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RESUMEN  

 

El uso de probióticos en la acuicultura representa una herramienta eficaz, ya que estos contribuyen 

a mejorar el crecimiento, supervivencia y la salud de los organismos mediante la estimulación de 

la actividad digestiva, respuesta inmunológica y la modulación de la microbiota intestinal, lo que 

deriva en un mayor rendimiento del cultivo. En este contexto, el pejelagarto (Atractosteus 

tropicus), una especie de alta relevancia económica en el sureste de México, se presenta como 

modelo para evaluar el potencial de los probióticos en su cultivo. Aunque, se han logrado avances 

significativos en la acuicultura de esta especie a través del uso de aditivos alimenticios como los 

prebióticos, aún es escasa la evidencia sobre los beneficios que los probióticos podrían aportar 

para mejorar el bienestar y optimizar la rentabilidad del cultivo de esta especie. 

En la presente investigación se evaluó el efecto de la administración de alimento enriquecido con 

la bacteria autóctona Lactococcus lactis (104, 106, y 108 UFC/g), así como con la levadura 

autóctona Candida tropicalis (104, 105, y 106 UFC/g) y la levadura probiótica Debaryomyces 

hansenii (103, 105, y 107 UFC/g), sobre los indicadores de productividad acuícola, la actividad 

enzimática digestiva, morfología digestiva, expresión de genes asociados a la función de barrera 

intestinal y el sistema inmunológico, y composición de la microbiota intestinal de larvas y 

juveniles de pejelagarto.  

Los resultados en larvas, mostraron que las concentraciones más altas de L. lactis (106 y 108 

UFC/g) influyeron positivamente en el crecimiento y en la morfología digestiva, ya que 

promovieron un aumento en el área de los hepatocitos y en la altura de los enterocitos. 

Específicamente, la inclusión de 106 UFC/g mejoró la supervivencia (46%) y la actividad de las 

enzimas digestivas, y la inclusión de 108 UFC/g promovió un incremento en la expresión de los 

genes muc-2 e il-10, lo que sugiere un refuerzo en la función de barrera intestinal y en la respuesta 

antiinflamatoria. Aunque L. lactis no modificó de manera significativa la diversidad de la 

microbiota intestinal, se observó un aumento en la abundancia de Lactobacillus en las larvas 

alimentados con 106 UFC/g.  

Además, las levaduras como la bacteria L. lactis exhibieron actividad antagónica in vitro contra 

patógenos de peces. En juveniles, la inclusión de las dosis más bajas administradas de C. tropicalis  
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(104 UFC/g) y de D. hansenii (103 UFC/g) promovieron el crecimiento, la supervivencia y la 

actividad enzimática digestiva. Sin embargo, C. tropicalis afectó negativamente la expresión de 

genes asociados a la integridad de la barrera intestinal, al reducir la expresión del gen zo-1 y 

aumentar la expresión del gen il-8; también, alteró la composición de la microbiota intestinal 

favoreciendo a la familia Desulfovibrionaceae. Por el contrario, D. hansenii favoreció el 

incremento en la expresión de los genes asociados a la integridad de la barrera intestinal de muc-

2, zo-1 e il-10, al mismo tiempo que disminuyó la expresión del gen il-8, sin embargo, D. hansenii 

no indujo cambios en la microbiota.  

En conclusión, los resultados de este estudio destacan que la inclusión de C. tropicalis, en la dieta 

de A. tropicus no aporta beneficios en su fisiología intestinal. En contraste, se recomienda la 

inclusión de 103 UFC/g de D. hansenii en la dieta de juveniles y 106 UFC/g de L. lactis en larvas.  

Estos hallazgos establecen a la bacteria autóctona, L. lactis, como un candidato probiótico 

prometedor para su uso en la acuicultura larvaria de esta especie; y refuerzan la importancia del 

empleo de estrategias nutricionales basadas en probióticos y cepas autóctonas con potencial 

probiótico para su contribución a una acuicultura más sostenible del pejelagarto. 

 

Palabras claves: pejelagarto; probióticos; Lactococcus lactis; Debaryomyces hansenii; 

microbiota intestinal 
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ABSTRACT 

The use of probiotics in aquaculture represents an effective tool, as it contributes to improving the 

growth, survival, and health of organisms by stimulating digestive activity, immune response, and 

modulating the intestinal microbiota, resulting in increased culture yield. In this context, the 

alligator gar (Atractosteus tropicus), a species of high economic importance in southeastern 

Mexico, is presented as a model to evaluate the potential of probiotics in its culture. Although 

significant advances have been made in the aquaculture of this species through the use of feed 

additives such as Prebiotics, evidence on the benefits that probiotics could provide to improve 

welfare and optimize the profitability of farming this species is still scarce.  

In this study, the effect of feeding feed enriched with the native bacterium Lactococcus lactis (104, 

106, 108 CFU/g), as well as the native yeast Candida tropicalis (104, 105 y 106 CFU/g), and the 

probiotic yeast Debaryomyces hansenii (103, 105, y 107 CFU/g), on aquaculture productivity 

indicators, digestive enzyme activity, digestive morphology, expression of genes associated with 

intestinal barrier function and the immune system, and gut microbiota composition of alligator gar 

larvae and juveniles was evaluated.  

The results showed in larvae, higher concentrations of L. lactis (106 and 108 CFU/g) positively 

influenced growth and digestive morphology, as they increased hepatocyte area and enterocyte 

height. Specifically, the inclusion of 106 CFU/g improved survival (46%) and digestive enzyme 

activity, and the inclusion of 108 CFU/g promoted an increase in the expression of muc-2 and il-

10 genes, suggesting a reinforcement of intestinal barrier function and the anti-inflammatory 

response. Although  L. lactis did not significantly modify the diversity of the intestinal microbiota, 

an increment in the abundance of Lactobacillus was observed in larvae fed 106 CFU/g. 

Furthermore, the results showed the both the yeasts and the bacteria L. lactis exhibited antagonistic 

activity in vitro against fish pathogens. In juveniles, including of the lowest administered doses of 

C. tropicalis (104 CFU/g) and D. hansenii (103 CFU/g) promoted growth, survival, and digestive 

enzyme activity. However, C. tropicalis negatively affected the expression of genes associated 

with intestinal barrier integrity by reducing the expression of the zo-1 gene and increasing the 

expression of the il-8 gene. It also altered the intestinal microbiota composition, favoring the  
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Desulfovibrionaceae family. In contrast, D. hansenii favored an increase in the expression of the 

genes associated with intestinal barrier integrity: muc-2, zo-1, and il-10, while decreasing the 

expression of the il-8 gene. However, D. hansenii did not induce changes in the microbiota.  

In conclusion, the results of this study highlight that the inclusion of C. tropicalis in the diet of A. 

tropicus does not benefit its intestinal physiology. In contrast, including 103 CFU/g of D. hansenii 

in the diet of juveniles and 106 CFU/g of L. lactis in larvae is recommended.  

These findings proposed the native bacterium L. lactis as a promising probiotic candidate for use 

in larval aquaculture of this species. Moreover, they reinforce the relevance of implementing 

nutritional strategies based on native strains with probiotic potential, thereby contributing to a 

more sustainable aquaculture of alligator gar.  

 

Keywords: tropical gar; probiotics; Lactococcus lactis; Debaryomyces hansenii; gut microbiota 
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PROTOCOLO DE TESIS 

 

MICROBIOTA Y FISIOLOGIA DIGESTIVA DE LARVAS Y 

JUVENILES DE PEJELAGARTO (Atractosteus tropicus) DURANTE 

LA ADMINISTRACIÓN DE PROBIÓTICOS 

 

1. INTRODUCCIÓN 

 

La acuicultura es una actividad sostenible dirigida a la producción de alimentos de origen acuático, 

que ha experimentado un crecimiento exponencial para satisfacer la creciente demanda de la 

población mundial. Sin embargo, su intensificación se enfrenta a diversos desafíos, entre ellos, la 

aparición de enfermedades en los organismos cultivados, lo que puede provocar altas tasas de 

mortalidad y pérdidas económicas significativas para la industria (Carrias et al., 2012). Para 

mitigar estos efectos, se ha recurrido al uso de antibióticos, no obstante, su uso indiscriminado 

favorece la aparición y propagación de cepas bacterianas resistentes y, como consecuencia, altera 

el crecimiento, la fisiología digestiva, así como la composición y función de la microbiota 

intestinal de los organismos de cultivo (Wichmann et al., 2014; Meek et al., 2015). Ante esta 

problemática, la industria acuícola ha optado por uso de los probióticos como estrategia para 

minimizar el impacto económico asociado a las enfermedades y a la mortalidad (Martínez-Porchas 

& Martínez-Córdova, 2012). De acuerdo con la FAO/WHO (2001), los probióticos son 

microorganismos vivos que, cuando se administran en cantidades adecuadas, confieren un 

beneficio para la salud del hospedero. En la acuicultura, estos microorganismos son considerados 

aditivos alimenticios funcionales debido a los múltiples efectos positivos que ejercen en la salud 

y bienestar de los peces, así como en el medio ambiente (Ibrahem, 2015). Si bien los efectos de 

los probióticos son específicos de cada cepa y dependen de la duración, vía y modo de 

administración, se ha demostrado que pueden favorecer la digestión, la absorción de nutrientes, la 

respuesta inmunológica y el equilibrio de la microbiota intestinal (Nayak, 2010; Pérez-Sánchez et 

al., 2013).  
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La microbiota intestinal en los peces representa un ecosistema dinámico y complejo, influenciado 

por diversos factores ambientales, fisiológicos y dietéticos. En general, los filos bacterianos 

Actinobacteria, Bacteroidetes, Fusobacteria, Firmicutes y Proteobacteria predominan en la 

microbiota intestinal de peces marinos y dulceacuícolas (Ringo et al., 2006; Desai et al., 2012; Liu 

et al., 2016; Yukgehnaish et al., 2020). Estudios previos han demostrado, que las alteraciones en 

esta comunidad bacteriana pueden conducir a diversas patologías, como trastornos digestivos, 

intestinales e inmunológicos. En contraste, la comunidad microbiana intestinal equilibrada se 

asocia a un estado de salud y bienestar de los peces en cultivo, lo que resalta la importancia del 

uso de probióticos en la acuicultura.  

  

Entre los probióticos bacterianos con mayor potencial destacan las bacterias ácido lácticas, debido 

a su presencia natural en el tracto gastrointestinal de diversas especies de peces, así como, por sus 

múltiples propiedades beneficiosas. Esta incluye la producción de compuestos antimicrobianos, la 

mejora en la digestibilidad, y absorción de nutrientes (Bolotin et al., 2001; Ray et al., 2012), y la 

modulación de la respuesta inmunológica (Lee et al., 2021). En cuanto a los probióticos fúngicos, 

las levaduras han cobrado relevancia por sus efectos positivos en la salud intestinal y por sus 

rendimientos productivos. En particular, Debaryomyces hansenii destaca como probiótico, debido 

a que mejora la digestibilidad (Angulo et al., 2020), el crecimiento y, la supervivencia de especies 

como la trucha arcoíris (Oncorhynchus mykiss), el rodaballo (Scophthalmus maximus), la lubina 

europea (Dicentrarchus labrax) y la dorada (Sparus aurata), además modula la respuesta 

inmunológica y la microbiota intestinal (Tovar-Ramírez et al., 2004; Angulo et al., 2020; Teles et 

al., 2022; Sanahuja et al., 2023). Adicionalmente, se han aislado de peces sanos otras levaduras 

productoras de metabolitos secundarios con actividad antimicrobiana, como Candida tropicalis 

(Siangpro et al., 2023), sin embargo, su efecto in vivo no se ha estudiado.  

 

En este contexto, el cultivo del pejelagarto (Atractosteus tropicus) en el sureste de México 

representa una alternativa para el desarrollo económico regional debido a su creciente demanda 

alimenticia, por su alto valor ecológico y cultural (Bussing, 1998; Miller et al., 2009; Márquez-

Couturier et al., 2015; Márquez-Couturier & Vázquez-Navarrete, 2015). Diversos estudios han 

abordado aspectos como su desarrollo ontogénico (Frías-Quintana et al., 2010; Frías-Quintana et  

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



Universidad Juárez Autónoma de Tabasco 

División Académica de Ciencias Biológicas 

8 
 

 

al., 2016), fisiología (Huerta-Ortiz et al., 2018) y nutrición (López et al., 2005; Márquez-Couturier 

et al., 2006; Álvarez-González et al., 2007; Huerta-Ortiz et al., 2009; Palma-Cancino et al., 2019), 

con el objetivo de optimizar su cultivo mediante la aplicación de aditivos alimentarios. Sin 

embargo, aún es escasa la evidencia científica sobre el efecto de la inclusión de probióticos en la 

dieta, particularmente en las primeras etapas del desarrollo, las cuales se consideradas críticas 

debido a las altas tasas de canibalismo y agresividad, lo que afecta la supervivencia (Frías-

Quintana et al., 2017; Sepúlveda-Quiroz et al., 2024).  

 

Por ello, el presente estudio tuvo como objetivo evaluar el efecto de la inclusión de la bacteria 

Lactococcus lactis en la dieta de larvas de A. tropicus, así como la inclusión de las levaduras 

Candida tropicalis y Debaryomyces hansenii en la dieta de juveniles, sobre el crecimiento, los 

parámetros productivos, actividad enzimática digestiva, morfología digestiva, expresión de genes 

relacionados con la función de barrera intestinal y el sistema inmunológico, así como la 

composición de la microbiota intestinal. 

 

 

  

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



Universidad Juárez Autónoma de Tabasco 

División Académica de Ciencias Biológicas 

9 
 

 

2. MARCO TEORICO 

 

2.1 Uso de probióticos en acuacultura 

 

En los últimos años, en la acuicultura se incluye a los probióticos como suplementos o aditivos 

alimenticios en dietas experimentales debido al gran potencial que ejercen sobre la salud y 

bienestar del huésped. La Organización de las Naciones Unidas para la Agricultura y la 

Alimentación (FAO), así como la Organización Mundial de la Salud (OMS), en el 2001 definieron 

a los probióticos como “microorganismos vivos que cuando se administran en cantidades 

adecuadas confieren beneficios para la salud del huésped”. Los probióticos inducen cambios 

significativos en la fisiología del huésped, estimulan la actividad enzimática digestiva y mejoran 

la digestión de los alimentos, lo que contribuye a optimizar la absorción de nutrientes y maximiza 

la energía metabólica (Pérez-Sánchez et al., 2013). Adicionalmente, estos microorganismos tienen 

la capacidad de desplazar a organismos patógenos, evitan su proliferación, refuerzan el sistema 

inmunológico, y mejoran la función intestinal del huésped mediante la modulación de la 

microbiota intestinal (Ibrahem, 2015). 

Los probióticos más utilizados son las bacterias ácido lácticas. Estudios previos han demostrado 

que Lactococcus lactis favorece la ganancia de peso, la tasa de supervivencia y modula la 

microbiota intestinal en el pez besugo (Pagrus major) (Dawood et al., 2016). Asimismo, L. lactis 

mejora el crecimiento en Seriola dumerili (Linh et al., 2018). 

Sin embargo, también se ha reportado que las levaduras poseen un gran potencial como probiótico. 

Una de sus principales ventajas es la síntesis de poliaminas, las cuales tienen un papel crucial en 

los enterocitos (Tovar-Ramírez et al., 2004). Además, las levaduras probióticas pueden mejorar la 

nutrición del huésped mediante la contribución de la actividad enzimática. Este mecanismo mejora 

la digestibilidad, absorción y asimilación de los nutrientes aportados en los alimentos (Gómez & 

Balcazar, 2008; Pérez-Sánchez et al., 2013; Raghuwanshi et al., 2018).  

Una de las levaduras probióticas más estudiadas en la acuicultura es Saccharomyces cerevisiae 

debido a sus múltiples beneficios asociados a la salud de organismos como Labeo rohita en donde 

promueve el aumento de peso y mejora la tasa de crecimiento especifica (Jahan et al., 2021). En  
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juveniles del esturión beluga (Huso huso), esta levadura modificó la composición de la microbiota 

intestinal, incrementó la población de bacterias lácticas, mejoró la ganancia de peso, la tasa de 

crecimiento especifico y la conversión alimenticia (Hoseinifar et al., 2011). 

Adicionalmente, Debaryomyces hansenii se destaca como una levadura emergente y con gran 

potencial para su aplicación en la acuicultura, debido a los efectos positivos que ejerce sobre los 

peces evaluados. En larvas de lobina (Dicentrarchus labrax), la suplementación con 1.1% de D. 

hansenii favoreció el crecimiento y supervivencia (Tovar-Ramírez et al., 2004). En Seriola 

rivoliana, mejoró la ganancia de peso, la supervivencia y favoreció en el desarrollo del tracto 

digestivo y redujo la incidencia de malformaciones esqueléticas, un problema común en las larvas 

de esta especie (Teles et al., 2022). Además, se ha reportado que promueve efectos 

inmunoestimulantes a partir de los compuestos funcionales de su pared celular y la producción de 

poliaminas (Angulo et al., 2020).  

Los probióticos utilizados en la acuicultura se aíslan principalmente del medio acuático o de 

fermentaciones. No obstante, la evidencia científica reciente destaca el interés por evaluar el efecto 

de cepas probióticas autóctonas, ya que podrían mostrar mayor eficacia y adaptación en el 

hospedero (Zhang et al., 2024). Tal es el caso de bacterias autóctonas que muestran mayor 

capacidad de colonización en el tracto digestivo de los mismos peces de las que se aislaron 

previamente, en comparación con bacterias probióticas exógenas (Balcázar et al., 2007; Nayak, 

2010). Además, estos microorganismos previenen la invasión de patógenos, mantienen la 

homeostasis del sistema intestinal, mejoran la actividad enzimática digestiva, el crecimiento y la 

tasa de supervivencia (Gómez & Balcazar, 2008). Por ejemplo, Candida haemuloni C27 y 

Debaryomyces hansenii C10 y C28, tres cepas de levaduras aisladas del pez cobia (Rachycentron 

canadum) han demostrado propiedades probióticas in vitro, incluyendo la capacidad de adherencia 

intestinal, la producción de biomasa y la síntesis de poliaminas. No obstante, aún no se reporta su 

eficiencia in vivo en la misma especie (Reinoso et al., 2023). Por otro lado, la bacteria endógena 

Bacillus subtilis aislada de la trucha arcoíris (Oncorhynchus mykiss), ha demostrado ser eficaz en 

la ganancia de peso, crecimiento, modulación de la respuesta inmunológica, desarrollo de células 

intestinales y absorción de nutrientes en juveniles de esta especie (Wang et al., 2024). Sin embargo, 

a pesar de estos avances, la investigación sobre probióticos endógenos en la acuicultura sigue  
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siendo limitada y se requieren estudios adicionales que permitan aislar e identificar nuevas cepas 

potenciales, optimizar su aplicación y desarrollar estrategias que permitan mejorar la salud y el 

rendimiento de los peces en cultivo.  

2.2 Microbiota intestinal en peces 

El interés por el estudio de las comunidades microbianas intestinales y su papel en la fisiología de 

los peces, ha experimentado un crecimiento exponencial en la última década. Este auge se debe a 

la creciente evidencia científica que demuestra la influencia de los microorganismos que colonizan 

el tracto gastrointestinal sobre la salud y el desarrollo de su hospedero (Llewellyn al., 2014b; 

Yukgehnaish et al., 2020; Medina-Félix et al., 2023). La microbiota es una comunidad de 

microorganismos conformada por arqueas, bacterias, hongos, virus y protozoos que habitan un 

ambiente en específico, como la piel, el apartado digestivo o genital (Grice & Segre, 2011; Egerton 

et al., 2018). Particularmente, la microbiota intestinal es una comunidad diversa y dinámica que 

establece una relación simbiótica con el hospedero, y puede clasificarse como microbiota 

transitoria o residente dependiendo de su estabilidad y permanencia en el tracto digestivo (Kim et 

al., 2007; Ringø & Birkbeck, 1999). Los microorganismos transitorios ingresan al tracto 

gastrointestinal principalmente por la ingesta de alimentos y se alojan en el intestino por un tiempo 

limitado, sin embargo, pueden influir en procesos fisiológicos a corto plazo. En cambio, los 

microorganismos residentes se adhieren y colonizan el intestino, en donde establecen una relación 

simbiótica con el hospedero. Mediante esta relación simbiótica se ejercen diversos efectos en la 

fisiología y salud del huésped (Zhang et al., 2016). 

En los peces, la composición y función de la microbiota intestinal es influenciada por una amplia 

gama de factores ambientales, fisiológicos y genéticos (Gajardo et al., 2016). La diversidad 

microbiana depende particularmente de una interacción compleja de variables intrínsecas y 

extrínsecas. Mientras que, en los factores extrínsecos se incluyen variables abióticas como el pH 

y la temperatura del medio ambiente, factores bióticos como la disponibilidad de nutrientes y la 

estacionalidad de cada especie (Sullam et al., 2012; Llewellyn et al., 2014; Xia et al., 2014; Ye et 

al., 2014; Zhang et al., 2016). El tipo de dieta, carnívora, omnívora o herbívora, es un factor 

intrínseco y es uno de los factores cruciales que influye directamente en la composición de la 

microbiota intestinal. A su vez, las comunidades microbianas desempeñan un papel crucial en la  

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



Universidad Juárez Autónoma de Tabasco 

División Académica de Ciencias Biológicas 

12 
 

 

nutrición del pez, a través de la secreción de enzimas digestivas extracelulares como las proteasas, 

amilasas, celulasas, fitasas y lipasas, que proveen al hospedero la capacidad para degradar una 

variedad de sustratos, facilitando la digestión y absorción de nutrientes (Ray et al., 2012). Así 

mismo, participan en la síntesis de vitaminas y ácidos grasos poliinsaturados que proporcionan 

efectos positivos en la fisiología digestiva, refuerzan el sistema inmunológico y contribuyen a 

mejorar la salud general del hospedero (Nayak, 2010; Whiteside, 2015; Yukgehnaish et al., 2020; 

Medina-Félix et al., 2022). 

La microbiota intestinal de los peces está compuesta principalmente por filos Actinobacteria, 

Bacteroidetes, Fusobacteria, Firmicutes y Proteobacteria. Estos grupos bacterianos representan 

hasta el 90% de la comunidad microbiana en especies tanto de agua dulce como marina (Larsen et 

al., 2014; Eichmiller et al., 2016; Hennersdorf et al., 2016; Liu et al., 2016). Las Actinobacterias 

son conocidas por su capacidad de producir metabolitos secundarios con propiedades 

antimicrobianas que contribuyen a la defensa del huésped (Wu et al., 2012). Las bacterias del filo 

Proteobacteria, cumplen funciones esenciales en la digestión de los peces (Nayak, 2010). Por otra 

parte, la disminución de bacterias del grupo Bacteroidetes se ha asociado a desequilibrios 

metabólicos e intestinales (Meng et al., 2018). Sin embargo, la diversidad y abundancia de la 

microbiota en organismos de cultivo difiere de la de los peces silvestres, ya que estos últimos 

suelen albergar comunidades más diversas debido a la amplia variedad de recursos alimenticios 

disponibles en su medio natural (Sun et al., 2021).  

La microbiota intestinal del salmón del Atlántico (Salmo salar) está compuesta principalmente por 

Proteobacteria, Firmicutes, Fusobacteria y Actinobacteria (Gajardo et al., 2016). No obstante, se 

ha reportado que el proceso de esmoltificación ejerce un efecto enérgico en la composición de la 

microbiota intestinal lo que genera ciertos cambios en la abundancia de los microorganismos 

presentes (Wang et al., 2021). En el caso de la microbiota intestinal de la carpa herbívora 

(Ctenopharyngodon idellus), se muestra una notable diversidad bacteriana, donde destacan los 

filos Proteobacteria, Firmicutes, Fusobacteria, Bacteroides y Chloroflexi (Wu et al., 2012). 

Particularmente, Firmicutes y Bacteroides son más abundantes debido a que desempeñan un papel 

crucial en la digestión de la celulosa, un componente principal de la dieta de esta especie (Yu & 

Morrison, 2004; Wu et al., 2012). 
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La composición de la microbiota intestinal de la trucha arcoíris (Oncorhynchus mykiss), es 

significativamente afectada debido a los cambios fisiológicos que el pez enfrenta a lo largo de su 

ciclo de vida, influenciados por las etapas de desarrollo, las migraciones y la disponibilidad de 

alimento, que a su vez, inciden en el sistema inmunólogo y en su fisiología (Ingerslev et al., 2014). 

Sin embargo, se ha logrado determinar que la microbiota central de esta especie, está dominada 

por los filos Bacteroidetes, Proteobacteria, Firmicutes y Actinobacteria (Desai et al., 2012; 

Navarrete et al., 2012).  

Estos estudios evidencian que la microbiota intestinal no es estática, y que cada organismo presenta 

una microbiota única. En este contexto, la acuicultura busca optimizar la producción sostenible de 

alimentos acuáticos mediante el uso de probióticos, los cuales pueden favorecer la salud y bienestar 

de los organismos acuáticos al inducir cambios beneficiosos en su microbiota intestinal. 

La suplementación con Lactobacillus rhamnosus en larvas del pez cebra (Danio rerio) generó 

cambios significativos en la composición de su microbiota intestinal, en donde se observó un 

incremento en la abundancia de los filos Firmicutes (62.6%) y Proteobacterias (34.8%). Estos 

cambios en la microbiota, regularon positivamente la expresión de genes relacionados al apetito 

(cb1: receptor cannabinoide 1; npy: neuropéptido y), y promovieron cambios morfológicos 

significativos a nivel intestinal, lo que, se tradujo en mayor capacidad de absorción y digestión de 

nutrientes (Falcinelli et al., 2015).  

En relación con la microbiota del pejelagarto (A. tropicus), Méndez-Pérez et al. (2020) reportaron 

la composición de la microbiota intestinal en juveniles y adultos. Este estudio reveló diferencias 

en la composición bacteriana entre sexos y entre individuos de origen silvestre y de cautiverio, 

proporcionando una línea base para comprender la dinámica de la microbiota intestinal en esta 

especie. Se encontró que en juveniles de cultivo predominan los filos Firmicutes, Proteobacteria y 

Bacteroidetes; en hembras silvestres, Proteobacteria y Firmicutes, mientras que, en hembras de 

cautiverio y machos adultos, Fusobacteria. A nivel género, Cetobacterium fue el más abundante 

en todos los grupos, seguido de Serriata, Edwarsiella y Paludibacter. Aunque se observaron 

diferencias en la composición de filos y géneros, la diversidad y riqueza de la microbiota no 

presentaron variaciones significativas, lo que sugiere una distribución homogénea de la diversidad 

microbiana intestinal.  
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2.3. Métodos de detección para la microbiota intestinal  

La caracterización de comunidades microbianas complejas, como la microbiota intestinal es 

posible gracias al uso de herramientas de vanguardia como la metagenómica. Esta poderosa 

herramienta permite investigar el contenido genético de todos los organismos en una muestra 

(Yukgehnaish et al., 2020). Al utilizar la secuenciación masiva, es posible secuenciar el genoma 

completo de los diferentes microorganismos que componen una comunidad a partir de la 

extracción de su ADN total, sin necesidad de cultivar a las especies que conforman dicha 

comunidad (Wooley et al., 2010; Nielsen et al., 2014; Whiteside et al., 2015). Aunque la 

microbiota de los organismos de acuicultura está lejos de ser completamente descrita, el uso de 

herramientas metagenómicas ha permitido avances significativos en la comprensión de su 

estructura y dinámica (Martínez-Porchas & Vargas-Albores, 2015). En las últimas décadas, el 

desarrollo de la metagenómica y la secuenciación de alto rendimiento junto con herramientas 

bioinformáticas, han revolucionado el estudio de la microbiota intestinal, permitiendo identificar 

su composición, diversidad y abundancia con mayor precisión (Whiteside et al., 2015).  

Por otra parte, la secuenciación de amplicones se basa en la amplificación de regiones específicas 

del ADN o genes de interés mediante una PCR con cebadores dirigidos a dichos genes. Estos 

fragmentos, denominados amplicones, se secuencian en una flowcell y, posteriormente, se 

comparan con una base de datos mediante herramientas bioinformáticas para su identificación y 

clasificación taxonómica (Matthjis et al., 2016).  

Para este propósito, los genes mayormente analizados son el gen 16S rRNA de procariotas 

(bacterias y arqueas), y el gen 18S rRNA de eucariotas (hongos y levaduras) (Janda & Abbott, 

2007; Not et al., 2009; Salipante et al., 2013). La secuenciación del gen 16S rRNA ha permitido 

identificar microorganismos previamente desconocidos en diversos ambientes (Lozupone & 

Knight, 2007). En particular, las regiones hipervariables V3 y V4 son las más utilizadas para la 

caracterización de la microbiota bacteriana en los peces (Lane et al., 1985; Frank et al., 2008; Wu 

et al., 2010). La secuenciación de amplicones, es una técnica más rápida, menos exigente en el 

procesamiento y económicamente menos costosa que la secuenciación metagenómica de próxima 

generación. Además, es altamente sensible para detectar poblaciones microbianas de baja 

abundancia y es ideal para estudiar cambios en comunidades bacterianas o arquéales, a bajo  
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distintas condiciones experimentales a lo largo del tiempo. No obstante, su cobertura funcional es 

menor, en comparación con la metagenómica, lo que limita la posibilidad de inferir perfiles 

fisiológicos, bioquímicos o metabólicos para comprender las interacciones entre el huésped-

hospedero. 

2.4 Atractosteus tropicus Gill, 1863 

El pejelagarto (Atractosteus tropicus) es una especie dulceacuícola que se distribuye en el Sureste 

de México, que habita en ríos, lagunas y humedales del estado de Tabasco, Campeche y Veracruz 

hasta América Central y Costa Rica (Bussing, 1998; Miller et al., 2009). Forma parte de un grupo 

de peces primitivos que pertenece a la familia Lepisosteidae, la cual se compone de dos géneros: 

Lepisosteus y Atractosteus. Este último comprende únicamente de tres especies: Atractosteus 

spatula, A. tropicus y A. tristoechus, donde en México, se encuentran únicamente las especies, A. 

spatula y A. tropicus (Bussing, 1998). 

Es considerado un “fósil viviente” debido a la conservación de sus características morfológicas y 

fisiológicas primitivas que datan del Mesozoico, en el periodo Cretácico (Wiley, 1976). 

Morfológicamente es alargado y cilíndrico, y posee un hocico alargado con dientes caninos. Es 

completamente carnívoro, y tiene la capacidad de tomar oxígeno atmosférico (Márquez-Couturier 

et al., 2015). Su posición filogenética lo convierte en una especie clave para el estudio de procesos 

ecológicos y evolutivos, por tales razones, el pejelagarto es considerado un organismo modelo de 

gran interés para la investigación científica (Márquez-Couturier et al., 2015; Burggren et al., 2016; 

Martínez et al., 2021). A. tropicus es crucial para los ecosistemas acuáticos de la región, desempeña 

un papel ecológico fundamental. Actúa regulando eficazmente las poblaciones de peces y anfibios, 

manteniendo el equilibrio de las poblaciones (Alfaro et al., 2008). Además de su función ecológica, 

la especie posee una importancia económica significativa debido a su alta demanda para consumo 

y la elaboración de artesanías (Bussing, 1998; Aguilera et al., 2002; Márquez-Couturier & 

Vázquez-Navarrete, 2015; Márquez-Couturier et al., 2015). Sin embargo, la degradación de su 

hábitat y la pesca incontrolada han llevado a la disminución de sus poblaciones silvestres (Aguilera 

et al., 2002; Márquez-Couturier et al., 2015). Por ello, su cultivo en sistemas de acuicultura 

sustentable se presenta como una alternativa viable para su conservación y producción. Sus 

características biológicas, como su rápido crecimiento, la capacidad para respirar aire atmosférico  
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y su adaptabilidad a dietas formuladas, lo convierte en un candidato idóneo para la acuicultura 

sustentable en la región (Aguilera et al., 2002; Márquez-Couturier et al., 2015; Burggren et al., 

2016; Martínez et al., 2021; Córdova et al., 2022). 

En los últimos años se ha incrementado el número de las investigaciones científicas dirigidas a 

optimizar su cultivo desde la etapa larval hasta la etapa adulta. Estos estudios abarcan la 

alimentación, desarrollo y requerimientos nutricionales (López et al., 2005; Márquez-Couturier et 

al., 2006; Álvarez-González et al., 2007; Huerta-Ortiz et al., 2009; Huerta-Ortiz et al., 2018; Sáenz 

de Rodrigáñez et al., 2018; Palma-Cancino et al., 2019; Maldonado et al., 2020), así como, la 

formulación de dietas microparticuladas para evaluar el efecto en el desarrollo del tracto digestivo 

y la actividad de enzimas digestivas durante su ontogenia inicial (Márquez-Couturier et al., 2006; 

Frías-Quintana et al., 2010; Frías-Quintana et al., 2016; Frías-Quintana et al., 2017; Huerta-Ortiz 

et al., 2018). Además, la caracterización de marcadores nutrigenómicas por secuenciación 

transcriptómica durante el desarrollo larvario de A. tropicus (Martínez-Burguete et al., 2021). Así 

mismo, se han incluido diversos prebióticos como aditivos en dietas experimentales. En particular, 

se ha descrito que, en juveniles de pejelagarto, la suplementación con manano-oligosacáridos 

(MOS) mejora la ganancia de peso, eficiencia proteica y tasa de conversión alimenticia (Nájera-

Arzola et al., 2018). La inclusión de Fructooligosacaridos (FOS) incrementa el área de absorción 

de nutrientes en el intestino, la actividad enzimática digestiva y la expresión de genes asociados al 

fortalecimiento de la función de barrera intestinal (Sepúlveda-Quiroz et al., 2020). En larvas la 

suplementación de inulina favorece la supervivencia y la actividad enzimática digestiva (De la 

Cruz-Marín et al., 2023). Y la inclusión de FOS y MOS mejoran la supervivencia, la actividad 

enzimática digestiva, los parámetros de crecimiento y la expresión de genes relacionados al 

reforzamiento de la función de la barrera intestinal y el sistema inmunológico (Maytorena-

Verdugo et al., 2022; Pérez-Jiménez et al., 2022). 

Adicionalmente, se evaluó el efecto de la inclusión del probiótico Debaryomyces hansenii en 

dietas experimentales en juveniles de A. tropicus. Los resultados de este estudio indicaron que las 

altas dosis utilizadas de D. hansenii (1014, 1015 y 1016 UFC/g) causaron efectos adversos en los 

organismos (Hernández-López et al., 2021). Estos hallazgos subrayaron la importancia de 

determinar la dosis óptima de administración de cada probiótico, así como la especie a la cual se  
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administra y la etapa de desarrollo, ya que dosis excesivas pueden resultar tóxicas o inducir una 

inmunosupresión en el organismo. 

Con la finalidad de optimizar la eficiencia de las dietas experimentales para el cultivo del 

pejelagarto y de mejorar el bienestar a los organismos en cultivo, además de abordar la escasez de 

información sobre el uso de probióticos y de cepas autóctonas con potencial probiótico en A. 

tropicus. Este estudio tuvo como objetivo evaluar el efecto de la administración de las cepas 

autóctonas Candida tropicalis y Lactococcus lactis, así como de la cepa probiótica Debaryomyces 

hansenii, sobre crecimiento, supervivencia, actividad enzimática digestiva, morfología digestiva, 

expresión de genes asociados a la función de barrera intestinal y el sistema inmunológico, y 

composición de la microbiota intestinal en larvas y juveniles de pejelagarto (Atractosteus 

tropicus). 
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3. JUSTIFICACIÓN  
  

La acuicultura es una actividad clave para la producción alimentaria a nivel mundial. Sin embargo, 

el crecimiento intensivo de esta práctica ha generado desafíos significativos, como el aumento de 

enfermedades y el uso excesivo de antimicrobianos, lo que plantea riesgos para la sostenibilidad 

ambiental y la seguridad alimentaria. Ante este panorama, la industria acuícola ha adoptado el uso 

de los probióticos como una estrategia para mejorar las practicas acuícolas, al promover la salud 

de los organismos, reducir la dependencia de antibióticos, y mejorar la productividad y 

rentabilidad. En particular, los probióticos autóctonos han demostrado ventajas destacables debido 

a su mejor adaptación al hospedero y al entorno local, lo que maximiza su eficacia.  

En este contexto, el pejelagarto (A. tropicus), un pez importante y emblemático del sureste de 

México, posee un alto valor ecológico, cultural, social y económico en la región. Aunque el cultivo 

de esta especie ha experimentado un notable desarrollo en la última década, aún enfrenta 

limitaciones relacionadas con la optimización de prácticas sostenibles. En ese sentido, el uso de 

probióticos, particularmente autóctonos, presenta un gran potencial para el desarrollo e 

investigación.  

Por consiguiente, en este estudio se evaluó el impacto de la administración de las cepas autóctonas 

Lactococcus lactis y Candida tropicalis, así como de la cepa probiótica Debaryomyces hansenii 

en larvas y juveniles de pejelagarto (Atractosteus tropicus), considerando su efecto sobre el 

crecimiento, fisiología y morfología digestiva, y la composición de la microbiota intestinal.  

Los resultados de este estudio no solo contribuyen a cerrar brechas en el conocimiento sobre el 

uso de probióticos en la etapa larval y juvenil de A. tropicus, sino que también podrían fortalecer 

la acuicultura de la especie e incluso la de otras especies acuáticas de la región, ampliando el 

impacto positivo de esta tecnología en la industria acuícola.  
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4. PREGUNTAS DE INVESTIGACIÓN 

 

I. ¿Cuál es el efecto de la inclusión de la bacteria autóctona Lactococcus lactis sobre la 

supervivencia, el crecimiento, la actividad de enzimas digestivas, la morfología digestiva, 

y la expresión de genes asociados a la función de barrera intestinal y al sistema 

inmunológico en larvas de A. tropicus?  

II. ¿Cuál es el efecto de la inclusión de las levaduras Candida tropicalis y Debaryomyces 

hansenii sobre la supervivencia, el crecimiento, la actividad de enzimas digestivas, la 

morfología digestiva y la expresión de genes asociados a la función de barrera intestinal y 

al sistema inmunológico en juveniles de A. tropicus? 

III. ¿Cómo está constituida la microbiota intestinal de larvas y juveniles de pejelagarto criados 

en condiciones de cautiverio? 

IV. ¿Cómo influye la suplementación de L. lactis, C. tropicalis, y D. hansenii en dietas 

experimentales en la composición de la microbiota intestinal de pejelagarto a lo largo de 

su etapa larval y juvenil?  

 

5. HIPOTESIS  
 

 

La adición individual de Lactococcus lactis, Candida tropicalis y Debaryomyces hansenii, en la 

dieta de larvas y juveniles de pejelagarto (Atractosteus tropicus) promoverá un incremento en el 

crecimiento y la supervivencia. Esta estrategia también mejorará la actividad enzimática digestiva, 

fortalecerá el sistema inmunológico y favorecerá en una microbiota intestinal beneficiosa. 
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6. OBJETIVOS 

 

6.1 Objetivo general 

 

Determinar los efectos de la administración de las cepas Lactococcus lactis, Candida tropicalis y 

Debaryomyces hansenii sobre crecimiento, supervivencia, actividad enzimática digestiva, 

morfología digestiva, expresión de genes asociados a la función de barrera intestinal y el sistema 

inmunológico, y composición de la microbiota intestinal en larvas y juveniles de pejelagarto 

(Atractosteus tropicus). 

 

6.2 Objetivos específicos 

 

1. Evaluar el efecto antagónico in vitro de L. lactis, C. tropicalis y D. hansenii, contra 

bacterias patógenas de peces.  

2. Evaluar el efecto de la inclusión en la dieta de la bacteria autóctona L. lactis sobre el 

crecimiento, indicadores de productividad acuícola, supervivencia, actividad enzimática 

digestiva, morfología digestiva y expresión de genes asociados a la función de barrera 

intestinal y el sistema inmunológico en larvas de A. tropicus. 

3. Determinar el efecto de la inclusión en la dieta de las levaduras C. tropicalis y D. hansenii 

sobre el crecimiento, indicadores de productividad acuícola, supervivencia, actividad 

enzimática digestiva, morfología digestiva y expresión de genes asociados a la función de 

barrera intestinal y el sistema inmunológico en juveniles de A. tropicus.  

4. Caracterizar la composición de la microbiota bacteriana residente en el intestino de larvas 

y juveniles de A. tropicus mediante análisis metagenómicos. 

5. Analizar los cambios en la composición de la microbiota intestinal de larvas y juveniles de 

A. tropicus tras la inclusión en la dieta de L. lactis, C. tropicalis y D. hansenii mediante 

análisis metagenómicos.  

6. Estimar las funciones metabólicas de la microbiota intestinal en larvas de A. tropicus 

alimentadas con la bacteria autóctona L. lactis mediante análisis de predicción basado en 

la composición genética. 
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7. MATERIALES Y METODOS  

 

7.1 Formulación y elaboración de dietas experimentales 

 

Las dietas experimentales se formularon según el protocolo de Frías-Quintana et al., (2016). Para 

el estudio en larvas, se formularon tres dietas experimentales con diferentes concentraciones de 

Lactococcus lactis PH3-05 (104, 106 y 108 UFC/g) y una dieta control (Tabla 1), siguiendo el 

protocolo de Sepúlveda-Quiroz et al., (2020). Para el estudio en juveniles de A. tropicus, se 

formularon tres dietas suplementadas con diferentes concentraciones de Candida tropicalis (104, 

105 y 106 UFC/g) y tres dietas con diferentes concentraciones de Debaryomyces hansenii (103,105 

y 107 UFC/g), además de una dieta control sin inclusión de levadura (Tabla 2).  

Las dietas se elaboraron siguiendo la metodología de Álvarez-González et al., (2001). Los 

ingredientes se pesaron en una balanza analítica con capacidad de 2000 g (Ohaus mod. CS2000, 

China). Los macronutrientes se mezclaron durante 15 min en una batidora industrial (Bathamex, 

178716, México); posteriormente, se añadieron los micronutrientes (pre-mezclas de vitaminas, 

minerales y vitamina C) y, a continuación, se añadieron los ingredientes líquidos (aceite de soya y 

vitamina E). Finalmente, se agregaron 200 mL de agua por kilogramo de dieta y se incorporaron 

los probióticos mediante la disolución de la biomasa en 200 mL de agua estéril. La mezcla 

resultante se colocó en un molino 1HP (Torrey, M-22RI, México) con una criba de 5 mm para la 

obtención del alimento peletizado. Los pellets se secaron a 40 °C durante 15 h en un horno de 

convencción (Coriat, HC-35-D, México). Las dietas resultantes se molieron manualmente y se 

tamizaron en tamaños de partículas específicas para las diferentes etapas de desarrollo de las larvas 

(500-800 µm) y juveniles (3-5 mm). Posteriormente se almacenaron en bolsas de plástico selladas 

herméticamente a 20 °C hasta su uso.  
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Tabla 1. Composición de las dietas experimentales suplementadas con diferentes concentraciones de L. 

lactis y una dieta control para larvas de A. tropicus.  

 

 

aMarine and agricultural proteins S.A. de C.V., Guadalajara, Jalisco; b Pronat Ultra, Mérida, Yucatán, México; c Ragasa Industries 

S.A. de C.V.; dVitamin premix composition g/mg or International Units per kg of diet: Vitamin A, 10,000,000 IU; Vitamin D3, 

2,000,000 IU; Vitamin E, 100,000 IU; Vitamin K3, 4.0 g; Thiamine B1, 8.0 g; Riboflavin B2, 8.7 g; Pyridoxine B6, 7.3 g; Vitamin 

B12, 20.0 mg; Niacin, 50.0 g; Pantothenic acid, 22.2 g; Inositol, 0.15 mg; Nicotinic Acid, 0.16 mg; Folic Acid, 4.0 g; Biotin, 500 

mg; Vitamin C, 10.0 g; Choline 0.3 mg, Excipient q.s. 2 g; Manganese, 10 g; Magnesium, 4.5 g; Zinc, 1.6 g; Iron, 0.2 g; Copper, 

0.2 g; Iodine, 0.5 g; Selenium, 40 mg; Cobalt 60 mg. Excipient q.s. 1.5 g; eROVIMIX® STAY-C® 35 –DSM, Guadalajara, Mexico; 

fD´gari, food and diet products relámpago, S.A. de C.V. NFE = Nitrogen-free extract:100-(% protein-% etherel extrac-% ash-

%fiber). 

 

 

 

 

 Dieta control 
Lactococcus lactis 

(UFC/g) 

Ingredientes  104 106 108 

Harina de pescadoa 350 350 350 350 

Harina de cerdoa 270.9 270.9 270.9 270.9 

Harina de avea 150 150 150 150 

Almidónb 100 100 100 100 

Aceite de pescadoa 36.5 36.5 36.5 36.5 

Lactococcus lactis 0 1 0.01 0.001 

Harina de trigoc 37.6 36.6 37.59 37.6 

Grenetinad 20 20 20 20 

Premix vitaminas y mineralese 15 15 15 15 

Lecitina de soyaf 15 15 15 15 

Vitamina Cg 5 5 5 5 

Composición química (g 100 g-1 de dieta de materia seca) 

Proteína 50.1 50.2 49.8 49.9 

Lípidos 14.2 14.1 13.9 14.2 

Fibra 10.1 10.2 9.9 10.0 

Análisis proximales 

Cenizas 14.0 13.9 14.1 14.2 

Humedad 8.1 8.0 8.4 8.2 

ENF 11.6 11.6 12.3 11.7 
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Tabla 2. Composición de las dietas experimentales suplementadas con C. tropicalis, D. hansenii y una 

dieta control para juveniles de A. tropicus. 

aMarine and agricultural proteins S.A. de C.V., Guadalajara, Jalisco; b Pronat Ultra, Merida, Yucatan, Mexico; c GALMEX SA de 

CV, Villahermosa, Tabasco, México; d D’gari, food and diet products relámpago, S.A. de C.V. e Vitamin premix composition g/mg 

or International Units per kg of diet: Vitamin A, 10,000,000 IU; Vitamin D3, 2,000,000 IU; Vitamin E, 100,000 IU; Vitamin K3, 

4.0 g; Thiamine B1, 8.0 g; Riboflavin B2, 8.7 g; Pyridoxine B6, 7.3 g; Vitamin B12, 20.0 mg; Niacin, 50.0 g; Pantothenic acid, 

22.2 g; Inositol, 0.15 mg; Nicotinic Acid, 0.16 mg; Folic Acid, 4.0 g; Biotin, 500 mg; Vitamin C, 10.0 g; Choline 0.3 mg, Excipient 

q.s. 2 g; Manganese, 10 g; Magnesium, 4.5 g; Zinc, 1.6 g; Iron, 0.2 g; Copper, 0.2 g; Iodine, 0.5 g; Selenium, 40 mg; Cobalt 60 

mg. Excipient q.s. 1.5 g; f Pronat Ultra, Yucatán, México; g ROVIMIX® STAY-C® 35–DSM, Guadalajara, México. NFE = 

Nitrogen-free extract: 100 - (% protein - % ether extract - % ash - %fiber). 

 

 

  
Candida tropicalis  

(UFC/g) 

 

Debaryomyces hansenii 

(UFC/g) 

 

Ingredientes (g kg-1) 
Dieta 

control 
104 105 106 103 105 107 

Harina de pescadoa 305.4 305.4 305.4 305.4 305.4 305.4 305.4 

Harina de ave 150 150 150 150 150 150 150 

Harina de cerdoa 150 150 150 150 150 150 150 

Harina de soyaa 150 150 150 150 150 150 150 

Aceite de pescadoa 34.95 34.95 34.95 34.95 34.95 34.95 34.95 

Almidón 124.7 124.7 124.62 117.2 124.7 124.55 109.7 

Lecitina de soyab 10 10 10 10 10 10 10 

Aceite de soyac 34.95 34.95 34.95 34.95 34.95 34.95 34.95 

Candida tropicalis 0 0.00075 0.075 7.5 0 0 0 

Debaryomyces hansenii  0 0 0 0 0.0015 0.15 15 

Premix de mineralesd 5 5 5 5 5 5 5 

Premix de vitaminase 10 10 10 10 10 10 10 

Vitamina Ce 5 5 5 5 5 5 5 

Grenetinaf 20 20 20 20 20 20 20 

 Análisis proximales (g kg-1 de materia seca) 

Proteína 45 45 45 45 45 45 45 

Extracto de éter (%) 13.82 15.00 15.25 16.17 15.76 16.41 13.08 

Cenizas (%) 10.80 11.04 11.10 11.51 11.76 10.68 11.17 
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7.2 Viabilidad de las cepas incorporadas en las dietas experimentales 

 

Se cuantificaron las UFC/g de las cepas incorporadas en cada dieta experimental al inicio y final 

del experimento, con el fin de confirmar las concentraciones administradas y evaluar su viabilidad 

durante el ensayo. De cada dieta se obtuvo una muestra representativa utilizando el método de 

cuarteo (Campos & Campos, 2017). Se pesó 1 g de la dieta y se resuspendió en 9 mL de solución 

salina (0.85%). Se realizaron diluciones exponenciales de 10-1 hasta 10-10, y se inocularon 100 µL 

de cada dilución en placas de Agar Papa Dextosa (PDA, Difco) adicionadas con antibióticos 

(Amikacina y Cloranfenicol) para disminuir la carga bacteriana. El inoculo se dispersó de manera 

homogénea con ayuda de un asa de Drigalsky estéril. Las placas se incubaron 24 h a 32 °C. 

Finalmente se contaron las colonias presentes en las cajas de las diluciones con 10 a 30 UFC y se 

calculó el número de UFC/g de alimento con la siguiente formula: 

UFC/ml o UFC/g= 
𝑁𝑜.  𝑑𝑒 𝑐𝑜𝑙𝑜𝑛𝑖𝑎𝑠 𝑝𝑜𝑟 𝑝𝑙𝑎𝑐𝑎 𝑋 𝑒𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 𝑑𝑒 𝑑𝑖𝑙𝑢𝑐𝑖ó𝑛

𝑚𝑙 𝑑𝑒 𝑙𝑎 𝑚𝑢𝑒𝑠𝑡𝑟𝑎 𝑠𝑒𝑚𝑏𝑟𝑎𝑑𝑎
 

Las bacterias viables se cuantifican como unidades formadoras de colonias (UFC), que indican el 

número total de colonias vivas dentro del volumen sembrado.  

 

7.3 Diseño experimental 

Este estudio se dividió en dos bioensayos independientes determinados a evaluar el efecto de la 

inclusión de las cepas en dos etapas del desarrollo de A. tropicus. Los especímenes de A. tropicus 

fueron obtenidos de la granja acuícola “Otot Ibam” del municipio de Comalcalco, Tabasco, 

México. Los peces fueron transportados en bolsas de plástico aireadas. A su llegada al Laboratorio 

de Fisiología y Recursos Acuáticos (LAFIRA), las bolsas se mantuvieron a flote y se aclimataron 

gradualmente a la temperatura de las tinas experimentales en un periodo de 3 horas. 

 

7.3.1 Ensayo en etapa larval de A. tropicus 

Se utilizaron 1,200 larvas, de 5 días post-eclosión (DAH), con un peso promedio de 0.027 ± 0.00 

g y longitud total de 1.81 ± 0.18 cm. Se distribuyeron 100 larvas por tina, en 12 tinas de 70 L  
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provistas de un sistema de recirculación accionado por una bomba de agua de 0.5 HP y conectado 

a un reservorio de 1,500 L y un filtro biológico. La calidad del agua se monitoreó dos veces al día 

para mantener una temperatura promedio de 27.1 ± 0.8 °C, oxígeno disuelto de 5.7 ± 0. 2 mg/L y 

el pH alrededor de 7.3 ± 7.5, empleando un oxímetro (YSI 85, USA) y un potenciómetro (HANNA 

HI 991001, Romania).  

Las larvas se alimentaron cuatro veces al día (7:00, 11:00, 15:00 y 19:00 h) hasta saciedad 

aparente. Se implementó un plan de Co-alimentación: desde el día 5DAH hasta el día 10 DAH, se 

suministró nauplios de Artemia sp. junto con las dietas experimentales y biomasa de Artemia sp. 

previamente mezclada con las dietas experimentales. A partir del día 11 DAH hasta el día 21 DAH, 

se ofreció únicamente las dietas experimentales hasta el final del experimento. Después de cada 

alimentación, se realizó la limpieza de cada tina y el recambio de agua parcial (30 %) mediante el 

método de sifoneo. Todos los tratamientos se evaluaron por triplicado. 

7.3.2 Sacrificio y toma de muestras de larvas 

Al finalizar la Co-alimentación (día 10 DHA) se midió la talla y peso de todas las larvas en estudio. 

Para ello se empleó una balanza analítica (Ohaus HH120, con precisión de 120 ± 0.01 g; Shenzhen, 

China) y la longitud total se determinó a través de fotografías analizadas en el software ImageJ 

1.5. Al finalizar el experimento (21 DAH), se recolectaron todas las larvas por tratamiento y se 

determinó el peso y longitud. Posteriormente, las larvas fueron sacrificadas mediante shock 

térmico. Se recolectaron tres larvas por tina y se lavaron con agua inyectable y se conservaron en 

tubos libres de RNAsa para los análisis metagenómicos: tres larvas preservadas en solución 

RNAlater (Ambion) para los análisis de expresión génica, tres larvas se preservaron en solución 

Davidson para el análisis histológico y, tres más recolectadas para la cuantificación de la actividad 

enzimática. Todas las muestras se preservaron a 80 °C hasta su uso. 

7.3.3 Ensayo en etapa juvenil de A. tropicus 

Se utilizaron 378 juveniles de A. tropicus de 38 días post-eclosión (DAH) con un peso promedio 

de 0.22 ± 0.08 g y una longitud total de 3.77 ± 0.29 cm. Los peces se distribuyeron aleatoriamente 

en 21 tinas (18 peces por tina) con capacidad de 70 L, conectadas a un sistema de recirculación 

accionado por una bomba de agua de 1HP, conectado a un reservorio de 1,500 L con un filtro 

biológico y un filtro de arena automatizado, además de una lampara de luz ultravioleta para  
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minimizar la descarga bacteriana posible. La temperatura promedio de las tinas fue de 27.1 ± 0.8 

°C, la concentración de oxígeno disuelto de 5.7 ± 0.2 mg/L y el pH de 7.3 ± 7.5. Estos parámetros 

fueron monitoreados diariamente con un oxímetro (YSI 85, USA) y un potenciómetro (HANNA 

HI 991001, Romania). 

El bioensayo tuvo una duración de 45 días. Durante los primeros cinco días, los organismos fueron 

sujetos a una habituación al alimento, para ello, se alimentaron con una mezcla compuesta por las 

dietas experimentales y alimento comercial. El primer día se administró una dieta compuesta por 

80% de alimento comercial y 20% de dieta experimental, consecutivamente cada día se administró 

una proporción mayor a la dieta experimental de 70/30, 60/40, 50/50 y 40/60, respectivamente. 

Posteriormente a la habituación, se administró únicamente las dietas experimentales y la dieta 

control durante los días restantes del experimento. Todos los tratamientos se realizaron por 

triplicado. Los peces fueron alimentados cuatro veces al día (7:00, 11:00, 15:00 y 19:00 h) hasta 

saciedad aparente. La limpieza de cada tina y recambio parcial del agua (10%) se realizó después 

de cada alimentación por el método de sifoneo.  

7.3.4 Sacrificio y toma de muestras de juveniles 

 

Se realizaron biometrías cada 15 días para determinar el peso y longitud total de todos los 

organismos en estudio. Al final del bioensayo todos los peces fueron pesados y medidos, 

posteriormente fueron anestesiados con aceite de clavo (0.1 mL L-1) y sacrificados mediante un 

corte cefálico. Se extrajo el hígado, estomago e intestino de todos los peces, mediante una incisión 

en la zona ventral, para la determinación de índices somáticos.  

Se recolectaron los intestinos de tres peces por tina, se lavaron con agua inyectable y se 

conservaron en tubos libres de RNAsa para los análisis metagenómicos; tres intestinos por tina se 

preservaron en solución RNAlater (Ambion) para los análisis de expresión génica; tres estómagos 

y tres intestinos por tina se congelaron para la evaluación de la actividad enzimática. Todas las 

muestras se preservaron a - 80°C. 
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El presente estudio se realizó bajo el acuerdo de la Declaración de Helsinki. Y de acuerdo al 

protocolo autorizado por la Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y 

Alimentación (SAGARPA), México, NOM-062-ZOO-1999.2001. 

7.6 Evaluación de parámetros productivos y supervivencia 

Al final de ambos experimentos (juveniles y larvas), se realizó una biometría con el número total 

de organismos para determinar el peso con una balanza analítica (Ohaus HH120, Shenzhen, China) 

y la longitud total (cm) mediante fotografías analizadas en el software Image 1.5. 

Los datos obtenidos de talla y peso fueron utilizados para determinar los siguientes parámetros 

productivos: alimento consumido (FI): ingesta total de alimento por unidad experimental / días de 

experimento; ganancia de peso (AWG): [(peso final – peso inicial) / peso inicial] × 100; tasa de 

crecimiento especifica (SGR): [(log (peso final) – log (peso inicial) / días)] × 100; tasa de 

conversión alimenticia (FCR): alimento consumido (g) / peso ganado (g); tasa de conversión 

proteica (PER): peso ganado / proteína ingerida; factor de condición (K): [(peso húmedo (g) ×  (g) 

/ longitud total3 (cm)] × 100; y supervivencia (S): (número final / número inicial) × 100. En el caso 

del experimento con juveniles de A. tropicus también se evaluaron los siguientes índices: índice 

hepatosomático (HSI): (peso del hígado (g) / × 100) / total de peso corporal (g); índice 

viscerosomático (VSI): (peso de las vísceras (g) × 100 / peso corporal total (g). 

 

7.7 Evaluación de actividad de enzimas digestivas 

 

7.7.1 Larvas 

 

Se realizó un pool de tres larvas (sin cabeza y cola) por réplica y se homogeneizaron en Tris-HCl 

50 mM, pH 7; posteriormente se centrifugaron a 14,000 g a 4 °C por 15 min. El sobrenadante se 

resguardó a  80 °C. 
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7.7.2 Juveniles 

El extracto multienzimático se realizó a partir de un pool de tres estómagos y tres intestinos por 

replica y se homogenizaron en solución Tris-HCl 50 mM, pH 7, posteriormente se centrifugaron 

a 14, 000g a 4 °C por 15 min. El sobrenadante se resguardó a  80 °C hasta su uso. 

 

La cuantificación de la proteína soluble presente en los sobrenadantes, se llevó a cabo mediante el 

método de Bradford (1976). La actividad enzimática de proteasa acida, proteasa alcalina, tripsina, 

quimotripsina, lipasa y α-amilasa se determinaron siguiendo las especificaciones descritas a 

continuación:  

 Proteasa acida. Se cuantificó utilizando hemoglobina al 1% en buffer glicina-HCl 0.1 M 

(pH 2) y se incubó por 10 min (Anson, 1938).  

 Proteasa alcalina. Se determinó de acuerdo con la metodología de Walter (1984), utilizando 

caseína al 1% en una solución de 100 mM Tris-HCl, 10 mM CaCl2 (pH 9), con incubación 

de 20 min. 

 Tripsina. Se cuantificó mediante la técnica de Erlanger et al., (1961), utilizando 1 mM 

BAPNA (Nα-Benzoil-DL-Arginina-P-nitroanilida) como sustrato en buffer Tris-HCl 50 

mM, CaCl2 10 mM (pH 8.2). Se utilizó un volumen final de 250 µL compuesto por 135 µL 

de sustrato y 15 µL de extracto enzimático diluido 1:3. Se incubo 30 min y se midió la 

absorbancia a 410 nm en una micro placa (xMark, Biorad, Hercules, CA). 

 Quimotripsina. Se evaluó utilizando 1.25 mM SAPNA como sustrato en Tris-HCl-50 mM 

(pH 8), y se incubó por 30 min. La absorbancia se midió a 410 nm de acuerdo a la técnica 

de Del Mar et al., (1979). 

 Lipasa. Su actividad se determinó con el método de Gjellesvik et al., (1992), utilizando 4-

nitrofenil palmitato como sustrato en una solución de Tris-HCl, 0.5 M (pH7), taurocolato 

de sodio 6 mM y 5 µL de extracto enzimático. Se incubó por 10 min y la absorbancia se 

cuantificó a 415 nm.   

 α-amilasa. Se cuantificó utilizando almidón al 2% como sustrato en citrato de sodio (125 

µL), NaCl 0.05 M (pH 7.5), con incubación a 37 °C durante 60 min. La absorbancia se 

midió a 600 nm (Robyt & Whelan, 1968).   

Todos los valores de actividad enzimática se expresaron como U mg proteína-1. 
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7.8 Extracción de ARN y síntesis de cDNA 

 

Se realizó la extracción del ARN total de los intestinos de tres peces por replica, mediante la técnica 

de Trizol (Invitrogen, Waltham, MA) de acuerdo con las instrucciones del fabricante. La 

concentración y pureza de las muestras se determinó mediante la relación de la absorbancia a 

260/280 nm utilizando un espectrofotómetro (Jenway GenovaNano, Cole-Parmer, Staffordshire, 

Reino Unido). La integridad del ARN se verificó mediante la visualización de electroforesis en un 

gel de agarosa/formaldehído al 1%. El ARN (1 μg) se transcribió de forma inversa a cDNA 

mediante un kit de transcripción inversa de cDNA de alta capacidad (ThermoScientific, Waltham, 

MA) en un volumen final de 20 μL siguiendo las recomendaciones del fabricante.  

 

7.9 Cuantificación de expresión de genes  

 

Se cuantificó la expresión de los genes muc-2 (proteína de la capa de mucosa intestinal) y zo-1 

(proteínas de unión estrecha), relacionados con la integridad de la barrera intestinal; y de los genes 

il-8 (citocina proinflamatoria), il-10 (citocina antiinflamatoria) y lisozima (proteína bacteriolítica), 

componentes del sistema inmunológico. Se utilizó el gen β-actina como gen de referencia 

endógena (Jiménez-Martínez et al., 2022). Los cebadores empleados se muestran en la Tabla 3.  

Las mezclas de qPCR se realizaron con 5 µL del kit comercial Eva Green (BioRad, Hercules, CA), 

4.5 µl de cDNA (5 ng/ µl) y 0.25 µM de cada cebador, en un volumen final de 10 µL. Las 

reacciones de qPCR se realizaron en un termociclador en tiempo real CFX96TM (BioRad, 

Hercules, CA) bajo las siguientes condiciones: un ciclo de desnaturalización a 95 °C durante 10 

min, seguido de 40 ciclos de 15 s a 95 °C y 1 minuto a 60 °C. Los cambios relativos en la expresión 

génica se calcularon empleando el método 2ΔΔCt (Livak & Schmittgen, 2001). 
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Tabla 3. Cebadores utilizados para el análisis qPCR. 

 

 

 

 

 

 

 

 

 

7.10 Aislamiento de ADN de la microbiota intestinal 

 

Se realizó la extracción de ADN genómico de los intestinos de tres peces por replica, con el kit 

QIAGEN DNeasy PowerLyzer PowerSoil (Hilden, Germany). Los intestinos por replica se 

colocaron en la matriz Lysing Matrix A (MP Biomedicals TM Santa Ana, CA, EE. UU.) con el 

tampón de lisis proporcionado por el kit y se homogenizaron en el quipo FrastPrep-24TM 5G (MP 

BiomedicalsTM, Santa Ana, CA, EEI.UU.). Los pasos posteriores de la técnica de extracción se 

realizaron siguiendo el protocolo del fabricante (QIAGEN). La concentración de ADN se 

cuantificó utilizando el flurómetro Qubit 3.0 y el kit de ensayo ds DNA BR (Invitrogen de Thermo 

Fisher Scientific). La integridad del ADN se verificó mediante electroforesis en gel de agarosa al 

1%. 

7.11 Preparación de bibliotecas y secuenciación del gen rRNA 16s 

 

La región hipervariable V4 del gen 16s rRNA de las muestras de ADN bacteriano se amplificó 

mediante PCR para la preparación de las bibliotecas. Se utilizaron los cebadores específicos del  

Gen Secuencia de cebadores (5´- 3’) Eficiencia de 

amplificación 

(%) 

Tamaño de 

amplicon 

(bp) 

Referencias 

muc-2 FW: GGCCTCCTCAAGAGCACGGTG 

RV:TCTGCACGCTGGAGCACTCAATG 

90.94 100 Nieves-Rodriguez 

et al., (2018) 

zo-1 FW: TGTGCCTCAGATCACTCCAC 

RV: AAAGGCAGAGGGTTGGCTTC 

98.58 123 Pérez-Jiménez et 

al., (2022) 

zo-2 FW: TACCCATGGAAAATGTGCCTCA 

RV: CGGGGTCTCTTCACGGTAA 

95.29 88 Pérez-Jiménez et 

al., (2022) 

lyz FW: CACTGCAGCCATCAATCACAAC 

RV: ATTAGTCAGCAGCTTGCTGCAG 

89.91 100 Nieves-Rodriguez 

et al., (2018) 

il-8 FW: ATATTCACTGGTGGGCGGAG 

RV: GTGCGGCCTGAGATTGTTT 

94.18 369 Pérez-Jiménez et 

al., (2022) 

il-10 FW: TTATAAAGCCATGGGGGAGCTG 

RV: CTGCACAGTCTGCCTCTAGT 

94.47 91 Este estudio 

β-actin FW:GAGCTATGAGCTGCCTGAGTGG 

RV:GTGGTCTCATGAATGCCACAGG 

97.10 119 Jiménez-Martínez 

et al., 2022 
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gen V4-515f: 5′ GTGCCAGCMGCCGCGGTAA -3′ y V4-806r:5′– 

GGACTACHVGGGTWTCTAA T-3′ descritos por Caporaso et al., (2011). La amplificación por 

PCR consistió en un paso inicial de desnaturalización de 3 min a 98°C, seguido de 25 ciclos de 

desnaturalización de 15 s a 94°C, seguido de 15 s a 51°C, un paso de extensión de 15 s a 72°C y 

una extensión final de 5 min a 72°C. Se realizó una segunda PCR utilizando el índice de Nextera 

XT (Ilumina, San Diego, CA, EE.UU.) bajo las siguientes condiciones: 30 s a 95 °C, 30 s a 61°C 

y 5 min a 72°C. A todos los productos de PCR se les realizó un paso de limpieza optimizado, 

utilizando perlas Agencourt AMPure XP de acuerdo con el protocolo publicado por Ilumina. Las 

bibliotecas V4 se secuenciaron con el kit MiSeq Reagent Kit v3 (300 ciclos) usando la plataforma 

MiniSeq (Illumina, San Diego, CA, EE.UU.). Se realizaron 2 × 150 ciclos de secuenciación de 

extremos emparejados. 

 

7.12 Análisis bioinformáticos 

 

Las lecturas obtenidas a partir de la secuenciación de la región hipervariable V4 del gen 16S rRNA 

se procesaron mediante el software QIIME v.2022 (Quantitative Insights Into MicrobialEcology) 

(Boylen et al., 2019). Para la eliminación de ruido se utilizó el complemento “deblur denoise-

16S”de QIIME2, con el cual se depuraron un total de 605, 588 lecturas sin procesar. 

Posteriormente, las secuencias fueron recortadas a una longitud de 150 pares de bases, filtradas en 

función de los puntajes de calidad y se eliminaron las quimeras con Deblur. 

La asignación taxonómica de un total de 201 variantes de secuencia de amplicón (ASV) se realizó 

utilizando la base de datos del clasificador SILVA 132, basada en un 99% de identidad. Las 

lecturas no asignadas y los ASV con una frecuencia inferior a <4 lecturas se eliminaron de los 

análisis posteriores.  

Para analizar la diversidad alfa y beta entre los tipos de muestras, se utilizó la función “qiime 

diversity core-metrics-phylogenetic”, la cual requiere una rarefacción a una profundidad de 

muestreo especificada por usuario antes del cálculo de las métricas de diversidad. En este caso, los 

tamaños de las bibliotecas se ajustaron mediante submuestreo, a una profundidad de 26, 962  
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lecturas para evitar sesgos por tamaños de muestra desiguales. Se generó una curva de rarefacción 

utilizando ASV para estimar la riqueza de especies (diversidad alfa) con el complemento 

“rarefacción alfa de diversidad qiime”.  

Los índices de diversidad alfa de la comunidad microbiana se analizaron con el índice de Shannon-

Weaver para la biodiversidad y los estimadores de abundancia Chao 1 y ACE. Todos los índices 

se calcularon en QIIME2 con diversidad q2. Las comparaciones por pares de los valores de 

diversidad alfa se realizaron mediante ANOVA unidireccional (p< 0. 05). Para comparar la 

estructura general de la comunidad bacteriana entre diferentes tipos de muestras (diversidad beta), 

se calcularon las matrices de disimilitud y similitud utilizando las distancias de Bray-Curtis y 

Jaccard, así como la matriz de distancia filogenética basada en el índice Unifrac ponderado. A 

partir de las matrices, se realizó un análisis de coordenadas principales (PCoA), en QIIME, y la 

visualización de los resultados se llevó a cabo mediante EMPeror (Vázquez-Baeza et al., 2013). 

Finalmente, la comparación por pares de las distancias de diversidad beta en el tracto digestivo, se 

realizó mediante un análisis de varianza multivariante de permutación (PERMANOVA) con 4, 

999 permutaciones y un valor de significancia de p< 0.05. 

 

7.13 Análisis estadísticos 

 

Los análisis estadísticos de los resultados obtenidos, se realizaron de manera independiente por 

bioensayo, según la etapa de desarrollo evaluada en el pez y la cepa empleada (levaduras y 

bacteria) y se compararon con la dieta control (DC).  

Se realizaron pruebas de normalidad (Kolmogorov-Smirnov) y la homocedasticidad (Bartlett) 

sobre los datos de crecimiento, actividad enzimática digestiva y las mediciones histológicas, las 

cuales cumplieron los supuestos requeridos. En consecuencia, se realizó un ANOVA de una vía 

seguido de la prueba de post hoc de Tukey. Para los análisis de expresión génica, se utilizó la 

prueba de Kruskal-Wallis y la prueba de post hoc de Nemenyi para identificar diferencias 

significativas. Todos los datos se analizaron utilizando el software GraphPad Prism 8 (GraphPad 

Software, La Jolla, CA) con un valor de significancia de p<0.05. 
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8. CRONOGRAMA  

 Semestre I II III IV V VI VII VIII 

A
ct

iv
id

a
d

es
 

Revisión de bibliografía. x x x x x x x X 

Asignaturas. x x       

Objetivo 1 

Evaluar el efecto antagónico in vitro de C. tropicalis, 

D. hansenii y L. lactis contra bacterias patógenas de 

peces 

        

Cultivo de cepas probióticas y viabilidad.  x   x    

Formulación y realización de las dietas 

experimentales. 
 x   x    

Bioensayo de larvas y juveniles con la 

administración de dietas experimentales y obtención 

de ejemplares para los análisis posteriores. 
  x  x    

Objetivo 2 

Determinar el efecto de la inclusión en la dieta de las 

levaduras C. tropicalis y D. hansenii sobre el 

crecimiento, indicadores de productividad acuícola, 

supervivencia, actividad enzimática digestiva, 

morfología digestiva y expresión de genes asociados 

a la función de barrera intestinal y el sistema 

inmunológico en juveniles de A. tropicus. 

  x x x x   

Obtención de resultados de parámetros productivos.   x x x x   

Obtención de resultados de análisis metagenómicos, 

expresión de genes y actividad enzimática. 
   x x x   

Objetivo 3 

Evaluar el efecto de la inclusión en la dieta de la 

bacteria autóctona L. lactis sobre el crecimiento, 

indicadores de productividad acuícola, 

supervivencia, actividad enzimática digestiva, 

morfología digestiva y expresión de genes asociados 

a la función de barrera intestinal y el sistema 

inmunológico en larvas de A. tropicus. 

 

   x x x   

Objetivo 4 

Caracterizar la composición de la microbiota 

bacteriana residente en el intestino de larvas y 

juveniles de A. tropicus mediante análisis 

metagenómicos.  

Objetivo 5 

Estimar las funciones metabólicas de la microbiota 

intestinal en larvas de A. tropicus alimentadas con la 

bacteria autóctona L. lactis mediante análisis de 

predicción basado en la composición genética. 

 

 

   x x x   

Análisis estadísticos.    x x x   

Redacción de artículos.   x x x x   

Someter primer artículo.     x x   

Someter segundo artículo.       x  

Estancia de investigación en CIAD-Hermosillo, 

Sonora. 
   x x    

Examen pre-doctoral.     x x   

TOEFL.   x    x X 

Examen de grado.        X 

 Redacción de Tesis. x x x x x x x X 
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Including probiotic yeasts, such as Debaryomyces hansenii, in fish diets improves 

aquaculture production and fish health. Some fish-isolated yeasts, like Candida tropicalis, 

produce antimicrobial metabolites. However, there have been no reports on their in vivo 

effects. We evaluated the effects of dietary administration of both yeasts on growth, 

survival, digestive enzyme activity, expression of intestinal barrier genes, and intestinal 

microbiota composition in Atractosteus tropicus juveniles. We administered diets with 

three concentrations of C. tropicalis (104, 106, and 108 CFU g-1), three with D. hansenii 

(103, 105, and 107 CFU g-1), and a control diet without yeast for 45 days. We also 

evaluated the antagonistic capacity of both yeasts against fish pathogens in vitro. Results 

showed that lower doses of C. tropicalis (104 CFU g-1) and D. hansenii (103 CFU g-1) 

improved growth, survival, and lipase activity. However, C. tropicalis compromised 

intestinal barrier integrity by reducing zo-1 expression and increasing il-8 expression while 

altering the microbiota to favor Desulfovibrionaceae. Conversely, D. hansenii enhanced 

intestinal barrier integrity by increasing the expression of muc-2, zo-1, and il-10 genes 

and decreasing il-8 expression without altering the microbiota, where Mycoplasma 

predominated. Both yeasts showed antagonistic activity against pathogens. In conclusion, 

the dietary inclusion of C. tropicalis did not favor the intestinal health of the fish. 

Conversely, D. hansenii at a concentration of 103 CFU g-1 is recommended to improve the 

growth, digestive function, and health of A. tropicus juveniles. 
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ABSTRACT. Including probiotic yeasts, such as Debaryomyces hansenii, in fish 

diets improves aquaculture production and fish health. Some fish-isolated yeasts, 

like Candida tropicalis, produce antimicrobial metabolites. However, there have 

been no reports on their in vivo effects. We evaluated the effects of dietary 

administration of both yeasts on growth, survival, digestive enzyme activity, 

expression of intestinal barrier genes, and intestinal microbiota composition in 

Atractosteus tropicus juveniles. We administered diets with three concentrations of 

C. tropicalis (104, 106, and 108 CFU g-1), three with D. hansenii (103, 105, and 107 

CFU g-1), and a control diet without yeast for 45 days. We also evaluated the 

antagonistic capacity of both yeasts against fish pathogens in vitro. Results showed 

that lower doses of C. tropicalis (104 CFU g-1) and D. hansenii (103 CFU g-1) 

improved growth, survival, and lipase activity. However, C. tropicalis compromised 

intestinal barrier integrity by reducing zo-1 expression and increasing il-8 

expression while altering the microbiota to favor Desulfovibrionaceae. Conversely, 

D. hansenii enhanced intestinal barrier integrity by increasing the expression of 

muc-2, zo-1, and il-10 genes and decreasing il-8 expression without altering the 

microbiota, where Mycoplasma predominated. Both yeasts showed antagonistic 

activity against pathogens. In conclusion, the dietary inclusion of C. tropicalis did  
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not favor the intestinal health of the fish. Conversely, D. hansenii at a concentration 

of 103 CFU g-1 is recommended to improve the growth, digestive function, and 

health of A. tropicus juveniles. 

Keywords: Candida tropicalis; Debaryomyces hansenii; yeast probiotic; intestinal 

microbiota; tropical gar 

INTRODUCTION 

The use of probiotics as food additives that exert positive effects at the nutritional, physiological, 

and immunological levels of aquatic organisms has generated interest in the aquaculture sector 

(El-Saadony et al. 2021, Rohani et al. 2022), intending to meet consumer demands and provide 

well-being in culture conditions. Probiotics are those live microorganisms that, when 

supplemented in food, have beneficial effects on a host by contributing to the balance of the 

intestinal microbiota (Gram et al. 1999). Probiotic administration's effects are diverse, including 

cell proliferation and differentiation, immune system enhancement, improved digestive activity, 

growth, survival, and modulation of the intestinal microbiota. The intestinal microbiota plays a 

vital role in fish development and is subject to modulation by various factors such as environmental 

stimuli, diseases, diet type, and developmental stage (Miyake et al. 2015, Talwar et al. 2018). 

However, the effects of probiotics are strain-specific and depend on the administered concentration 

and the host (Merrifield et al. 2010). Many probiotics of great interest are primarily Gram-positive 

and lactic acid bacteria (Verschuere et al. 2000). However, yeasts can be good probiotics (Caruffo 

et al. 2015) since they are part of the normal microbiota of fish, with physiological effects 

attributed to the production of various enzymes, polyamines, and the components of their wall 

such as -glucans and mannan-oligosaccharides (MOS), which promote the immune response 

(Lokesh et al. 2012, Navarrete & Tovar-Ramírez 2014). Also, they can modulate the intestinal 

microbiota's composition and influence the organisms' health status (Vargas-Albores et al. 2021). 

Yeasts of the genera Pichia, Saccharomyces, Candida, and Debaryomyces are most frequently 

isolated from the intestinal system of fish (Navarrete & Tovar-Ramírez 2014). These yeasts can 

produce killer toxins that act antagonistically against pathogens, thereby protecting the host from 

infections (Wang et al. 2018). Several studies have shown that feeding Debaryomyces hansenii to  
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fish, including rainbow trout (Oncorhynchus mykiss), turbot (Scophthalmus maximus), European 

bass (Dicentrarchus labrax), and gilthead seabream (Sparus aurata), can enhance their growth,  

survival rate, intestinal condition, and function, and also regulate their intestinal microbiota 

(Tovar-Ramírez et al. 2004, Angulo et al. 2020, Teles et al. 2022, Sanahuja et al. 2023). On the 

other hand, Candida tropicalis, which has been isolated from healthy specimens of Nile tilapia 

(Oreochromis niloticus), produces secondary metabolites with antimicrobial activity (Siangpro et 

al. 2023), making it a potential probiotic. However, it is essential to analyze the effects of its in 

vivo administration on the physiological and immunological status and the composition of the fish 

microbiota.  

Tropical gar (Atractosteus tropicus) is a species native to the southeast region of Mexico and 

is of ecological and biological importance. A. tropicus aquaculture for local and commercial 

consumption represents a growing economic activity (Márquez-Couturier & Vázquez-Navarrete 

2015). However, the use of probiotics as an additive has been scarcely studied, representing a field 

of potential improvements in the cultivation of this species. This study investigated the impact of 

including C. tropicalis and D. hansenii yeasts in diets for A. tropicus juveniles on growth, digestive 

enzyme activity, immune system gene expression, intestinal barrier gene expression, and intestinal 

microbiota composition. Additionally, we evaluated the antagonistic capacity of both yeasts 

against fish pathogens in vitro. 

 

MATERIALS AND METHODS 

Yeast biomass 

The C. tropicalis strain (PH-04) was provided by the Applied Microbiology Laboratory 

(DACBiol-UJAT), which was isolated from the intestine of an adult male of A. tropicus, and D. 

hansenii (CBS 8339), provided by CIBNOR, SC. The yeast biomass was obtained by stepwise 

cultivation for 48 h in dextrose yeast peptone broth (yeast extract 10 g, peptone 20 g, dextrose 20 

g, distilled water 1,000 mL) in a rotary shaker (Thermo scientific MaxQ 600) at 140 rpm for 48 h 

at 32°C. The cultures were centrifuged at 2,500 g for 40 min, and the cell package was washed 

twice with sterile solution saline (85%). The colony-forming units (CFU) of the biomasses  
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obtained were quantified (Hoben & Somasegaran 1982), and the number of CFU per g of wet 

biomass was reported.  

Pathogen antagonism test 

The in vitro antagonistic capacity of the yeasts C. tropicalis and D. hansenii against different fish 

pathogenic bacteria was evaluated. The pathogenic bacteria used were Aeromona hydrophila 

(NCIBM 1134), A. dhakensis (Caim, 1873), A. ichthiosmia (Caim, 1876), Staphylococcus arlettae 

(CAIM 1658 and UJAT-02), Vibrio harveyi (Caim, 1622), V. campbelli (Gibgen, 002) and 

Photobacterium damselae (Caim, 192). The overnight cultures of the bacteria were adjusted to an 

optical density of 0.6-0.9 at 520 nm (approximately 1×108 CFU mL-1). The adjusted suspension 

was diluted 1:10 in sterile saline solution (0.85%) to obtain an inoculum of 1×107 CFU mL-1, 3.5 

mL of the bacterial suspension was taken and placed in 31.5 mL of Mueller-Hinton Agar (Difco) 

(45°C), it was homogenized and poured into square Petri dishes (Greiner, Bio-one). After the agar 

had solidified, the yeast cultures from the 2-day-old culture were punctually inoculated with a 

calibrated loop (1 µL). The plates were incubated at 30°C for 24 h, and the antagonistic effect of 

each yeast strain against the specific bacterial strains was quantified by measuring the diameter of 

the inhibition zones in mm with the standard caliper. The experiments were performed in triplicate 

(Pantelides et al. 2015). 

Preparation of the experimental diets 

Seven experimental diets were formulated following the protocol of Frías-Quintana et al. (2016). 

Three diets were supplemented with C. tropicalis 104, 105, and 106 CFU g-1 and D. hansenii at 103, 

105, and 107 CFU g-1 concentrations. A control diet without yeast (CD) was also included (Table 

1). Yeast incorporation into the diets was achieved by suspending the biomass adjusted in 200 mL 

of sterile water. The diets were pelleted (3-5 mm), dried at 40°C for 15 h in a convection oven, 

and stored at 4°C until use. All diets' proximal analysis (ash, lipid, and protein) was conducted 

according to the Official Methods of Analysis of AOAC International (2000). 

Viability of yeasts in experimental diets 

At the experiment's beginning and end, the yeast concentration and viability in each experimental 

diet were confirmed by quantifying CFU per gram. A representative sample from each diet was  
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obtained using the quartering method (Campos & Campos 2017). One gram of the diet was 

weighed and suspended in 9 mL of saline solution (0.85%), and exponential dilutions from 10-1 to 

10-10 were prepared. One hundred microliters of the various dilutions were inoculated on Potato 

Dextrose Agar (PDA, Difco) supplemented with antibiotics (amikacin and chloramphenicol) to 

reduce bacterial contamination in the formulated foods. The inoculum was evenly spread using a 

sterile Digralsky loop, and the plates were incubated for 24-48 h at 32°C. Colonies in dilution 

boxes with 10-30 colonies were counted, and the CFU per gram of diet was calculated. 

Experimental design 

Three hundred seventy-eight A. tropicus juveniles at 38 days post-hatching (DPH) were used, with 

an average weight of 0.22 ± 0.08 g and a total length of 3.67 ± 0.29 cm, obtained from the 

aquaculture farm "Otot Ibam", Comalcalco, Tabasco, México. Twenty-one tanks (59 cm in 

diameter and 49 cm in height) were connected to a recirculation system powered by a 1 HP water 

pump linked to a 1,500 L reservoir with a biological and automated sand filter and an ultraviolet 

light lamp to minimize bacterial load. Eighteen fish were placed in each tank. The average 

temperature was 27.1 ± 0.8°C, dissolved oxygen was 5.7 ± 0.2 mg L-1, and pH was 7.3-7.5, 

monitored daily using an oximeter (YSI 85, USA) and a potentiometer (HANNA HI 991001, 

Romania). 

During the initial five days, the organisms were acclimated to the experimental diets with 

commercial feed: 80% commercial feed and 20% experimental diet. Gradually, each day, a higher 

proportion of the experimental diet was provided (70/30, 60/40, 50/50, and 40/60). Only the 

experimental and CD, starting from day six, were administered for 45 days. The treatments were 

conducted in triplicate. Fish were fed four times daily (07:00, 11:00, 15:00, and 19:00 h) until 

apparent satiety. Cleaning each tank and partial water replacement (10%) after each feeding using 

a siphoning method. 

At the end of the bioassay, all fish were weighed and measured. Subsequently, they were 

anesthetized with clove oil (0.1 mL L-1) and euthanized by decapitation. An incision was made in 

the ventral area for the extraction of the liver, visceral package, stomach, and intestine for somatic  
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index determination. Additionally, three stomachs and three intestines per replicate were frozen 

for enzymatic activity evaluation. Only the organisms from treatments with the concentrations of 

each yeast showing the highest growth and survival were used to quantify the expression of genes 

related to the intestinal barrier function and determine the intestinal microbiota composition. For 

this purpose, three more intestines per replicate were preserved in RNAlater™ solution (Ambion) 

for gene expression analyses. Additionally, three intestines per replicate were taken and rinsed 

with RNase-free water (Sigma), then preserved in RNase-free tubes for metagenomic analyses. 

All samples were preserved at -80°C. 

The study was conducted under the technical specifications for the care and use of laboratory 

animals, as stated in the Official Mexican Standard NOM-062-ZOO-1999 from the Ministry of 

Agriculture, Livestock, Rural Development, Fisheries, and Food, and we followed the 

Declarations of Helsinki recommendations. 

Evaluation of growth indexes, survival, and somatic indexes 

Every 15 days and at the end of the experiment, weight was determined using an analytical balance 

(Ohaus HH120, precision 120 ± 0.01 g, Shenzhen, China), and total length was measured using 

photographs analyzed with Image 1.5 software for all specimens.  

At the end of the bioassay, the following productive parameters were determined: feed intake 

(FI): (feed intake, g dry matter / number of fish/day); AWG: the absolute weight gain: final weight 

(g) – initial weight (g); SGR: specific growth rate: [(Ln final weight – Ln initial weight)/days] × 

100; FCR: feed conversion rate: (feed intake, g dry matter) / (fish wet weight gain, g); PER: the 

protein efficiency ratio: wet weight gain (g) / protein intake (g); and S: survival: (number of final 

fish / number of initial fish) × 100. 

Before tissues were preserved, the liver, visceral package, and intestines were weighed to 

calculate the following indexes: hepatosomatic indexes (HSI): (liver weight (g) × 100 / total body 

weight (g); viscerosomatic indexes (VSI): (viscera weight (g) × 100 / total body weight (g); and 

the condition factor (K): (final mean body weight / final mean body length3) × 100). 
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Enzyme activities quantification 

The multi-enzymatic extract was obtained from a pool of three stomachs and three intestines 

homogenized by replication in 50 mM TRIS-HCl, pH 7, and subsequently centrifuged at 14,000 g 

at 4°C for 15 min. The supernatant was stored at -80°C until use. Quantification of soluble protein 

was performed using the Bradford method (1976). The activity of trypsin was quantified using the 

Erlanger et al. (1961) technique with 1 mM BAPNA as substrate (Nα-benzoyl-DL-arginine-P-

nitroanilide) in 50 mM Tris-HCl, 10 mM CaCl2, pH 8.2 and the absorbance was measured at 410 

nm. Chymotrypsin activity was quantified using 1.25 mM SAAPNA as substrate with 50 mM Tris-

HCl, pH 8.2, and the absorbance was measured at 410 nm, following the technique of Delmar et 

al. (1979). Leucine aminopeptidase activity was determined using 0.1 M leucine p-nitroanilide as 

substrate, dissolved in DMSO and diluted with 50 mM sodium phosphate, pH 7.2, incubated at 

37°C and measured at 405 nm, according to the method of Maroux et al. (1973). α-amylase activity 

was quantified using 1% starch as substrate in buffer sodium citrate, 0.05 M NaCl, pH 7.5, and the 

absorbance was measured at 600 nm (Robyt & Whelan 1968). Lipase activity was carried out with 

a modified method by Gjellesvik et al. (1992), using 4-nitrophenyl palmitate as substrate and 0.5 

M Tris-HCl, pH 7.4, 6 mM of sodium taurocholate and 10 µL of extract and the absorbance was 

measured at 540 nm. All data obtained are shown as unit per milligram of protein (U mg protein-

1) according to the following equations: units by mL (U mL-1) = [Δabs × final reaction volume 

(mL)]×[ε × time (min) × extract volume (mL)]-1; specific activity (U mg protein-1) = U mL mg-1 

of soluble protein.  

RNA extraction and reverse transcription 

Total RNA was extracted from three intestines per triplicate (nine intestines per treatment), using 

Trizol (Invitrogen, Waltham, MA) and following the manufacturer's protocol. RNA concentration 

and purity were assessed using a spectrophotometer (Jenway GenovaNano, Cole-Parmer, 

Staffordshire, UK). Subsequently, one microgram of RNA was reverse-transcribed into cDNA 

within a thermocycler (Mastercycle nexus GSX1, Eppendorf, Hamburg, Germany) using the high-

capacity cDNA reverse transcription kit (Maxima First Strand cDNA Synthesis Kit for RT-qPCR,  
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Thermo Scientific, Waltham, MA) in a final volume of 20 μL, following the manufacturer's 

guidelines. 

Gene expression analysis 

Five genes were selected for evaluation of gene expression related to the intestinal barrier integrity 

such as mucus layer protein (muc-2) and tight junctions (zo-1), and the immune system as cytokine 

proinflammatory (il-8), cytokine anti-inflammatory (il-10), and lysozyme (bacteriolytic). The 

primers used are shown in Table 2. The qPCR reactions were carried out using 10 µL of Eva Green 

supermix (BioRad, Hercules, CA), 9 µL of cDNA (5 ng µL-1), and 1 µL primers mix (3 mM) in a 

final volume of 20 µL. The β-actin gene (Jiménez-Martínez et al. 2021) was used as the reference 

gene. Subsequently, the qPCR was conducted using a CFX96TM Real-Time Thermocycler 

(BioRad, Hercules, CA). The relative gene expression changes compared to the untreated control 

were calculated using the ΔΔCt method (Livak & Schmittgen 2001). 

DNA isolation from gut microbiota  

Genomic DNA extractions were performed using the QIAGEN DNeasy PowerLyzer PowerSoil 

kit. Three gut tissues were pooled and placed in Lysing Matrix A (MP Biomedicals TM Santa Ana, 

CA, USA) with lysis buffer from the kit and homogenized per replicate using the FastPrep-24TM 

5G Instrument (MP BiomedicalsTM, Santa Ana, CA, USA). Subsequent steps were carried out 

according to the manufacturer's protocol (QIAGEN). The DNA concentration was quantified using 

the Qubit 3.0 Fluorometer and the ds DNA BR Assay kit (Invitrogen by Thermo Fisher Scientific). 

DNA integrity was verified by 1% agarose gel electrophoresis.  

Library preparation and bacterial 16S rRNA gene sequencing 

The V4 hypervariable region of the bacterial 16s rRNA gene was amplified by PCR for the library 

preparation, using gene-specific primers V4-515f: 5′-GTGCCAGCMGCCGCGGTAA-3′ and V4-

806r: 5′-GGACTACHVGGGTWTCTAA T-3′ described by Caporaso et al. (2011). PCR 

amplification consisted of an initial denaturation step for 3 min at 98°C, followed by 25 cycles of 

denaturation for 15 s at 94°C, annealing for 15 s at 51°C, an extension step at 72°C and a final 

extension for 5 min at 72°C. A second PCR was performed using Nextera XT index (Illumina, San  
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Diego, CA, USA) under the following conditions: 30 s at -95°C, 30 s at 61°C, and 5 min at 72°C. 

All PCR products were followed by an optimized Clean-Up step utilizing Agencourt AMPure XP 

beads following Illumina's published protocol. Finally, V4 libraries were sequenced with a MiSeq 

Reagent Kit v3 (300 cycles) using the MiniSeq Platform (Illumina, San Diego, CA, USA), and 

2×150 cycles of paired-end sequencing were performed. 

Bioinformatics analyses 

All the raw sequencing reads of the V4 16S rRNA gene were processed with Quantitative Insights 

Into Microbial Ecology 2 (QIIME2) v.2022 (Bolyen et al. 2019). Six hundred five thousand five 

hundred eighty-eight raw reads were denoised using the "Deblur denoise-16S" plug-in of QIIME2,  

reads were trimmed at 150 bases, filtered based on quality scores, and chimeras were removed 

using Deblur. The taxonomic assignment of 201 amplicon sequence variants (ASVs) was 

performed using the classifier SILVA 132 database set at 99% of identity. Unassigned reads and 

ASVs with frequency <4 reads were eliminated from further analyses. 

The "qiime diversity core-metrics-phylogenetic" function was set to analyze alpha and beta 

diversity among sample types, which requires rarefaction to a user-specified sampling depth before 

computing diversity metrics. Library sizes were adjusted, rarefying the number of reads with a 

minimum depth of 26,962 to avoid unequal sample sizes (n = 9, three replicas per treatment). A 

rarefaction curve was generated using ASVs to estimate species richness (alpha diversity) with the 

qiime diversity alpha-rarefaction plug-in.  

Alpha diversity indices (ASV) of microbial community composition were analyzed with 

Shannon-Weaver for the biodiversity and the abundance estimator using Chao 1 and ACE; all 

indices were calculated in QIIME2 with q2-diversity. Pairwise comparisons of alpha diversity 

indices values were performed using one-way ANOVA (P < 0.05). To compare overall microbial 

community structures between different sample types (beta diversity), dissimilarity and similarity 

matrices were calculated based on the Bray-Curtis and Jaccard distances and the phylogenetic 

distance matrix based on the Weighted Unifrac index. Principal coordinate analysis (PCoA) was 

conducted on the calculated matrixes, performed by QIIME2, and visualized using EMPeror 

(Vázquez-Baeza et al. 2013). A pairwise comparison of the digestive tract beta diversity distances  
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was performed using permutation multivariate analysis of variance (PERMANOVA) through 

4,999 permutations with a P-value of 0.05 to the beta diversity analysis of QIIME2. 

Data analysis and statistics 

The statistical analyses were conducted independently for each yeast compared to the CD. 

Normality (Kolmogorov-Smirnov) and homoscedasticity (Bartlett) were tested for all treatments. 

Differences in growth indexes, survival, and digestive enzyme activities between diets were 

assessed using one-way ANOVA, followed by Tukey's test. As the gene expression results did not 

follow a normal distribution, differences in gene expression were determined by the Kruskal-

Wallis and Nemenyi methods. All data were statistically analyzed using GraphPad Prism 8 

(GraphPad Software, La Jolla, CA) software with a significance value 0.05. 

 

 

RESULTS 

 

Yeast antagonism against pathogens 

The antagonistic properties of the yeasts C. tropicalis and D. hansenii were evaluated against eight 

fish pathogens, including both Gram-positive (Staphylococcus arlettae strains CAIM 1658 and 

UJAT-02) and Gram-negative (Aeromona hydrophila, A. dhakensis, A. ichistiomia, Vibrio 

campbelli, V. harveyi, and Photobacterium damselae) bacteria. Table 3 shows the antagonistic 

capacity of the yeast C. tropicalis in inhibiting the growth of A. ichistiomia with inhibition zones 

of 13.0 ± 1.5 mm, S. arlettae (strain Caim, 1658) with inhibition zones of 14.7 ± 1.3 mm, and V. 

harveyi with inhibition zones of 13.5 ± 1.3 mm. Meanwhile, D. hansenii only inhibited the growth 

of P. damselae, with inhibition zones of 15.4 ± 1.8 mm. 

Viability of yeasts in experimental diets 

The CFU number after diet formulation and at the end of the experiment (50 days of storage) 

indicates that both yeasts were present in concentrations similar to the initial ones throughout the 

experiment (data not shown). 
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Growth indexes, survival, and somatic indexes 

After 45 days of feeding fish with diets supplemented with C. tropicalis yeast at a concentration 

of 104 CFU g-1, the fish exhibited significantly higher weight (3.16 ± 0.48 g) and total length (9.47 

± 0.45 cm) compared to the other two concentrations and the CD (P < 0.02) (Fig. 1a-b). On the 

other hand, fish-fed diets containing D. hansenii yeast at a concentration of 103 CFU g-1 showed 

the highest weight (3.29 ± 0.12 g) and total length (9.93 ± 0.37 cm), also displaying significant 

differences compared to the other two concentrations and the CD (P < 0.02) (Fig. 1c-d). 

The determination of growth indices revealed that feed intake (FI) was lower in fish fed with 

all three inclusions of C. tropicalis compared to the CD (P < 0.02). On the other hand, no 

differences in FI were observed between fish fed with D. hansenii at 103, 105 CFU g-1, and the CD. 

However, FI was lower in the diet with D. hansenii at 107 CFU g-1 compared to the other treatments 

(P < 0.05). Fish-fed diets supplemented with C. tropicalis at 104 CFU g-1 and D. hansenii at 103 

CFU g-1 exhibited the highest AWG and SGR compared to the other treatments and the CD (P < 

0.02). In this regard, higher survival rates (20.37 ± 3.20 and 25.92 ± 3.20%) were recorded in fish  

receiving the diet supplemented at the lower concentrations of C. tropicalis (104 CFU g-1) and D. 

hansenii (103 CFU g-1), respectively (Table 4). However, incorporating C. tropicalis yeast at 

different concentrations showed no significant effect (P < 0.05). Contrarily, significant differences 

in survival were observed in fish fed with D. hansenii, with a concentration of 103 CFU g-1 

compared to the CD (P < 0.01) (Table 4). In contrast, the highest FCR was observed in fish fed 

with the CD and the higher concentration of C. tropicalis (105 CFU g -1). The PER values did not 

show significant treatment differences. 

The determination of somatic indices indicated that fish fed with the CD had higher VSI than 

those supplemented with D. hansenii (P < 0.03). Fish fed with C. tropicalis at 105 CFU g -1 also 

showed higher VSI, although this was not significantly different from the CD. The highest HSI 

value was observed in juveniles treated with D. hansenii at 103 CFU g-1, although without 

significant differences (Table 4). The K value of fish fed with the CD was higher compared to fish 

fed with treatments supplemented with D. hansenii (P < 0.05). In contrast, no differences in K 

were observed between fish fed with the CD and those fed with treatments supplemented with C. 

tropicalis (Table 4). 
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Digestive enzyme activities 

Juveniles fed with the D. hansenii diet at 105 CFU g-1 showed the highest specific activity of all 

evaluated enzymes, including trypsin, chymotrypsin, leucine aminopeptidase, amylase, and lipase, 

with significant differences compared to the other treatments and the CD (P < 0.05) (Table 5). 

Regarding supplementation with C. tropicalis, it was observed that amylase activity was 

higher in juveniles fed at 105 CFU g-1, while lipase activity was higher in those fed with 106 CFU 

g-1. Significant differences were observed in both cases compared to the remaining treatments and 

the CD (P < 0.05). However, trypsin, chymotrypsin, and leucine aminopeptidase activities were 

significantly higher in fish fed with the CD compared to those supplemented with yeast (P < 0.05) 

(Table 5). 

Intestinal barrier gene expressions 

The relative expression of muc-2, zo-1, il-8, il-10, and lyz in juveniles treated with C. tropicalis at 

104 CFU g-1 and D. hansenii at 103 CFU g-1 is shown (Fig. 2). Fish fed with C. tropicalis 104 CFU 

g-1 showed no changes in the expression of the muc-2 gene but exhibited a notable decrease in zo-

1 expression (P < 0.0422). Although the lyz and il-10 genes did not show changes in their 

expression levels compared to the control group, a significant increase in the il-8 gene expression 

was observed compared to the CD (P < 0.008) (Fig. 2a). Furthermore, D. hansenii at 103 CFU g-1 

significantly enhanced the expression of genes related to intestinal barrier function, muc-2, and zo-

1, compared to the CD (P < 0.02). The evaluation of gene expression associated with the immune 

system revealed no significant differences in lyz expression compared to the CD. On the other 

hand, the expression of the il-8 gene decreased significantly compared to the CD (P < 0.001), in 

contrast to the expression of il-10, which increased significantly compared to the CD (P < 0.0001) 

(Fig. 2b).  

Intestinal microbial diversity 

Table 6 shows the alpha-diversity values of the intestinal microbiota of juveniles treated with C. 

tropicalis at 104 CFU g-1 and D. hansenii at 103 CFU g-1, along with the CD. The obtained values 

indicate no significant differences in the diversity of the microbiota present in the intestines of fish 

fed with C. tropicalis and D. hansenii compared to those fed with the CD. However, there is a 

trend toward higher values with C. tropicalis (Table 6). 
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The intestinal microbiota of A. tropicus juveniles fed with C. tropicalis, D. hansenii, and the 

CD comprised two dominant phyla: Tenericutes and Proteobacteria (Fig. 3). In fish fed with the 

CD and D. hansenii, the phylum Tenericutes predominated (82.43 and 78.80%, respectively), 

whereas in fish fed with C. tropicalis, it was found at a lower percentage of only 23.19%. In 

contrast, the phylum Proteobacteria was predominant in fish fed with C. tropicalis (76.22%), while 

in fish fed with the CD and D. hansenii, it was only found at 17.14 and 20.86%, respectively. 

Additionally, less than 1% of the microbiota in fish fed with both yeast treatments and the CD 

belonged to the phylum Firmicutes (CD 0.366%, C. tropicalis 0.397%, and D. hansenii 0.981%) 

(Fig. 3). 

Eight families were identified, including Mycoplasmataceae, Desulfovibrionaceae, 

Moraxellaceae, and Neisseriaceae, which were found in the fish of the three treatments (Fig. 4). In 

fish fed with the CD and D. hansenii, the Mycoplasmataceae family predominated with 82 and 

77%, respectively, while in fish fed with C. tropicalis, it was found at a lower percentage of only 

23.19%. In contrast, the Desulfovibrionaceae family was predominantly found in fish fed with the  

yeast C. tropicalis at 75.33%; in contrast, in fish fed with the CD and D. hansenii, it was only 

found at 19.66 and 12.11%, respectively. The Moraxellaceae and Neisseriaceae families were 

present at percentages below 1% in fish from all treatments. As for the Enterobacteriaceae and 

Erysipelotrichaceae families, these were only found in fish fed with D. hansenii, although at less 

than 1% (Fig. 4). 

Figure 5 shows the genus present in the intestinal microbiota of the evaluated fish. A total of 

six genera were identified, with Mycoplasma being the most abundant of the three treatments. In 

fish fed with the CD and D. hansenii, the genus Mycoplasma predominated with 82.03 and 77.42%, 

respectively, while in fish fed with C. tropicalis, it was found at a lower percentage of only 23.19%. 

Conversely, the genus Desulfovibrio was found at a greater percentage in fish fed with C. tropicalis 

(75.13%) than those fed with the CD and D. hansenii (12.12 and 19.67%, respectively). The genus 

Acinetobacter was observed in lower proportions, less than 5% in fish fed with the CD, while in 

fish fed with C. tropicalis, it was found at only 0.047%. 

Community structure of the bacterial microbiota 

The β-diversity index values showed significant differences (P < 0.05) in the intestinal microbiota 

of fish fed with C. tropicalis and D. hansenii compared to those fed with the CD. The distance  
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matrix calculated using the Bray-Curtis index indicated a total variability of 99.74% (P = 0.0038). 

In contrast, the Jaccard index revealed an accumulated variance of 62.37% (P = 0.004) (Fig. 6b). 

The weighted UniFrac metric recorded a total variance of 99.87% (P = 0.0048) (Fig. 6c). In 

comparison, the unweighted UniFrac metric showed a total variance of 74.23 % (P = 0.0042) (Fig. 

6d). 

DISCUSSION 

The effect of probiotic yeasts on host growth largely depends on the type and concentration 

administered. This study showed positive effects on A. tropicus juveniles fed with diets 

supplemented with the lowest doses of D. hansenii (103 CFU g-1) and C. tropicalis (104 CFU g-1). 

These fish exhibited higher weight, total length, AWG, SGR, and S rates than those fed the CD. 

However, higher levels of both yeasts resulted in similar or worse growth and feed utilization 

parameters than those observed with the CD. This finding aligns with the results of Hernández-

López et al. (2021), who demonstrated that high concentrations of D. hansenii (1014, 1015, and 1016 

CFU g-1) in the diet of A. tropicus juveniles have adverse effects on the growth and survival. The 

negative impact on growth and physiological variables is attributed to the high yeast 

concentrations, which produce elevated levels of polyamines that can be toxic, impair growth and 

development, and displace the resident microbiota (Tovar-Ramírez et al. 2004). FI was evaluated 

in this study to understand these effects further. The results showed that fish fed all three 

concentrations of C. tropicalis and the highest concentration (107 FCU g-1) of D. hansenii exhibited 

lower FI values than the CD, which indicates that these yeast-supplemented diets might lead to 

reduced feed consumption. 

Interestingly, despite the lower FI, significant growth improvement and better FCR were 

observed only in fish fed with the lowest concentrations of both yeasts, suggesting that while 

higher concentrations of yeasts may reduce FI, the optimal growth-promoting effects are achieved 

at lower concentrations, possibly due to better nutrient utilization or enhanced metabolic efficiency 

at these levels. Regarding K, our results showed that fish fed with C. tropicalis (104 and 105 CFU 

g-1) obtained a lower K value than those fed with CD. Moreover, in the fish fed with the three 

concentrations of D. hansenii, K was significantly lower than CD. Although the K values are below  
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the CD value, they agree with the values reported in juveniles of A. tropicus by Nájera-Arzola et 

al. (2018), Sepúlveda-Quiroz et al. (2020) and Hernández-López et al. (2021), which could 

represent a standard value or range for K in juveniles of this species. Positive effects on the growth 

and survival of fish fed with D. hansenii (5.7%) have also been reported in European seabass (D. 

labrax) larvae (Tovar-Ramírez et al. 2004), greater amberjack (Seriola rivoliana) (Teles et al. 

2022), and gilthead seabream (S. aurata) (Sanahuja et al. 2023). 

Regarding aquaculture production, higher HSI and VSI values could indicate compromised 

muscle growth and higher fat storage. In this study, diets supplemented with 104 and 106 FCU g-1 

of C. tropicalis and all three concentrations of D. hansenii showed significantly lower VSI values 

than the CD. Both yeasts might contribute to reduced visceral fat accumulation, which improves 

muscle growth quality. However, no significant differences were found in HSI values between fish 

fed with C. tropicalis and D. hansenii, compared to the CD, indicating that the yeasts do not 

significantly affect hepatic fat storage. 

In addition to the beneficial effect on growth, this study observed that fish fed with all three 

concentrations of C. tropicalis and the two highest concentrations of D. hansenii (105 and 107 CFU 

g-1) showed an increase in amylase enzymatic activity. Additionally, lipase activity was increased 

in fish fed with both yeasts compared to the CD. Fish fed with all three concentrations of C. 

tropicalis and D. hansenii at 103 and 107 CFU g-1 showed lower values of trypsin, chymotrypsin, 

and leucine aminopeptidase activity than those fed the CD. The lower enzymatic activity 

observed could be due to these yeasts altering the gut environment or microbiota composition, 

leading to changes in enzyme expression. However, the yeasts might compensate for the reduced 

enzymatic activity by providing essential nutrients or bioactive compounds that support growth 

through alternative metabolic pathways, ensuring that overall growth performance remains 

unaffected. 

Since the best results in terms of growth, survival, and digestive enzymatic activity were 

observed in fish fed with the lowest concentrations of C. tropicalis (104 CFU g-1) and D. hansenni 

(103 CFU g-1) inclusion, these specimens were selected for the evaluation of their effect on the 

expression of genes related to intestinal barrier function (both physical and immunological) and to 

determine the composition of the intestinal microbiota. Gene expression results showed that the 

yeast C. tropicalis did not favor intestinal barrier function. However, it did not promote changes  
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in the expression of the muc-2 gene (main mucin of the mucus layer), it did lead to a reduction in 

the expression of the zo-1 gene (responsible for maintaining tight junctions between intestinal 

epithelial cells), which likely resulted in increased intestinal permeability, triggering an adverse 

immune response by stimulating the overexpression of the proinflammatory cytokine il-8. In 

contrast, a favorable response was observed in the fish fed with the diet supplemented with the 

probiotic yeast D. hansenii. The results demonstrated an increase in the expression of muc-2, zo-

1, and the anti-inflammatory cytokine il-10 (an important marker for the host's health status). 

Additionally, it contributed to the reduction of il-8 compared to the CD. This expression 

pattern could indicate improved mucus layer synthesis and reinforcement of junctions between 

epithelial cells, enhancing the intestinal barrier function and improving the immune response. The 

exact mechanism of immune system regulation promoted by yeasts is not known with certainty; 

however, it has been highlighted that components of their cell wall, such as β-glucans and mannan 

oligosaccharides, modulate it (Torrecillas et al. 2014). Particularly in A. tropicus, it has been 

reported that dietary administration of 1.0 and 1.5% β-glucan to juvenile A. tropicus promotes 

positive il-10 expression (Nieves-Rodríguez et al. 2018), while in the larval stage, the inclusion of 

0.4% promotes lys expression (Cigarroa-Ruiz et al. 2023). 

In this study, we observed that the intestinal microbiota of A. tropicus juveniles obtained from 

induced spawning and reared under controlled conditions was primarily composed of Tenericutes 

and Proteobacteria. Although a low diversity was found, this is common in cultured fish compared 

to wild fish because the evaluated fish were in an early developmental stage (juveniles from 38 to 

83 DPH). Wild fish typically have a more diverse microbiota than pond-cultured fish because their 

diet is more varied due to the abundance of natural food resources (Sun et al. 2021). The most 

dominant phyla in fish microbiota include Proteobacteria, Firmicutes, Actinobacteria, 

Bacteroidetes, and Fusobacteria (Arumugam et al. 2011, Arboleya et al. 2012). In freshwater fish, 

the dominant phyla are typically Proteobacteria, Firmicutes, and Actinobacteria (Nayak, 2010, 

Talwar et al. 2018, Wang et al. 2018). In the case of A. tropicus juveniles isolated from the natural 

environment, it has been described that their microbiota mainly consists of the phyla Firmicutes, 

Proteobacteria, and Bacteroidetes. 

In contrast, the phylum Actinobacteria is also found in cultured juveniles (Méndez-Pérez et 

al. 2020). Deng et al. (2019) showed that the most abundant phyla in the intestine of cultured  
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Acanthopagrus schlegelii are Firmicutes and Proteobacteria, which aligns with our results. In A. 

tropicus juveniles fed with the CD, Tenericutes predominated at 82.43% compared to 17.14% for 

Proteobacteria. A similar abundance of Tenericutes was also observed in fish fed with D. hansenii 

(78.80%), with 20.86% for Proteobacteria. However, there was an evident change in the 

microbiota composition in fish fed with C. tropicalis, where the Tenericutes-Proteobacteria ratio 

was reversed (30% Tenericutes and 70% Proteobacteria). This opposite composition in the 

microbiota could be related to the negative gene expression response observed in fish fed with the 

yeast C. tropicalis, suggesting that this yeast leads to a decrease in beneficial microorganisms and 

an increase in microorganisms associated with the development of pathologies, a condition known 

as dysbiosis (Villamil et al. 2020, Yukgehnaish et al. 2020). 

Conversely, the predominance of Tenericutes in fish fed with probiotic yeasts has also been 

reported in other fish species, such as rainbow trout (O. mykiss), where the inclusion of S. 

cerevisiae induced a predominance of Tenericutes (83%) compared to Proteobacteria (25%)  

(Huyben et al. 2018). Bacteria from the phylum Tenericutes are primarily considered mutualistic 

symbionts in the host's intestine (Wang et al. 2020). Mycoplasmataceae was the most abundant 

family in the microbiota composition of fish fed with the CD and D. hansenii, in contrast to fish 

fed with C. tropicalis. Members of the Mycoplasmataceae family inhabit symbiotically and 

commensally in rainbow trout, contributing to better digestion by producing lactic and acetic acid 

as energy sources for intestinal bacteria (Stadtländer et al. 1995). Particularly, Mycoplasma was 

the most abundant genus in fish fed with the CD and with D. hansenii, in contrast to fish fed with 

C. tropicalis. Mycoplasma is considered a symbiont in the host's intestine, not a pathogen (Huyben 

et al. 2021). It also predominates in other species, such as Atlantic salmon (S. salar) (Huyben et 

al. 2021, Rasmussen et al. 2021, Zhou et al. 2022) and rainbow trout (Lyons et al. 2017). 

Additionally, we observed a significant change in the proportion of the genus Desulfovibrio 

in fish fed with the CD (19%) and D. hansenii (12%), compared to those fed with C. tropicalis 

(75%). Desulfovibrionaceae (sulfate-reducing bacteria) have been described as modifying the 

host's metabolic balance and potentially causing dysfunction in the intestinal barrier, promoting an 

inflammatory process (Carbonero et al. 2012), which aligns with the gene expression response 

pattern observed in fish fed with C. tropicalis. The positive effect observed in A. tropicus juveniles 

administered C. tropicalis (104 CFU g-1) in terms of growth and production parameters is likely a  
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result of the duration of the administration period (45 days). However, negative effects were 

observed on the expression of genes related to intestinal barrier function (tight junctions and the 

immune system) and the composition of the intestinal microbiota (dysbiosis). It is unknown 

whether a more extended administration period could affect fish growth and generate an 

inflammatory response. Therefore, extending the administration period of C. tropicalis to other 

stages of fish development is recommended to assess the effects that may occur over time. 

Given that dysbiosis and compromised intestinal barrier function can lead to increased 

susceptibility to infections, evaluating the antagonistic activity of the yeasts against fish pathogens 

is crucial. Some authors report that yeasts from the genera Saccharomyces, Candida, 

Cryptococcus, Debaryomyces, Pichia, Torulopsis, and Zygosaccharomyces release antimicrobials 

and killer toxins that inhibit the growth and proliferation of certain pathogenic microorganisms 

(Liu et al. 2013, Wang et al. 2018). In this study, we evaluated the in vitro antagonistic capability 

of C. tropicalis and D. hansenii against seven pathogenic bacteria, which have been reported as 

significant pathogens in fish (Aeromonas hydrophila, A. dhakensis, A. ichthiosmia, 

Staphylococcus arlettae (two strains), Vibrio harveyi, V. campbelli, and Photobacterium 

damselae). Our results confirmed that both yeasts exhibit specific antagonistic activity against 

pathogens. C. tropicalis showed a broad-spectrum antagonistic effect, inhibiting both Gram-

negative bacteria (A. ichthiosmia and V. harveyi) and Gram-positive bacteria (S. arlettae), while 

D. hansenii showed highly selective activity (only against P. damselae). The broader antagonistic 

effect observed in C. tropicalis could be attributed to its potential higher production of 

antimicrobial compounds (Siangpro et al. 2023), its ability to compete more effectively for 

nutrients and space, or the presence of specific killer toxins that might target a wider range of 

bacterial pathogens. 

CONCLUSIONS 

The present study demonstrates that incorporating low doses of the yeasts C. tropicalis (104 CFU 

g-1) and D. hansenii (103 CFU g-1) into the diet improves the growth, survival, and lipase activity 

in juveniles of A. tropicus. The inclusion of C. tropicalis in diets, even at low concentrations, 

induces a shift in the structure of the intestinal microbiota, promoting an increase in the 

Desulfovibrionaceae family, which suggests a relationship with the downregulation of zo-1  
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expression and an increase in il-8 expression. In contrast, yeast D. hansenii positively affects the 

expression of intestinal barrier genes, increasing muc-2, zo-1, and il-10 expression while 

decreasing the il-8 expression. However, it is not accompanied by changes in the composition of 

the core microbiota, where Mycoplasma predominates. Both yeasts showed specific in vitro 

antagonistic activity against pathogens, with C. tropicalis exhibiting a broad-spectrum antagonistic 

effect. Therefore, the dietary inclusion of C. tropicalis did not produce favorable outcomes for the 

intestinal health of the fish. On the other hand, including 103 CFU g-1 of D. hansenii in diets is 

recommended to promote better development, health, and disease resistance in A. tropicus 

juveniles. 
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Table 1. Composition of experimental diets supplemented with the yeasts and the control diet. 

 

Ingredients (g kg-1) 
Control diet Candida tropicalis Debaryomyces hansenii 

  104 105 106 103 105 107 

Fish meala 305.4 305.4 305.4 305.4 305.4 305.4 305.4 

Poultry meala 150 150 150 150 150 150 150 

Pork meala 150 150 150 150 150 150 150 

Soybean meala 150 150 150 150 150 150 150 

Fish oila 34.95 34.95 34.95 34.95 34.95 34.95 34.95 

Starchb 124.7 124.7 124.62 117.2 124.7 124.55 109.7 

Soy lecithinb 10 10 10 10 10 10 10 

Soybean oilc 34.95 34.95 34.95 34.95 34.95 34.95 34.95 

Candida tropicalis 0 0.00075 0.075 7.5 0 0 0 

Debaryomyces hansenii  0 0 0 0 0.0015 0.15 15 

Mineral premixd 5 5 5 5 5 5 5 

Vitaminic premixd 10 10 10 10 10 10 10 

Vitamin Ce 5 5 5 5 5 5 5 

Grenetinf 20 20 20 20 20 20 20 

Proximate composition (g kg-1 dry matter) 

Protein 45 45 45 45 45 45 45 

Ether extract 13.82 15.00 15.25 16.17 15.76 16.41 13.08 

Ash 10.80 11.04 11.10 11.51 11.76 10.68 11.17 

aMarine and agricultural proteins SA de CV, Guadalajara, Jalisco; bPronat Ultra, Merida, Yucatan, Mexico; 
cRagasa Industries SA de CV; dVitamin premix composition g mg-1 or international units per kg of diet: 

vitamin A, 10,000,000 IU; vitamin D3, 2,000,000 IU; vitamin E, 100,000 IU; vitamin K3, 4.0 g; Thiamine 

B1, 8.0 g; riboflavin B2, 8.7 g; pyridoxine B6, 7.3 g; vitamin B12, 20.0 mg; Niacin, 50.0 g; pantothenic 

acid, 22.2 g; Inositol, 0.15 mg; nicotinic acid, 0.16 mg; folic acid, 4.0 g; biotin, 500 mg; vitamin C, 10.0 g; 

choline 0.3 mg, excipient q.s. 2 g; manganese, 10 g; magnesium, 4.5 g; zinc, 1.6 g; iron, 0.2 g; copper, 0.2 

g; iodine, 0.5 g; selenium, 40 mg; cobalt 60 mg. Excipient q.s. 1.5 g; eROVIMIX® STAY-C® 35 -DSM, 

Guadalajara, Mexico; fD´gari, food and diet products relámpago, S.A. de C.V.  
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Table 2. Primers used for qPCR analysis.  

 

Target 

Gene 
Gene function 

Primer Sequence 

(5'- 3') 

Amplification 

Efficiency 

(%) 

Amplicon 

size 

(bp) 

Reference 

muc-2 mucus layer 

protein (mucina 2) 

FW: GGCCTCCTCAAGAGCACGGTG 

RV:TCTGCACGCTGGAGCACTCAATG 

90.94 100 Nieves-Rodríguez 

et al. (2018) 

zo-1 tight junction 

protein 

FW: TGTGCCTCAGATCACTCCAC 

RV: AAAGGCAGAGGGTTGGCTTC 

98.58 123 Pérez-Jiménez et 

al. (2022) 

lyz bacteriolytic FW: CACTGCAGCCATCAATCACAAC 

RV: ATTAGTCAGCAGCTTGCTGCAG 

89.91 100 Nieves-Rodríguez 

et al. (2018) 

il-8 proinflammatory 

cytokine 

FW: ATATTCACTGGTGGGCGGAG 

RV: GTGCGGCCTGAGATTGTTT 

94.18 369 Pérez-Jiménez et 

al. (2022) 

il-10 anti-inflam-

matory cytokine 

FW: TTATAAAGCCATGGGGGAGCTG 

RV: CTGCACAGTCTGCCTCTAGT 

94.47 91 
This study 

β-

actin 

cytoskeletic 

actin 

FW:GAGCTATGAGCTGCCTGAGTGG 

RV:GTGGTCTCATGAATGCCACAGG 

97.10 119 Jiménez-Martínez 

et al. (2021) 

 

Table 3. Antagonistic activity of Candida tropicalis and Debaryomyces hansenii against pathogenic fish 

strains.  

Bacterial test 
Zone of inhibition in diameter (mm) 

Candida tropicalis Debaryomyces hansenii 

Aeromona hydrophila (NCIBM1134) ND   ND 

Aeromona dhakensis (CAIM 1873) ND                  ND 

Aeromona ichtiosmia (CAIM 1876) 13.0 ± 1.5   ND 

Staphylococcus arlettae (CAIM 1658) 14.7 ± 1.3   ND 

Staphylococcus arlettae (UJAT-02) ND   ND 

Vibrio harveyi (CAIM 1622) 13.5 ± 1.3   ND 

Vibrio campbelli (CAIM 159) ND   ND 

Photobacterium damselae (CAIM 192) ND 15.4  ± 1.8 

The data is expressed as mean ± standard deviation. ND: antibacterial activity not detected. 
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Table 4. Growth performance, survival rate, and somatic indexes of A. tropicus juveniles fed diets 

supplemented with different concentrations of C. tropicalis and D. hansenii compared with the control diet.. 

 

 Control diet Candida tropicalis (CFU g-1) Control diet Debaryomyces hansenii (CFU g-1) 

  104 105 106  103 105 107 

FI (g d-1) 10.67 ± 0.33a 9.48 ± 0.40b 8.49 ± 0.23c 9.39 ± 0.23b 10.67 ± 0.33a 10.60 ± 0.33a 10.71 ± 0.21ª 9.42 ± 0.21b 

AWG (g fish-1) 2.00 ± 0.34b 3.07 ± 0.20a 1.48 ± 0.13bc 1.20 ± 0.21c 2.00 ± 0.34b 3.07 ± 0.08a 2.13 ± 0.04b 1.89 ± 0.01b 

SGR (% d-1) 5.07 ± 0.34b 5.97 ± 0.13a 4.50 ± 0.16bc 4.09 ± 0.32c 5.07 ± 0.34b 5.97 ± 0.05a 5.22 ± 0.04b 4.99 ± 0.01b 

FCR 5.50 ± 0.96b 2. 95 ± 0.19c 5.61 ± 0.49b 8.09 ± 1.42a 5.50 ± 0.96a 3.55 ± 0.10b 5.13 ± 0.11a 5.04 ± 0.02a 

PER 1.24 ± 0.06 1.03 ± 0.02 0.97 ± 0.19 1.16 ± 0.01 1.24 ± 0.06 1.25 ± 0.13 1.37 ± 0.31 1.26 ± 0.30 

S (%) 14.81 ± 3.20 20.37 ± 3.20 14.81 ± 3.20 16.66 ± 5.55 14.81 ± 3.20b 25.92 ± 3.20a 14.81 ± 3.20b 20.37 ± 3.20ab 

HSI 2.93 ± 1.72 4.49 ± 0.00 2.74 ± 0. 27 3.34 ± 1.69 2.93 ± 1.72 5.58 ± 1.17 4.62 ± 0.17 3.38 ± 0.48 

VSI 15.55 ± 2.42ab 13.03 ± 0.29b 17.36 ± 1.36a 7.59 ± 0.18c 15.55 ± 2.42a 10.47 ± 0.80b 11.22 ± 0.91b 10.08 ± 0.28b 

K 0.47 ± 0.05 0.38 ± 0.01 0.37 ± 0.05 0.47 ± 0.02 0.47 ± 0.05a 0.34 ± 0.04b 0.33 ± 0.02b 0.35 ± 0.01b 

Values are mean ± standard deviation. Significant differences within the treatments were compared 

separately for C. tropicalis and D. hansenii are indicated by different letters between experimental and 

control diets (P < 0.05). FI: feed intake; AWG: absolute weight gain; SGR: specific growth rate; FCR: feed 

conversion ratio; PER: the protein efficiency ratio; S: survival; HSI: hepatosomatic index; VSI: 

viscerosomatic index; K: condition factor 

 

 

Table 5. Digestive enzymatic activities of A. tropicus juveniles fed diets supplemented with C. tropicalis 

and D. hansenii compared with the control diet.  

 

Activities 

(U mg protein-1) 
Control diet 

Candida tropicalis (CFU g-1)  

Control diet 

Debaryomyces hansenii (CFU g-1) 

104 105 106 103 105 107 

Trypsin 1.75 ± 0.08a 1.06 ± 0.05b 0.86 ± 0.01b 0.88 ± 0.00b 1.75 ± 0.08b 1.01 ± 0.01d 2.19 ± 0.02a 1.33 ± 0.05c 

Chymotrypsin 40.72 ± 0.12a 28.76 ± 0.47b 14. 67 ± 2.15c 10.91 ± 0.82d 40.72 ± 0.12b 12.75 ± 0.37d 48. 15± 0.49a 38.87 ± 0.41c 

Leucine 

aminopeptidase 

254.36 ± 2.01c 108.64 ± 5.72a 80.39 ± 4.51c 68.18 ± 2.69d 254.36 ± 2.01b 90.15 ± 6.89c 444.69 ± 31.69a 163.98 ± 6.82c 

Amylase 22.14 ± 0.35c 56.37 ± 4.03b 71. 02 ± 4.34ª 24.27 ± 4.59c 22.14 ± 0.35c 20.25 ± 4.22c 100.75 ± 0.79a 71.23 ± 1.71b 

Lipase 3.67 ± 0.75b 5.98 ± 0.92b 5.61 ± 0.07b 8.02 ± 0.61a 3.67 ± 0.75c 8.55 ± 1.13a 9.28 ± 0.13a 8.64 ± 1.15a 

Values are mean ± standard deviation. Significant control diets (P < 0.05). FI: feed intake; AWG: absolute 

weight gain; SGR: specific growth rate; FCR: feed conversion ratio; PER: the protein efficiency ratio; S: 

survival; HSI: hepatosomatic index; VSI: viscerosomatic index; K: condition factor. 
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Table 6. Alpha-diversity indices of bacterial communities present in the intestine of A. tropicus juveniles 

fed with C. tropicalis (104 CFU g-1), D. hansenii (103 CFU g-1), and control diet.  

 

Treatments 
Richness Diversity 

Chao 1 ACE Shannon 

Control diet 64. 41 ± 7.14 64. 53 ± 7.47 2. 83 ± 0. 07 

Candida tropicalis 
(104 CFU g-1) 

83. 11 ± 7. 81 83. 3 ± 8. 05 2. 94 ± 0. 13 

Debaryomyces hansenii 
 (103 CFU g-1) 

58. 94 ± 21. 19 59. 05 ± 21. 36 2. 85 ± 0. 22 

 Values are mean ± standard deviation. No significant differences were observed between treatments (P > 

0.05). 

 

Figure 1. Growth in weight (g) and total length (cm) of A. tropicus juveniles fed with a-b) C. tropicalis 

(104, 105, 106 CFU g-1), c-d) Debaryomyces hansenii (103, 105, 107 CFU g-1), and the control diet (CD). 

Values are expressed as mean ± standard deviation. Significant differences among diets are indicated by 

different letters (P < 0.05).  
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Figure 2. Relative expression levels of the intestinal barrier and immune system genes in A. tropicus 

juveniles fed with a) C. tropicalis (104 CFU g-1) and b) D. hansenii (103 CFU g-1), compared to the control 

diet (CD). Statistical analysis was conducted separately for C. tropicalis and D. hansenii. Data are presented 

as fold-change relative to control diet samples (set to 1). Values are mean ± standard deviation. Significant 

differences (P < 0.05) are indicated by asterisks, a) *P < 0.0422, **P < 0.0084; b) *P < 0.0297, **P < 

0.0056, ***P < 0.0009, ****P < 0.0001.  
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Figure 3. Composition and relative abundance of bacterial phyla present in the intestinal microbiota of A. 

tropicus juveniles fed with C. tropicalis (104 CFU g-1), D. hansenii (103 CFU g-1), and the control diet.  

 

 

 
 

Figure 4. Composition and relative abundance of intestinal bacterial communities at family level in A. 

tropicus juveniles fed with C. tropicalis (104 CFU g-1), D. hansenii (103 CFU g-1), and the control diet.  
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Figure 5. Composition and relative abundance of intestinal bacterial communities at genus level in A. 

tropicus juveniles fed with C. tropicalis (104 CFU g-1), D. hansenii (103 CFU g-1), and the control diet (CD).  

 

 

 

 
 

Figure 6. Beta diversity indices through Principal Coordinates Analysis based on distances of a) Bray-

Curtis, b) Jaccard, c) Weighted Unifrac, and d) Unweighted Unifrac among the bacterial communities 

identified in the intestines of A. tropicus juvenile after the administration of C. tropicalis (104 CFU g-1) and 

D. hansenii (103 CFU g-1) compared to the control diet (CD).  
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11. Capítulo II 

 

The Indigenous Probiotic Lactococcus 

lactis PH3-05 Enhances the Growth, 

Digestive Physiology, and Gut Microbiota 

of the Tropical Gar (Atractosteus tropicus) 

Larvae. 
 

Este articulo se encuentra publicado en: 

Pérez-Jiménez, G. M., Alvarez-Villagomez, C. S., Martínez-Porchas, M., Garibay-Valdez, E., 

Sepúlveda-Quiroz, C. A., Méndez-Marín, O., Martínez-García, R., Jesús-Contreras, R., Alvarez-

González, C. A., & Del Carmen de la Rosa-García, S. (2024). The Indigenous Probiotic 

Lactococcus lactis PH3-05 Enhances the Growth, Digestive Physiology, and Gut Microbiota of 

the Tropical Gar (Atractosteus tropicus) Larvae. Animals, 14(18), 2663. 

https://doi.org/10.3390/ani14182663 
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The Indigenous Probiotic Lactococcus lactis PH3-05 Enhances the Growth, 
Digestive Physiology, and Gut Microbiota of the Tropical Gar (Atractosteus 
tropicus) Larvae. 

Graciela María Pérez-Jiménez1, Carina Shianya Alvarez-Villagomez1, Marcel 
Martínez-Porchas2, Estefanía Garibay-Valdez2, César Antonio Sepúlveda-Quiroz 1,3, 
Otilio Méndez-Marín1, Rafael Martínez-García1, Ronald Jesús-Contreras1, Carlos 
Alfonso Alvarez-González1*, and Susana del Carmen De la Rosa-García4. 

Microorganisms isolated from the intestinal microbiota of fish have demonstrated 
probiotic effects. Considering their beneficial impact in aquaculture, it is essential to 
develop feeding strategies that ensure the growth and health of aquaculture animals 
using isolated strains from fish. This study evaluated the effects of the administration 
of Lactococcus lactis PH3-05, a probiotic bacterium isolated from tropical gar adult 
(Atractosteus tropicus), on the growth, survival, digestion, intestinal morphology, 
gene expression and intestinal microbiota of larvae of the same species. The results 
showed that supplementation with L. lactis PH3-05 significantly improved growth, 
survival and digestive enzyme activity. In addition, this supplementation stimulated 
the expression of genes associated with the mucosal barrier and the anti-
inflammatory response. Although no significant changes were observed in the 
overall composition of the intestinal microbiota, an increase in the abundance of 
Lactobacillus was recorded in the group treated with L. lactis. These findings suggest 
that L. lactis has potential as an indigenous probiotic to improve the health and 
growth of tropical gar larvae and could be implemented for native species of the 
region. 

Probiotics; tropical gar; microbiome; physiology; gene expression; Lactococcus 
lactis 
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The indigenous probiotic Lactococcus lactis PH3-05 enhances the growth, digestive 

physiology, and gut microbiota of the tropical gar (Atractosteus tropicus) larvae 
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Simple Summary: Microorganisms isolated from the intestinal microbiota of fish 

have demonstrated probiotic effects. Considering their beneficial impact in 

aquaculture, it is essential to develop feeding strategies that ensure the growth and 

health of aquaculture animals using isolated strains from fish. This study evaluated 

the effects of the administration of Lactococcus lactis PH3-05, a probiotic bacterium 

isolated from tropical gar adult (Atractosteus tropicus), on the growth, survival, 

digestion, intestinal morphology, gene expression and intestinal microbiota of larvae 

of the same species. The results showed that supplementation with L. lactis PH3-05 

significantly improved growth, survival and digestive enzyme activity. In addition, 

this supplementation stimulated the expression of genes associated with the mucosal 

barrier and the anti-inflammatory response. Although no significant changes were 

observed in the overall composition of the intestinal microbiota, an increase in the 

abundance of Lactobacillus was recorded in the group treated with L. lactis. These 

findings suggest that L. lactis has potential as an indigenous probiotic to improve the 

health and growth of tropical gar larvae and could be implemented for native species 

of the region. 
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Abstract: Probiotics in aquaculture hold promise for enhancing fish 

health and growth.  Indigenous probiotics, due to their increased specificity 

and affinity for their host, may offer isolated and potentially amplified 

benefits. This study investigated the effects of Lactococcus lactis PH3-05 

previously isolated from adult of tropical gar (Atractosteus tropicus), on the 

growth, survival, digestive enzyme activity, intestinal morphology, 

expression of barrier and immune genes, and intestinal microbiota 

composition in larvae of tropical gar. Larvae were fed with live L. lactis PH3-

05 concentrations of 104, 106, and 108 CFU/g for 15 days alongside a control 

diet without probiotics. Higher concentrations of L. lactis PH3-05 (106 and 

108 CFU/g) positively influenced larval growth, increasing hepatocyte area 

and enterocyte height. The 106 CFU/g dose significantly enhanced survival 

(46%) and digestive enzyme activity. Notably, the 108 CFU/g dose stimulated 

increased expression of muc-2 and il-10 genes, suggesting enhanced mucosal 

barrier function and anti-inflammatory response. Although L. lactis PH3-05 

did not significantly change the diversity, structure, or Phylum level 

composition of intestinal microbiota, which was constituted by 

Proteobacteria, Bacteroidota, Chloroflexi, and Firmicutes, an increase in 

Lactobacillus abundance was observed in fish fed with 106 CFU/g, 

suggesting enhanced probiotic colonization. These results demonstrate that 

administering L. lactis PH3-05 at 106 CFU/g promotes growth, survival and 

digestive health in A. tropicus larvae, establishing it as a promising 

indigenous probiotic candidate for aquaculture applications. 

Keywords: Probiotics; tropical gar; microbiome; physiology; gene expression; 

Lactococcus lactis 

 

 

 

Introduction 

The growing demand for fish products has propelled aquaculture to the 

forefront of global food production to meet human needs [1]. In this context, 

ensuring the growth of fish during their culture, particularly in the 

technification processes, is crucial, which necessitates safeguarding the 

health of the organisms [2-4]. Therefore, the recent utilization of pre-and 

probiotics in balanced feeds as a more suitable alternative to boost the 

immune system and optimize the intestinal microbiome is significant. This 

approach has been reported to enhance digestive physiology, increase 

survival, and improve the health of organisms in culture [5-8]. The most 

commonly used probiotic bacteria in aquaculture, many of them indigenous, 

belong to the genera Bifidobacterium, Enterococcus, Bacillus, Lactobacillus, 

Lactococcus, Leuconostoc, Pediococcus and Weissella, which have been isolated 

from the intestinal system of various fish species [9-11]. 
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Among all the probiotic bacterial species, Lactococcus lactis stands out as 

one of the most promising. It is a lactic acid bacterium commonly found in 

the gastrointestinal tract of many fish species and possesses characteristics 

that make it a suitable probiotic. It can produce antimicrobial compounds, 

improve digestibility and nutrient absorption, and modulate immune 

responses, all of which contribute to improved fish health [12-15]. 

Additionally, this bacterium produces bacteriocins and enhances the 

biosynthesis of essential amino acids, further promoting fish health [16-18]. 

Given these characteristics, L. lactis holds great potential as an excellent 

probiotic candidate to promote the well-being of aquatic organisms. 

 

Based on the above, several studies have shown that the inclusion of L. 

lactis has beneficial effects on survival, weight gain, disease resistance by 

improving the immune system, increasing mucosal production as well as 

enhancing intestinal microbial richness and diversity in different fish species, 

such as bastard halibut (Paralichthys olivaceaus), greater amberjack (Seriola 

dumerili), orange-spotted grouper (Epinephelus coioides), common carp 

(Cyprinus carpio) and red seabream (Pagrus major) [19-23]. 

In Southeastern Mexico, tropical gar (Atractosteus tropicus), a native 

ancestral fish species of economic and ecological importance, has been 

commercially cultivated for over 20 years [24]. As part of the development of 

balanced feeds and their optimization, the inclusion of various prebiotics 

(inulin, fructooligosaccharide, mannan-oligosaccharides, and β-glucans) has 

been evaluated, which have shown diverse beneficial effects in larvae and 

juveniles [25-30]. Additionally, in juvenile A. tropicus, only the probiotic yeast 

Debaryomyces hansenii has been evaluated, where no positive effects on 

growth and physiological variables were observed when included in high 

concentrations (1014, 1015 and 1016 CFU/Kg feed) in the balanced feed [31]. 

However, the use of probiotics during the larval stage in A. tropicus has not 

been evaluated. It is important to note that in A. tropicus the larval stage 

shows variable survival rates, which may be due to several factors, such as 

the low adaptation to balanced food in the weaning process and the high 

cannibalism that occurs during this period [32-34]. On the other hand, a 

significant study is the one conducted by [35], who characterized the 

intestinal microbial composition of juvenile and adult A. tropicus, where some 

bacterial species with probiotic potential were identified, such as 

Cetobacterium, Aeromonas hydrophila P5, Aeromonas sobria CP DC28 and 

Lactococcus lactis. This last bacterium was isolated and characterized as a 

suitable probiotic. Thus, this study evaluated the effects of the addition of 

Lactococcus lactis in weaning food on the growth, survival, digestive enzyme 

activity, gut morphology and gene expression of A. tropicus larvae. 

 
2. Materials and Methods 

2.1. Indigenous bacteria of A. tropicus 

Lactotoccus lactis PH3-05 was provided by the Applied Microbiology 

Laboratory (DACBiol-UJAT), which was isolated from the intestine of an 

adult male of A. tropicus (Gene Bank OK178269).  
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2.2. Obtaining the bacterial biomass 

Biomass was obtained by a 72h culture in Brain Heart Infusion broth 

(BHI, Difco) with shaking at 140 rpm at 32 °C. The culture was centrifuged at 

4,000 rpm for 40 min, and the cell pellet was washed twice with sterile saline. 

The Colony-Forming Units (CFU) of the biomass obtained were quantified 

[36], and the number of CFU per g of wet biomass was reported. 

 
2.3. Preparation of experimental diets 

 

 

Four experimental diets were formulated following the protocol of [27]. 

Three diets were supplemented with L. lactis PH3-05 at 104, 106, and 108 CFU/g 

concentrations and a control diet without probiotics (CD) (Table 1). The diets  

were prepared following the methodology of [37], and the bacteria were 

incorporated into the diets by dissolving the biomass in 200 mL of sterile 

water. The pelleted diets were dried at 40 °C for 15 h in a conventional oven 

and stored at 4 °C until use. All diets were analyzed for proximate analysis 

(humidity, ash, lipid, and protein) according to [38]. 
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Table 1. Composition of experimental diets with different concentrations of 

Lactococcus lactis and control diet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aMarine and agricultural proteins S.A. de C.V., Guadalajara, Jalisco; b Pronat Ultra, Merida, Yucatan, Mexico; c GALMEX SA de CV, Villahermosa, 
Tabasco, México; dD´gari, food and diet products relámpago, S.A. de C.V. eVitamin premix composition g/mg or International Units per kg of 
diet: Vitamin A, 10,000,000 IU; Vitamin D3, 2,000,000 IU; Vitamin E, 100,000 IU; Vitamin K3, 4.0 g; Thiamine B1, 8.0 g; Riboflavin B2, 8.7 g; 
Pyridoxine B6, 7.3 g; Vitamin B12, 20.0 mg; Niacin, 50.0 g; Pantothenic acid, 22.2 g; Inositol, 0.15 mg; Nicotinic Acid, 0.16 mg; Folic Acid, 4.0 g; 
Biotin, 500 mg; Vitamin C, 10.0 g; Choline 0.3 mg, Excipient q.s. 2 g; Manganese, 10 g; Magnesium, 4.5 g; Zinc, 1.6 g; Iron, 0.2 g; Copper, 0.2 g; 
Iodine, 0.5 g; Selenium, 40 mg; Cobalt 60 mg. Excipient q.s. 1.5 g; fPronat Ultra, Yucatán, México; gROVIMIX® STAY-C® 35 –DSM, Guadalajara, 
México. NFE = Nitrogen-free extract:100-(% protein-% ether extract-% ash-%fiber). 

  

Ingredients 

(g/Kg) 

 
Lactococcus lactis PH3-05 

CFU/g 

Control diet 104 106 108 

Fish meala 350 350 350 350 

Pork meala 270.9 270.9 270.9 270.9 

Poultry meala 150 150 150 150 

Starchb 100 100 100 100 

Fish oila 36.5 36.5 36.5 36.5 

Lactococcus lactis 0 0.001 0.01 0.1 

Wheat mealc 37.6 36.6 37.59 37.6 

Grenetind 20 20 20 20 

Vit-min premixe 15 15 15 15 

Soy lecithinf 15 15 15 15 

Vitamin Cg 5 5 5 5 

Chemical composition (g 100 g diet DM) 

Crude protein 50.1 50.2 49.8 49.9 

Crude lipid 14.2 14.1 13.9 14.2 

Fiber 10.1 10.2 9.9 10.0 

Ashes 14.0 13.9 14.1 14.2 

Humidity 8.1 8.0 8.4 8.2 

NFE 11.6 11.6 12.3 11.7 
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2.4. Viability of L. lactis PH3-05 in the experimental diets 

At the beginning and end of the experiment, the CFU/g of bacteria in 

each experimental diet were quantified to confirm the concentrations and 

viability. A representative sample was obtained from each diet using the 

quartering method. One g of the diet was weighed and suspended in 9 mL of 

saline (0.85%), and exponential dilutions were made from 10-1 to 10-10. 100 µL 

of the different dilutions were inoculated in Agar (BHI) and added with an 

antifungal (natamycin) to reduce the fungi load in the formulated food. The 

inoculum was homogeneously dispersed with the help of a sterile Drigalsky 

loop; the plates were incubated for 24 h at 32 °C. Colonies were counted in 

dilution boxes with 10-30 colonies, and the CFU/g feed was calculated. 

 
2.5. Experimental design 

The experimental design was meticulously planned to ensure the 

validity of our results. We used 1,200 A. tropicus larvae 5 days after hatching 

(DAH), with an average weight of 0.02 ± 0.00 g and total length of 1.81 ± 0.18 

cm, obtained from the aquaculture farm “Otot Ibam”, Comalcalco, Tabasco. 

A total of 100 larvae per treatment were placed in 12 tanks of 70 L capacity, 

connected to a recirculation system driven by a 1HP water pump, connected 

to a 1500 L reservoir with a biological filter and an automated sand filter, and 

connected to an ultraviolet light lamp to minimize the possible bacterial 

discharge. Vat temperature (27.1 ± 0.08 °C), dissolved oxygen (5.5 ± 0.2 mg/L) 

and pH (7.3 ± 0.5) were monitored daily using an oximeter (YSI 85, USA) and 

a potentiometer (HANNA HI 991001, Romania). 

Feeding was carried out with co-feeding during the first 5 DAH, 

providing Artemia sp. nauplii and microparticles of the experimental diets, 

including the control diet (approx. 350 m); subsequently, the nauplius 

supply was eliminated and only the balanced diets were administered until 

the end of the bioassay (20 DAH) adjusting the size of the microparticles 

according to the larvae growth (500-800 µm). Larvae were fed six times daily 

(00:00, 3:00, 7:00, 11:00, 15:00, and 19:00) until apparent satiation. Cleaning of 

each tub were partial water replacement daily (30%) after each feeding by the 

siphoning method. All treatments were evaluated in triplicate. 

 

2.6. Evaluation of growth and survival rate 

At the beginning and end of the experiment, total weight was 

determined with an analytical balance (Ohaus HH120, precision 120 ± 0.01 g, 

Shenzhen, China) and total length using photographs analyzed in ImageJ 1.5 

software. At the end of the bioassay, the following productive parameters 

were determined: specific growth rate (SGR): [(ln final weight  ln initial 

weight)/days] × 100; weight gain (WG): final weight (g)  initial weight (g) 

and survival rate (S): (number of final fish/number of initial fish) × 100. 

 
2.7. Sample collection 

At the end of the bioassay, the larvae were sacrificed by thermal shock. 

The head and tail were removed, and the larvae were washed with water. To 

ensure representativeness, the following samples were obtained per 

replicate. Three larvae were kept at 80 °C to determine enzyme activity. 

Three larvae were preserved in RNAse-free tubes for metagenomic analysis,  
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three larvae for gene expression analysis (RNAlater solution, Ambion) and 

three larvae were fixed in Davison solution for histological analysis. The 

study was carried out under the Helsinki Declaration and the protocol 

authorized by the Ministry of Agriculture, Livestock, Rural Development, 

Fisheries and Food (SAGARPA), Mexico, NOM-062-Z00-1999 (2001) [39]. 

 

2.8. Enzyme activities quantification 

The multienzyme extract was obtained from the pool of three larvae per 

replicate in 50 mM Tris-HCl, pH 7.5, and centrifuged at 14,000 rpm for 15 

min. The supernatant was stored at -80 °C. Soluble protein was quantified 

using [40]. 

Acid protease activity was quantified using 1% hemoglobin as a 

substrate in 0.1 M Glycine HCl buffer, pH 2. The absorbance was measured 

on a microplate reader (xMark, Bio-Rad, Hercules, CA, USA) at 280 nm, 

according to [41]. Alkaline protease activity was determined by the technique 

of [42] with 1% casein as a substrate and 100 mM Tris-HCl, CaCl2 10 mM, pH 

9, and absorbance was measured at 280 nm. Trypsin activity was quantified 

with 1 mM BAPNA as a substrate (Nα-Benzoyl-DL-Arginine-P-nitroanilide) 

in 50 mM Tris-HCl, 10 mM CaCl2, pH 8.2, and absorbance was measured at 

410 nm, according to the technique of [43]. Following technique of [44], 

chymotrypsin activity was determined, SAPNA 1.25 mM was used as a 

substrate (135 µL), pH 8.2, and absorbance was measured at 410 nm. Lipase 

activity was performed with the methodology of [45] using 4-nitrophenyl 

palmitate as a substrate, pH 7.4, 6 mM sodium taurocholate, and absorbance 

was measured at 540 nm. To quantify leucine aminopeptidase activity, 0.1 M 

leucine p-nitroanilide, pH 7.2 was used as a substrate and quantified at 405 

nm absorbance, following the method of [46]. The activities of all enzymes 

were calculated with the following equations: (1) Units per mL (U mL -1) = 

(Δabs × final volume of the reaction (mL)) × (MEC × time (min) × enzymatic 

extract volume (mL)-1); (2) Units per mg of protein (U mg protein-1) = Units 

per mL × mg of soluble protein-1, where MEC is the molecular extinction 

coefficient. 

 
2.9. Histological analysis 

The samples were dehydrated in different concentrations of ethyl 

alcohol (50, 70, 80, 96, and 100%, OH 100%-Xylol). They were then embedded 

in paraffin. Cross sections of 7 µm thickness were obtained with a sliding 

microtome (Reichert-Jung, Hn40) and stained with hematoxylin and eosin 

(H-E). The slices were examined under a Zeiss optical microscope (Axio-star 

Plus), the photographs were taken with a digital camera (Zeiss, Axiocam MRc 

5), and the morphometric measurements were taken with Zen 2.3 software. 

At the intestinal level, the height of the enterocytes (µm) was quantified. 

 
2.10. RNA extraction, reverse transcription, and gene expression 

analysis 

Total RNA was extracted using the Trizol technique (Invitrogen, 

Waltham, MA) according to the manufacturer's instructions. The 

concentration and purity of a single RNA were determined in a 

spectrophotometer (A260/280) (Jenway GenovaNano, Cole-Parmer,  
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Staffordshire, UK). One microgram of RNA was reverse transcribed into 

cDNA in a thermal cycler (Mastercycle nexus GSX1, Eppendorf, Hamburg, 

Germany) using the High-Capacity cDNA Reverse Transcription Kit 

(Maxima First Strand cDNA Synthesis Kit for RT-qPCR, Thermo Scientific, 

Waltham, MA) in a final volume of 20 µL, following the manufacturer's 

recommendations. The expression of two genes associated with intestinal 

barrier integrity, muc-2 (intestinal mucus layer protein) and zo-2 (tight 

junction protein), and two immune system genes, il-8 (proinflammatory 

cytokine) and il-10 (anti-inflammatory cytokine), were evaluated (Table 2). 

The qPCR reactions were carried out using 5 µL of Eva Green supermix 

(BioRad, Hercules, CA), 4.5 µL of cDNA, and 0.5 µL of primers mix (3mM) in 

a final volume of 10 µL per reaction. The β-actin gene was used as a reference 

gene [47]. The qPCR was performed on a CFX96TM real-time thermocycler 

(BioRad, Hercules, CA) using the following conditions: a 10 min denaturation 

cycle at 95 °C followed by 40 cycles of 15 s at 95 °C and 1 min at 60 °C. Relative 

gene expression changes were calculated using the 2−ΔΔ CT method [48]. 

 

 

Table 2. Primers used for qPCR analysis. 

Target 

Gene 

Gene function Primer Sequence (5´- 3’) Amplification 

Efficiency (%) 

Amplicon 

Size (bp) 

Reference 

muc-2 mucus layer 

protein (mucin 

2) 

FW: GGCCTCCTCAAGAGCACGGTG 

RV:TCTGCACGCTGGAGCACTCAATG 

90.94 100 [26] 

zo-2 tight junction 

protein 

W: TACCCATGGAAAATGTGCCTCA RV: 

CGGGGTCTCTTCACGGTAA 

95.29 88 [28] 

il-8 pro-

inflammatory 

cytokine 

FW: ATATTCACTGGTGGGCGGAG  

RV: GTGCGGCCTGAGATTGTTT 

94.18 369 [28] 

il-10 anti-

inflammatory 

cytokine 

FW: TTATAAAGCCATGGGGGAGCTG 

RV: CTGCACAGTCTGCCTCTAGT 

94.47 91 This study 

β-actin cytoskeletic 

actin 

FW:GAGCTATGAGCTGCCTGAGTGG 

RV:GTGGTCTCATGAATGCCACAGG 

97.10 119 [47] 

 

2.11. DNA isolation from gut microbiota and preparation of 16S 

rRNA gene libraries and sequencing 

Genomic DNA extractions were performed using a commercial kit. 

DNA concentration was quantified using the Qubit 3.0 fluorometer and the  
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ds-DNA BR Assay kit (Invitrogen from Thermo Fisher Scientific). DNA 

integrity was verified by 1% agarose gel electrophoresis. 

The V3 hypervariable region of the bacterial 16S rRNA gene was PCR 

amplified for library preparation using gene-specific primers V3-338f and 

533r [49]. PCR amplification and second PCR were performed using the 

Nextera XT index (Illumina, San Diego, CA, USA). All PCR products were 

followed by an optimized clean-up step using Agencourt AMPure XP beads 

according to the protocol published by Illumina. Finally, V3 libraries were 

sequenced with a MiSeq v3 reagent kit (300 cycles) using the MiniSeq 

platform (Illumina, San Diego, CA, USA), and 2×150 cycles of paired-end 

sequencing were performed. 

 
2.12. Data analysis and statistics 

First, normality (Kolmogorov-Smirnov) and homoscedasticity (Bartlett) 

tests were performed on the growth data, digestive enzyme activities, and 

histological measurements, all of which met the required assumptions. 

Consequently, a one-way ANOVA followed by Tukey's post hoc test were 

performed. For gene expression analyses, the Kruskal-Wallis test and 

Nemenyi's post hoc test were used to identify significant differences. All data 

were statistically analyzed using GraphPad Prism 8 software (GraphPad 

Software, San Diego, CA, USA) with a significance value of 0.05. 

 

3. Results 

3.1. Growth indexes and survival rates 

At the end of the bioassay (20 DAH), larvae fed with L. lactis PH3-05 108 

CFU/g obtained the highest final weight (0.041± 0.00 g), followed by larvae 

with 106 CFU/g (0.040 ± 0.00 g) of L. lactis PH3-05. Both treatments showed 

significant differences (p < 0.05) with larvae fed with L. lactis PH3-05 104 

CFU/g and CD (Table 3). The most significant total length was shown in 

larvae fed with all three L. lactis PH3-05 supplementations (p < 0.05); however, 

the 108 CFU/g treatment showed the greatest total length (2.38 ± 0.09 cm). SGR 

and WG were highest in larvae fed with the diets supplemented with 108 

CFU/g of L. lactis PH3-05 (2.83 ± 0.003 and 52.14 ± 0.06, respectively), followed 

by those fed with 106 CFU/g (2.75 ± 0.15 and 50.33 ± 3.50, respectively) of L. 

lactis, showing significant differences (p < 0.05) with L. lactis 104 CFU/g and 

CD larvae. The highest survival rate was presented in the larvae of treatment 

106 CFU/g of L. lactis PH3-05 with 46.36 ± 4.34%, showing significant 

differences (p < 0.05) with the rest of the treatments (Table 3). 
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Table 3. Indexes of growth performance and survival rate of A. tropicus larvae fed diets supplement different concentrations of 

L. lactis PH3-05 (104, 106 and 108 CFU/g) compared with the control diet. 

 

SGR: specific growth rate; WG: weight gain; S: survival rate. Values are means ± SD. Significant differences are shown with 

different letters (p < 0.05). 

 

3.2. Digestive enzyme activity 

The specific activity of acid and alkaline protease was significantly 

higher in larvae fed with 106 CFU/g of L. lactis PH3-05 compared to the rest 

of the treatments (p < 0.05). Regarding CD, trypsin activity was higher (p < 

0.05) in larvae fed 108 CFU/g of L. lactis PH3-05. On the other hand, larvae fed 

104 and 106 CFU/g of L. lactis PH3-05 showed higher chymotrypsin activity 

than the rest of the treatments. Likewise, administering 106 CFU/g of L. lactis 

PH3-05 favored significantly (p < 0.05) higher lipase activity than the rest of 

the treatments. Finally, leucine aminopeptidase activity showed a significant 

increase for larvae fed with 104 CFU/g of L. lactis PH3-05 (p < 0.05) for those 

fed with CD (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Lactococcus lactis  PH3-05 (CFU/g) 

Control diet 104 106 108 

Initial weight (g) 0.002 ± 0.007 0.002 ± 0.007 0.002 ± 0.007 0.002 ± 0.007 

Final weight (g) 0.031 ± 0.002b 0.034 ± 0.0004b 0.040 ± 0.00a 0.041 ± 0.00a 

Initial length (cm) 1.8 ± 0.18 1.8 ± 0.18 1.8 ± 0.18 1.8 ± 0.18 

Final length (cm) 2.09 ± 0.05b 2.13 ± 0. 12a 2.18 ± 0.09a 2.38 ± 0.09a 

SGR (% d-1) 1.53 ± 0.07b 1.64 ± 0.07b 2.75 ± 0. 15a 2.83 ± 0.003a 

WG (%) 25.75 ± 1.35b 27.74 ± 1.46b 50.33 ± 3. 50a 52.14 ± 0.06a 

S (%) 31.11 ± 1.92b 33.75 ± 1.82b 46.36 ± 4. 34a 32.56 ± 6.72b 
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Table 4. Digestive enzymatic activities of A. tropicus larvae fed diets supplement of different concentrations of L. lactis PH3-05 

(104, 106 and 108 CFU/g) compared with control diet. 

*Values are means ± SD. Significant differences are shown with different letters (p < 0.05). 

 

3.3. Histological analysis 

The livers of the larvae fed with 106 and 108 CFU/g of L. lactis showed a 

significantly higher percentage of melanomacrophagic centers (MMC) 

compared to those fed with the CD (p < 0.05) (Table 5). In the intestine, the 

height of enterocytes was significantly higher in larvae fed with 106 CFU/g of 

L. lactis (p < 0.05) compared to all other treatments, especially those fed with 

CD, which exhibited the lowest enterocyte height (Table 5, Fig. 1a and b). 

 
Table 5. Histological analysis of A. tropicus larvae fed diets supplement different concentrations of L. lactis PH3-05 (104, 106 and 
108 CFU/g) compared with the control diet. 

 

Morphological analysis  Lactococcus lactis PH3-05 (CFU/g) 

Control diet 104 106 108 

Area MMC (%/Area) 1.01 ± 0.43b 1.45 ± 0.14ab 1.91 ± 0.48a 1.94 ± 0.31a 

Hepatocytes Area (µm2) 5.48 ± 0.84b 5.72 ± 0.81ab 5.37 ± 0.66b 7.36 ± 0.25a 

Enterocyte height (µm) 10.40 ± 0.40d 12.61 ± 0.22c 17.88 ± 0.40a 14.23 ± 0.33b 

MMC: melanomacrophage centres. Values are means ± SD. Significant differences are shown with different letters (p < 0.05). 

 

 

 

Activities 

(U mg protein-1) 

 Lactococcus lactis PH3-05 (CFU/g) 

Control diet 104 106 108 

Acid protease  490.79 ± 36.69b 490.27 ± 76.22b 716.99 ± 5.57a 235.30 ± 66.15c 

Alkaline protease 41.14 ± 4.68b 44.45 ± 0.02b 55.45 ± 1.82a 37.46 ± 11.82b 

Trypsin 0.12 ± 0.02b 0.22 ± 0.10ab 0.28 ± 0.05ab 0.35 ± 0.07a 

Chymotrypsin 79.57 ± 2.70ab 87.45 ± 2.86a 89.06 ± 0.78a 65.86 ± 10.60b 

Lipase 17.52 ± 0.21b 27.17 ± 1.21b 37.75 ± 0.3a 15.79 ± 8.64b 

Leucine aminopeptidase 60. 21 ± 11.18b 83.66 ± 1.96a 81. 21 ± 3.58ab 71.72 ± 11.01ab 
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Figure 1. Representative images of the liver and digestive system of A. tropicus larvae treated with CD and 106 CFU/g of L. lactis 
PH3-05: a) CD, b) 106 CFU/g of L. lactis PH3-05. The liver images show melanomacrophage centers (yellow arrow) and 
hepatocytes (circle). Images of the intestine display the height of enterocytes (line) of A. tropicus larvae: c) CD, d) 106 CFU/g of L. 
lactis PH3-05. 

 

 
3.4. Gene expression 

The relative expression of muc-2 a significantly increased (p < 0.05) in 

larvae fed with 104 and 106 CFU/g of L. lactis compared to the other treatments 

(Fig. 2a). In contrast, zo-2 expression was significantly down-regulated (p < 

0.05) in larvae across all three L. lactis supplementations groups (Fig. 2b). 

Additionally, all three L. lactis supplementations induced a significant 

increase in il-8 expression (p < 0.05) compared to those fed with CD (Fig. 2c). 

However, the relative expression of il-10 also showed a significant increase 

in larvae fed with 106 and 108 CFU/g of L. lactis (p < 0.05) compared to those 

fed with the other treatments (Fig. 2d). 
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Figure 2. Relative expression levels of intestinal barrier function and immune system genes in A. tropicus larvae fed with L. lactis 
PH3-05 supplementation (104, 106 and 108 CFU/g) and control diet. Values are mean ± SD. Data are presented as fold-change 
relative to control diet samples (set to 1). Significant differences between treatments are indicated by letters (p < 0.05). 

 

 

3.5. Classification and taxonomy of the bacterial taxonomic profile 

The metagenomic analysis was conducted using 16S rRNA gene 

sequencing, yielding 765,724 sequences. After removing, chimeras 26,679 

sequences were classified into 461 OTU (operational taxonomic units). 

The alpha diversity indices are presented in Figure 3. According to Chao 1 (p 

< 0.0897), ACE (p < 0.1331), and Shannon-Weaver (p < 0.2260) estimators, there 

were no significant differences in alpha diversity larvae fed with the three L. 

lactis supplementations and the CD. 
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Figure 3. Alpha diversity of gut microbiota in A. tropicus larvae treated with L. lactis PH3-05 supplementations (104, 106 and 108 
CFU/g) and control diet. Chao 1, ACE, and Shannon-Weaver indexes were calculated from the ASVs. 

Figure 4 shows the composition of the intestinal microbiota of A. tropicus 

larvae, which 

consists of the Phyla Proteobacteria, Bacteroidota, Firmicutes, Chloroflexi, 

and Desulfobacterota. Proteobacteria was the most dominant Phylum in all 

treatments. In this aspect, larvae fed with 108 CFU/g of L. lactis PH3-05 

showed the highest relative abundance of Proteobacteria with 78.92%, 

followed by those fed with CD (71.35%), while in larvae fed with 106 CFU/g 

of L. lactis PH3-05 the abundance was 58.20% and finally, larvae fed with 104 

CFU/g of L. lactis PH3-05 showed the lowest abundance of Proteobacteria 

with 49.85%.  

The highest relative abundance of Bacteroidota was found in larvae fed with 

CD, with 13.53%, followed by larvae fed with 104 CFU/g of L. lactis, with 

13.31%. Finally, the lowest relative abundances were presented in larvae fed 

with 106 CFU/g of L. lactis (8.14%) and 108 CFU/g of L. lactis (7.93%), 

respectively. The relative abundance of the Phylum Firmicutes was highest 

in larvae fed 104 CFU/g of L. lactis (12.66%) and 106 CFU/g of L. lactis PH3-05 

(7.58%). In contrast, larvae fed CD and 108 CFU/g of L. lactis PH3-05 showed 

the lowest relative abundances (5.54% and 4.755%), respectively. The highest 

abundance of Phylum Chloroflexi occurred in larvae fed with 106 CFU/g of L. 

lactis PH3-05 (14.62%) and 104 CFU/g of L. lactis (9.36%), again the lowest 

relative abundances were obtained with larvae fed with CD and 108 CFU/g 

of L. lactis (3.82% and 3.54%), respectively.  
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Figure 4. Relative abundance of bacterial phyla present in the intestinal microbiota of A. tropicus larvae fed with L. lactis PH3-05 
(104, 106 and 108 CFU/g) and a control diet. 

 

At the order level, Burkholderiales, Cytophagales, Bacteroidales, 

Sphinogomonadales, Pseudomonadales, and Lactobacilliales were the most 

representative in all treatments. The most representative families in all 

treatments were Oxalobacteraceae, Comamonadaceae, 

Sphinogomonadaceae, Anaerolineaceae, Pseudomonadaceae, 

Lactobacilliaceae, and Caulobacteraceae. 

Figure 5 shows the relative abundance at the genus level of the intestinal 

microbiota of A. tropicus larvae, where the most representative genera are 

Masillia, Sphaerotilus, Vibrio, Sphingomonas, Runella, and, to a lesser extent, 

Pseudomonas, Lactobacillus, and Brevundimonas. Massillia has the highest 

relative abundance in larvae fed with 106 CFU/g of L. lactis, PH3-05 31.03%, 

followed by those fed with 108 CFU/g of L. lactis PH3-05 (26.70%). In larvae 

fed with CD, 21.23% of relative abundance was obtained, and the lowest 

proportion was for larvae fed with 104 CFU/g of L. lactis PH3-05 (12.94%). The  
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genus Vibrio was present only in larvae fed 108 CFU/g of L. lactis (18.36%) and 

those fed with CD (8.29%), respectively. The genus Runella presented 4.35% 

relative abundance in larvae fed with the CD and in smaller proportion in 

larvae fed with 104 CFU/g and 108 CFU/g of L. lactis (2.12% and 2.22%, 

respectively), while in larvae fed with 106 CFU/g of L. lactis PH3-05 the 

presence of this genus was not detected. 

The highest relative abundance of the genus Lactobacillus was shown in 

larvae fed 106 CFU/g of L. lactis PH3-05 (4.29%), and the lowest relative 

abundance was observed in larvae fed 108 CFU/g of L. lactis PH3-05 (1.09%). 

Bacteria of the genus Pseudomonas showed a relative abundance of 6.38% in 

larvae fed with 106 CFU/g of L. lactis PH3-05 and the lowest abundance in 

larvae fed with 108 CFU/g of L. lactis PH3-05 (1.23%). The genus Sphingomonas 

recorded the highest relative abundance of the larvae fed with 104 CFU/g 

(3.82%), 106 CFU/g (6.33%), and 108 CFU/g (4.60%) of L. lactis, while the lowest 

relative abundance was detected in larvae fed with CD with 2.18%. Bacteria 

of the genus Brevundimonas presented the highest abundance in larvae fed 

with 106 CFU/g of L. lactis PH3-05 (3.44%), which decreased in larvae fed with 

104 CFU/g (1.42%), CD (1.17%), and 108 CFU/g of L. lactis PH3-05 (1.02%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Relative abundance of bacterial genus present in the intestinal microbiota of A. tropicus larvae fed with L. lactis (104, 
106 and 108 CFU/g) and a control diet. 

 

3.6. Bacterial community structure through Beta diversity 

Our study, based on taxonomic assignment and multivariate analysis of 

variance (PERMANOVA) with 4999 permutations, revealed a crucial finding, 

there were no significant differences in beta diversity indexes between the 

treatments with L. lactis PH3-05 and the CD. This finding underscores the 

importance of our study in understanding the bacterial community structure. 

Figure 6 illustrates the precision of our research methods through 

principal coordinate analyses (PCoA) with beta diversity indices. The Bray-

Curtis similarity (Fig. 6a) showed 51.94% clustering (p < 0.105), while the  
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cumulative variance by JACCARD (Fig. 6b) showed a value of 34.3% distance 

between treatments (p < 0.12). The metrics of phylogenetic distances through 

UNIFRAC presented values of 79.31% and 44.86% of the total variance in the 

weighted (WEIGHTED p < 0.0212) (Fig. 6c) and unweighted (UNWEITHED 

p < 0.6596) (Fig. 6d) analyses, respectively. These measurements confirm that 

none of the indices showed significant differences between the treatments 

with L. lactis and the CD. 

 
 

Figure 6. Principal coordinate analysis (PCoA) based on beta diversity analyses with Bray-Curtis (a), Jaccard (b), Weighted 
Unifrac (c), and Unweighted Unifrac (d) indexes of gut bacterial profiles of A. tropicus larvae treated fed L. lactis PH3-05 (104, 
106 and 108 CFU/g) and a control diet.  

 
3.7. Predicted metabolic functions of the intestinal microbiota from 

KEGG 

An enhanced microbial function was detected in larvae fed with 108 

CFU/g of L. lactis compared to those fed with the CD, as determined by Lefse 

analysis. Enrichment functions included bacterial chemotaxis, the 

biosynthesis of valine, leucine, and isoleucine, branched dibasic acid-C5 

metabolism, flagellar assembly, fatty acid and lipopolysaccharide 

biosynthesis, pantothenate, and CoA synthesis. Additionally, functions 

related to D-glutamine and D-glutamate metabolism, biotin metabolism, 

lipid metabolism, carbon deposition via folate, peptidoglycan biosynthesis, 

and the sulfur relay system were also enriched. Conversely, larvae fed with  
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the CD exhibited higher microbial functions related to ansamycin synthesis 

and the degradation of ketone bodies (Fig. 7). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Heat map of microbial functions in the digestive tract of A. tropicus larvae fed with L. lactis PH3-05 (104, 106 and 108 
CFU/g) and a control diet. Predictions are based on level 3 functional annotations using the KEGG database. 

 

4. Discussion 

4.1 Growth indexes and survival rate 

Probiotics have successfully impacted aquaculture and have been 

considered a functional feed additive for cultured organisms [50]. Several 

studies have shown the beneficial effects of probiotic administration and 

have pointed out that they significantly improve the health and welfare of 

organisms, increasing survival rate and growth, enhancing and restoring the 

immune system, as well as making culture more profitable respectively [51-

52]. However, probiotics must be administered adequately to confer a health 

benefit to the host [53]. In this regard, our results agree with what was 

reported since administering L. lactis PH3-05 (106 CFU/g) to A. tropicus larvae 

significantly improved productive values (final weight, final length, SGR, 

WG, and survival rate) compared to fish fed with CD.  

Thus, the administration of L. lactis PH3-05 has provided positive results 

in different fish species, such as Nile tilapia (Oreochromis niloticus), where 

higher WG and higher survival were obtained [54]. In bastard halibut 

(Paralichthys olivaceus), including a concentration of 108 CFU/mL favored 

higher weight gain, feed efficiency, SGR, PER, and condition factor [55]. 

Likewise, administration of 108 CFU/g of L. lactis L19 improved growth, WG, 

feed efficiency index, SGR, and PER in snakehead fish (Channa argus) [56]. 

Similarly, 108 CFU/g concentration of L. lactis HNL12 in humpback grouper 

(Cromileptes altivelis) favored growth, total length, percentage weight gained,  
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and SGR [57]. The same effect was obtained when administering three 

different strains of L. lactis at high concentrations (5 × 108 CFU/g), which 

favours the final weight, WG, SGR, and survival of common carp (Cyprinus 

carpio) [23]. 

As demonstrated, proper administration of L. lactis improves 

productivity values and survival rates in various fish species, likely because 

these bacteria promote increased hydrolysis and absorption of nutrients, 

thereby enhancing the growth performance of the organisms [58-59]. 

Furthermore, lactic acid bacteria like, L. lactis efficiently metabolize various 

lactic acid fractions and release exogenous enzymes, short-chain acids, 

nucleic acids, and even functional peptides. This process improves the 

digestibility of nutrients in the balanced feeds given to fish [60-61]. 

Additionally, lactic acid bacteria, such as L. lactis, produce of short-chain fatty 

acids (SCFA), which are utilize by enterocytes as an energy substrate to 

maintain gut integrity, homeostasis, and digestive function. The release of 

these functional molecules enhances the hydrolytic capacity of digestive 

enzymes (proteases and lipases) and promotes increased selective 

permeability of the intestinal epithelium, leading to greater nutrient 

absorption. This, in turn, results in improved  growth and development of 

the fish [62]. 

 

4.2. Digestive enzyme activity 

Certain probiotics, such as L. lactis, have been reported to play a crucial 

role in the digestion of macronutrients in balanced diets fed to fish, which has 

been linked to increased hydrolysis and improved nutrient absorption in 

some fish species [21,63-64]. The presence of L. lactis has also been reported 

to increase the digestive enzyme activity of fish, in addition to the 

complementary hydrolysis due to the action of exogenous bacterial enzymes, 

which favor the hydrolysis of macromolecules (proteins, lipids, and 

carbohydrates). In this sense, L. lactis increases the digestive enzyme activity 

of fish, in addition to the complementary hydrolysis due to the action of 

exogenous bacterial hydrolytic enzymes, which promote the hydrolysis of 

macromolecules. Thus, bacterial pre-hydrolysis of feed nutrients and 

increased digestive enzyme activity in fish improve their growth and 

enhance their metabolic functions [65-66]. Our study observed that 

administering 106 CFU/g of L. lactis PH3-05 in A. tropicus larvae significantly 

increased digestive enzyme activity (acid protease, alkaline proteases, and 

lipase) compared to CD-fed larvae. In this regard, the addition of probiotics 

has been shown to significantly improve the regulation of amino acid, fatty 

acid, vitamin metabolism, and digestive enzyme synthesis in fish, offering a 

promising avenue for enhancing fish nutrition [67]. It has also been shown 

that the metabolic processes of probiotics can produce exogenous enzymes 

that benefit the host organism by supplementing digestive enzyme activity 

and pre-digesting the feed provided to the fish, thereby improving nutrient 

absorption. However, improved absorption will depend on the appropriate 

concentration of the probiotic [68]. For example, the use of a probiotic 

consortium (Bacillus subtilis, Lactobacillus acidophilus, Clostridium butyricum, 

and the yeast Saccharomyces cerevisiae) in O. niloticus led to an increase in 

trypsin-like and amylase activities [69]. 
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Similarly, the application of a commercial probiotic (PrimaLac®: L. 

acidophilus, Lactobacillus casei, Enterococcus faecium, and Bifidobacterium 

thermophilus) resulted in a significant increase in amylase, protease, and 

alpha-glucosidase enzyme activities in Caspian white fish (Rutilus frisii 

kutum) [70]. In the case of L. lactis, when administered in rainbow trout 

(Oncorhynchus mykiss), trypsin, lipase, and alkaline digestive protease 

enzyme activities were highly detected [64]. The same is observed in C. carpio, 

where digestive enzyme activity increased (amylase, lipase, and protease), 

along with several production parameters, immune system enzymes, and 

antioxidant activity [71]. 

 

4.3. Histological analysis 

Our research found that, the use of L. lactis PH3-05 significantly 

increases the height of the enterocytes in A. tropicus larvae, allowing fors a 

larger nutrient absorption area and, consequently, higher growth. These 

results align with findings in O. niloticus, where the administration of L. lactis 

(107-8 CFU/g diet), resulted in increased villi length and muscle layer 

thickness compared to a diet without probiotics [72]. Similarly, in the same 

species, L. lactis administration (108 CFU/g) increased the density and length 

of intestinal microvilli compared to the control treatment [54]. In gilthead sea 

bream (Sparus aurata), the administration of L. lactis (2 and 5 × 109 CFU/kg) 

reduced intestinal inflammatory processes and improved microbial 

composition [73]. 

Additionally, the hepatocyte area in A. tropicus larvae increased whit the 

use of L. lactis (108 CFU/g). These results are consistent with those reported 

by [74], who observed in vitro that L. lactis increases hepatocyte proliferation 

and promotes liver cell protection in snakehead (Channa argus). Similarly, in 

O. niloticus, an increase in lipid accumulation in hepatocytes was observed 

whit the administration of commercial probiotics (C.A. growth® and 

Tonolest®) [75]. Furthermore, our research detected an increase in the 

presence of MMC in the liver with L. lactis PH3-05 treatments. This finding 

coincides with observations in O. niloticus when a probiotic (Bacillus spp.) 

was administered, leading to an increase in MMC in the spleen. This 

response, is related to the organism’s physiological reaction to the probiotic, 

which is perceived as a potential pathogen, thus activating the immune 

system to prevent possible infection [76]. 

Similarly, in O. niloticus, the number of MMC increased when a 

commercial symbiotic was supplied and the fish were challenging with 

Pseudomonas fluorescens [77].  A similar increase in MMC was observed when 

juveniles of the same species were supplemented with the probiotic 

Pseudomonas putida and challenged with Aeromonas hydrophila [78]. Thus, the 

increase in MMC is associated with the presence of the probiotic and is 

maximized when fish are challenged with pathogenic bacteria. However, A. 

tropicus larvae in our study were not challenged with any know pathogen. 

Therefore, further research is needed to explore the effect on immune 

capacity and its relationship with the increase in MMC in this species. 
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4.4. Gene expression 

Probiotics, known for their potential to modulate the immune system 

and gut microbiota, and their promising antagonistic effect against 

pathogenic microorganisms [79], represent a significant area of interest in 

immune health research. The stimulation of the immune system by 

probiotics, particularly through components, such as peptidoglycan, 

lipopolysaccharides, and β-glucans in their cell walls, offers a promising 

avenue. These components can promote both innate and adaptive immune 

responses, modulate proinflammatory cytokines, activate natural killer cells, 

enhance mucosal, boost phagocytic activity, and increase lysozyme synthesis 

[80]. Additionally, certain bacteria (such as Lactobacillus, Lactococcus, 

Enterococcus, and Carnobacterium) produce bacteriocins, peptides that 

compromise the integrity of pathogenic organism’s cell membranes [81-83]. 

Some bacteriocins can inhibit the adhesion or growth of pathogenic bacteria 

[84-86, 59]. 

In A. tropicus larvae, the administration of L. lactis PH3-05 (104 and 106 

CFU/g) resulted in a significant increase in the relative expression of muc-2, 

suggesting an enhancement of the protective intestinal barrier. More 

importantly, this increase also indicates an activation of the immune system, 

as the mucus layer is the first line of defense against the translocation of toxic 

or pathogenic organisms. This finding is in line with the observations of [87], 

who also noted a similar increase in muc-2 expression in response to a 

different stimuli. The mucus layer, secreted by goblet cells in the epidermis 

of fish, contains protective elements, such as glycoproteins, lysozymes, and 

immunoglobulins, among other antimicrobial compounds [88-89]. It serves 

multiple functions, including resistance and protection against infections, 

ionic and osmotic regulation, excretion, and nutrition absorption. This boost 

in mucus production can be interpreted as an active reinforcement of the 

immune system, highlighting the role of the mucus layer as primary physical 

defense against harmful pathogens in the intestinal barrier.  

On the other hand, the underexpression of the zo-2 gene in larvae fed 

with L. lactis PH3-05 is a significant finding. This underexpression may be 

promoting the synthesis of beneficial metabolites, such as bacteriocins, γ-

aminobutyric acid, ornithine, exopolysaccharides, mannitol, among others 

[90], thereby eliminating the need for larvae to express zo-2. As a result, larvae 

fed with L. lactis PH3-05 experienced better growth. This finding is 

particularly noteworthy as a decrease in the expression of the zo-2 gene has 

been reported to reduce intestinal function and can cause certain intestinal 

disorders in fish [91], which did not occur in A. tropicus. These results 

significantly enhance our understanding of the regulatory mechanisms of 

tight junction proteins, which are crucial in strengthening the intestinal 

barrier in A. tropicus in its larval stage.  

Furthermore, the administration of L. lactis has been shown to directly 

improve the immune system [61]. In that sense, cytokines, the messenger 

proteins responsible for emitting the first warning signals of the immune 

system in response to harmful events, play a crucial role in the host 

organism’s defense [92-93]. Different strains of Lactobacillus and Bifidobacteria 

are known to release or increase the expression of il-8 or il-10 during normal 

mucosal conditions or inflammatory processes, helping to neutralize or  
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prevent harmful stimuli [84]. In our study, A. tropicus larvae fed with L. lactis 

PH3-05 supplementation showed a higher expression of il-8, suggesting 

adaptation to the environment and formulated diet, as well as microbial 

colonization. In addition, it has been reported that certain strains of lactic acid 

bacteria can prevent an inflammatory response by activating the CD14 

glycoprotein of epithelial cells [84]. Furthermore, the expression of the anti-

inflammatory cytokine il-10, vital for maintaining mucosal immune 

homeostasis in the intestinal tract [94], was significantly enhanced by L. lactis 

PH3-05 in A. tropicus larvae. Our results show a substantial increase in the 

expression of muc-2 (104 and 106 CFU/g) and il-10 (106 and 108 CFU/g) in A. 

tropicus larvae fed L. lactis, which is consistent with the findings from crucian 

carp (Carassius carassius) fed with L. lactis PH3-05 supplements. These carp 

showed a significant immune system response after exposure to Aeromonas 

hydrophila, marked by increase expression of anti-inflammatory interleukin 

(il-11) and the gene related to the reinforcement of the intestinal barrier (zo-

1). The overexpression of INF-γ, IL-1β, and TNF-α further indicates that L. 

lactis administration effectively reduces intestinal inflammation caused by 

exposure to pathogen bacteria [95]. The high resistance to pathogenic bacteria 

is attributed to the probiotic ability of L. lactis PH3-05 to modulate the 

immune system by releasing certain antimicrobial compounds. Also, il-11 

expression suggests that the organism can protect and restore the 

gastrointestinal mucosa [96]. In Nile tilapia (Oreochromis niloticus), the 

inclusion of L. lactis strengthen the immune system, leading to increase 

expression of immune-related genes, specifically tumor necrosis factor (TNF-

α) and interferon-gamma (IFN-γ), after exposure to the pathogen 

Streptococcus agalactiae [54]. This promising result opens potential 

applications of L. lactis PH3-05 in enhancing immune responses. However, 

the interaction between the gut microbiota and the immune system also 

involves specific metabolites secreted by the microbiota, which are absorbed 

by enterocytes and transported to the bloodstream and systemic lymphoid 

tissues. These metabolites can regulate host immune responses, play roles in 

inflammatory signaling, and interact directly or indirectly with host immune 

cells [97]. 

 

4.5. Gut microbiome 

The microorganisms that compose the gut microbiome play essential 

roles in various metabolic, physiological, and immunological functions with 

the host organism [14]. The host microbiome t relationship can evolve over 

time, influenced by changes in diet, habitat and environmental adaptations. 

Maintaining a dynamic equilibrium between the microbiota and the host is 

crucial for optimal growth and development [98-99]. In larvae, this 

relationship is shaped by the initial bacterial community present at hatching 

or first mouth opening, microorganisms in the surrounding water, and the 

first food consumed [6,100]. The colonization and diversity of gut microbiota 

in fish are very complex and depend on various factors, including 

evolutionary and genetic processes [101-104]. Studies have shown that 

administering probiotics can alter the composition and abundance of gut 

bacteria. For example, in gilthead sea bream (Sparus aurata), administration 

of L. lactis (2 and 5 × 109 CFU/g) changed the gut bacterial composition,  
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increasing the abundance of Pseudomonas, Sphyngomonas, and Lactobacillus 

[73]. In O. niloticus, administering L. lactis (108 CFU/g) during the juvenile 

stage altered gut microbiota strengthened the immune system, resulting in 

reduced disease incidence [54]. Similarly, in red seabream (Pagrus major), 

probiotics (L. rhamnosus and L. lactis) also changed gut bacterial communities, 

enhancing the probiotics effect on the immune system [21]. 

Administering L. lactis PH3-05 (106 CFU/g) to A. tropicus larvae promotes 

an increase in the abundance of Lactobacillus in the intestinal microbiota. 

Previous studies [35] characterized the gut microbial composition of A. 

tropicus in both female and male juveniles and adults. The overall results 

showed that Fusobacteria is the most dominant phylum (42.26 %), followed 

by Proteobacteria (31.40 %), Firmicutes (12.96 %), and Bacteroides (11.79 %). 

Therefore, it can be considered a central gut microbial composition in A. 

tropicus at these stages. However, our results showed that the larval stage of 

A. tropicus is mainly composed of Proteobacteria and Bacteroides. The 

presence and function of Proteobacteria has been reported to increase the 

expression of genes related to RNA processing, degradation, outer 

membrane and lipopolysaccharide synthesis [105], which play roles in 

degrading Gram-negative (often pathogenic) microorganisms and enhancing 

the immune system. Bacteria belonging to the phyla Bacteroidetes and 

Proteobacteria could enhance metabolic and immune function and induce 

immune responses in the host, suggesting a possible relationship between 

these phyla and fish growth and immunity [106]. Additionally, the 

abundance of Proteobacteria may contribute to digestive functions in healthy 

fish [6].  

In this context, our research on A. tropicus larvae has revealed intriguing 

findings that open new avenues for further exploration. The Proteobacteria 

genus, particularly Massillia and Sphaerotilus, showed the highest abundance, 

while potentially harmful genera like Vibrio and Aeromonas decreased. This 

finding suggests potential future studies to explore the role of these genera 

in the larvae's microbiome further. Similarly, Nile tilapia fed an experimental 

diet containing L. lactis PH3-05 (108 CFU/g) showed had the highest 

abundance of the Proteobacteria phylum [54]. It has also been documented 

that bacteria of the Bacteroidetes and Proteobacteria groups may originate 

from the aquatic environment [106]. The Bacteroidetes phylum of bacteria 

readily assimilates dietary carbohydrates, as members of this genus possess 

metabolic pathways to utilize them [107]. The genus Sphingomonas has been 

reported as an environmental microorganism, not as part of the 

gastrointestinal tract [108]. We consider that the presence of Sphingomonas in 

A. tropicus larvae results from the experiment’s surrounding environment 

and that it is displaced by bacteria belonging to the genera Massillia and 

Sphaerotilus, which showed the highest abundance and could be considered 

part of the indigenous microbiota during colonization. However, we do not 

yet know whether the gut microbial composition of A. tropicus larvae can be 

classified as autochthonous or allochthonous. Nevertheless, we can consider 

that the administration of L. lactis PH3-05 (108 CFU/g) favored the abundance 

of proteobacteria in larvae fed with lower doses and the CD. 

The functions of these microorganisms are not yet fully understood, but 

they have a significant impact on the organism's physiology and the  
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interactions between the metabolic capacity and metabolism of the host gut 

microbiota. Our research findings on functional metabolic predictions, 

particularly through the pathways predicted by KEGG LefSe, provide a novel 

understanding of these functions. We can now comprehend specific 

functions related to carbohydrate metabolism through the lactic fermentation 

of hexoses via the Embden-Meyerhof-Parnas pathway [109] and pentoses, via 

the phosphogluconate and phosphoketolase pathway [110]. Disaccharide 

metabolism occurs via the Leloir pathway, particularly for galactose [111]. 

Likewise, the activation of the pathways for protein catalysis is known to 

occur through the activation of a proteolytic system by utilization of 

approximately 14 amino acids, with leucine, valine, and isoleucine being 

essential [112], via extracellular degradation by membrane-anchored 

proteinase, the peptide transport system across the membrane into the 

cytoplasm and degradation of peptides by intracellular endopeptidases such 

as proline peptidase and aminopeptidase [113-114]. Moreover, a di-, tri-, and 

oligopeptide transporter system has been detected, which, with the action of 

peptidases, releases amino acids for catabolism and energy production [115]. 

Finally, the ability to synthesize lipids from fatty acids such as octadecanoic 

acid that is converted into cyclopropane, oleic, and vaccenic acids, is achieved 

through the action of enzymes such as cyclopropane synthase, transforming 

into dihydrosterculic acid via methylation [116]. 

As can be seen, L. lactis PH3-05 can modify the microbiome and alter the 

abundance of bacteria from the phyla Bacterioides and Proteobacteria, 

particularly of the genera Massillia, Sphaerotilus, and Sphingomonas, enabling 

various pathways to manifest. These, include: 1) bacterial chemotaxis, 

allowings bacteria to move in response to nutrients gradients and other 

environmental stimuli [117], 2) flagellar assembly, a transcriptional and post-

transcriptional process enables bacteria to move towards tissue colonization 

sites and perform multiple functions in host communication [118], 3) fatty 

acid biosynthesis, revealing the diversity of the organization of the pfa genes, 

coding for a polyunsaturated fatty acid synthase complex [119], 4) the 

biosynthesis of valine, leucine and isoleucine, which are considered suitable 

targets for developing antibacterial agents [120], and 5) the metabolism of 

dibasic acid C5-triphosphate, where a complex pathway has been described 

in different bacteria [121]. These findings, reflected changes in the 

microbiome and enhanced growth of A. tropicus PH3-05 larvae when fed with 

L. lactis (106-8 CFU/g). 

 

5. Conclusions 

Feeding A. tropicus larvae with live L. lactis PH3-05, isolated as part of 

the native microbiome, significantly improves production values, digestive 

morphology, digestive enzyme activity, and immune system gene 

expression. Additionally, this probiotic modulates and strengthens various 

metabolic pathways of the microbiome, showing highly significant results 

when using doses of 106-8 CFU/g in balanced feeds during weaning in the 

larval period. Ultimately, it is demonstrated that L. lactis PH3-05 can be 

considered a highly efficient probiotic that improves larval culture. 
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CONCLUSIONES 

En la presente investigación se evaluó el efecto de la inclusión de la levadura autóctona Candida 

tropicalis, la levadura probiótica Debaryomyces hansenii y la bacteria autóctona Lactococcus 

lactis PH3-05 sobre el crecimiento, supervivencia, actividad enzimática digestiva, morfología 

intestinal, expresión de genes asociados a la función de barrera intestinal y el sistema 

inmunológico, así como los cambios en la composición de la microbiota intestinal de juveniles y 

larvas de pejelagarto (A. tropicus).  

Los resultados obtenidos en este estudio indican que la incorporación de bajas dosis de D. hansenii 

(103 UFC/g) en la dieta mejoran significativamente el crecimiento y la fisiología digestiva de 

juveniles de pejelagarto. Asi mismo, favorece la función de barrera intestinal y la respuesta 

inmunológica debido al incremento de la expresión de los genes muc-2 e il-10 a la par que 

disminuye il-8. La inclusión de D. hansenii (103 UFC/g) promueve la síntesis de la capa de mucosa 

(muc-2), la primera línea de defensa y, el refuerzo de las uniones entre las células epiteliales que 

mejoran la función de barrera intestinal y la respuesta inmunológica. Adicionalmente, la 

administración de D. hansenii (103 UFC/g) promovió la abundancia de bacterias pertenecientes al 

filo Tenericutes y del género Mycoplasma. Estos microorganismos, que habitan de forma 

simbiótica en el intestino, desempeñan un papel en la digestión de los alimentos y en la síntesis de 

ácidos grasos, elementos esenciales para el metabolismo energético de otras bacterias presentes en 

el intestino del huésped. Debido a nuestros resultados existe una posibilidad que al utilizar esta 

levadura (D. hansenii 103 UFC/g) provoquen beneficios en la microbiota intestinal en organismos 

acuáticos, lo que puede beneficiar a la acuicultura. 

En larvas, la suplementación de 104 UFC/g de L. lactis PH3-05 mejora significativamente los 

valores productivos, la morfología digestiva, la actividad de las enzimas digestivas y la expresión 

de genes del sistema inmunológico. Además, L. lactis (106 y 108 UFC/g) modula la composición 

de la microbiota intestinal, en donde se destaca un aumento en la abundancia de bacterias ácido 

lácticas, lo que sugiere un mecanismo de acción a favor del equilibrio microbiano y de la salud de 

las larvas. Este estudio demostró por primera vez la composición microbiana intestinal de las larvas 

del pejelagarto está compuesta principalmente por los filos Bacteroidetes y Proteobacteria, ambos  
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presentan bacterias que mejoran la función metabólica e inmunológica, lo que favorece el 

crecimiento de los peces. Nuestra investigación aporta nuevos conocimientos sobre las funciones 

metabólicas de los microorganismos intestinales de A. tropicus, donde se mostró que las bacterias 

intestinales presentes están relacionadas con el metabolismo de carbohidratos y proteínas, así como 

la síntesis de lípidos, lo cual, esta información contribuye a la comprensión de la interacción entre 

los microorganismos intestinales y la fisiología del pejelagarto a través de la inclusión de L. lactis 

(106 y 108 UFC/g). Estos hallazgos tienen importantes implicaciones para la acuicultura del 

pejelagarto, al ofrecer una alternativa sostenible para mejorar la producción y principalmente, el 

bienestar de esta especie. Nuestros resultados respaldan el potencial de los probióticos para 

mejorar la eficiencia productiva en la acuicultura, mejorando la digestión y absorción de nutrientes 

en pejelagarto. La inclusión de D. hansenii y L. lactis, se muestran prometedoras como 

suplementos dietéticos eficaces para aplicaciones en la acuicultura del pejelagarto. 

Adicionalmente, los resultados de este estudio aportan nuevas perspectivas para el desarrollo de 

estrategias alimenticias con la inclusión de probióticos autóctonos específicos para otras especies 

acuáticas. De acuerdo con la fisiología del pejelagarto en ambas etapas de crecimiento, el presente 

estudio contribuyó al conocimiento de la composición microbiana intestinal y la comprensión de 

las vías metabólicas entre huésped-hospedero. En este sentido, se propone continuar la 

investigación para evaluar la adición de simbióticos u otras especies de probióticos y evaluar los 

mecanismos moleculares subyacentes a estos beneficios evaluados. Así como incluir otras 

herramientas metagenómicas para continuar con la línea de investigación de la microbiota 

intestinal del pejelagarto. 
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PERSPECTIVAS 

 

La presente tesis doctoral ha proporcionado una comprensión detallada de la dinámica de la 

fisiología digestiva y de la microbiota intestinal en larvas y juveniles de pejelagarto (Atractosteus 

tropicus) en respuesta a la administración de C. tropicalis, D. hansenii y L. lactis. A través de un 

enfoque multidisciplinario, integrado por técnicas bioquímicas, moleculares, histológicas y 

metagenómicas. Los hallazgos obtenidos abren diversas perspectivas y líneas de investigación para 

futuras investigaciones y aplicaciones en la larvicultura y el cultivo de juveniles de esta importante 

especie en la región.  

En primer lugar, la identificación de cepas probióticas que ejercieron efectos beneficiosos 

significativos sobre los parámetros de crecimiento, la actividad enzimática digestiva y la 

composición de la microbiota intestinal en la primera etapa de vida del pejelagarto, sienta las bases 

para el desarrollo de protocolos de alimentación optimizado. Las futuras investigaciones podrían 

enfocarse en la evaluación a largo plazo, particularmente de D. hansenii y L. lactis, considerando 

su persistencia en el tracto digestivo y su impacto en la resistencia a enfermedades y el rendimiento 

productivo en las etapas de pre y engorda. Asi mismo, la exploración de otro consorcio de 

probióticos, que combinen diferentes cepas con mecanismos de acción complementarios, así como 

la mezcla con prebióticos anteriormente reportados con efectos benéficos en muchos niveles 

fisiológicos puede ser prometedor para favorecer la fisiología de esta especie. La implementación 

de simbióticos permitirá a los productores optimizar y mejorar el cultivo. Lo cual podrá contribuir 

a la reducción de pérdidas económicas.  

Desde una perspectiva fisiológica, la elucidación de los mecanismos por los cuales los probióticos 

influyen en la actividad enzimática digestiva y la morfología intestinal, siguiere la posibilidad de 

desarrollar estrategias nutricionales sinérgicas. Se puede considerar, en futuras investigaciones, 

investigar la interacción entre la suplementación probiótica y la composición de la dieta a nivel 

larval y juvenil, buscar una dieta formulada que maximicen los beneficios de los microorganismos 

exógenos. Además, evaluar el impacto de los probióticos a través de la expresión de genes 

relacionados con la digestión y absorción de nutrientes, para comprender los mecanismos  
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moleculares involucrados en la digestibilidad. Además, se considera buscar levaduras probióticas 

alternativas que ejerzan múltiples efectos benéficos para esta especie, con el fin de contribuir a 

estrategias innovadoras para mejorar la sostenibilidad y rentabilidad del cultivo del pejelagarto.  

A nivel larvicultura, donde la alta mortalidad en la edad temprana representa un desafío 

significativo, la aplicación de probióticos específicos podría mejorar y convertirse en una 

herramienta clave y asertiva para mejorar la supervivencia y el establecimiento de una microbiota 

intestinal saludable. Investigaciones futuras deberían explorar la ventana de tiempo óptima para la 

administración de probióticos en larvas y evaluar diferentes métodos de administración, como la 

encapsulación en el alimento vivo, adición directa al agua de cultivo o por aspersión en el alimento.  

Adicionalmente, la caracterización de la microbiota nativa del pejelagarto en sus diferentes etapas 

de desarrollo proporciona una valiosa línea base para futuras comparaciones y para la 

identificación de probióticos endógenos con gran potencial, mayor adoptación y eficacia. El 

aislamiento y la evaluación de cepas probióticas autóctonas del pejelagarto representa una línea de 

investigación prometedora para el desarrollo de estrategias de manejo de la microbiota específica 

para esta especie tan importante en la región.  

Finalmente, la metodología utilizada en esta tesis combinando análisis metagenómicos con 

evaluaciones fisiológicas e histológicas, podrían aplicarse al estudio de la respuesta a probióticos 

en otras especies acuáticas de interés comercial o especies nativas de la región Sureste de México. 

La comprensión de la interacción entre la microbiota y la fisiología digestiva en las etapas 

tempranas es fundamental para el desarrollo de prácticas de cultivo más sostenibles y eficientes.  

Los resultados de esta tesis doctoral no solo amplían el conocimiento fundamental sobre la 

fisiología del pejelagarto, sino que también ofrecen perspectivas claras para el desarrollo de 

estrategias de manejo de la microbiota intestinal basadas en probióticos, con el potencial de 

mejorar significativamente la larvicultura y el cultivo juvenil en la acuicultura regional del 

pejelagarto.  

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



Alojamiento de la Tesis en el Repositorio Institucional 

Título de Tesis: 

“MICROBIOTA Y FISIOLOGÍA 

DIGESTIVA DE LARVAS Y JUVENILES 

DE PEJELAGARTO (Atractosteus 

tropicus) DURANTE LA 

ADMINISTRACIÓN DE PROBIÓTICOS” 

Autor(a) o autores(ras) de la Tesis: 

M.C.A. Graciela María Pérez Jiménez 

Dra. Carina Shianya Alvarez Villagomez 

Dra. Susana del C. de la Rosa García 

ORCID: 

0000-0003-1111-0275 

0000-0002-1606-9200 

0000-0002-6654-4532 

Resumen de la Tesis: 

El uso de probióticos en la acuicultura 

representa una herramienta eficaz, ya 

que estos contribuyen a mejorar el 

crecimiento, supervivencia y la salud de 

los organismos mediante la estimulación 

de la actividad digestiva, respuesta 

inmunológica y la modulación de la 

microbiota intestinal, lo que deriva en un 

mayor rendimiento del cultivo. En la 

presente investigación se evaluó el 

efecto de la administración de alimento 

enriquecido con la bacteria autóctona 

Lactococcus lactis (104, 106, y 108 

UFC/g), así como con la levadura 

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



autóctona Candida tropicalis (104, 105, y 

106 UFC/g) y la levadura probiótica 

Debaryomyces hansenii (103, 105, y 107 

UFC/g), sobre los indicadores de 

productividad acuícola, la actividad 

enzimática digestiva, morfología 

digestiva, expresión de genes asociados 

a la función de barrera intestinal y el 

sistema inmunológico, y composición de 

la microbiota intestinal de larvas y 

juveniles de pejelagarto.  

 

Palabras claves de la Tesis: 

pejelagarto; probióticos; Lactococcus 

lactis; Debaryomyces hansenii; 

microbiota  

 

Referencias citadas: 

    Angulo, M., Reyes-Becerril, M., Medina-

Córdova, N., Tovar-Ramírez, D. & 

Angulo, C. (2020). Probiotic and 

nutritional effects of Debaryomyces 

hansenii on animals. Applied 

Microbiology and Biotechnology, 

104: 7689-7699. 

https://doi.org/10.1007/s00253-020-

10780-z 

 

    Bolotin, A. Wincker, P., Mauger, S., 

Jaillon, O., Malarme, K., 

Weissenbach, J., Ehrlich, S.D. & 

Sorokin, A. (2001). The Complete 

Genome Sequence of the Lactic Acid 

Bacterium Lactococcus lactis ssp. 

lactis IL1403. Genome Research, 

11, 731–753. 

https://doi.org/10.1101/gr.gr-1967r 

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



   Bolyen, E., Rideout, J. R., Dillon, M. et al. 

(2019). Reproducible, interactive, 

scalable and extensible microbiome 

data science using QIIME 2. Nature 

Biotechnology, 37(8), 852-857. 

https://doi.org/10.1038/s41587-019-

0209-9 

 

   Bradford, M. (1976). A rapid and sensitive 

method for the quantization of 

microgram quantities of protein 

utilizing the principle of protein-dye 

binding. The Journal Analytical 

Biochemistry, 72: 248-254. 

 

 

 

CCampos, M.M. & Campos, C.R. (2017). 

Applications of quartering method in 

soils and foods. International Journal 

of Engineering Research and 

Applications, 7: 35-39. 

https://doi.org/10.9790/9622-

0701023539 

 

   Caporaso, J., Kuczynski, J., Stombaugh, 

J., Bittinger, K., Bushman, F., 

Costello, E., Fierer, N., Peña, A., 

Goodrich, J., Gordon, J., Huttley, G., 

Kelley, S., Knights, D., Koenig, E., 

Ley, E., Lozupone, C., McDonald, D., 

Muegge, B., Pirrung, M. Reeder, J., 

Sevinsky, J., Turnbaugh, P., Walters, 

W., Widmann, J., Yatsunenko, T., 

Zaneveld, J. & Knight, R. (2010). 

QIIME allows analysis of high-

throughput community sequencing 

data. Nature Methods, 7(5), 335-336. 

https://doi.org/10.1038/nmeth.f.303 

     

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



   Carrias, A., Ran, C., Terhune, J. & Liles, 

M. (2012). Bacteria and 

bacteriophages as biological agents 

for disease control in aquaculture. In: 

Austin B (ed) Infectious Disease in 

Aquaculture, pp. 353–393. Elsevier, 

Cambridge, UK.  

   FAO/WHO. (2001). Report of a Join 

FAO/WHO Expert Consultation on 

Evaluation of Health and Nutritional 

Properties of Probiotics in Food 

including Powder Milk with Live 

Lactic Acid Bacteria: Córdoba, 

Argentina, 1-4 October 2001. Food 

and Agriculture Organization of the 

United Nations and World Health 

Organization. Retrieved from: 

https://openknowledge.fao.org/serve

r/api/core/bitstreams/382476b3-

4d54-4175-803f-

2f26f3526256/content  

   Janda, J. M. & Abbott, S. L. (2007). 16S 

RRNA gene sequencing for bacterial 

identification in the diagnostic 

laboratory: pluses, perils, and pitfalls. 

Journal of Clinical Microbiology, 

45(9), 2761-2764. 

https://doi.org/10.1128/jcm.01228-

07  

   Jahan, N., Islam, S.M., Rohani, Md., 

Hossain, M. & Shahjahan, Md. 

(2021). Probiotic yeast enhances 

growth performance of rohu (Labeo 

rohita) through upgrading 

hematology, and intestinal 

microbiota and morphology. 

Aquaculture, 545: 737243. 

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



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

.2021.737243 

   Kim, D., Brunt, J. & Austin, 

B. (2007). Microbial diversity of 

intestinal contents and mucus in 

rainbow trout (Oncorhynchus 

mykiss). Journal of Applied 

Microbiology, 102: 1654–1664. 

https://doi.org/10.1111/j.1365-

2672.2006.03185.x. 

 

U
niversidad Juárez A

utónom
a de Tabasco. 

M
éxico



 

PRINCIPIOS BIOÉTICOS 

 

Definir cuáles son las leyes, reglamentos, normas u otras disposiciones legales 

aplicables a nivel nacional e internacional que fueron consideradas en la 

investigación que involucre el uso de seres vivos con fines observacionales y 

experimentales y así como también al uso de compuestos químicos, biológicos y/o 

innovaciones biotecnológica, a fin de reducir a medida de lo posible la ya marcada 

huella ecológica del ser humano de acuerdo a lo establecido en el Código 

Institucional de Ética para la Investigación publicado en el 2019. 

 

El presente estudio se realizó bajo el acuerdo de la Declaración de Helsinki. Y de 

acuerdo al protocolo autorizado por la Secretaría de Agricultura, Ganadería, 

Desarrollo Rural, Pesca y Alimentación (SAGARPA), México, NOM-062-ZOO-

1999.2001. 
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