Next, to calculate the 

CFU mL-1 of tubes with no apparent growth (Zhu et al. 

2020), an aliquot was taken (100 μL), and the serial 

dilution method (Leyva-Madrigal et al. 2011, Zhu et al. 

2020) was used to determine bacterial growth counts. 

The application of serial dilutions followed by viable 

counts in Petri dishes (Garre et al. 2019) is commonly 

used to approximate the microbial concentration. The 

MIC was determined as the minimum concentration of 

the extract that inhibited microbial growth completely 

(Chandra-Mohana et al. 2019). 

Phytochemical screening 

Qualitative tests were applied to extracts with halo 

inhibition and positive MIC to detect the following 

metabolites: alkaloids, anthraquinone glycoside, carbo-

hydrates, cardiac glycosides, flavonoids, phenols, 

phlobatannins, saponins, steroids, tannins, and 
terpenoids.  

Extracts and determinants were prepared according 

to standard methods (Iqbal et al. 2015). 

Alkaloids: a few drops of Wagner's reagent were added 

to 2 mL of extract; presence was confirmed by the 

reddish-brown precipitate (Abdullahi 2013). 

Anthraquinone glycoside: 0.5 mL of extract was boiled 

with Borntrager's reagent and 10 mL of sulfuric acid, 

filtered, and cooled, then placed in another test tube to 

which 5 mL of chloroform and 1 mL of NH3 dilute were 

added (Joshi et al. 2013); the rose-pink confirmed 

presence to red color of the ammoniacal layer. 

Carbohydrates: Molisch's reagent (20% alcohol and 

H2SO4) was added to 5 mL of extract; the violet 

confirmed the purple color between the two liquid 

layers. 

Cardiac glycosides: following Kunatsa et al. (2020), a 

few drops of Kedde's reagent (FeCl3 and concentrated 

H2SO4) were added to 0.5 mL of extract; the purple 

color confirmed presence. 

Flavonoids: following Hossain et al. (2013), 2 mL of 

extract were subjected to the sodium hydroxide test 

(10% NaOH and HCl reagents); presence was 

confirmed by the appearance of an intense yellow color 

that became colorless with the addition of a few drops 

of diluted NaOH solution. 

Phenols: following Kumar et al. (2019), 2 mL of extract 

were tested using potassium ferrocyanide reagent (1% 

ferric chloride and 1% potassium ferrocyanide solution, 

1:1 ratio); the green color confirmed presence. 

Phlobatannins: 2 mL of extract was subjected to the 

precipitate test following Sofowora (1996); the red 

precipitate determined its presence after adding several 

drops of dilute HCl. 

Saponins: following Iqbal et al. (2015), 0.5 g of extract 

was added to 5 mL of distilled water in a test tube, and 

the solution was then shaken vigorously; the stable, 

persistent froth confirmed its presence. 

Steroids: following Joshi et al. (2013), a Liebermann-

Burchard reagent (three drops of chloroform, 2 mL of 

acetic anhydride, and 2 mL of sulfuric acid) was used 

to test 0.5 mL of extract; the green color confirmed 

presence. 

Tannins: following Banso & Adeyemo (2010), 

Braymer reagent (0.1% ferric chloride in 100 mL of 

95% alcohol) was used to test 0.5 mL of filtered extract; 

presence was confirmed by the brownish green or 

blueish black color. 
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Terpenoids: following Joshi et al. (2013), a 

Liebermann-Burchard reagent (three drops of chloro-

form, 2 mL of acetic anhydride, and 2 mL of sulfuric 

acid) was used to test 0.5 mL of extract; a reddish-

brown precipitate confirmed presence. 

Median lethal concentration (LC50) 

The shrimp for all the experimental work were used 

following the protocols of the Official Mexican 
Standard (NOM-062-ZOO-1999). 

A lethality test of V. parahaemolyticus (IPNGS16) 

against juvenile shrimp was performed using a negative 

control (without Vibrio) and densities of 10, 100, 250, 

and 500×103 CFU mL-1. Ten healthy shrimp of similar 

weight (20 ± 3.6 mg) were used in each replicate, with 

three replicates per treatment. First, using chlorinated 

water (5%), the test conditions were 30 of water salinity 

under constant temperature (30ºC) and aeration. 

Following Joshi et al. (2014), under the same 

conditions (shrimp body weight and diluted seawater), 

the shrimp were then challenged by inoculating V. 

parahaemolyticus (IPNGS16) cells into the rearing 
water. 

The experiment was maintained for 96 h and 

monitored twice daily; dead shrimp were recorded and 

removed. The final data were used to calculate the LC50 

with the Probit analysis. The mean LC50, standard 

deviation, and the confidence interval (95%) at 24 h 

were estimated using Minitab 17 (Minitab Inc., State 

College, PA, USA) when the cumulative mortality 

reached 50% of the experimental population (Finney 
1971). 

Shrimp and experimental conditions 

White shrimp (P. vannamei) juveniles were obtained 

from Acuícola Montoya, EIRL (Sinaloa, Mexico). 

Polymerase chain reaction (PCR) analysis confirmed 

the absence of the white spot syndrome virus (WSSV), 

infectious hypodermal and hematopoietic necrosis 

virus (IHHNV), Taura syndrome virus (TSV), or 

infectious myonecrosis virus (IMNV) infections 

(Fierro-Coronado et al. 2019). The juvenile shrimp 

were reared to a size of 20 mg each at a density of 200 

ind m-3 in the Laboratory of the Aquaculture 

Department at the National Polytechnic Institute of 

Mexico (IPN by its acronym in Spanish) to be used in 

the testing phase. Glass bottles with 3 L useful volume 

were used for rearing juvenile shrimp for the infection 

test. Before beginning the treatments, shrimp weighed 

20 ± 3.6 mg each and were stocked at a density of 20 
individuals per bottle. 

During the experiment, the water in each tank was 

maintained at a constant temperature (30oC) and 

aeration (5 mg L-1). The water quality parameters 

during the study ranged: pH 8.0-8.3, salinity at 30, nitrite 

(NO2
-) 0.53-3.4 mg L-1, and total ammonia nitrogen 

(TAN) 0.077-1.13 mg L-1. 

Treatments and experimental design 

Only methanol extracts (<40 mg mL-1) that met zero 

growth criteria of the MIC were used in the next two 

challenges. 

The first bioassay consisted of two methanolic 

plants (moringa and croton) extracts added to the feed 

(20, 40, and 60 mg g-1) at two feeding times (24 and 72 

h pre-infection). Feed was administered daily to 

satiation four times at 07:00, 11:00, 15:00, and 19:00 h. 

The control diets contained 200 mg kg-1 enrofloxacin 

(ENR) (enro-blend® AQUA Laboratorio Avimex, S.A. 

de CV, Nuevo León, Mexico) without extract. There 

was also a positive infection (PI) which was given only 

commercial feed and Vibrio, and negative control (NC) 

was only given feed. 

The second bioassay consisted of the following 

treatments: i) three concentrations (20, 40, and 60 mg 

mL-1) of two methanolic plant extracts added to the feed 

(described in bioassay 1), ii) adding methanolic extracts 

(moringa and croton) at three concentrations to the 

culture water, and the controls with ENR, PI, and NC. 

Each was replicated three times. The experiment lasted 

eight days, monitoring the shrimps every 6 h to remove 

dead shrimp. 

The feed was prepared using a reconstruction 

method. The water was inoculated directly with V. 

parahaemolyticus (IPNGS16) at the LC50 concen-

tration. Commercial feed was pulverized to powder, 

mixed with the respective dose of crude extract plus 

water, and then dried in an oven for 8 h at 60°C. 

Statistical analyses 

The survival data were arccosine-transformed. A two-

way ANOVA was used to evaluate the effect of 

application times and extracts; significant differences 

were identified using post-hoc Tukey tests. All analyses 

were performed using a 0.05 significance level. 

RESULTS 

Antimicrobial activity 

In vitro growth of Vibrio parahaemolyticus (IPNGS16) 

challenged with croton methanol extracts presented 

mean inhibition halos of 10.7 ± 0.9 mm measured 

around the test hole, while no inhibition halo was 

present with ethanol extracts. Moringa methanol and 
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ethanol extracts showed mean inhibition halos of 13.8 

± 0.7 and 13.2 ± 0.7 mm, respectively. Other solvents 

and their respective controls exerted no inhibition. No 

significant difference in inhibition power was found 

between moringa pods and seeds. The pods were 

selected as they are the more abundant plant material 

available. 

MIC of plant-solvent combinations on Vibrio 

parahaemolyticus 

The MIC of the ethanol and methanol extracts and the 

corresponding controls (positive and negative) were 

determined. The number of colonies was countless 

(data not presented) in the dilutions of 20 and 40 mg 

mL-1. The inhibition confirmation test was negative in 

all replicates for the 60 mg mL-1 concentration of 

moringa and croton methanol extracts. 

Phytochemical screening 

Qualitative analyses were conducted to detect extract 

metabolites' contents (Table 1). Alkaloids, saponins, 

and tannins were abundant in both solvents and plants. 

For croton, more metabolites were extracted with 

methanol solvents (Table 1). 

Median lethal concentration (LC50) 

Mean LC50 of V. parahaemolyticus (IPNGS16) in 

juvenile white shrimp was 85 ± 18×103 CFU mL-1 

(mean and standard error) with a 95% confidence 

interval of 56-129×103 (Fig. 1). Mortality of Pacific 

white shrimp occurred between 12 and 48 h post-

infection (HPI) and was zero for the negative control. 

Following the Probit analysis, goodness-of-fit tests (χ2 

= 0.682; P = 0.877) were performed on a log-normal 

distribution and the log-likelihood = -53.786. 

Extract applications and shrimp survival 

First bioassay 

After 24 h of acclimation, shrimp were provided the 

corresponding feed with the extract added, and the 

water was inoculated with V. parahaemolyticus 

(IPNGS16) at the LC50 dose. The negative control 

group showed lowest mortality during the experiment 

(<10%), while the mortality of the PI was >75% with 

24 h (Fig. 2a) and 72 h (Fig. 2c) pre-infection feeding. 

The shrimp-fed diets supplemented with ENR and 

extracts (moringa and croton) had better survival than 

the infected (PI) group (Figs. 2b,d). Survival was higher 

when the moringa and croton extract was fed 72 h prior 

to infection than in the ENR treatment (Fig. 2d). 

 

Second bioassay 

As in the first bioassay, after acclimatization, juveniles 

were subjected to the treatments (extract in feed, extract 

in culture water, ENR, PI, and NC) and finally 

inoculated with V. parahaemolyticus (IPNGS16). The 

most effective application of antibacterial methanolic 

extracts against infections of V. parahaemolyticus 
(IPNGS16) causing AHPND was directly in the culture 

water (Fig. 3). Furthermore, the results improved with 

a treatment dose higher (60 mg mL-1) than the 

calculated MIC (P < 0.05) of moringa extracts added to 

culture water (Fig. 3). Survival was statistically similar 

to the NC (P < 0.05), and protection was better than the 
chemical control (ENR) for the last dose. 

DISCUSSION 

Bacteria of the Vibrio genus occur naturally in the 

marine environment and are part of the marine 

invertebrate microbiota. Recently, more Vibrio species 

have been encoded by a plasmid (V. owensii, Liu et al. 

2015; V. harveyi, Kondo et al. 2015; V. campbellii, 

Dong et al. 2017; and V. punensis, Restrepo et al. 2018) 

and have been recognized as shrimp pathogens capable 

of causing AHPND since they all contain the protein 

toxins (PirA and PirB toxin) of the plasmid 

(Muthukrishnan et al. 2019). Vibrio bacteria also are 

opportunistic pathogens of cultured aquatic organisms; 

thus, the use of antibiotics in shrimp cultivation is the 

first option to control infectious diseases (Munaeni et 

al. 2020). The negative aspects of using antimicrobials 

(e.g. antibiotics) in aquaculture include the need to use 

increasing amounts and the negative environmental 

impacts associated with bacterial populations resistant 
to chemical drugs. 

In vitro Vibrio parahaemolyticus inhibition 

Successful shrimp aquaculture requires adequate health 

status. Using plant extracts or powder for disease 

control in aquaculture is a viable alternative to 

antibiotics (Hossain et al. 2013, Fierro-Coronado et al. 

2019, Howlader et al. 2020). The inhibition halos for 

moringa (13.8 ± 0.7 mm) and croton (10.7 ± 0.9 mm) 

was only effective with methanol extracts in the 

preliminary in vitro tests. 

Other studies have examined M. oleifera extracts 

against Vibrio parahaemolyticus (Oliveira-Peixoto et 

al. 2011) and found mean inhibition halos of 21.9 mm 

for ethanol and 20.7 mm for aqueous extracts. For V. 

cholerae hexane and methanolic extracts, mean 
inhibition halo sizes were 22.2 and 13.8 mm, respec-

tively (Walter et al. 2011). Croton ethanolic extracts  
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Table 1. Phytochemical screening of metabolites of Moringa oleifera and Croton californicus extracted with ethanol and 

methanol solvents. Metabolite presence (++), Metabolite absence (--). 

 

Compounds 
Moringa 

 

 

 

 

Moringa 

 Croton 

Ethanol Methanol  Ethanol Methanol 
Alkaloids ++ ++  ++ ++ 
Anthraquinone glycoside -- ++  -- ++ 
Carbohydrates -- ++  -- ++ 

Cardiac glycoside -- ++  -- ++ 
Flavonoids -- ++  -- -- 
Phenols -- --  ++ ++ 

Phlobatannins -- --  -- -- 
Saponins ++ ++  ++ ++ 
Steroids ++ --  ++ ++ 
Tannins -- ++  ++ ++ 

Terpenoids -- --  -- -- 

 

 

Figure 1. a) Cumulative mortality of Penaeus vannamei juvenile challenged with Vibrio parahaemolyticus (IPNGS16) 

causes AHPND. Control and treatments of 10, 100, 250, and 500×103 CFU mL-1. Data represent the mean and standard 

deviation. b) Determination of the concentration of bacteria (LC50) on a 24-h basis, using the data in a), and calculated as 

50% mortality (continuous line) at the corresponding CFU mL-1. The two other curves represent the 95% confidence 

interval. 

 

 

showed significant sensitivity, and the mean inhibition 

halo was 17-21 mm in Gram-negative bacteria 

(Escherichia coli and Stenotrophomonas maltophilia); 

these bacteria are particularly interesting as they are 

now resistant to β-lactam antibiotics (Corrales-Ramírez 

et al. 2013). However, croton methanolic extracts were 

effective only against V. parahaemolyticus (IPNGS16) 

only in vitro tests. Methanolic extracts, in general, 

present greater antimicrobial activity (Mothana et al. 

2008). These characteristics are due to the polarity of 

the compounds extracted by each of the solvents. The 
results of the preliminary tests (e.g. solvent selection) 

were necessary to estimate the MIC against V. 

parahaemolyticus (IPNGS16) for the complementary 
studies. 

MIC for inhibition of V. parahaemolyticus 

Intensive aquaculture methods commonly used for the 

control of emergent and opportunistic pathogens in 

aquaculture include prophylactic chemotherapy or 

antibiotics (Munaeni et al. 2020). During the past few 

years, the advancement of responsible aquaculture 

practices has been enhanced by probiotics and 

medicinal plants to control pathogens. 

Using ethanol extraction of moringa pods against 

species of the genus Vibrio, Nogueira-Brilhante et al. 

(2015) reported a MIC = 0.312-5 mg mL-1. Antibac-

terial methanol extract showed a MIC ranging from 

1.28 to 10.24 mg mL-1 on 73% of multiple-drug resis-
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Figure 2. Cumulative mortality and final survival of Penaeus vannamei postlarvae after a-b) 24 and c-d) 72 h of feeding 

with extracts added to their food before exposure to Vibrio parahaemolyticus (IPNGS16), which causes AHPND (8.5×103 

CFU mL-1). Negative control (NC, triangle), positive infection (PI, solid line), methanolic moringa extracts (dashed line), 

croton methanolic extracts (dotted line), and enrofloxacin (ENR, solid gray line) antibiotic. Data shown are the average of 

three replicates. Error bars represent the 95% confidence interval of the data set. Different letters indicate significant 

differences among treatments (P < 0.05). 

 

 

tant bacterial strains (Dzotam et al. 2016). For leaf 

extracts of antibacterial Croton roxburghii against 

Staphylococcus aureus and Escherichia coli, the MICs 

were 0.156 and 0.625 mg mL-1, respectively (Panda et 

al. 2010). Quinteros-Espino (2017) determined that 

species of the genus Croton (C. thurifer and C. collinus) 

had no antimicrobial activity at concentrations ≤2 mg 

mL-1. Based on nanoparticle (NP) technology the MIC 

value for ZnO-NP from Croton bonplandianum against 

V. parahaemolyticus was 0.625 mg mL-1 (Chandra-
Mohana et al. 2019). 

The extracted phytoconstituents of the two plants 

may offer an antibiotic alternative to combat emerging 

antimicrobial resistance. The MICs for croton and 

moringa methanol extracts were completely effective at 
a concentration of 60 mg mL-1. 

Median lethal concentration (LC50) 

Based on the Probit analysis, the lethal concentration 

(LC50) of V. parahaemolyticus (IPNGS16) in juvenile 

Pacific white shrimp (20 ± 3.6 mg) was 85 ± 18×103 

CFU mL-1. Determination of LC50 was significantly     

(P < 0.05) dependent upon shrimp age (weight). In a 

similar study on 452 ± 50 mg shrimp carried out using 

the same strain of V. parahaemolyticus (IPNGS16), 

Fierro-Coronado et al. (2019) reported an LC50 = 

6.5×104 CFU mL-1. Velázquez-Lizárraga et al. (2019) 

challenged healthy P. vannamei weighing 12.26 ± 

0.022 g with V. parahaemolyticus (IPNGS16); based on 

the Probit analysis, the LC50 = 660.95 CFU mL-1, 

following exposure 24 HPI. In our work, LC50 was 

different for each experimental challenge with the same 

bacterial strain, likely due to differences in size and 

health status of shrimp.  

Phytochemical screening 

Using plants to obtain medicinal extracts for antibac-

terial purposes requires that the raw materials be readily 
available. The extracts should be biodegradable and not 

contaminate the environment when used in the 
prescribed manner (Munaeni et al. 2020). 
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Figure 3. Cumulative mortality for Penaeus vannamei 

postlarvae exposed to Vibrio parahaemolyticus (IPNG 

S16) (8.5×103 CFU mL-1) at extract concentrations in the 

feed of a) 20, b) 40, and c) 60 mg mL-1. NC: negative 

control, PI: positive infection, CF: croton methanolic 

extract in feed, CW: croton methanolic extract in water, 

MF: moringa methanolic extract in feed, MW: moringa 

methanolic extract in water, and ENR: enrofloxacin. Data 

shown are the average of three replicates. Error bars 

represent the 95% confidence interval of the data set. 

Different letters indicate significant differences among 

treatments (P < 0.05). 

 

The phytochemical composition of the genus 

Croton is diverse. The most abundant metabolites are 

terpenoids, flavonoids, and alkaloids (Salatino et al. 

2007). Of these metabolites, only terpenoids are soluble 

in water. The metabolites in the methanolic extracts 

used in our study included carbohydrates, glycosides, 

phenols, saponins, and tannins. Croton spp. extracts 

have different immunomodulatory, anti-inflammatory, 

antiviral, antibacterial, and antioxidant properties 

(Corrales-Ramírez et al. 2013). Their antimicrobial 

activity is due to chloroquine acid, coberins A and B, 

1,3,5-trimethoxybenzene, 2,4,6-trimethoxyphenol (Jones 

2003), and metabolites of the following groups: 
alkaloids and terpenoids (Chandra-Mohana et al. 2019). 

Moringa's most abundant secondary metabolites are 

glucosinolates, isothiocyanates, flavonoids, antho-

cyanins, proanthocyanidins, and cinnamates (Bennett 

& Chung 2001). In the phytochemical tests carried out 

in our study, glycosides, flavonoids, phenols, saponins, 

tannins, and terpenoids were present in ethanolic 

extracts, while methanol extracts contained alkaloids, 

saponins, and tannins. Previously, Nogueira-Brilhante 

et al. (2015) found that pod ethanol extracts were 

effective against Vibrio spp. and could inhibit V. 

vulnificus. The antibacterial properties of M. oleifera 

have been attributed to benzyl glucosinolates and their 

cognate isothiocyanate (Fahey 2005). The purified 

seeds of M. oleifera contain an uncommon gluco-

sinolate with unique characteristics: (4-(α-L-

rhamnosyloxy) benzyl) called glucomoringin (Galuppo 

et al. 2013). Based on in vitro experiments on other 

plants rich in purified glucosinolates (Cruciferae), 

Melrose (2019) reported that the bioactive form, allyl 

isothiocyanate [AITC] and sulphoraphanin [SFN], do 

not act in isolation. AITC and SFN are as potent as 

vancomycin in the treatment of antibiotic-resistant 

bacteria identified as "priority pathogens" by the World 

Health Organization (WHO) (Melrose 2019). Anti-

microbial plant compounds are biodegradable and 

broadly effective. At present, it is important to develop 

strategies to minimize the impacts of pathogens while 

limiting the negative effects on the ecosystem, wild 

biota, and aquaculture production systems. The results 

showed that extracts applied directly to the culture 

water were the most effective method of employment 

to delay the exponential phase when protein toxins and 

the growth of the bacterium V. parahaemolyticus are 

generated in the culture medium. 

Shrimp survival and effective applications 

The use of plant extracts for disease prevention in 

aquaculture has been of interest for some time as an 

alternative to antibiotics, which can increase bacterial 

resistance in cultivated organisms (Costa et al. 2017). 

Moreover, antibiotic residues are toxic to humans and 

the aquatic environment (Paseka et al. 2020). Currently, 

the most effective application of extracts in water or 

feed is unknown; however, several hypotheses can be 

put forward to explain the inhibitory effect observed in 

application to water. 

The shrimp-fed diets supplemented with ENR, 

moringa extracts, and croton extracts had better 

survival (36, 39, and 19%, respectively) than the PI 
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control group (16%). Compared with the ENR, survival 

was higher when the moringa methanolic extract 

protection time was longer (72 h) before infection. 

Based on the second challenge tests, the extracts in 

water were highly effective, with 95% survival. The 

results obtained in this study were validated with 

standard antibiotic enrofloxacin as an additional 

control. Similar results have been reported by Chandra-

Mohana et al. (2019), wherein plant extracts effectively 

inhibited both Gram-positive and Gram-negative 

bacterial strains. For in vitro tests of moringa pods, 

Arora & Osare (2014) report MIC doses of 0.3-4 mg 

mL-1 against multi-drug resistant bacteria. The effective 

dose was >60 mg mL-1 when methanolic extracts were 

applied to culture water. Tinwongger et al. (2016) 

reported that the plasmid containing the toxic proteins 

PirA and PirB is expressed during the growing phase. 

One hypothesis is that moringa methanol extract may 

extend the lag phase of bacterial growth necessary to 

generate the toxins that cause damage to shrimp that 

feed on the pond bottom. 

Free growth of V. parahaemolyticus (IPNGS16) in 

water caused AHPND virulence; thus, at the early stage 
of bacterial inhibition with active control is important. 
For example, moringa metabolites might lead to 
decreased transmission of AHPND among cultured 
organisms. In aquaculture, effective use of active plant 
metabolites in crude extracts requires a cost-effective 

extraction method avoiding the use of known toxic 
solvents, and development should be based on proven, 
more affordable, effective application methods. 

CONCLUSION 

Plant extracts are a viable alternative for treating 
pathogens such as V. parahaemolyticus (IPNGS16). 

Only the M. oleifera methanol extracts were effective 
for the survival of infected P. vannamei juveniles at a 
V. parahaemolyticus (IPNGS16) mean lethal concen-
tration (LC50) of 85×103 CFU mL-1. The phytochemical 
components were alkaloids, glycosides, and saponins. 
For the in vivo challenge tests, inhibition of V. 
parahaemolyticus (IPNGS16) was only effective with 
the moringa methanolic extract dose at >60 mg mL-1 

applied to the culture water. The results obtained in this 
study were validated with standard antibiotic enro-
floxacin as an additional positive control. In the final 
challenge tests, the methanolic extracts applied to 

culture water were highly effective, with up to 95% 
survival, not significantly different from the control 
(NC). Currently, the extraction procedure is still 
expensive and therefore not feasible for use by shrimp 
farmers. More affordable extraction and application 
methods should be developed to mitigate this limitation 
of using natural extracts in shrimp aquaculture. 

ACKNOWLEDGEMENTS 

The authors are grateful for financial support from the 

Comisión de Operación y Fomento de Actividades 

Académicas (COFAA-IPN; Commission for the Ad-

vancement of Academic Activities) and the Estímulo al 

Desempeño de los Investigadores (EDI-IPN; Perfor-

mance Incentives) of the National Polytechnic Institute 

(IPN by its Spanish acronym). This study was funded 

by a research grant from the IPN: SIP‐20196639 and 

20201761. ALG provided access to the IPNGS16 

bacteria; we thank Language Editing Services for help 

with the language. The authors thank the anonymous 

reviewers for their careful reading of our manuscript; 

their many insightful comments and suggestions 
improved the quality of the manuscript. 

REFERENCES 

Abdullahi, M.N. 2013. Evaluation of phytochemical 

screening and analgesic activity of aqueous extract of 

the leaves of Microtrichia perotitii Dc (Asteraceae) in 

mice using hotplate method. Journal of Medicinal 

Plant Research, 3: 37-43. doi: 10.5376/mpr.2013.03. 

0005 

Akinyeye, A.S., Solanke, E.O. & Adebiyi, L.O. 2014. 

Phytochemical and antimicrobial evaluation of leaf 

and seed of Moringa oleifera extracts. International 

Journal of Research in Medical and Health Sciences, 

4: 1-10. 

Amessis-Ouchemoukh, N., Abu-Reidah, I.M., Quirantes-

Piné, R., Rodríguez-Pérez, C., Madani, K., Fernández-

Gutiérrez, A. & Segura-Carretero, A. 2014. Tentative 

characterization of iridoids, phenylethanoid glycosides 

and flavonoid derivatives from Globularia alypum L. 

(Globulariaceae) leaves by LC-ESI-QTOF-MS. Phy-

tochemical Analysis, 25: 389-398. doi: 10.1002/pca. 

2506 

Araújo, C.S.T., Alves, V.N., Rezende, H.C., Almeida, 

I.L.S., De Assunção, R.M.N., Tarley, C.R.T., et al. 

2010. Characterization and use of Moringa oleifera 

seeds as biosorbent for removing metal ions from 

aqueous effluents. Water Science and Technology, 62: 

2198-2203. doi: 10.2166/wst.2010.419 

Arora, D.S. & Onsare, J.G. 2014. In vitro antimicrobial 

evaluation and phytoconstituents of Moringa oleifera 

pod husks. Industrial Crops & Products, 52: 125-135. 

doi: 10.1016/j.indcrop.2013.09.016 

Banso, A. & Adeyemo, S. 2010. Phytochemical screening 

and antimicrobial assessment of Abutilon mauri-

tianum, Bacopa monnifera and Datura stramonium. 

Biokemistri, 18: 39-44. doi: 10.4314/biokem.v18i1. 

56390 

https://doi.org/10.5376/mpr.2013.03.0005
https://doi.org/10.5376/mpr.2013.03.0005
https://doi.org/10.4314/biokem.v18i1.56390
https://doi.org/10.4314/biokem.v18i1.56390


550                                                            Latin American Journal of Aquatic Research 
 

 

 

Bennett, J.W. & Chung, K.T. 2001. Alexander Fleming 

and the discovery of penicillin. Advances in Applied 

Microbiology, 49: 163-184. doi: 10.1016/S0065-2164 

(01)49013-7 

Chandra-Mohana, N., Mahendra, C., Yashavantha, H.C., 

Abhilash, M.R. & Satish, S. 2019. Hydrothermal 

combustion based ZnO nanoparticles from Croton 

bonplandianum: characterization and evaluation of 

antibacterial and antioxidant potential. Sustainable 

Chemistry and Pharmacy, 14: 100186. doi: 10.1016/ 

j.scp.2019.100186 

Corrales-Ramírez, L., Castillo-Castañeda, A. & Melo-

Vargas, A. 2013. Evaluación del potencial anti-

bacterial in vitro de Croton lechleri frente a 

aislamientos bacterianos de pacientes con úlceras 

cutáneas. NOVA - Publicación Científica en Ciencias 

Biomédicas, 11: 51-63. doi: 10.22490/ 24629448.1018 

Costa, R.A., De Sousa, O.V., Hofer, E., Mafezoli, J., 

Barbosa, F.G. & Dos Fernandes-Vieira, R.H.S. 2017. 

Thiocarbamates from Moringa oleifera seeds 

bioactive against virulent and multidrug-resistant 

Vibrio species. BioMed Research International, 2017: 

1-7. doi: 10.1155/2017/7963747 

Dong, X., Wang, H., Xie, G., Zou, P., Guo, C., Liang, Y. 

& Huang, J. 2017. An isolate of Vibrio campbellii 

carrying the pirVP gene causes acute hepatopancreatic 

necrosis disease. Emerging Microbes & Infections, 6: 

2-3. doi: 10.1038/emi.2016.131 

Dzotam, J.K., Touani, F.K. & Kuete, V. 2016. 

Antibacterial and antibiotic-modifying activities of 

three food plants (Xanthosoma mafaffa Lam.; Moringa 

oleifera (L.) Schott and Passiflora edulis Sims) against 

multidrug-resistant (MDR) Gram-negative bacteria. 

BMC Complementary and Alternative Medicine, 16: 

1-8. doi: 10.1186/s12906-016-0990-7 

Fahey, J. 2005. Moringa oleifera: a review of the medical 

evidence for its nutritional, therapeutic, and prophy-

lactic properties. Jersey Trees for Life, 1: 5-15. 

Fierro-Coronado, J.A., Luna-González, A., Cáceres-

Martínez, C.J., Ruiz-Verdugo, C.A., Escamilla-

Montes, R., Diarte-Plata, G., et al. 2019. Effect of 

medicinal plants on the survival of white shrimp 

(Penaeus vannamei) challenged with WSSV and 

Vibrio parahaemolyticus. Latin American Journal of 

Aquatic Research, 47: 377-381. doi: 10.3856/vol47-

issue2-fulltext-20 

Finney, D.J. 1971. Probit analysis. Cambridge University 

Press, Cambridge. [https://dspace.gipe.ac.in]. Revie-

wed: June 28, 2021. 

Galuppo, M., de Nicola, G.R., Iori, R., Dell’Utri, P., 

Bramanti, P. & Mazzon, E. 2013. Antibacterial 

activity of glucomoringin bioactivated with myro-

sinase against two important pathogens affecting the 

health of long-term patients in hospitals. Molecules, 

18: 14340-14348. doi: 10.3390/molecules 181114340 

García, S., Alarcón, G., Rodríguez, C. & Heredia, N. 

2006. Extracts of Acacia farnesiana and Artemisia 
ludoviciana inhibit growth, enterotoxin production 

and adhesion of Vibrio cholerae. World Journal of 

Microbiology and Biotechnology, 22: 669-674. doi: 

10.1007/s11274-005-9087-z 

Garre, A., Egea, J.A., Esnoz, A., Palop, A. & Fernandez, 
P.S. 2019. Tail or artifact? Illustration of the impact 

that uncertainty of the serial dilution and cell 

enumeration methods has on microbial inactivation. 

Food Research International, 119: 76-83. doi: 10.1016/ 

j.foodres.2019.01.059 

Golestanbagh, I., Ahamad, S., Idris, A. & Yunus, R. 2011. 
Effect of storage of shelled Moringa oleifera seeds 

from reaping time on turbidity removal. Journal of 

Water and Health, 9: 597-602. doi: 10.2166/wh. 

2011.035 

González-Meza, G.M., Herrera-Castro, K.S., Casillas-

Hernández, R., Rentería-Mexía, A.M., Gortáres-
Moroyoqui, P., Gil-Nuñez, J.C., et al. 2022. Dietary 

supplementation effect of three microalgae on 

Penaeus vannamei growth, biochemical composition, 

and resistance to Vibrio parahaemolyticus (AHPND). 

Latin American Journal of Aquatic Research, 50: 88-

98. doi: 10.3856/vol50-issue1-fulltext-2773 

Hossain, M., AL-Raqmi, A., AL-Mijizy, K.A.S., Weli, 

Z.H. & AL-Riyami, Q. 2013. Study of total phenol, 

flavonoids contents and phytochemical screening of 

various leaves crude extracts of locally grown Thymus 

vulgaris. Asian Pacific Journal of Tropical Biome-

dicine, 3: 705-710. doi: 10.1016/S2221-1691(13)60 

142-2 

Howlader, P., Ghosh, A.K., Islam, S.S., Bir, J. & Banu, 

G.R. 2020. Antiviral activity of Cynodon dactylon on 

white spot syndrome virus (WSSV)-infected shrimp: 

an attempt to mitigate risk in shrimp farming. 

Aquaculture International, 28: 1725-1738. doi: 10.1007/ 

s10499-020-00553-w 

Iqbal, E., Salim, K.A. & Lim, L.B.L. 2015. Phytochemical 

screening, total phenolics and antioxidant activities of 

bark and leaf extracts of Goniothalamus velutinus 

(Airy Shaw) from Brunei Darussalam. Journal of King 

Saud University-Science, 27: 224-232. doi: 10.1016/ 

j.jksus.2015.02 .003 

Jabamalai, A.R., Gopalakrishnan, V.K., Yadav, S.A. & 

Dorairaj, S. 2011 Antimicrobial activity of Moringa 

oleifera (Lam.) root extract. Journal of Pharmacy 

Research, 4: 1426-1427. doi: 10.20546/ijcmas.2016. 

507.078 

Jones, K. 2003. Review of sangre de drago (Croton 

lechleri). A South American tree sap in the treatment 

https://doi.org/https:/doi
https://doi/
https://doi.org/10.1186/s12906-016-0990-7
https://doi/


Moringa and croton extracts inhibit Vibrio parahaemolyticus in white shrimp                                     551 
 

 

 

of diarrhea, inflammation, insect bites, viral infections, 

and wounds: traditional uses to clinical research. 

Journal of Alternative and Complementary Medicine, 

9: 877-896. doi: 10.1089/107555303771952235 

Joshi, A., Bhobe, M. & Sattarkar, A. 2013. Phytochemical 

investigation of the roots of Grewia microcosm Linn. 
Journal of Chemical and Pharmaceutical Research, 5: 

80-87. 

Joshi, J., Srisala, J., Truong, V.H., Chen, I.T., 

Nuangsaeng, B., Suthienkul, O., et al. 2014. Variation 

in Vibrio parahaemolyticus isolates from a single Thai 
shrimp farm experiencing an outbreak of acute 

hepatopancreatic necrosis disease (AHPND). 

Aquaculture, 428-429: 297-302. doi: 10.1016/j.aqua-

culture.2014.03.030 

Kaur, A. & Narang, P. 2019. Phytochemical screening and 

metal binding studies on floral extract of Solanum 
nigrum. Materials Today, 26: 3332-3336. doi: 10.1016/ 

j.matpr.2019.09.170 

Kondo, H., Van, P.T., Dang, L.T. & Hirono, I. 2015. Draft 

genome sequence of non-Vibrio parahaemolyticus 

acute hepatopancreatic necrosis disease strain 

KC13.17.5, isolated from diseased shrimp in Vietnam. 
Genome Announcements, 3: 2014-2015. doi: 10.1128/ 

genomeA.00978-15 

Kumar, J., Kaur, A. & Narang, P. 2019. Phytochemical 

screening and metal binding studies on floral extract of 

Solanum nigrum. Materials Today: Proceedings, 26: 
3332-3336. doi: 10.1016/j.matpr.2019.09.170 

Kunatsa, Y., Chidewe, C. & Zvidzai, C.J. 2020. 

Phytochemical and anti-nutrient composite from 

selected marginalized Zimbabwean edible insects and 

vegetables. Journal of Agriculture and Food Research, 

2: 100027. doi: 10.1016/j.jafr.2020.100027 

Leyva-Madrigal, K.Y., Luna-González, A., Escobedo-

Bonilla, C.M., Fierro-Coronado, J.A. & Maldonado-

Mendoza, I.E. 2011. Screening for potential probiotic 

bacteria to reduce prevalence of WSSV and IHHNV in 

whiteleg shrimp (Litopenaeus vannamei) under 

experimental conditions. Aquaculture, 322-323: 16-
22. doi: 10.1016/j.aquaculture.2011.09.033 

Liu, L., Xiao, J., Xia, X., Pan, Y., Yan, S. & Wang, Y. 

2015. Draft genome sequence of Vibrio owensii strain 

SH-14, which causes shrimp acute hepatopancreatic 

necrosis disease. Microbiology, 3: e01395-15. doi: 

10.1128/genomeA.01395-15 

López-León, P., Luna-González, A., Escamilla-Montes, 

R., Flores-Miranda, M.C. & Fierro-Coronado, J.A. 

2016. Isolation and characterization of infectious 

Vibrio parahaemolyticus, the causative agent of 

AHPND, from the whiteleg shrimp (Litopenaeus 
vannamei). Latin American Journal of Aquatic 

Research, 44: 470-479. doi: 10.3856/vol44-issue3-

fulltext-5 

Melrose, J. 2019. The glucosinolates: a sulphur glucoside 

family of mustard anti-tumour and antimicrobial 

phytochemicals of potential therapeutic application. 

Biomedicines, 7: 1-28. doi: 10.3390/biomedicines70 

30062 

Mothana, R.A.A., Abdo, S.A.A., Hasson, S., Althawab, 

F.M.N., Alaghbari, S.A.Z. & Lindequist, U. 2008. 

Antimicrobial, antioxidant, and cytotoxic activities 

and phytochemical screening of some Yemeni 

medicinal plants. Evidence-Based Complementary 

and Alternative Medicine, 7: 323-330. doi: 10.1093/ 

ecam/nen004 

Moura, M.C., Napoleao, M.C., Coriolano, P.M.G., Paiva, 

R.C., Figueiredo, B.Q. & Coelho, L.C.B.B. 2015. 

Water-soluble Moringa oleifera lectin interferes with 

growth, survival and cell permeability of corrosive and 

pathogenic bacteria. Journal of Applied Microbiology, 

119: 666-676. doi: 10.1111/jam.12882 

Munaeni, W., Yuhana, M., Setiawati, M. & Wahyudi, 

A.T. 2020. Effect in white shrimp Litopenaeus 

vannamei of Eleutherine bulbosa (Mill.) Urb. powder 

on immune genes expression and resistance against 

Vibrio parahaemolyticus infection. Fish and Shellfish 

Immunology, 102: 218-227. doi: 10.1016/j.fsi.2020. 

03.066 

Muthukrishnan, S., Defoirdt, T., Ina-Salwany, M.Y., 

Yusoff, F.M., Shariff, M., Ismail, S.I. & Natrah, I. 

2019. Vibrio parahaemolyticus and Vibrio harveyi 

causing acute hepatopancreatic necrosis disease 

(AHPND) in Penaeus vannamei (Boone, 1931) iso-

lated from Malaysian shrimp ponds. Aquaculture, 511: 

734227. doi: 10.1016/j.aquaculture.2019.734227 

Nogueira-Brilhante, R.S., Alencar-Sales, J., Souza de 

Sampaio, C.M., Barbosa de Geraldo, F., Araújo-Neto-

Paiva, M., Melo de Guedes, G.M., et al. 2015. Vibrio 

spp. from Macrobrachium amazonicum prawn 

farming are inhibited by Moringa oleifera extracts. 

Asian Pacific Journal of Tropical Medicine, 8: 919-

922. doi: 10.1016/j.apjtm.2015.10.012 

Oliveira-Peixoto, J.R., Cristina-Silva, G., Albuquerque-

Costa, R., Lira de Sousa-Fontenelle, J., Fernandes-

Vieira, G.H., Fonteles-Filho, A.A. & Silva dos 

Fernandes-Vieira, R.H. 2011. In vitro antibacterial 

effect of aqueous and ethanolic Moringa leaf extracts. 

Asian Pacific Journal of Tropical Medicine, 4: 201-

204. doi: 10.1016/S1995-7645(11)60069-2 

Onsare, J.G. & Arora, D.S. 2015. Antibiofilm potential of 

flavonoids extracted from Moringa oleifera seed coat 

against Staphylococcus aureus, Pseudomonas aerugi-

nosa and Candida albicans. Journal of Applied 

Microbiology, 118: 313-325. doi: 10.1111/jam.12701 

 



552                                                            Latin American Journal of Aquatic Research 
 

 

 

Panda, S.K., Dutta, S.K. & Bastia, A.K. 2010. 

Antibacterial activity of Croton roxburghii balak 

against the enteric pathogens. Journal of Advanced 

Pharmaceutical Technology and Research, 1: 419-422. 

doi: 10.4103/0110-5558.76442 

Pardo, D., Ortíz, L., Tacha, A., Murillo, E., Méndez, J. & 
Murillo, W. 2014. Estudio químico y etnobotánico de 

Croton leptostachyu. Revista de la Academia 

Colombiana de Ciencias Exactas, Físicas y Naturales, 

38: 149-165. 

Paseka, R.E., White, L.A., Van de Waal, D.B., Strauss, 
A.T., González, A.L., Everett, R.A., et al. 2020. 

Disease-mediated ecosystem services: pathogens, 

plants, and people. Trends in Ecology and Evolution, 

35: 731-743. doi: 10.1016/j.tree.2020.04.003 

Pereira, M.L., de Oliveira, H.D., de Oliveira, J.T.A., 

Gifoni, J.M., de Oliveira Rocha, R., De Oliveira-
Bezerra de Sousa, D. & Vasconcelos, I.M. 2011. 

Purification of a chitin-binding protein from Moringa 

oleifera seeds with potential to relieve pain and 

inflammation. Protein & Peptide Letters, 18: 1078-

1085. doi: 10.2174/092986611797200959 

Quinteros-Espino, N.M. 2017. Estudio comparativo de la 
actividad antibacteriana y antioxidante de los extractos 

etanólicos de Croton thurifer Kunth y Croton collinus 

Kunth. Tesis  de Grado, Universidad Nacional Mayor 

de San Marcos, Lima. 

Restrepo, L., Bayot, B., Arciniegas, S., Bajaña, L., 
Betancourt, I., Panchana, F. & Reyes-Muñoz, A. 2018. 

PirVP genes causing AHPND identified in a new 

Vibrio species (Vibrio punensis) within the commensal 

Orientalis clade. Scientific Reports, 8: 1-14. doi: 

10.1038/s41598-018-30903-x 

Salatino, A., Salatino, M. & Negri, G. 2007. Traditional 
uses, chemistry and pharmacology of Croton species 

(Euphorbiaceae). Journal of the Brazilian Chemical 

Society, 18: 11-33. doi: 10.1590/S0103-505320070 

00100001 

Sniegocki, T., Gbylik-Sikorska, M., Posyniak, A. & 

Zmudzki, J. 2014. Determination of carbadox and 
olaquindox metabolites in swine muscle by liquid 

chromatography/mass spectrometry. Journal of Chro-

matography, 944: 25-29. doi: 10.1016/j.jchromb.2013. 

09.039 

Sofowora, A. 1996. Research on medicinal plants and 

traditional medicine in Africa. Journal of Alternative 
and Complementary Medicine, 2: 365-372. doi: 

10.1089/acm.1996.2.365 

 

Received: September 21, 2021; Accepted: July 13, 2022 

 

 

 

Soto-Rodriguez, S.A., Gomez-Gil, B., Lozano-Olvera, R., 

Betancourt-Lozano, M. & Morales-Covarrubias, M.S. 

2015. Field and experimental evidence of Vibrio 

parahaemolyticus as the causative agent of acute 

hepatopancreatic necrosis disease of cultured shrimp 

(Litopenaeus vannamei) in northwestern Mexico. 

Applied and Environmental Microbiology, 81: 1689-

1699. doi: 10.1128/AEM.03610-14 

Tinwongger, S., Nochiri, Y., Thawonsuwan, J., Nozaki, 

R., Kondo, H., Awasthi, S.P., et al. 2016. Virulence of 

acute hepatopancreatic necrosis disease PirAB-like 

relies on secreted proteins not on gene copy number. 

Journal of Applied Microbiology, 121: 1755-1765. 

doi: 10.1111/jam.13256 

Tran, L., Nunan, L., Redman, R.M., Lightner, D.V. & 

Fitzsimons, K. 2013. EMS/AHPNS: infectious disease 

caused by bacteria. Global Aquaculture Advocate, 

Portsmouth, pp. 16-18. 

Velázquez-Lizárraga, A.E., Juárez-Morales, J.L., Racotta, 

I.S., Villarreal-Colmenares, H., Valdes-Lopez, O., 

Luna-González, A., et al. 2019. Transcriptomic 

analysis of Pacific white shrimp (Litopenaeus 

vannamei Boone, 1931) in response to acute 

hepatopancreatic necrosis disease caused by Vibrio 

parahaemolyticus. Plos One, 14: 1-28. doi: 10.1371/ 

journal.pone.0220993 

Verdcourt, B. 1985. A synopsis of the Moringaceae. Kew 

Bulletin, 40: 1-23. 

Vieira, G.H.F., Moura, J.A., Angelo, A.M., Costa, R.A. & 

Silva dos Fernandes, V.R. 2010. Antibacterial effect 

(in vitro) of Moringa oleifera and Annona muricata 

against gram-positive and gram-negative bacteria. 

Revista do Instituto de Medicina Tropical, 5: 129-132. 

doi: 10.1590/S0036-46652010000 300003 

Walter, A., Samuel, W., Arama, P. & Joseph, O. 2011. 

Antibacterial activity of Moringa oleifera and 

Moringa stenopetala methanol and n-hexane seed 

extracts on bacteria implicated in water-borne 

diseases. African Journal of Microbiology Research, 

5: 153-157. doi: 10.5897/AJMR10.457 

Wiggins, I. 1980. Flora of Baja California. Stanford 

University Press, Stanford. 

Williams, L., Evans, P.E. & Bowers, W.S. 2001. 

Defensive chemistry of an aposematic bug, Pachycoris 

stallii Uhler and volatile compounds of its host plant 

Croton californicus Muell. Journal of Chemical Ecolo-
gy, 27: 203-216. doi: 10.1023/A:1005692502 595 

Zhu, Y., Ma, Y., Zhang, J., Li, M., Yan, L., Zhao, G., Liu, 

Y. & Zhang, Y. 2020. The inhibitory effects of spice 

essential oils and rapidly prediction on the growth of 

Clostridium perfringens in cooked chicken breast. 
Food Control, 113: 106978. doi: 10.1016/j.foodcont. 

2019.106978 

 


