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ABSTRACT. The effect of actinomycetes probiotics and highly diluted bioactive compounds (HDBC) over the 

productive parameters, Vibrio and heterotroph counts, and gut microbiota composition of Penaeus vannamei 

juveniles was assessed. Four treatment and two control groups of 150 shrimps each received food containing T1 

(Streptomyces sp. RL8 + Streptomyces sp. N7); T2 (HDBC); T3 (HDBC + Streptomyces sp. N7); T4 (HDBC + 

Streptomyces sp. RL8); C1 (distilled water) and C2 (water-diluted ethanol) for 30 days. The microbiota analysis 

was performed by sequencing the V3 region of the 16S rRNA gene using the Illumina platform. A significant 

increase in shrimp size was observed for T1 (3.74 ± 0.9 cm) and T2 (3.92 ± 0.93 cm), as well as in weight gain 

for T2 (3.15 ± 0.74 g). The greatest survival was achieved by T1 and T3, with 99.33% each. T1 and T2 also 

exhibited a significantly lower Vibrio count of 2.36 ± 0.11 and 2.43 ± 0.11 as well as of 1.85 ± 0.12 and 1.81 ± 

0.29 in the rearing water and shrimp hepatopancreas, respectively. All treated groups showed high heterotroph 

counts in these two niches. The gut microbiota of shrimps was diverse and comprised mainly of Proteobacteria, 

Bacteroidetes, Verrucomicrobia, and Actinobacteria, with an average relative abundance of 54.46, 26.26, 11.14, 

and 5.54%, respectively. The specific genus Prevotella was stimulated by T1, Acinetobacter by T2, and 

Bacteroides and Enhydrobacter by T3. Streptomyces probiotics (T1) and HDBC (T2), but not the combination 

of Streptomyces spp. with HDBC (T3, T4), exhibited the best overall effects in juveniles of Penaeus vannamei. 
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INTRODUCTION 

Aquaculture is the cultivation of aquatic organisms, 

plants, or animals whose livelihood is fresh, brackish, 

or marine water (El-Saadony et al. 2021), a potential 

solution to the global problem of food insecurity and 

malnutrition. Shrimp culture constitutes an essential 

source of income for several developing Latin 

American and Asian countries. However, outbreaks of 

various infections have caused devastating economic 

losses (FAO 2020).  

______________ 

Associate Editor: Carlos Alvarez 

Antibiotics have been used traditionally to control 

such infections, but their indiscriminate use has led to 

the selection of multi-resistant microorganisms. Thus, 

strict regulations have been established to prohibit or 

minimize their application in aquaculture (Carrique-

Mas et al. 2023). Furthermore, the accumulation of 

these compounds, both in the environment and in 

shrimp tissues, may be dangerous for consumers. 

Therefore, the application of probiotics has gained 

much attention during the last decades to improve the 

physiology,  productive  yield,  growth, and immune re- 
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sponse of the species related to aquaculture 

(Tamilselvan & Raja 2024). Although different species 

of Bacillus, Lactobacillus, and other microorganisms 

have been successfully applied in shrimp aquaculture, 

we have previously shown that Streptomyces spp. are 

gifted probiotic candidates capable of improving 

growth, immunological and microbiological param-

eters (Vibrio count in water and hepatopancreas), as 

well as survival of Penaeus vannamei under laboratory 

conditions (García-Bernal et al. 2017, Mazón-

Suástegui et al. 2020). Another viable alternative is the 

use of highly diluted bioactive compounds (HDBC), 

which are innocuous, reduce stress, promote growth, 

survival, and productive yield, and activate defense 

mechanisms that favor homeostasis of the organism and 

foster a better immune response facing infections 

caused by pathogens (Mazón-Suástegui et al. 2017, 

2018a-b, 2019, López-Carvallo et al. 2022). 

The intestinal microbiota is a complex ecosystem of 

live organisms with multiple functions for the host's 

health (Xiong et al. 2024), which may be modulated 

and modified to improve the host's immune response, 

nutrient absorption, and homeostasis maintenance. 

Maintaining equilibrium in the intestinal bacterial 

population is crucial for the host's health, and its study 

allows a better understanding of the important 

microbiota-host relationship (Gillilland et al. 2012). 

Thus, studying the diversity and bacterial richness of 

the gastrointestinal tract (GIT) is greatly important. 

Even though strains of Streptomyces spp. and 

HDBC seem to be a viable and promising alternative to 

farmed aquaculture, little is known about their true 

potential for keeping the healthy status of cultured 

shellfish. Therefore, this research aimed to differentiate 

the effect of Streptomyces spp., HDBC, and their 

combination over the growth, survival, and 

composition of the beneficial bacterial community of 

juveniles of the white shrimp Penaeus vannamei.  

MATERIALS AND METHODS 

Experimental organisms, origin, and acclimation  

White shrimp P. vannamei juveniles were purchased 

from Acuacultura Mahr Co. (La Paz, BCS-MX) and 

acclimated at 29 ± 1°C (7 days) in 1 500-L fiberglass 

tanks in the Laboratorio de Homeopatía Acuícola y 

Semillas Marinas of Centro de Investigaciones 

Biológicas del Noroeste, S.C. (LEHASM-CIBNOR) 

with filtered (1 µm) and UV sterilized seawater with 37 

of salinity, and continuous aeration. Shrimps were fed 

to satiety thrice daily with a commercially balanced diet 

(Purina®, 35% protein, Agribrands Purina México; 

CDMX-MX). Water and organic waste were discarded 

daily from each tank and replaced by sterile seawater. 

Temperature and salinity were checked daily as well. 

Finally, 900 organisms (0.46 ± 0.18 g in average weight 

± standard deviation) were randomly selected and 

assigned to each experimental group.  

Treatment with probiotics and highly diluted 

bioactive compounds (HDBC) 

Two probiotic strains of Streptomyces spp. RL8 and N7 

selected and characterized in previous studies as 

Streptomyces panacagri and S. mutabilis, respectively 

(García-Bernal et al. 2015, 2017, Mazón-Suástegui et 

al. 2020) were used along with four HDBC (ViP, ViA, 

PhA, SiT). Streptomyces spp. RL8 and N7 were 

cultured in tryptone soy broth (TSB) containing 3% 

sodium chloride under shaking at 30°C for 7 days. 

Cultures were centrifuged at 4,696 g and 4°C for 10 

min, and the resultant pellet was washed twice with 

sterile seawater. The final pellet was resuspended in 

sterile seawater to an optical density of 1 at 600 nm for 

Actinomycetes (Gopalakrishnan et al. 2014). Two 

HDBCs (ViP and ViA) were formulated by serial 

dilution and succussion by the Pharmacopeia 

Homeopática de los Estados Unidos Mexicanos 

(Secretaría de Salud 2015), from inactivated lysates of 

Vibrio parahaemolyticus (ViP 7C) and V. alginolyticus 

(ViA 7C) in LEHASM-CIBNOR (patent pending). The 

other two HDBCs [PhA 7C (Phosphoricum acidum) 

and SiT 7C (Silicea terra)] are homeopathic medicines 

Similia® for use in humans and were purchased from 

Farmacia Homeopática Nacional (CDMX-MX). All 

these HDBCs have been previously studied in animal 

models (López-Carvallo et al. 2019, 2020, 2022, 

Mazón-Suástegui et al. 2017, 2018a-b, 2019, 2020a, 

2021). Two controls were included: Similia® ethanol 

87°GL (diluted in sterile water, 1:99), the usual vehicle 

for HDBC, and sterile distilled water, which did not 

contain HDBCs, RL8, N7, or ethanol. 

Experimental design 

The experimental design included four treatments (T) 

with probiotics and/or HDBC and two controls (C) with 

sterile distilled water or ethanol: T1 (Streptomyces sp. 

RL8 + Streptomyces sp. N7); T2 (HDBC containing 

ViP 7C + ViA 7C + PhA 7C + SiT 7C); T3 (HDBC + 

Streptomyces sp. N7); T4 (HDBC + Streptomyces sp. 

RL8); C1 (sterile distilled water) and C2 (ethanol 87 

GL Similia®) diluted 1:99 in sterile distilled water. Nine 

hundred juvenile shrimps (0.46 ± 0.18 g) were 

randomly distributed in three thermoregulated fiber-

glass units with a recirculated tap water bath system and 
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six independent experimental units of 120 L. All six 

treatments (T) and the two controls (C) were arranged 

in triplicates containing 50 shrimps per replicate. 

Probiotic suspensions and treatments formulated with 

HDBC were added by spraying them to commercial 

pelletized balanced feed (Purina® 35% protein; Ciudad 

Obregón, MX), which was dried in the dark at a 

temperature of 25 ± 0.5°C and stored at 4°C. Shrimps 

were fed for 30 days with the sprayed food, which was 

prepared weekly, and the bacterial load of probiotics 

was checked through plate count (Mazón-Suástegui et 

al. 2023). A final concentration of 1×108 colony 

forming units (CFU) g-1 of feed of each probiotic was 

used following García-Bernal et al. (2017), and the 

HDBC was prepared according to Mazón-Suástegui et 

al. (2018a). Briefly, from each stock of HDBC 6C, the 

"working" dynamizations HDBC 7C were prepared in 

LEHASM by dilution in sterile distilled water (1:99), 

followed by strong vortexing for 2 min. 

The following response variables were evaluated at 

the end of the experiment (30 days) for each 

experimental group: size increase (SI), weight gain 

(WG), daily weight gained (DWG), and survival 

percentage (S), applying the method described by 

Venkat et al. (2004). 

SI = final size (cm) - initial size (cm) 

WG = final weight (g) - initial weight (g) 

DWG = (final weight - initial weight) / days of 

experimentation 

S = (# living organisms / # total organisms) × 100 

Microbiological evaluation 

Samples from the rearing water and shrimp hepato-

pancreas were taken from the three replicates of all 

experimental groups for total heterotrophic bacteria and 

Vibrio spp. count. After disinfecting each shrimp with 

70% ethanol, the hepatopancreas was excised with a 

sterile scalpel and homogenized in a physiological 

sterile saline solution. Decimal dilutions of the 

corresponding homogenate were made, and 100 μL 

were spread over Petri dishes containing marine agar 

medium 2216 (Difco®) and thiosulfate citrate bile 

sucrose agar (TCBS, Difco®) for heterotrophic bacteria 

and Vibrio spp count, respectively. Plates were 

incubated at 35°C for 24-48 h. A similar procedure was 

carried out to evaluate the bacterio-logical quality of 

the rearing water of each treatment and its replicates. 

DNA extraction and sequencing 

Shrimps were fasted overnight for 12 h to obtain empty 

intestines and discard transitory microbiota. The DNA 

was extracted using the method of Sambrook et al. 

(1989) from the gut of 10 shrimps per replica, whose 

GIT was aseptically removed and pooled at the end of 

the experiment (30 days). Briefly, the complete 

intestinal tissue was homogenized with the help of a 

disposable and sterile plastic pestle in a lysis buffer 

containing tris-ethylenediamine tetra acetic acid (TE)-

sodium dodecyl sulfate (SDS) (100 mmol L-1); NaCl, 

50 mmol L-1; Tris (pH 8), 100 mmol L-1; EDTA (pH 8); 

SDS (1%) and 100 µL lysozyme (50 mg mL-1; Sigma, 

St. Louis, MO, USA) at 37°C for 1 h. Once the tissue 

was homogenized and incubated overnight at 65ºC with 

20 µL of proteinase K (20 mg mL-1; Sigma, St Louis, 

MO, USA), 200 µL mol L-1 of NaCl was subsequently 

added, followed by ice incubation (20 min) and 

centrifuged (13,000 g, 4ºC, 10 min). DNA was 

precipitated on the supernatant with absolute ethanol 

and set to rest overnight at 4°C, collected by centrifuge 

(8,000 g, 4ºC, 5 min). The extracted DNA was washed 

with 70% ethanol, dried, and resuspended in 50 μL of 

molecular water quality. Concentration and DNA 

purity were determined with NanoDrop 2000 (Thermo 

Fisher Scientific ™, Waltham, MA, USA.). Finally, the 

samples were stored until sequenced in the Microbial 

Genomics Laboratory at CIAD (Centro de Inves-

tigación en Alimentación y Desarrollo, A.C., Mazatlán, 

MX). The V3 region of the 16S rRNA gene was 

amplified by polymerase chain reaction (PCR) to 

determine the microbiota composition in all samples, 

using the 338F and 533R primers with Illumina 

(Innovative Technologies, San Diego, CA, USA) 

adapters. The final products were added to protocol 

indexes recommended by Illumina. The samples were 

quantified in Qubit and mixed in an equimolar pool to 

be sequenced in the Miniseq Illumina (Innovative 

Technologies, San Diego, CA, USA) equipment in 

standard conditions (300 cycles, 2×150 bp). 

The 16S rRNA gene sequencing readings were 

processed using QIIME. The readings were prepared 

with the pair-end_cleaner v0.9.7 (https://github.com/ 

GenomicaMicrob/pair-end_cleaner) program. The 

minimum sequence length was 170 bp, and the 

singletons were discarded. The chimeric sequences 

were detected and eliminated with chimera_detector 

version 1.3.3 (https://github.com/GenomicaMicrob/). 

The metagenomic analysis was performed with the 

program Microbiome Helper using QIIME1. The free 

chimera sequences were grouped into operational 

taxonomic units (OTUs) (97% identity); the script 

'pick_open_reference_otus.py' was used to assign the 

OTUs. The taxonomic data of each OTU were obtained 

from the reference data using the script 'assign_ 

taxonomy.py'. The low confidence OTUs (0.1%) were 

https://github.com/%20GenomicaMicrob/pair-end_cleaner
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removed with the script 'remove_low_confidence_ 

otus.py'. The rarefaction was performed using the script 

'single_rarefaction.py' using the count of the readings 

obtained as a lower limit. Subsequently, the relative 

abundance of bacteria taxa associated with the GIT of 

shrimps subjected to each treatment and of experi-

mental controls was calculated.  

Estimates and Shannon and Simpson diversity 

indexes were obtained to analyze alpha diversity 

richness (Chao-1). The alpha diversity estimation was 

made using the 'alpha_diversity.py' script, and the 

comparisons between the estimations were calculated 

using the software Past. The group diversity was 

estimated with the weighted UniFrac implemented in 

the 'beta_diversity.py' script and visualized in a 

principal component analysis (PCA) chart in EMPeror. 

The statistical differences in beta diversity were 

observed and graphed with the Statistical Analysis of 

Metagenomic Profiles (STAMP) (Parks et al. 2014) 

using Welch's test, with corrections of Benjamini-

Hochberg FDR procedure (q-value < 0.05). 

Statistical analysis 

Growth data, bacterial count, and survival were 

processed by an analysis of variance (ANOVA). Before 

applying ANOVA, the normality of data was verified 

by Shapiro-Wilk's test, and Levine's test was used for 

homogeneity. The data of survival percentage were 

transformed to arcsine √% to guarantee normality 

conditions. The multiple-range Tukey's test was used to 

detect significant differences in growth, survival, and 

count of microorganism values in the function of the 

treatments provided and the control groups. The 

significance level was P < 0.05 for all the analyses 

performed using the statistical program SPSS version 

21 for Windows (SPSS Inc., Chicago, I1, USA). 

RESULTS 

Growth and survival 

Table 1 shows the growth parameters (SI, WG, DWG, 

and S) of shrimp after administering probiotics and 

incorporating the HDBC in feed. The groups T1 and T2 

showed significant differences (P < 0.05) in SI with 

respect to all other experimental groups and those of the 

control. Concerning WG, significant differences were 

observed in T2 shrimp compared with T4 and T1, but 

no significant differences (P > 0.05) were observed 

among the groups in T1 and T4 and in the control 

groups C1 and C2. For DWG, no significant differences 

(P > 0.05) were observed among the experimental 

groups, except between T1 and C2 (Table 1). To sum 

up, size increased significantly in shrimp treated with 

probiotic actinomycetes (T1) and HDBC (T2) 

compared with shrimp from the control groups (C1, 

C2). The survival rate ranged from 95.33 to 99.33%, 

with T1 and T3 showing the highest value, but no 

significant (P > 0.05) differences were observed among 

the groups treated and those of the control (Table 1). 

Total count of heterotrophic bacteria and Vibrio in 

water and hepatopancreas of Penaeus vannamei  

During the bioassay of this study, Vibrio counts in the 

rearing water were significantly lower (P < 0.05) in 

shrimp with T1 and T2 than those in T4 and the control 

groups C1 and C2 (Table 2). In general, significant 

decreases were not observed in the total marine 

heterotrophic bacterial count in the rearing water for the 

treatments to the control groups. However, a significant 

increase was observed in T3 (P < 0.05) compared to the 

experimental groups T1, T2, and the control group C1 

(Table 2). Vibrio counts in the hepatopancreas of 

shrimps subjected to T1, T2, and T4 were significantly 

lower (P < 0.05) than those of C1 in the control groups. 

The total marine heterotrophic bacterial count in this 

organ of shrimps in T1, T2, T3, T4, and C2 was 

significantly higher (P < 0.05) than in C1 (Table 2). 

Diversity and microbial richness analyses 

Amplicon sequencing of the V3 region of the 16S 

rRNA gene was used to compare the gut microbiota 

composition of shrimps treated with Streptomyces 

strains and HDBC to untreated controls. The overall 

average number of reads from the entire set of six 

experimental groups and three replicas that passed the 

QIIME filter was 60,368.1 ± 24,832 reads, equivalent 

to 67 ± 8.74% reads and an overall average of chimeric 

sequences of 32.9 ± 8.7%. 

The bacterial diversity in the T3 and T4 groups, with 

Shannon index 3.68 ± 0.11 and 3.73 ± 0.22, 

respectively, was greater than in the control and the 

other treated groups. The Chao-1 values were higher in 

the groups T4 (321.9 ± 15.1) and C1 (339.2 ± 41.2) than 

in the rest of the experimental groups. The Simpson 

index was similar in all the experimental groups, with 

no significant (P > 0.05) differences detected (Table 

S1). 

Figure S1 shows that the rarefaction curve of each 

experimental group approached the saturation plateau 

curve. Figure S2 shows the PCA of beta diversity 

associated with the microbial variation for the treated 

groups with probiotics, HDBC, and the control groups. 

The two principal coordinates represent an accumulated 

variance  of  38.7%  (PC1 22.0%  and  PC2  16.7%); T3
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Table 1. Effect of adding Streptomyces probiotics and highly diluted bioactive compounds (HDBC) over productive 

parameters of the white shrimp Penaeus vannamei. SI: size increase; WG: weight gain; DWG: daily weight gain Values are 

expressed as mean ± standard deviation. Means with different superscript letters in the column are significantly different   

(P < 0.05). T1: Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + 

Streptomyces sp. RL8; C1: distilled water; and, C2: water-diluted ethanol. 

 

Treatment 
    Parameter 

    SI (cm)    WG (g)  DWG (g d-1)        S (%) 

T1 3.74 ± 0.90a 2.57 ± 0.72c 0.046 ± 0.016b 99.33 ± 1.15 

T2 3.92 ± 0.93a 3.15 ± 0.74a 0.052 ± 0.018ab   98.0 ± 3.46 

T3 3.37 ± 0.74b 2.94 ± 0.66ab 0.053 ± 0.019ab 99.33 ± 1.15 

T4 3.23 ± 0.72b 2.81 ± 0.77bc 0.054 ± 0.022ab 97.33 ± 2.30 

C1 3.37 ± 0.77b 2.86 ± 0.68abc 0.049 ± 0.019ab 95.33 ± 1.15 

C2 3.30 ± 0.77b 2.98 ± 0.75ab 0.062 ± 0.079a   98.0 ± 3.46 

 

Table 2. Total heterotroph and Vibrio count in the rearing water and hepatopancreas of shrimps treated with Streptomyces 

probiotics and HDBC. Colony forming units per milliliters and grams (CFU mL-1, CFU g-1). Values are expressed as mean 

± standard deviation. Means with different letters in columns are significantly different (P < 0.05). T1: Streptomyces sp. 

RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + Streptomyces sp. RL8; C1: 

distilled water; and, C2: water-diluted ethanol. 

 

Treatment 
Water (log CFU ml-1) Hepatopancreas (log CFU g-1) 

     Vibrio Heterotroph      Vibrio Heterotroph 

T1  2.36 ± 0.1a 6.33 ± 0.11ab 1.85 ± 0.12a 6.06 ± 0.16a 

T2  2.43 ± 0.1a 6.36 ± 0.11ab 1.81 ± 0.29a 5.82 ± 0.18a 

T3 2.90 ± 0.20ac 6.76 ± 0.57c 2.42 ± 0.35ab 6.08 ± 0.08a 

T4 3.30 ± 0.17bc 6.46 ± 0.21abc 2.29 ± 0.04a 5.99 ± 0.13a 

C1 3.00 ± 0.26bc 6.20 ± 0.00a 3.26 ± 0.47b 3.73 ± 0.23b 

C2 3.13 ± 0.28bc 6.63 ± 0.57bc 2.52 ± 0.44ab 5.73 ± 0.38a 

 

 

was grouped to the left of the chart, while T4 and the 

control group C2 were grouped to the right. The rest of 

the treatments (T1, T2) and the control group (C1) were 

not grouped. 

Bacterial microbiota composition 

The taxonomic assignment of the bacterial OTU 

identified in the GIT of shrimps encompassed 12 phyla, 

60 families, and 53 genera. Proteobacteria was the most 

abundant phylum in all experimental groups (Fig. 1), 

with an average relative abundance of 54.46%. The 

three most abundant phyla were Bacteroidetes with 

26.26%, Verrucomicrobia with 11.14%, and Actino-

bacteria with 5.54%. 

At class level, the GIT microbiota of P. vannamei 

consisted of Alphaproteobacteria (4.51%), Flavo-

bacteria (24.89%), Verrucomicrobiae (11.04%), 

Gammaproteobacteria (10.86%), and Actinobacteria 

(4.43%) followed by Planctomycetia and Acidimi-

crobiia with relatively low abundance (Fig. 2).  

Changes in bacterial composition 

The STAMP (Parks et al. 2014) showed that after 

treatment with probiotics and HDBC, few genera were 

stimulated by specific treatments (Fig. 3). The genus 

Prevotella was stimulated by T1 for control C1, but not 

concerning any other experimental group. Similarly, 

the mean proportion (%) of Bacteroides and 

Enhydrobacter was significantly higher for T3 with 

respect to control C1. Additionally, T2 favored the 

development of the genus Acinetobacter concerning 

C2, which is phylogenetically related to Gamma-

proteobacteria and the family Moraxellaceae (Fig. 3). 

T4 stimulated no specific genus. On the other hand, 

significantly higher proportions of Roseobacter, 

Rhodoplanes, and Bdellovibrio were found in control 

C1 regarding T1, T2, and T3, respectively. Higher 

proportions of this last genus were also found in C2 for 

T2.
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Figure 1. Relative abundance of different bacterial phyla associated with Penaeus vannamei juveniles treated with 

probiotics and highly diluted bioactive compounds (HDBC). Relative abundance: (%) of each phylum related to the 

total. T1: Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + 

Streptomyces sp. RL8; C1: distilled water; and, C2: water-diluted ethanol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relative abundance at class level in Penaeus vannamei treated with probiotics and highly diluted bioactive 

compounds (HDBC). Relative abundance: (%) of each class related to the total. T1: Streptomyces sp. RL8 + 

Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + Streptomyces sp. RL8; C1: distilled 

water; and, C2: water-diluted ethanol. 

 

 

DISCUSSION 

The use of probiotics in aquaculture has been 

associated with an efficient process of ingested food 

absorption and assimilation by the cultured host. These 

microorganisms can colonize their GIT, where 

nutrients and digestive enzymes that improve metabolic 

processes and immunological responses are secreted 

(Mazón-Suástegui et al. 2020). Similarly, applying 

HDBC is a natural and sustainable alternative to optimiz-
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Figure 3. Comparative taxonomic profile at genus level of Penaeus vannamei juveniles treated with probiotics and highly 

diluted compounds (HDBC). T1: Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. 

N7; C1: distilled water; and, C2: water-diluted ethanol. 

 

 

ing the culture of marine organisms (Mazón-Suástegui 

et al. 2017). 

The treatments with the best performance in the 

growth parameters were T1 and T2. The treatment that 

corresponded to the mixture of Streptomyces spp. 

strains RL8 and N7 was T1, which have shown the 

capacity to produce extracellular enzymes, such as 

proteases, lipases, and amylases (García-Bernal et al. 

2015). García-Bernal et al. (2017) observed that 

Streptomyces spp. RL8 and N7 strains alone or 

combined with Bacillus and Lactobacillus improved 

the growth parameters in the white shrimp P. vannamei. 

On the other hand, T2 (ViP 7C+ViA 7C/PhA 7C+SIT 

7C) was formulated with a nosode mixture of HDBC 

[(Vibrio parahaemolyticus (ViP 7C), V. alginolyticus 

(ViA 7C)], and the commercial HDBC Phosphoricum 

acidum (PhA) and Silicea terra (PhA) for human use. 

Nosodes are homeopathic preparations of a broad 

spectrum that come from biological materials, such as 

cultures or clinical samples of microorganisms (for 

example, bacteria, fungi, and viruses) or parasites, 

diseased tissues (cancerous tissues), or decomposing 

products of humans or animals (Shah 2014). Mazón-

Suástegui et al. (2019) demonstrated the effect of 

Vibrio nosodes on the immune and antioxidant 

response in the marine fish Seriola rivoliana. López-

Carvallo et al. (2019) showed that this HDBC nosode 

(ViP, ViA) made from bacterial lysates from pathogens 

increased the hemocyte count and antioxidant enzymes 

in juveniles of the marine pectinid Argopecten 

ventricosus. The HDBC that contain PhA and SiT have 

functional and biological effects since they improve 

growth, survival, and the immune response against V. 

alginolyticus in juveniles of the Catarina scallop A. 

ventricosus (Mazón-Suástegui et al. 2017). 

Inadequate water quality is an essential factor 

contributing to shrimp aquaculture disease outbreaks. 

The pathogenic bacteria in the rearing water could 

infect shrimps and increase the concentration of toxic 

ions, such as ammonium and nitrate. These ions may 

affect the health status of farmed shrimps by weakening 

their immunological system, which favors their 
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vulnerability to infections by pathogens and conse-

quently causes high mortality (Ali et al. 2022). In 

farms, heterotrophic bacteria play an important role in 

decomposing and mineralizing organic matter, while 

several Vibrio species may produce disease outbreaks 

with high mortalities (Nimrat et al. 2012). Therefore, 

probiotics are recommended to eliminate pathogenic 

bacteria by antagonism and exclusion and decrease the 

concentration of toxic ions in shrimp-rearing ponds 

(Nimrat et al. 2012).  

Therefore, the capacity of treatments T1 and T2 to 

exclude Vibrio species while maintaining a high load of 

marine heterotrophs in the rearing water and shrimp 

hepatopancreas is remarkable. In this manner, they may 

tremendously reduce the chance of disease outbreaks 

by pathogenic Vibrio species. Indeed, the capacity of 

these Streptomyces species to significantly reduce 

Vibrio, maintain high heterotroph counts, and protect 

shrimps from infection has been previously reported 

(García-Bernal et al. 2017). However, a combination of 

Streptomyces spp. N7 and Streptomyces spp. RL8 with 

HDBC (T3 and T4, respectively) did not have such a 

strong effect on reducing Vibrio count as the 

combination of both Streptomyces strains in T1 (Table 

2).  

The gut bacterial community of shrimps treated 

with Streptomyces probiotics, HDBC, and untreated 

shellfish was compared by 16S rRNA amplicon 

sequencing and analysis. Even though the rarefaction 

curves approached saturation plateaus, it may still 

suggest a potential underestimation of diversity, 

particularly of the less abundant species. While 

rarefaction is a helpful tool for assessing sequencing 

depth, it should not be considered the sole criterion of 

robustness (Chase et al. 2018). For this reason, we 

complemented the analysis with additional diversity 

indices, such as Shannon and Simpson, which provide 

a more comprehensive evaluation and are not 

dependent on reaching an asymptote in the rarefaction 

curves (Lundin et al. 2012). The Shannon diversity 

index was high in all experimental groups and notably 

higher for T3 and T4, which indicates that the 

microbiota associated with all groups was diverse 

(Table S1). Furthermore, the data processing and 

analysis were conducted with rigorous methodologies, 

allowing us to draw accurate conclusions about the 

diversity and structure of the communities studied. 

The PCA results indicated that most of the bacterial 

richness in shrimp GIT could be sampled, thus 

achieving good coverture of the intestinal microbiota in 

all cases, independently of the treatment applied. 

Some researchers have demonstrated that 

Proteobacteria dominate shrimp intestinal microbiota. 

The results in this study agree with Sha et al. (2016), 

who found Proteobacteria to be the predominant 

phylum, followed by Verrucomicrobia, Actinobacteria, 

and Bacteroidetes. Proteobacteria have a wide variety 

of metabolic routes to obtain energy, among which the 

phototrophic and chemotrophic routes stand out 

(Madigan et al. 1997); thus, this phylum performs an 

important role in the nutrient cycle and organic 

compound mineralization (Kersters et al. 2006). 

In this study, Bacteroidetes was the second phylum 

in relative abundance. Several authors have 

demonstrated that marine Bacteroidetes are present in 

sediments, biofilms, hydrothermal vents, associated 

with corals, or in macroalgal and angiosperm surfaces 

(Frias-Lopez et al. 2002). In these contrasting ecolog-

ical niches, Bacterioidetes are considered "experts" in 

organic material degradation of high molecular weight, 

that is, proteins and carbohydrates. Another phylum 

that stood out was Verrucomicrobia, which is important 

for the biogeochemical carbon cycle in the oceans 

(Freitas et al. 2012). The members of the Actinobac-

teria phylum, detected in this study with a 5.54% 

relative abundance, exhibit diverse physiological and 

metabolic properties, extracellular enzyme production, 

and the formation of a wide variety of secondary 

metabolites (Valli et al. 2012) that may play an 

essential role in the aquatic organisms facing the 

infection by pathogenic agents. 

Alphaproteobacteria, dominant in marine environ-

ments, was the most abundant class associated with P. 

vannamei in all experimental groups. The results in this 

study agree with Luis-Villaseñor et al. (2012), who 

reported that the P. vannamei intestinal bacterial 

community shows a similar dominance of 

Alphaproteobacteria and Flavobacteria in shrimp 

treated with probiotics. 

The T1 treatment favored the Prevotella genus. 

Evidence shows that members of this genus can 

hydrolyze polysaccharide compounds, thus producing 

short-chain fatty acids (SCFA) (Poszytek et al. 2017). 

The importance of Prevotella species is associated with 

their capacity to degrade mucin and carbohydrates of 

plant origin, such as hemicellulose and xylans, which 

could be essential in food digestion (Lamendella et al. 

2011). 

Another genus favored was Bacteroides, which can 

degrade cellulose. In the complex intestinal environ-

ment, glucose cannot always be the final product of 

cellulose degradation, and its fermentation may lead to 

the production of SCFA, such as butyrate acetate and 
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propionate that help maintain brush border health of 

erythrocytes (Abdel-Latif et al. 2020). The antibacterial 

activity of the SCFA (ascetic, propionate, butyric, 

formic, and valeric) acids has been reported against 

vibrio luminescent bacteria (Defoirdt et al. 2006), thus 

performing an important role in maintaining the 

gastrointestinal epithelial health of the aquatic 

organisms. The genus Enhydrobacter was also 

stimulated, which produces cellulase. These bacteria 

are efficient in decomposing cellulosic materials in the 

aquatic ecosystem, thus maintaining the ecological 

equilibrium of the aquaculture ponds by intervening in 

the carbon cycle and, in this manner, providing a 

healthy environment for aquaculture organisms. 

Acinetobacter was stimulated by T2 treatment, and the 

members of this genus are typical soil inhabitants who 

play an important role in the mineralization process. 

Nevertheless, some species are known to be pathogenic 

species (Bobrova et al. 2016). 

In general, very few genera were stimulated by 

Streptomyces probiotics (T1), HDBC (T2), or the 

combination of Streptomyces strains with HDBC (T3 

and T4, Fig. 3). These results agree with a previous 

study where Streptomyces spp. RL8 alone and the 

combination of Streptomyces with Bacillus were only 

able to stimulate the genus Pseudoalteromonas and 

Loktanella before challenging shrimps with Vibrio 

parahaemolyticus (Mazón-Suástegui et al. 2020). 

However, after a challenge with V. parahaemolyticus, 

these two probiotics stimulated several bacterial genera 

(Mazón-Suástegui et al. 2020). Consequently, further 

studies are required to see if this trend of higher 

stimulation under challenging conditions also holds for 

HDBC and its combination with Streptomyces. 

CONCLUSION 

It can be concluded that treatments T1 and T2 exhibited 

the best overall effects over productive parameters, 

bacterial counts, and gut microbiome composition of P. 

vannamei treated with Streptomyces probiotics (T1), 

HDBC (T2) and the combination of Streptomyces 

strains with HDBC (T3 and T4). They showed a 

significantly higher size increase, good weight gain, 

and survival, as well as the lowest Vibrio count in the 

rearing water and shrimp hepatopancreas while 

maintaining high heterotroph counts in those niches. 

Furthermore, T1 and T2 stimulated the genus 

Prevotella and Acinetobacter, respectively, while 

maintaining a high bacterial diversity, the same as the 

other experimental groups. 

Credit author contribution 

J.M. Mazón-Suástegui: funding acquisition, project 

administration, supervision conceptualization, validation, 

methodology, formal analysis, writing-original draft, 

review and editing; M. García-Bernal & R. Medina-

Marrero: conceptualization, validation, methodology, 

formal analysis, writing-original draft, review and 

editing; J. Salas-Leiva: data curation, formal analysis 

and review; A.I. Campa-Córdova, G.F. Arcos-Ortega & 

C.M. Ojeda-Silvera: formal analysis, review and 

editing. All authors have read and accepted the 

published version of the manuscript. 

Conflict of interest  

The authors declare no conflict of interest. 

Data availability statement  

All sequence data acquired during this investigation 

have been deposited in the NCBI Sequence Read 

Archive under project accession number PRJNA 

880349. 

ACKNOWLEDGMENTS 

This study was financed by CONACYT-México 

(Consejo Nacional de Ciencia y Tecnologia) through 

the Budgetary Programme F003 “Programas 

Nacionales Estratégicos de Ciencia, Tecnología y 

Vinculación con los Sectores Social, Público y 

Privado”, projects Ciencia Básica No. 258282 

“Evaluación experimental de homeopatía y nuevos 

probióticos en el cultivo de moluscos, crustáceos y 

peces de interés comercial” and PROINNOVA No. 

241777 (CIBNOR-PEASA/COTET), under the 

academic responsibility of JMMS. The authors are 

grateful to CIBNOR staff: Patricia Hinojosa, Delfino 

Barajas, Pablo Ormart and Norma Ochoa; to Diana 

Fischer for English edition. 

REFERENCES 

Abdel-Latif, H.M., Abdel-Tawwab, M., Dawood, M.A., 

Menanteau-Ledouble, S., et al. 2020. Benefits of 

dietary butyric acid, sodium butyrate, and their 

protected forms in aquafeeds: a review. Reviews in 

Fisheries Science & Aquaculture, 28: 421-448. doi: 

10.1080/23308249.2020.1758899 

Ali, S., Xie, J., Zada, S., Hu, Z., et al. 2022. Bacterial 

community structure and bacterial isolates having 

antimicrobial potential in shrimp pond aquaculture. 

https://doi.org/10.1080/23308249.2020.1758899


Probiotics and HDBC in shrimps                                                                          251 

 

 

 

AMB Express, 12: 1-11. doi: 10.1186/s13568-022-

01423-9 

Bobrova, O., Kristoffersen, J.B., Oulas, A. & Ivanytsia, V. 

2016. Metagenomic 16s rRNA investigation of 

microbial communities in the Black Sea estuaries in 

southwest Ukraine. Acta Biochimica Polonica, 63: 

315-319. doi: 10.18388/abp.2015_1145 

Carrique-Mas, J.J., Thi-Hue, L., Dung, L.T., Thuy, N.T., 

et al. 2023. Restrictions on antimicrobial use in 

aquaculture and livestock, Vietnam. Bulletin of the 

World Health Organization, 101: 223. doi: 

10.2471/BLT.22.289187  

Chase, J.M., McGill, B.J., McGlinn, D.J., May, F., et al. 

2018. Embracing scale-dependence to achieve a 

deeper understanding of biodiversity and its change 

across communities. Ecology Letters, 21: 1737-1751. 

doi: 10.1111/ele.13151 

Defoirdt, T., Halet, D., Sorgeloos, P., Bossier, P., et al.  

2006. Short-chain fatty acids protect gnotobiotic 

Artemia franciscana from pathogenic Vibrio 

campbellii. Aquaculture, 261: 804-808. doi: 10.1016/ 

j.aquaculture.2006.06.038 

El-Saadony, M.T., Alagawany, M., Patra, A.K., Kar, I., et 

al. 2021. The functionality of probiotics in 

aquaculture: an overview. Fish & Shellfish Immu-

nology, 117: 36-52. doi: 10.1016/j.fsi.2021.07.007 

Food and Agriculture Organization (FAO). El estado 

mundial de la pesca y la acuicultura 2020. FAO, Rome. 

Freitas, S., Hatosy, S., Fuhrman, J.A., Huse, S.M., et al. 

2012. Global distribution and diversity of marine 

Verrucomicrobia. The ISME Journal, 6: 1499-1505. 

doi: 10.1038/ismej.2012.3 

Frias-Lopez, J., Zerkle, A.L., Bonheyo, G.T. & Fouke, 

B.W. 2002. Partitioning of bacterial communities 

between seawater and healthy, black band diseased, 

and dead coral surfaces. Applied and Environmental 

Microbiology, 68: 2214-2228. doi: 10.1128/AEM.68. 

5.2214-2228.2002 

García-Bernal, M., Medina-Marrero, R., Campa-Córdova, 

Á.I. & Mazón-Suástegui, J.M. 2017. Probiotic effect 

of Streptomyces strains alone or in combination with 

Bacillus and Lactobacillus in juveniles of the white 

shrimp Penaeus vannamei. Aquaculture International, 

25: 927-939. doi: 10.1007/s10499-016-0085-y 

García-Bernal, M., Campa-Córdova, A.I., Saucedo, P.E., 

Casanova-González, M., et al. 2015. Isolation and in 

vitro selection of Actinomycetes strains as potential 

probiotics for aquaculture. Veterinary World, 8: 170-

176. doi: 10.14202/vetworld.2015.170-176 

Gillilland III, M.G., Erb-Downward, J.R., Bassis, C.M., 

Shen, M.C., et al. 2012. Ecological succession of 

bacterial communities during conventionalization of 

germ-free mice. Applied and Environmental Micro-

biology, 78: 2359-2366. doi: 10.1128/AEM.05239 

Gopalakrishnan, S., Vadlamudi, S., Bandikinda, P., 

Sathya, A., et al. 2014. Evaluation of Streptomyces 

strains isolated from herbal vermicompost for their 

plant growth-promotion traits in rice. Microbiology 

Research, 169: 40-48. doi: 10.1016/j.micres.2013. 

09.008  

Kersters, K., De Vos, P., Gillis, M., Swings, J., et al.  2006. 

Introduction to the Proteobacteria. The Prokaryotes, 

Vol. 5. In: Dworkin, M., Falkow, S., Rosenberg, E., 

Schleifer, K.H., et al. (Eds.). Springer, New York, pp. 

4-37.  

Lamendella, R., Domingo, J.W.S., Ghosh, S., Martinson, 

J., et al.  2011. Comparative fecal metagenomics 

unveils unique functional capacity of the swine gut. 

BMC Microbiology, 11: 103-120. doi: 10.1186/1471-

2180-11-103 

López-Carvallo, J.A., Arcos-Ortega, G.F., Tovar-

Ramírez, D., Hernández-Oñate, M.Á., et al. 2019. 

Effect of immunomodulatory medication over the 

general response of juvenile Catarina scallop 

(Argopecten ventricosus Sowerby II, 1842). Latin 

American Journal of Aquatic Research, 47: 65-77. doi: 

10.3856/vol47-issue1-fulltext-8 

López-Carvallo, J.A., Mazón-Suástegui, J.M., Arcos-

Ortega, G.F., Hernández-Oñate, M.A., et al. 2022. 

Highly-diluted bioactive compounds in marine 

aquaculture: A potential alternative for sustainable 

production. Reviews in Aquaculture, 14: 1170-1193. 

doi: 10.1111/raq.12644 

López-Carvallo, J.A., Mazón-Suástegui, J.M., Hernández-

Oñate, M.A., Tovar-Ramírez, D., et al. 2020. Trans-

criptome analysis of Catarina scallop (Argopecten 

ventricosus) juveniles treated with highly diluted 

immunomodulatory compounds reveals activation of a 

non-self-recognition system. Plos One, 15: e0233064. 

doi: 10.1371/journal.pone.0233064 

Luis-Villaseñor, I.E., Campa-Cordova, A.I. & Ascencio-

Valle, F.J. 2012. Probiotics in larvae and juvenile 

whiteleg shrimp Litopenaeus vannamei. IntechOpen 

Books, London, pp. 601-622.  

Lundin, D., Severin, I., Logue, J.B., Ostman, O., et al. 

2012. Which sequencing depth is sufficient to describe 

patterns in bacterial α- and β-diversity? Environmental 

Microbiology Reports, 4: 367-72. doi: 10.1111/j.1758-

2229.2012.00345.x 



252                                                             Latin American Journal of Aquatic Research 

 

 

 

Madigan, M.T., Martinko, J.M. & Parker, J. 1997. Brock 

biology of microorganisms (Vol. 11). Prentice Hall, 

New Jersey.  

Mazón-Suástegui, J.M., García-Bernal, M., Medina-

Marrero, R. & Arcos-Ortega, G.F. 2023. Individual 

and synergistic effect of highly diluted bioactive 

compounds and probiotic actinomycetes on the growth 

and survival of juvenile shrimp Penaeus vannamei. 

Latin American Journal of Aquatic Research, 47: 65-

77. doi: 10.3856/vol47-issue1-fulltext-8 

Mazón-Suástegui, J.M., Salas-Leiva, J., Teles, A. & 

Tovar-Ramírez, D. 2019. Immune and antioxidant 

enzyme response of longfin yellowtail (Seriola 

rivoliana) juveniles to ultra-diluted substances derived 

from phosphorus, silica and pathogenic Vibrio. 

Homeopathy, 108: 43-53. doi: 10.1055/s-0038-167 

2197 

Mazón-Suástegui, J.M., Salas-Leiva, J., Teles, A. & 

Tovar-Ramírez, D. 2020a. Evaluation of homeopathic 

phosphoric acid, silica and pathogenic Vibrio on 

digestive enzyme activity of longfin yellowtail fish 

(Seriola rivoliana). Homeopathy, 109: 3-13. doi: 

10.1055/s-0039-1692998 

Mazón-Suástegui, J.M., García-Bernal, M., Avilés-

Quevedo, A., Campa-Córdova, A.I., et al. 2018a. 

Assessment of homeopathic medicines on survival and 

antioxidant response in white shrimp Penaeus 

vannamei. Revista MVZ Córdoba, 23: 6850-6859. doi: 

10.21897/rmvz.1373 

Mazón-Suástegui, J., García-Bernal, M., Saucedo, P.E., 

Campa-Córdova, A.I., et al. 2017. Homeopathy 

outperforms antibiotics in juvenile scallop Argopecten 

ventricosus: Effects on growth, survival, and immune 

response. Homeopathy, 106: 18-26. doi: 10.1016/j. 

homp.2016.12.002 

Mazón-Suástegui, J.M., López-Carvallo, J.A., Rodríguez-

Jaramillo, C., García-Corona, J.L., et al. 2021. Ultra-

diluted bioactive compounds enhance energy storage 

and oocyte quality during gonad conditioning of 

Pacific calico scallop Argopecten ventricosus 

(Sowerby II, 1842). Aquaculture Research, 51: 145-

152. doi: 10.3856/vol51-issue1-fulltext-2959 

Mazón-Suástegui, J.M., Salas-Leiva, J.S., Medina-

Marrero, R., Medina-García, R., et al. 2020. Effect of 

Streptomyces probiotics on the gut microbiota of 

Litopenaeus vannamei challenged with Vibrio 

parahaemolyticus. MicrobiologyOpen, 9:e967. doi: 

10.1002/mbo3.967 

Mazón-Suástegui, J.M., Tovar-Ramírez, D., Salas-Leiva, 

J.S., Arcos-Ortega, G.F., et al. 2018b. Aquacultural 

homeopathy: A focus on marine species. In: Diarte- 

 

Received: July 8, 2024; Accepted: October 8, 2024 

Plata, G. & Escamilla, R. (Eds.). Aquaculture: Plants 

and invertebrates. IntechOpen Books, London, pp. 67-

91 

Nimrat, S., Suksawat, S., Boonthai, T. & Vuthiphandchai, 

V. 2012. Potential Bacillus probiotics enhance 

bacterial numbers, water quality, and growth during 

early development of white shrimp (Penaeus 

vannamei). Veterinary Microbiology, 159: 443-450. 

doi: 10.1016/j.vetmic.2012.04.029 

Parks, D.H., Tyson, G.W., Hugenholtz, P. & Beiko, R.G. 

2014. STAMP: Statistical analysis of taxonomic and 

functional profiles. Bioinformatics, 30: 3123-3124. 

doi: 10.1093/bioinformatics/btu494 

Poszytek, K., Pyzik, A., Sobczak, A., Lipinski, L., et al.  

2017. The effect of the source of microorganisms on 

adaptation of hydrolytic consortia dedicated to 

anaerobic digestion of maize silage. Anaerobe, 46: 46-

55. doi: 10.1016/j.anaerobe.2017.02.011 

Sambrook, J., Fritsch, E.F. & Maniatis, T. 1989. 

Molecular cloning: a laboratory manual. Cold Spring 

Harbor Laboratory Press, New York. 

Secretaría de Salud. 2015. Farmacopea homeopática de 

los Estados Unidos Mexicanos. FEUM-SSA. 

Biblioteca Nacional de México, Mexico D.F.  

Shah, R. 2014. Scientific method of preparing 

homeopathic nosodes. Indian Journal of Research in 

Homeopathy, 8: 166-173. doi: 10.4103/0974-7168. 

141740 

Sha, Y., Liu, M., Wang, B., Jiang, K., et al. 2016. Bacterial 

population in intestines of Penaeus vannamei fed 

different probiotics or probiotic supernatant. Journal of 

Microbiology and Biotechnology, 26: 1736-1745. doi: 

10.4014/jmb.1603.03078 

Tamilselvan, M. & Raja, S. 2024. Exploring the role and 

mechanism of potential probiotics in mitigating the 

shrimp pathogens. Saudi Journal of Biological 

Sciences, 31: 103938. doi: 10.1016/j.sjbs.2024.103 

938 

Valli, S., Suvathi, S.S., Aysha, O.S., Nirmala, P., et al. 

2012. Antimicrobial potential of Actinomycetes 

species isolated from marine environment. Asian 

Pacific Journal of Tropical Biomedicine, 2: 469-473. 

doi: 10.1016/S2221-1691(12)60078-1 

Venkat, H.K., Sahu, N.P. & Jain, K.K. 2004. Effect of 

feeding Lactobacillus-based probiotics on the gut 

microflora, growth and survival of postlarvae of 

Macrobrachium rosenbergii (de Man). Aquaculture 

Research, 35: 501-507. doi: 10.1111/j.1365-2109. 

2004.01045 

Xiong, J.B., Sha, H.N. & Chen, J. 2024. Updated roles of 

the gut microbiota in exploring shrimp etiology, 

polymicrobial pathogens, and disease incidence. 

Zoological Research, 45: 910-923. doi: 10.24272/j. 

issn.2095-8137.2024.158



Probiotics and HDBC in shrimps                                                                          253 

 

 

 

Table S1. Diversity and Richness Index (Shannon and Simpson) estimated in operational taxonomic units (OTUs) (Chao1) 

for the intestinal bacterial diversity of Penaeus vannamei exposed to probiotics and highly diluted bioactive compounds 

(HDBC). T1: Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + 

Streptomyces sp. RL8; C1: distilled water; and, C2: water-diluted ethanol. 

 

Treatments 
OTU 

number 

Simpson 

1-D 

Shannon 

H 
Chao-1 

T1 265 0.92 ± 0.01 3.40 ± 0.25 307.66 ± 20.2 

T2 248 0.92 ± 0.05 3.38 ± 0.10 286.35 ± 0.03 

T3 275 0.93 ± 0.01 3.68 ± 0.11 303.33 ± 0.03 

T4 273 0.94 ± 0.01 3.73 ± 0.22 321.90 ± 15.1 

C1 297 0.93 ± 0.04 3.41 ± 0.29 339.20 ± 41.2 

C2 265 0.90 ± 0.01 3.39 ± 0.24 314.73 ± 9.3 

 

 

 

 

 

 

 

 

 

 

 

Figura S1. Rarefaction curves of the bacterial 16S RNA gene sequencing of Penaeus vannamei treated with probiotics and 

highly diluted bioactive compounds (HDBC). T1: Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + 

Streptomyces sp. N7; T4: HDBC + Streptomyces sp. RL8; C1: distilled water; and, C2: water-diluted ethanol. OTUs: 

operational taxonomic units. 
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Figure S2 Beta-diversity of the operational taxonomic units (OTUs) associated with Penaeus vannamei treated with 

probiotics and highly diluted bioactive compounds (HDBC) determined by the Principal Component Analysis (PCA). T1: 

Streptomyces sp. RL8 + Streptomyces sp. N7; T2: HDBC; T3: HDBC + Streptomyces sp. N7; T4: HDBC + Streptomyces 

sp. RL8; C1: distilled water; and, C2: water-diluted ethanol. 
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