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Resumen

Se evalugel efecto de la adicion de inulina a dietas balanceadas para larvas de
pejelagarto—(Atractosteus tropicus) sobre el crecimiento, la supervivencia, la
actividad de- enzimas digestivas y la actividad antioxidante. Las dietas se
suplementaron ‘con 0.5, 1.0, 1.5, 2.0 y 2.5% de inulina, ademas de una dieta de
control (0% de inulina).-Se utilizé un total de 1800 larvas de A. tropicus distribuidas
en 18 tanques; las larvas se alimentaron cinco veces al dia (8:00, 11:00, 13:00,
15:00 y 18:00) con nauplieS de Artemia desde la absorcion de la yema (de 3 a 7
dias después de la eclosion,-DAH) hasta 10 DAH, que se mezclé con los alimentos
experimentales de 8 a 11 DAH (alimentacion conjunta) y exclusivamente con las
dietas equilibradas de 12 DAH a 21 DAH. Las larvas alimentadas con la dieta de
control (0% de inulina) presentaron’ el mayor crecimiento en peso y longitud,
seguidas de los peces alimentados con las inclusiones de inulina al 2.5 y al 2.0%.
Sin embargo, la supervivencia“mostro que/los peces alimentados con la inclusiéon
de 2.5% de inulina tuvieron el porcentaje massalto (34,7%) en comparacion con el
resto de los tratamientos. Por otrg lado, las.mayores actividades enzimaticas
digestivas (proteasas &cidas y alcalinas,’ amilasa*y, lipasa) se registraron en las
larvas alimentadas con 2 y 2.5% de inulina: AsimiSmo; las actividades de catalasa
(CAT) y superéxido dismutasa (SOD) fueron mayores en las larvas alimentadas con
la dieta de control con 0% de inulina. Se recomienda la suplementacién de la dieta
con un 2.0% a un 2.5% de inulina para las larvas de A. tropicus, ya que mejora la
supervivencia y la actividad de las enzimas digestivas durante,esta fase temprana

de la vida.
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1+ Introduccién

La acuicultura a nivel mundial representa una actividad en constante expansion por
su rentabilidad y potencial econémico (Kobayashi et al.,, 2015). Por lo cual la
alimentacion.«de las especies cultivadas es de gran importancia, ya que esta determina
las condiciones’de salud, su respuesta ante enfermedades y su sobrevivencia, por ello
en la actualidad-se» buscan mejores alternativas nutricionales que conlleven a un
mayor rendimiento‘productivo, eficiente y por supuesto, a menor costo (Uribe et al.,
2011; Oliva-Teles, 2012).

En este aspecto, cuandos€l alimento no es el apropiado y las condiciones de cultivo
son deficientes, se puedensgenerar diversas enfermedades infecciosas en los
organismos acuaticos, lo que“censtituye un grave problema en la industria acuicola,
ya que incrementa los costos y pdeden provocar grandes pérdidas en la produccion.
Es por ello, que se ha buscado métodes para contrarrestar estos dafios (Carbone y
Faggio, 2016), por lo que se hadimplementado el uso de prebioticos y probidticos como
una alternativa para mejorar la'resistencia & las enfermedades, reducir la mortalidad y
mejorar la nutricion de los peces )(Cota-.Gastélum, 2011). Los prebidticos son
ingredientes funcionales de tipo carbohidratos/que no pueden ser asimilados por el
organismo, pero que son considerados.benéficos para la salud por las propiedades
bioldgicas que contienen (Cota-Rubio et-al., 2008; Dwivedi et al., 2014; Martinez-
Cervantes et al., 2019; Vergara et al., 2010), ya que minimizan el riesgo de
enfermedades y la necesidad del uso de medicamentosyhormonas, antibioticos y

otros quimicos (Cota Gastélum, 2011).

Los prebioticos son aditivos alimenticios naturales y su incorporacion a la dieta no
requiere indicaciones particulares (Gatesoupe, 2005; Yousefian y Amiriy, 2009); estos
aditivos tienen el potencial para aumentar la eficiencia alimenticia, respuesta sanitaria
y sostenibilidad en la acuacultura (Ringo et al., 2010). Adicionalmente, pueden
obtenerse facilmente, ya que se encuentran en componentes naturales como.leche,
miel, frutas y verduras, entre otros (Aachary et al., 2011; Mussatto y Mancilha,2007;
Sangeetha et al., 2005; Ziemer y Gibson, 1998).



Uno.de los prebibticos prometedores para la acuicultura es la inulina, el cual es un
oligosacarido formado por fructanos ligados a los enlaces lineales 8 (2-1), que se
encuentran presentes en una diversidad de plantas y alimentos como el ajo, la cebolla,
el agave, la-alcachofa, entre otros (Roberfroid et al., 1993; Roberfroid, 2007; Kelly,
2008; Meyer.et al., 2009; Ibrahem et al., 2010; Eshaghzadeh et al., 2014). Este ha
demostrado tener ‘efectos positivos en el crecimiento y/o respuesta inmune innata,
promueve la resistencia a factores de estrés y enfermedades y aumentan la capacidad
antioxidante (Soleimani et al., 2012; Mo et al., 2015; Hunt et al., 2019).

El uso de los prebitticos;como la inulina se realiza con fines de mejorar la eficiencia
alimenticia en el cultivo de peees. En este sentido, en el sureste de México una de las
especies nativas mas importantes es el pejelagarto (Atractosteus tropicus). Esta
especie ha sido estudiada por mas de 30 afios y su ciclo productivo ha sido cerrado,
por lo que actualmente ya se encuéentra en produccién a nivel regional (Marquez-
Couturier y Vazquez-Navarretes72015). A tropicus, posee una importancia econémica
en la regidn, por su uso como alimento para el consumo humano y en actividades
como la pesca deportiva y artesanales (Marquez-Couturier et al., 2006). Multiples
estudios con esta especie han permitider conocersur biologia, reproduccién y genética
(Marquez-Couturier y Vazquez-Navarrete,. 2015)7 Sin embargo, adn existen temas
relacionados con su cultivo que faltan por-ampliar, como lo es su nutricion, aspectos
fisiolégicos y el canibalismo particularmente durante la larvicultura (Guerrero-Zarate
et al., 2013; Frias-Quintana et al., 2015; Palma-Cancino et.ak, 2019).

Es por ello, que se realizan estudios para evaluar la fisiologia digestiva del pejelagarto,
con el propdsito de encontrar una mejora en la nutricién de esta especie y asimismo,
buscar alternativas para mitigar el canibalismo (Frias-Quintana et al., 2016, 2017), el
cual puede ser generado por factores detonantes de estrés que se ejercen.durante el
periodo de deshabituacion al alimento artificial y durante la manipulacién, de los
sistemas de cultivo, por lo que es un tema relevante, ya que afecta de, manera
considerable la supervivencia de la poblacion (Palma-Cancino et al., 2019). Es _asi,
gue mediante la implementacién de ingredientes funcionales como los prebiéticos’en

las dietas para larvas, se busca encontrar la respuesta nutricional, y que mejore su



fisiolegia digestiva, mitigue los efectos de estrés oxidativo y disminuya el canibalismo
en las’larvas de A. tropicus. Por ello, el objetivo de esta investigacion fue evaluar el
efecto deé _la suplementacion con inulina en el larvicultivo de A. tropicus como una
alternativa_.que complemente y contribuya en la nutricion de la especie y permita

mejorar el crecimiento, supervivencia y su fisiologia.

2. Antecedentes

Uno de los prebidticosmas estudiados que posee grandes beneficios es la inulina. La
cual es una mezcla heteregénea de polimeros de fructuosa, que son de origen natural
y esta formado por unidades.de fructuosa y una glucosa terminal (Hunt et al., 2019);
asimismo, un aspecto que hace-Unico la estructura de la inulina son sus enlaces B (2-
1), los cuales impiden que la inulina sea digerida como un carbohidrato y que su valor
calorico y sus efectos de fibra dietética sean reducidos (Nines, 1999). De acuerdo con
Shoaib et al. (2016), este prebidtico es un componente importante del complejo de
fibra dietética, esto significa que“es_impermeable a la hidrdlisis por las secreciones
gastricas y a la absorcién en el intestino delgado, mientras que es fermentable por la
microflora del intestino grueso. En esetenor, Meyer y Wolthuis (2009), mencionan que
la inulina posee efectos inmunomoduladeres ya que favorece la activacion del sistema
inmunoldégico intestinal, asi como también de la mucgsa, haciendo resistente a los

organismos de infecciones bacterianas.

La inulina ha sido unos de los prebidticos mas utilizados enla‘acuicultura debido a sus
efectos positivos en el crecimiento y la conversion alimenticia’que se ha podido
observar en algunas especies como la tilapia hibrida, Oreochromis/niloticus (Ibrahem
et al. 2010; Tiengtam et al. 2017), el esturion siberiano, Acipenser baeri (Mahious y
Ollever, 2005), el bagre africano, Clarias gariepinus (Mahious y Ollever,, 2005), el
rodaballo, Psetta maxima (Mahious et al., 2006), el salmén del Atlantico, Salmo salar
(Grisdale-Helland et al., 2008), el pez del Caspio, Rutilus rutilus (Soleimani.et, al.
2012), la trucha arcoiris Oncorhynchus mykiss (Ortiz et al., 2013) y el esturion,
Acipenser stellatus (Akrami et al.,, 2013). De esta manera, algunos autores(han

obtenido una mayor tasa de supervivencia en los peces al suplementar inulina en el



alimento (Ibrahem et al., 2010; Eshaghzadeh et al., 2014; Boonanuntanasarn et al.,
2017%Hunt et al., 2019).

Por otra.parte, algunas de las técnicas analiticas mas importantes para conocer los
efectos del prebidtico en los peces, son las bioquimicas que permiten observar la
actividad de las'enzimas digestivas, ya que estas determinan la capacidad para utilizar
los nutrientes de.una’ fuente alimenticia que requieren los organismos y mantener la
homeostasis metaholica (Furner et al., 2005). Es asi como, (Soleimani et al., 2012)
encontraron un aumento significativo en actividades de las enzimas digestivas
(amilasa, lipasa, proteasa) al adicionar inulina en R. rutilus. En ese mismo sentido,
(Hunt et al., 2019), mencionan-que las actividades pepsina, amilasa intestinal, tripsina
y lipasa fueron significativamente~altas al adicionar el prebi6tico. En el caso del
prebibtico fructo-oligosacarido (FOS), el cual es un precursor de la inulina, se
suplementé en dietas para la brema.de Wuchang (Megalobrama amblycephala),
donde se encontré una mayor significancia en las enzimas amilasa y proteasa (Wu et
al., 2013). En el pejelagarto (Atractosteus/tropicus) solamente existe un estudio en
juveniles donde se demostré un*aumentosSignificativo de las actividades para
proteasas acidas, quimotripsina y leucina aminepeptidasa al suplementar con FOS al
0.5% en la dieta (Sepulveda-Quiroz et al.,.2020).

Por otra parte, las enzimas antioxidantes son‘smarcadores bioquimicos muy
importantes ya que responden a diversas situaciones”de estrés en el organismo,
evitando el dafio a las membranas celulares por el efecto.necivo ocasionado por las
especies reactivas al oxigeno (ROS) (Livingstone, 2001). En eSte.aspecto, una de las
principales enzimas en la respuesta antioxidante es la superdxide /dismutasa (SOD),
la cual es considerada como la enzima de primera respuesta a la‘\presencia de
radicales de oxigeno (Halliwell y Gutteridge 2007). En estudios previes en peces
donde la dieta se ha suplementado con inulina, se ha obtenido“un’ aumento
significativo de SOD bajo condiciones estresantes o pruebas de patogenicidad (Raffic
Ali et al., 2018; Hunt et al., 2019; Yones et al., 2019). Asimismo, en otros estudies,con
FOS se ha reportado un aumento significativo de la actividad de esta enzima cuando

los peces presentan estrés al manejo (Li et al., 2008; Ai et al., 2011; Zhang et al., 2013;



Guerreiro et al., 2014). Por otra parte, otra enzima antioxidante altamente evaluada es
la catalasa (CAT), donde se ha observado un aumento significativo de su actividad
con la suplementacion de inulina dietaria, lo cual ha sido reportado en O. mykiss (Hunt
et al., 2019),-asi como en S. maximus con la inclusiéon FOS en la dieta (Guerreiro et
al., 2014) y'en M. amblycephala con la adicion de XOS, donde adicionalmente, se
presentd un aumento significativo de la enzima glutation peroxidasa (GPx)
(Abasubong et alf, 2018). Los estudios donde se evallan las enzimas antioxidantes
con la inclusion de prebiodticos en peces de agua dulce son escasos, y la mayoria se
enfocan en el crecimiento,sla supervivencia, la eficiencia alimenticia y en algunas

ocasiones, la respuesta inmune (Guerreiro et al., 2014).

En lo que respecta a las investigaciones realizadas en A. tropicus sobre el uso de
prebibticos, se ha reportado un “efecto positivo con la inclusibon de manano-
oligosacarido (MOS) al 0.4% (N4jera-Arzola et al., 2018), con 0.5% de pB-glucanos
(Nieves-Rodriguez et al., 2018)'y entre el 1 y 1.5% de fructooligosacaridos (FOS),
todos estos estudios se han realizado en juveniles (Sepulveda-Quiroz et al., 2020) y
donde se evaluo la fisiologia digestiva y nutricional de la especie. No obstante, es
necesario profundizar en los estudios®en lasgarvas de A. tropicus, con el fin del
optimizar el alimento al momento de la.deshabituacién, asi como una incrementar la

sobrevivencia, crecimiento y reducir el estrés provocado por el manejo.

2.1 Generalidades y conceptos

El pejelagarto (Atractosteus tropicus) es un pez perteneCiente a la familia
Lepisosteidae, es considerado como un fésil viviente, se localiza en los sistemas
dulceacuicolas, distribuyéndose en el sureste mexicano, desde el sur del Veracruz,
Tabasco, Campeche y Chiapas, extendiéndose en Centroamérica hasta.€osta Rica
(Marquez-Couturier & Vazquez-Navarrete, 2015; Martinez-Cardenas et”al, 2020).
Esta especie tiene un rol importante como regulador de poblaciones de diversas
especies de peces y anfibios de la zona donde se distribuye y asimismo juega un papel
importante en la region, ya que tiene gran demanda en el mercado por su uso en‘la

preparacion de platillos para consumo humano, en elaboracién de artesanias y pesca



deportiva, lo que ha ocasionado la reduccion de sus poblaciones (Marquez-Couturier
et al2006; Castro-Mejia et al., 2009).

Los resultados en las investigaciones de esta especie han permitido desarrollar su
cultivo en diversos sistemas acuicolas, aumentando su produccion, para su
conservacion,srestablecimiento de sus poblaciones, asi como también su
comercializacion.(Frias-Quintana et al., 2015; Escalera-Vazquez et al., 2018). En las
Gltimas tres décadas, les estudios han permitido su reproduccion en cautiverio y sobre
todo en la elaboracién:de dietas balanceadas para el cultivo de larvas y juveniles
(Frias-Quintana et al., 2015; Marquez-Couturier y Vazquez-Navarrete, 2015; Jesus-
De la Cruz et al., 2019);“sin® embargo, aun se continua estudiando su fisiologia
digestiva y efectos de enzimas.antioxidantes en las etapa larval y juvenil, para una
mejor comprension de sus procesos digestivos y de estrés oxidativo, y con ello,
mejorar los sistemas acuicolas para €l cultivo comercial de esta especie (Frias-
Quintana et al., 2016; Frias-Quintana et al., 2017; Jesus-De la Cruz et al., 2019;
Palma-Cancino et al., 2019).

2.2 Enzimas digestivas

Las enzimas son biomoléculas de naturaleza proteihica especializadas y numerosas,
que actian como catalizadores acelerando’la velocidad de las reacciones quimicas
especificas en los seres vivos o0 sistemas biologicos”hasta alcanzar un equilibrio.
(Cremosi, 2002).

Lipasa

Las lipasas (acilo-hidrolasa de triacilglicerol C.E. 3.1.1.3) son enzimas que catalizan
la hidrélisis de triacilgliceroles en la interfase lipido-agua para liberar.glicerol y &cidos
grasos libres. Se encuentran distribuida en la naturaleza, en microorganismos,
animales y plantas. Las lipasas en comparacion con otras enzimas hidrolitieas lipasas
han sido menos estudiadas y en organismos acuaticos son menos conogidas; sin
embargo, en los ultimos afios ha crecido un interés por estudiar esta enzima debido a

gue se ha encontrado que es versatil y tiene la capacidad para sintetizar compuéstos



organicos en mezclas con baja actividad de agua (Aryee et al., 2007; Gonzalez-
Baceri0_et al., 2010).

Amilasa

Las amilasas\son catalizadores de hidrolisis, en enlaces glicosidicos a-1,4 de
polisacaridos, como el almidén, el glicégeno, entre otros, su fin es la produccion de
glucosa, maltosasy..0ligosacaridos, podemos encontrarla en plantas, animales y
microorganismos, actualmente tiene gran importancia en la industria alimenticia, textil,
papelera, cervecera y farmacoldgica, por la produccion y remocién del almidén, asi
como también su uso como aditivos en los productos que se fabrican (Espinel et al.,
2009; Quintero-Moreno et al{, 2009).

Peptidasas

Las peptidasas (enzimas proteoliticas o proteasas) son enzimas que actian
rompiendo o hidrolizando los enlaces peptidicos de las proteinas, creando fragmentos
mas pequefios e hidrosolubles”como oligopéptidos y en ocasiones aminoacidos.
Algunas de las funciones que realiza/son la digestion de proteinas, y la activacion de

pro-enzimas y pro-hormonas (Alvarez<Gonzalez, 2003; Corrales, 2018).
2.3 Enzimas antioxidantes

En los organismos existe un sistema de proteccionsantioxidante formado por
mecanismos de enzimas y compuestos no enzimaticos, fos ceuales entran en funcion
cuando se producen sustancias oxidantes bactericidas dentro del huésped, las cuales
se han denominado con el nombre de Especies Reactivas de Oxigeno (EROS, ROS
en inglés), las cuales provocan dafio celular, proteinico y lipidico,“por lo que su
eliminacion rapida y eficaz es importante para mantener un buen estado.de salud y de
la supervivencia. A las enzimas que sirven de control y defensa de dichas‘sustancias
oxidantes, se le conoce con el nombre de enzimas antioxidantes, entreas cuales
podemos encontrar ascorbato peroxidasa, glutation reductasa, -catalasa y
peroxidasas, las cuales eliminan efectivamente el perdxido de hidrogeno ‘de_las
células. Asimismo, la superéxido dismutasa (SOD) tiene la capacidad de dismutar el

anién superéxido generando como resultado agua y peréxido de hidrogeno



(Céspedes-Miranda et al.,1996; Diaz, 2003; Campa-Cdrdova et al., 2005; Villa et al.,
2008):

Catalasa

La catalasa (CAT) es una enzima antioxidante que se encuentra abundantemente en
la naturaleza, principalmente en los organismos aerobios. Esta se encarga de la
dismutacion del peroxido de hidrogeno (H202) en agua y oxigeno, generado durante
el metabolismo celular,~se caracteriza por su alta capacidad de reaccion, pero poca
afinidad por el sustrate.Presenta dos funciones principales: la catalitica y la
peroxidativa, asi mismo otras funciones relevantes en las que participa son: su papel
protector en la inflamacion(y la prevencion de mutaciones y la proteccién de la
hemoglobina del peroxido de hidrégeno que se genera en los eritrocitos (Céspedes-
Miranda et al., 1996; Diaz, 2003).

Glutation peroxidasa

La glutation peroxidasa (GPx, EC 1.11.1.9)(es.una de las enzimas que participa en la
proteccion antioxidante, esta se encarga de(catalizar la reduccion del peréxido de
hidrégeno (H202) o lipoperoxido (L-OQH) y de otros perdxidos organicos, utilizando
como agente reductor el glutation reducido/GSH)(@isneros-Prego et al., 1997; Villa
et al., 2008).

Superoéxido dismutasa

La superoxido dismutasa (SOD; EC 1.15.1.1) es una enzima.gue se encarga de la
proteccién de oxidaciones bioldgicas ocasionadas por las EROS; producidas durante
el metabolismo celular, estas enzimas catalizan la dismutacién del anién superoxido,
convirtiéndolo en peroxido de hidrégeno y oxigeno molecular, evitando asi la amenaza

de la radicales libres (Seclén-Santisteban et al., 2006; Esquivel-Hernandez, 2016).



3+ Justificacion
La nutricion acuicola es un factor primordial en el sector de cultivo en la actualidad, ya
qgue de.€ella depende el nivel de salud y bienestar de los organismos, ademas de su
productividad: Por esta razon, el presente trabajo tiene el fin de evaluar y analizar la
viabilidad del ‘enriqguecimiento alimenticio con el prebiotico inulina en una especie
nativa como lo es el pejelagarto (Atractosteus tropicus). Pretendiendo encontrar una
mejora en la aSimilacion de nutrientes, evaluando diversos aspectos en su
supervivencia desde la\etapa larvaria para su mejor aprovechamiento, asi como
también analizar los mecanismos de defensa de los peces frente a los patdgenos, a
través de este prebiodtico. Cabe mencionar que esta especie actualmente es de mucha
importancia en el estado, por“su valor cultural y gastrondmico, esto genera que
obtenga una gran relevancia ecendmica y comercial, pero también ocasiona que sus
poblaciones disminuyan por la sobreexplotacion y por las pérdidas de habitat. Debido
a esto, el estudio en la alimentacion‘de prejuveniles de pejelagarto sera de beneficio
para el sector productivo y comereial, ya"que en el area acuicola se busca encontrar
los avances que faciliten su cultivo, y sobrestodo que genere la eficiencia y seguridad
alimentaria que esta especie necesita:“Paor su parte, se considera que el uso de inulina
jugara un papel importante en este estudio ya que’posee funciones benéficas para los
organismos a través de la modulacion(del microbiema, lo que libera compuestos
activos, los cuales mejoran la absorcién de nutrientes, y disminuye el riesgo de
enfermedades. De esta manera, el uso de prebidticos como la inulina, evita el uso de
medicamentos o antibidticos, mejora la tasa de crecimientogy supervivencia, favorece
el aumento de enzimas antioxidantes como defensa ante los radicales de oxigeno. Es
de esta manera, que se lograra mejorar el cultivo larvario de A.‘trepicus con el fin de

mejorar su fisiologia en una etapa tan critica del desarrollo.



4 Hipotesis
De ‘acuerdo con estudios previos en otras especies dulceacuicolas, la adicion de
inulina €n_el rango de proporciones entre el 1% y 2% en las dietas, favorecera el
crecimient0.y~sobrevivencia de las larvas de A. tropicus, asi como también se espera
mejorar la capacidad en la actividad de enzimas digestivas y antioxidantes, reduciendo

la mortalidad y el'estrés oxidativo.

5. Objetivos

5.1 General.
Determinar el efecto de diferentes niveles de inulina adicionados al alimento
microparticulado para larvas del«pejelagarto (Atractosteus tropicus) sobre el

crecimiento, sobrevivencia y actividades.de enzimas antioxidantes y digestivas.

5.2 Especificos

1. Analizar el efecto sobre el crecimiento yssobrevivencia en larvas de A. tropicus
alimentadas con diferentes concentraciones de\inulina (0, 0.5, 1.0, 1.5, 2.0 y 2.5%).
2. Evaluar la capacidad digestiva (actividad _ehzimética de lipasa, amilasa y
proteasas acidas y alcalinas) en larvas+de A. trepieus alimentadas con dietas
suplementadas con inulina (0, 0.5, 1.0, 1.5, 2.0 y 2.5%):

3. Determinar los cambios en la actividad de las enzimas‘antioxidantes (catalasa,
superoxido dismutasa y glutation peroxidasa) en larvas de Agtropicus alimentas con
dietas suplementadas con diferentes concentraciones de inulina\(0, 0.5, 1, 1.5, 2 y
2.5%).

4. Determinar la concentracion de inulina suplementada en la dietapara larvas de
A. tropicus donde se mejoran los aspectos fisioldgicos y de crecimiento durante su

cultivo.
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Abstract: The effect’of adding inulin to balanced diets for tropical gar (Atractosteus tropicus) larvae on
growth, survival, digestive enzyme\activity, and antioxidant activity was evaluated. The diets were
supplemented with 0.5, 270,}1.5, 2.0,’and 2.5% inulin in addition to a control diet (0% inulin). A total of
1800 larvae of A. tropicus distributed ins18 tanks were used; the larvae were fed five times a day (8:00,
11:00, 13:00, 15:00, and 18:00) with Arteritia_nauplii from the absorption of the yolk (from 3-7 days after
hatching, DAH) up to 10 DAH, whiech, was mixedwith the experimental feeds from 8-11 DAH (co-feeding)
and exclusively with the balanced.diets from 12 DAH to 21 DAH. Larvae fed the control diet (0% inulin)
had the highest growth in weight ‘and/length, followed by fish fed the 2.5 and 2.0% inulin inclusions.
However, survival showed that the fish fed with the.inclusion of 2.5% inulin had the highest percentage
(34.7%) compared to the rest of the treatments. On the other hand, the highest digestive enzymatic
activities (acid and alkaline proteases, amylase, and lipase)'were recorded in the larvae fed with 2 and
2.5% inulin. Likewise, catalase (CAT) and superoxide dismutase)(SOD) activities were higher inlarvae fed
the control diet with 0% inulin. Supplementation of 2.0% to 2.5% inulin in the diet is recommended for A.
tropicus larvae as it improves survival and digestive enzyme actiyity during this early stage of life.

Keywords: inulin; tropical gar; prebiotic

1. Introduction

Aquaculture worldwide represents constant expansion due to its profitability and economic
potential [1]. Therefore, the feeding of cultivated species is of great‘importance since it
determines health conditions, their response to diseases, and their survival{2].!In this regard,
when the feed is not appropriate and the culture conditions are poor, vapious infectious
diseases can appear in aquatic organisms, which is a severe problem in theaquaculture
industry since it increases costs and can cause significant production losses.This is why
different kinds of methods have been sought to counteract this damage [3] and prebiotics and
probiotics have been implemented as an alternative to improve resistance to diseases, reduce
mortality, and improve survival. Prebiotics are functional carbohydrates
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that are not digested by the body but are considered beneficial for health due to their biolog-ical
properties [4-6]. They are considered natural food additives, and their incorporation into the diet
does not require indications [7,8]. These additives can potentially increase feed efficiency, health
response, and sustainability in aquaculture [9,10]. Additionally, they can be easily obtained
since they are found in natural components such as milk, honey, fruits, and vegetables, among
others [11,12].

One of the more promising prebiotics for aquaculture is inulin, which is an oligosaccha- ride
formed by fructans linked to linear  (2-1) bonds which are present in a variety of plants and foods,
suchras garlic, onion, agave, and artichoke, among others [13-17]. This additive has been shown
to positively affect growth and/or innate immune response, promote resis-

tance tosstress factors and diseases, and increase antioxidant capacity [18,19]. In this aspect,
inulin‘and”fructooligosaccharide supplemented in the diets of juveniles of great sturgeon
(Huso huso),large yellow croaker (Larimichthys crocea), red pact (Piaractus brachypomus) andcarp
(Cyprinus ‘carpig) have been evaluated. Doses from 0.4% to 2% improved growth, sur- vival,
blood serum‘“enzymes, and gut microbiota [20-23]. On the other hand, in southeastern Mexico,
the tropical gar (Atractosteus tropicus) is one of the most important native freshwaterfish species.
This species has egonomic importance in the region [24] and it has been studiedfor more than 30
years, which has allowed it to close its farming cycle. Production is currently registered at the
regional level. In this_way, the study of this species has allowed us to know its biology,
reproduction, and genetics*[25,26]. Likewise, various studies have been carried out on their
nutrition and aspects of digestive physiology [27-30], cannibalism during larviculture [31], and
some studies related to the'useof pre and probiotics in juveniles of

A. tropicus [32-34] However, for the larval period, only mannan oligosaccharides in balanced
diets have been reported with_premising results [35]. In this study, we evaluated the sup-
plementation of inulinh diets fory/A. tropicus larvae on growth, survival, and digestive and
antioxidant enzymatic activities during their culture.

2.  Materials and Methods
2.1. Reproduction and Larviculture

The organisms were obtained‘from,a spawning induced in a female A. tropicus through an
intramuscular injection of luteinizing-releasifigshormone (LHRHa 30 pg kg fish~! under the
pelvic fin), accompanied by 3 males for thesfertilization of the eggs [34]. Once the
eleutheroembryos were obtained, they were kept at the facilities of the Laboratory of Physiology
in Aquatic Resources (LAFIRA) of the Academic Division of Biological Sciences of the
Universidad Juarez Autonoma de Tabasco (DACBiol-UJAT), in a recirculation system with 18
circular tanks of 100 L each to start the feeding trial. Larvae hatched on the 3rd day
postfertilization and feeding started from yolk absorption/(3 days after hatching, DAH).

2.2. Experimental Design

Six experimental treatments were evaluated using different percentages of inulin inclu-sion in
the microparticulate food (0.5, 1.0, 1.5, 2.0, and 2.5% inulin) and“a control diet (0% inulin)
carried out in triplicate. A total of 1800 A. tropicus larvae were distributed in 18 tanks with 100
larvae per tank. The tanks were connected to arecirculation system with7a sand filter and 1 HP
water pump connected to a 1500 L reservoir with a biological filter. The larvae were fed 5 times a
day (8:00, 11:00, 13:00, 15:00, and 18:00 h) with Artemia nauplii from yolK absorption (3 DAH)
until 10 DAH. The co-feeding and mixing of Artemia nauplii (from 20 to 50 nauplii per larvae daily)
with the experimental dry feeds started from 8 DAH and they were exclusively fed with the
balanced diets from 12 DAH to 21 DAH. During the experiment, the tanks werescleaned by
siphoning twice a day, 1 hour after the first and last feeding. Likewise,daily monitoring of
temperature (31.5 0.6 °C), dissolved oxygen (4.5 0.1 mg L™1), andpH (78 0.2) was carried
outusing amdoximeter (YSI 85,USA) and a pH meter (HANNA HI99100, Romania), respectively.
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2.3. Formulation and Preparation for Experimental Diets

Diet formulation for A. tropicus larvae was carried out according to the protocol of Frias-
Quintana et al. [29]. Some modifications were made according to the nutrients used and the
percentages of inulin added by adjusting the different concentrations of inulin with sorghum
flour (Table 1). The diets were prepared using an industrial mixer (CRT Global brand). Dry
ingredients were sieved to the same size and added; first, the macronutrients were mixed for
10 min, then the micronutrients (vitamin, mineral, and vitamin C premix) were added, and
mixing was continued for another 10 min. Afterward,the liquid ingredients (fish oil and soy
lecithin) were added and they were allowed to mix for 15 min. Finally, water (approximately
400-mlskg diet™1) was added. When the mixture was obtained, it was placed in a mill (TOR-REY
brand)to'ebtain pellets with a 5 mm mesh.After the pellets were obtained, they were dried in
an oveny(San-Son brand) at 50 °C for 8 h [34]. When the food was prepared, it was crushed
with a manual mill and sieved through a sieve according to the size of the larva’s mouth.

Table 1. Experimental diet formulation with different percentages of inulin inclusion.

Inulin (%)

Ingredients (g kg~ 0 0.5 1.0 1.5 2.0 2.5
Fish meal 2 297.9 297.9 297.9 297.9 297.9 297.9
Poultry meal 2 150.0 150.0 150.0 150.0 150.0 150.0
Pork meal @ 150.0 150.0 150.0 150.0 150.0 150.0
Starch P 100.0 100.0 100.0 100.0 100.0 100.0
Soybean meal ¢ 100.0 100.0 100.0 100.0 100.0 100.0
Inulin 4 0.0 5.0 10.0 15.0 20.0 25.0
Sorghum flour ¢ 86.6 81.6 76.6 71.6 66.6 61.6
Fish oil 4015 40.5 40.5 40.5 40.5 40.5
soy lecithin € 40.0 40.0 40.0 40.0 40.0 40.0
Grenetin | 20.0 20.0 20.0 20.0 20.0 20.0
Mixture Vit-Min 8 10.0 10.0 10.0 10.0 10.0 10.0
Vitamin C" 5.0 5.0 5.0 5.0 5.0 5.0
Proximal composition g/100 gdryymatter

Protein 45.11 4492 45.04 4483 45.25 45.16
Lipid 15.21 1493 15.10 14.82 14.93 15.07
Ash 11.94 12.35 12.01 11.99 12.29 12.19
NFE ! 27.74 27.22 27.85 28.36 27.53 27.58

4 Proteinas marinas y agricolas S.A. de C.V., Guadalajara, Jalisco, Méxice; b MSA Industrializadora de maiz,
Guadalajara, Jalisco, México; ¢ GALMEX S.A. de C.V,, Villahermosa, Tabasco, México; d Stperfoods de Occidente

S.A. de C.V, Zapopan, Jalisco, México; © Pronat Ultra, Yucatan, México;f D’gari Productos alimenticios y dietéticos
relampago, Tlalpan, EDOMEX, Mexico; 8 donated from Consorcio Stiper S.Asde C.V., Guadalajara, Jalisco, México;" DSM
Stay-C 35, Jalisco, México. I NFE = nitrogen-free extract: 100 — (% protein + lipids + % ash).

2.4. Growth and Survival Rates

Since the beginning of the trial, samplings were carried out to determine‘the growth every 7 days
from 30% of the population of each tank, where the data of the individual weight (g) were
recorded using an analytical balance (Ohaius HH120) and the total length (em), respectively, by
photography to be later analyzed using Image ] 1.51j8 software.Additionallynat the end of the
bioassay, the absolute weight gain (AWG) was calculated: final weight (g) & initial weight (g)
X 100, and survival (S) (final number of fish/initial number of fish) x 100.

2.5. Sampling

At the end of the nutritional trial (21 DAH), 6 individuals per experimental unit were sampled
(3 individuals for digestive and 3 individuals for antioxidant analysis), which were previously
starved for a period of 24 h and euthanized with an overdose of clove oil (1 mLL™1).
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For enzymatic analyses, the head and tail were dissected to extract the digestive systems
(stomach and intestine), which were individually preserved in an ultra-freezer at —80 °C.

2.6. Digestive Enzyme Activity

Digestive system samples were macerated in pull (n = 3 individuals per experimental unit)with 100
mM L1 of glycine-HCl pH 2 for the analysis of stomach proteases and 50 mM L~ 1of Tris-HCI +
12.5 mM L~! CaCl; pH 7.5 for the analysis of intestinal proteases. Samples werecentrifuged at
16,000 g at 4 °C for 15 min. The supernatant was collected and stored at 80 °C.For this study, each
biolegical sample was measured in triplicate. Soluble protein quantificationwas performed using
the.Bradford technique [36]. For the evaluation of the activity of acid proteases (stomach) the
methodefAnson [37] was used, using 0.25% hemoglobin as a substratesolubilized in 100 mM L~ of
glycine-HEI at pH 2. Alkaline (intestinal) proteases measurement,0.25% casein were solubilized
in 50 mMLT ! of Tris-Cland 10 mM L~ of CaClz pH 9.0 was used [38]. The procedure for both
techniques was\continued, incubating them at 37 °C andstopping the reaction with 0.5 mL of
10% trichloroacetic acid, which was then centrifuged at 16,000 g for 15 min at 4 °C. The absorbance
was read at 280 nme¢ The lipase activity was measured with the intestinal extracts following the
method of Versaw et al. [39], for which 100 mM L~! of sodium taurocholate, 50 mM L~1 of Tris-
HCl pH 7.5, and 100°mM-L~! of B-naphthyl acetate were used as substrates. The extract was
incubated for 30 min‘at'37 °C and the reaction was quenched with 0.5 mL of 10% trichloroacetic
acid and ethyl acetate (d:1 v/v); absorbance was read at 540 nm. The x-amylase activity was
measured with the intestinal extracts employing the Robyt and Whelan [40] technique and the
substrate used was 2% starch inva 0.05 M L~ !NaCl sodium citrate buffer at pH 7.5. Samples were
incubated at 37 °C for 50 min and activitywas quantified at 600 nm. All data obtained are shown
as U mg protein~*ag¢cording to-theFollowing equations: units by mL (U mL~1) = [Aabs final
reaction volume (mL)] [€ time (min) extract volude (mL)]~1; specific activity {U mg
protein~1X = U mL mg\of solubléprotein™!, where “€” represents the m¥lar extinction
coefficient.

2.7. Antioxidant Enzyme Attivities

Intestinal multienzyme extracts were usedto measure catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPX) antiexidant activities. CAT, SOD, andGPX activities
were performed using Cayman Chemical kits (Cat#707002, Cat. 703102, and Cat. 706002, MI,
USA), according to the supplier’s specifications. Each measurement was performed in
triplicate using the following formulas: CAT actiVity{nmol min~! mL~1)

= [( UM of sample/20 min)  (3ample dilution)]. SOP\activity (U mL~1) = [(Sample LR
-y-intercept/slope) 0.23 mL 0201 mL~!] (sample diltition), where sample LR represent
the SOD standard rate. GPX activity (nmol min~! mL~1) #[(A340 mi¥/0.00373uM) -
1 X (0.19 mL/0.002 mL)] X (Sample dilution). All activities were normalized using the
Bradford [37] technique for soluble protein concentration.

2.8. Statistical Analysis

A one-way ANOVA and Tukey’s HSD posteriori test were performed to analyze sta- tistical
differences between treatments for survival, absolute weight gains~and digestive and
antioxidant enzymes (SOD and CAT), which previously fulfilled the postulates of Nor-mality
(Kolmogorov-Smirnov) and homoscedasticity (Levene). Wet weight, total length,and GPx
enzyme activity did not fulfill both postulates. Therefore, these variables were analyzed with
non-parametric Kruskal-Wallis and a posteriori Nemenyi tests. A signifi- canecevalue of 0.05
was used to detect statistical differences. All tests were performed with Statistica' V.7.0.program.

3. Results
3.1. Growth and Survival Rates

The results showed a significant difference (p < 0.05) in weight; the control diet with 0% inulin
obtained the highest median value (£RI) of 0.078 + 0.01 g, against treatments 1.0% and
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1.5% inulin supplementation (0.069 0.84 g and 0.068 0.0 g, respectively ( RI)¥(Figure 1a).The
growth in total length behaved similarly to weight when detecting a high significance (p < 0.05),
where the fish fed with the control diet shows similar results (2.89 0.18 cm medidn and RI) to the
larvae fedwith the 2.5 and 2.0% inulin inclusions (2.85 0.30and 2.82 021 cm( RI)), resbectively,
whiletthe rest of the treatments were statistically lower (Figure 1b). For weight gained, no
significant differences were found (p > 0.05) between treatments (Control:4.9011 0.69%/day;
0:5% inulimt4.0829 0.54%/day; 1% inulin: 4.13529 0.46%/day; 1.5% in- +

ulin: 4.2642 0.54%/day; 2% inulin: 5.1907 0.66%#day; and 2.5% inulin: 4.9442 1.32%dal). However,
survival did show significant differences (p < 0.05), where the fish fed with the inclusion of 2.5%
inulin showed the highest median value (34.7 £ 5.5%) compared with larvae fed the control diet
(15.17% 4+3%) (Figure 2).

a b
0710+ g
__0.094 : ab 3.2+
=) a -~
= a g ab
5 0.08 = 3.0q4 2 abc
g ab) b b ‘g, bc be . T
g 0.07 4 % 2.8
o 2
0.06- 2.6
0.05- vl : : :
0.0 #33:0 1.¥ 2 2.5 0.0 0.5 1.0 1.5 2.0 2.5
lnglin (%) Inulin (%)

Figure 1. Final weight (a) and total length (b) of Atractosteus tropicus larvae fed with different percentages of
inulin in the diet (0, 0.5, 1.0, 1.5, 2.0, and 2.5%). Values répresent medians + RI. Significant differences between
treatments (inulin supplementation) dre indicated by different letters (p < 0.05).
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Figure 2. Atractosteus tropicus larvae survival (%) fed with different percentages of inulin jn the diet (0, 0.5,
1.0, 1.5, 2.0, and 2.5%). Values represent mean * SD. Significant differences between treatments (inulin
supplementation) are indicated by different letters (p < 0.05).
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3.2. Digestive Enzyme Activity

The larvae fed with the inclusion of 2.5% inulin showed the highest activities(p < 0.05)
for acid proteases (Figure 3a) and alkaline proteases (Figure 3b), being statisticallyhigher than
the rest of the treatments. On the other hand, amylase activity (Figure 3c) was statistically higher

(p < 0.05) for 2.0% and 2.5% of inulin supplementation than the rest of the treatments, and
lipase activities (Figure 3d) were statistically higher (p < 0.05) forthe larvae fed with 2.5% of
inulin inclusion compared to the other treatments.
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Figure 3. Acid proteases (a), alkaline proteases (b), amylase (c), and*lipasey(d) enzyme activities(U mg
protein™1) of Atractosteus tropicus larvae fed with different percentages of’inulin in the diet(0, 0.5, 1.0,
1.5, 2.0, and 2.5%). Values represent mean * SD. Significant differences between treatments (inulin
supplementation) are indicated by different letters (p < 0.05).

3.3. Antioxidant Enzyme Activity

The activity of the antioxidant enzymes CAT (Figure 4a) and SOD (Figure 4b).showed the highest
values (p < 0.05) for the larvae fed with the control diet (0% inulin) comparedto the treatments
supplemented with inulin. On the other hand, the GPx activity did not show)significant
differences (p > 0.05) between the treatments (Figure 4c).
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Figure 4. Catalase (a), superoxide dismutase (b), and glutathione peroxidase (c) antioxidant enzymes
activities of Atractosteus tropicus larvae fed with different pereentages of inulin in the diet (0, 0.5, 1.0, 1.5,

2.0, and 2.5%). Values represent mean * SD. Significant™ differences between treatments (inulin
supplementation) are indicated by different letters (p < 0.05).

4, Discussion

This experiment showed significant differences in final weight and\total length in

A. tropicus larvae fed with the control diet and the highest levels ofinulin (2.0 and 2.5%) com-
pared to the lowestlevels of inulin added, which show the smallest values.fox weight and length.
These results differ from those reported in species such as carp (Cyprinus carpio), Arctic char
(Salvelinus alpinus), beluga (Huso huso), and rainbow trout (Oncorhynchus mykiss) [16,41-43]
where no positive effects on growth were detected; however, other studies have revealed posi-
tive effects on growth promoted by the inclusion of inulin, such as in Niletilapia
(Oreochromis niloticus), roach (Rutilus rutilus), and O. mykiss [15,19,44-47]. These.effects have
been attributed to the fermentability of inulin by the action of the microbiome and.changes in
intestinal morphology, which changes as a function of development [41,48]. Likewise, some
authors consider that the variations in growth, feed utilization, and health benefits when
using this prebiotic depend mainly on the species, the time of application, and the dose of the
supplement, as well as the type of prebiotic. Furthermore, in this case, the effect of inulin on the

growth response seems to vary, so it is necessary to examine morphophysiological parameters to
understand its effect [49,50].
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On the other hand, the survival of A. tropicus larvae showed significant differences(p < 0.05),
where the fish fed with the inclusion of 2.5% inulin showed the highest value. These results are
similar to those results reported by various authors who found sig- nificant increases in the
survival of various fish species [15,16,44,48,51-53]. In contrast, Akrami et al. [42] and Reza et al.
[43] did not find positive effects on the survival rate of fingerlings of H. huso and O. mykiss. In
addition, lower rates of food consumption, SGR, and PER were observed in the treatments with
1% and 2% inulin supplementation compared with the control diet. This suggests an inverse
relationship between some of the growth indices, which leads the authors to believe that inulin is
not @ppropriate for these species. The authors suggest that this is related to a decrease in
digestive®capacity by possiblyexceeding the dose of the prebiotic and the low fermentability of
inulin, which could affect the hydrolysis of nutrients by affecting the digestive enzymatic activity
or the absorption processes of essential biomolecules.

In this regard, Olsen et al. [41] claim that the lower survival can be attributed to theinability
of the intestinal\microbiota to ferment the excessive levels of inulin, and the excess of inulin was
detrimental toithe enterocytes. Likewise, the effects of inulin on growth andsurvival rate vary
among different species. In this regard, one of the essential roles of inulin intake is to maximize
the digestibility of féed components, as previous studies suggest that this prebiotic is an excellent
digestion activator since.it.causes a balanced growth of specific microorganisms in the posterior
intestine, such as Bifidobacteria and Lacctobacilli, which contribute to the production of vitamins
B1, riboflavin, B6, and Kgaswell as increasing the solubility and absorption of minerals such as
calcium, magnesium, anddron ions. Itis alsoknown that a correct dose of the prebiotic reduces
the intestinal pH and produces ‘products derived from fermentation, such as short chains of
fatty acids, which can/be used as an energy source for cells [16,49,54-56].

In the case of digestive enzymes, A=tropicus larvae fed with the inclusion of 2.5% inulin

showed the highest activities of acid, alkaline, amylase, and lipase proteases, followed by
those fed with the inclusion of 2% inulin. These results are similar to those reported by
Soleimani etal. [44] in R rutilus larvae, where amylase, lipase, and protease activities showed
a significant increase when'addihg 1% inulin.compared with the control diet. Similarly, Hunt
etal. [19] found an increase in intestinal trypsin, lipase, and amylase from fish fed 1% inulin in
O. mykiss. However, there are‘studies whefe the inclusion of inulin did not have significant
effects on trypsin-like activities,‘alkaline amylase phosphatase, and leucine aminopeptidase,
which were carried out in juvenile Atlantic salmen (Salmo salar)and in C. carpio larvae [16,57].
This may be related to a limited synthesis of these pancreatic digestive enzymes in contrast with
the high hydrolytic capacity and rapid development ofthe digestive system of A. tropicus larvae
[28]. Those mentioned above can be attributed to the different digestive capacities that species
have depending on their stage of development and the presence of a balanced intestinal
microbiome. This is why the digestive capacitiesof species*'vary enormously; the inclusion of
inulin works in a complementary way to digestion precésses since the fermentation of
prebiotics by the intestinal microbiome canproduce short-¢hain fatty acids, which support
the digestion of nutrients. This improves the morphology of the intestine [43,48].

In other studies, it is mentioned that the bacteria found in the intestinal tract participatein the
digestion of food, which is why it contributes in a complementary way to the hydrolysis of
nutrients by the action of digestive enzymes in their active functions Insthe same way, it is
mentioned that the microbiome of the digestive tract of aquatic organisms/varies according to
several factors, such as the aquatic environment (temperature, pH, alkalinity;'dissolved oxy- gen,
salinity, among others), seasonal variation, diet, the stage of development of'the“species of fish,
and the anatomy of the gastrointestinal section [58-60]. Likewise, it is mentioned that the
addition of inulin in the correct proportion serves to stimulate the digestive enzyme activities by
the production of a series of vitamins and enzymes. The augment in digestionefficiency leads
to an increase in the intestinal mucosa [9], improving the morphology of the
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gut by the fermentation of inulin which stimulates the microbiomes that participate in the
digestion of food [44].

In this way, the inclusion of this prebiotic helps the nutrients in the food to be easily digested and
promotes better absorption of the molecules inside the cells (enterocytes) tobe transported to
the tissues that require them for various metabolic processes [19].

On the other hand, the activities of the antioxidant enzymes CAT and SOD of the A. tropicus

larvae showed the highest values for the fish fed with the control diet compared to the other
treatments, which contrasts with the decrease in these activities according to the inulin ratio
increases. In this sense, it is widely known that inulin improves antioxidant status through sev-eral
mechanisms, such as the generation of short-chain fatty acids and antioxidant enzymes [61].
Antioxidant enzymes inhibit radical generation and prevent oxidative damage in teleost [62].
Some studies indicate that the activity of antioxidant enzymes is modulated when prebiotics,such
as inulin,@relincluded in the diet, which allows the body to prevent the formation of reactive
oxidative species (ROS) [63,64]. It should be noted that cells usually produce reactive oxygen
species, which.is why the first antioxidant defense system is GPx, SOD, and CAT, which could
indicate that our resiilts show less antioxidant activity in treatments supplemented with inulin,
unlike the control'tréatment. This is due to protection or inhibition of the cells toproduce ROS, for
which they do not needto be active, keeping the organism more stable, unlike the control treatment
with the highest activity. In this sense, our results are similar to those reported by Guerreiro et al.
[65], where diminished antioxidant activity in white sea bream (Diplodus sarqus) was observed by
including fructo-oligosaccharides (FOS), which are a deriva-tive of inulin. To fully determine the
antioxidant effect of inulin inclusion in the diet, further and more in-depth analyses are needed.
Contrary to our results, Hunt et al. [19] found that inulin supplementation increasesthe
antioxidant activity of O. mykiss,;which are essential protective enzymes that triggervarious
factors to prevent cellsdeterioration from membrane oxidation. Without the protec- tion of
antioxidant enzymes, the\balance of various absorption channels, such as sodium,potassium,
and calcium ions in fish, is altered, in"addition to the elevation of cortisol andcorticosteroids,
which are essential in the regulation of thespathways involved in the mobi- lization of energy
substrates [64]. In this regard, Olsvik et al.[66] mention that the increase in the activity of some
oxidative enzymes that participate.in the antioxidant response, such as SOD, CAT, and GPx, can
differ in response to variations in several bioticxand abiotic factors that cause stress in fish,
in addition to the individual physiological variation,of or-ganisms [67]. Additionally, inulin can
act effectively by changing the intestinal microbiota, which generates the production of lactic acid
and other substances used as energy sources for microorganisms, which improves the
absorption of nutrients in the host, generates anincreasedisynthesis of antimicrobial peptides,
promotes the growth of beneficial bacteria (probioties), reduces luminal pH, provides an
enhancement of the immune system, and prevents the adhesion of pathogens [68].

An aspect to be highlighted is the increase in the absorption capacity of nutrients which
generally improves the growth of fish, for which it has\/been hypothesized thatthe
fermentation process in the intestinal tract by the action of the microbiome and its
association with some prebiotics, such as inulin, promotes the rélease of short-chain fatty
acids. This is also complemented by the production of other substances, 'such as spermine, that
stimulate the proliferation of intestinal cells [69-71]. Various authors mention that the effects on
growth when adding inulin to the diet of fish, particularly in carnivores such as

A. tropicus, are not always clear. However, an increase in digestive capaCity is observed
which is associated with a significant contribution of some active substances by the micro- biome
by inulin supplementation, such as Arctic char (Salvelinus alpinus), Atlantic salmon-(Salmo salar),
and gilthead sea bream (Sparus aurata) [41,57,72].

Regarding the studies carried out with prebiotics in A. tropicus, it can be mentionedthat the
growth of larvae fed with the concentration of 7.5 g Kg~! of FOS increased the weight and
total length, as well as an increase in the digestive lipase and amylase enzyme

activities [73]. When MOS was added to the balanced feed, no significant differences were
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found in the growth of the larvae in any of the treatments. However, a significant in- crease
in lipase and alkaline protease activities was detected when supplementing with 5gKg~! of
MOS [35]. In A. tropicus, juveniles fed with MOS show an increase in growth when using 2 g Kg™},
as well as an increase in pepsin, trypsin, lipase, and X-amylase activities [32].The addition of FOS
in the diet showed an increase in the growth of juveniles with 5 g Kg~1,in addition to an increase
in acid protease, chymotrypsin, leucine aminopeptidase, and lipaseactivities [34]. Finally, when
Using the prebiotic B-glucans in balanced feeds for juveniles, no differences were detected
between treatments, although differences were detected in chymotrypsin activity when
supplementing the diet with 10 g Kg~1 [33].

5. Conclusions

The incopporation of 25 g Kg~! of inulin in the larvae of A. tropicus increases survival and
improves the activities of acid and alkaline proteases, amylase, and lipase, so there is a
greater bioavailability of nutrients. Likewise, an increase in the activity of the GPx
antioxidant enzyme is observed, which favors the protection of cell membranes from the
release of reactive.oxygen species (ROS). The decrease in SOD and CAT could suggest that
they play a protéctive role by preventing the presence of ROS; in this way, inulin
supplementation can positively affect the larvae’s culture during their development andthe
time to make food changes.
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