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Response of yellow catfish (Pelteobagrus fulvidraco) to different dietary
concentrations of aflatoxin B1 and evaluation of an aflatoxin binder in
offsetting its negative effects

Respuesta del bagre amarillo (Pelteobagrus fulvidraco) a diferentes
concentraciones dietéticas de aflatoxina B1 y la evaluacion de una bentonita
para contrarrestar sus efectos negativos
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ABSTRACT. Aflatoxin B1 (AFBI1), produced by Aspergillus flavus and Aspergillus parasiticus, is one of the major mycotoxins to affect
animal health. AFB1 contamination of aquafeed is widespread, especially in countries with humid, tropical climates. The most applied method
for protecting animals against aflatoxicosis is the use of clay minerals. Growth performance, immunosuppressive effects (bactericidal activity,
lysozyme activity, albumin/globulin ratio, alternative complement pathway activity, and protein content), and pathology parameters were used
to evaluate the response of yellow catfish (Pelteobagrus fulvidraco) to increasing concentrations of AFBI1 and test the protective effect of
dietary supplementation with a bentonite (dioctahedral montmorillonite) based AFB1 binder. Triplicate groups of yellow catfish with an
average weight of 2.0 + 0.1 g were fed diets containing 0, 200, 500, and 1,000 pg/kg of AFB1 alone, or diets containing 0, 200, 500, and
1,000 pg/kg of AFB1 along with 2 g/kg AFB1 binder, for 12 weeks. Results showed that diets containing increasing amounts of AFB1 had a
significantly lower (P = 0.002) survival rate. There was a statistical significant reduction in weight gain, final body weight, and specific growth
rate, and an increase in feed conversion ratio (FCR) influenced by the levels of AFBI in the diet (P < 0.001 for all parameters), as well as
increasing protection due to the presence of the binder (P = 0.046, P = 0.014, P = 0.038, and P = 0.485, respectively). The immunosuppressive
nature of AFB1 in yellow catfish diets was confirmed through observation of lower bactericidal activity (P = 0.001), lower lysozyme activity
(P =0.006), reduced total protein (P = 0.002), and enhanced albumin/globulin ratio (P = 0.004). Fish fed diets contaminated with AFB1 and
supplemented with the AFB1 binder showed better improvement in FCR (P = 0.019). These results indicate that AFB1 has a negative impact
on yellow catfish growth and survival rate. The AFB1 binder protected fish from the toxic effects of AFB1.

Key words: mycotoxins, aflatoxin B1 (AFB1), growth performance, immunosuppression.

RESUMEN. La aflatoxina B1 (AFB1), producida por Aspergillus flavus y Aspergillus parasiticus, es una de las principales micotoxinas que
afectan la salud animal. La contaminacion de alimentos acuicolas con AFB1 es comun, especialmente en paises con climas humedos y
tropicales. El método mas usado para proteger a los animales contra la aflatoxicosis es el uso de arcillas. Para evaluar la respuesta del bagre
amarillo (Pelteobagrus fulvidraco) a concentraciones crecientes de AFB1 y evaluar el efecto protector de una bentonita (montmorillonita
dioctaédrica), se analizaron el crecimiento, efectos inmunosupresores (actividad bactericida, relacion albtimina/globulina, actividad de la
lisozima, actividad de la via alternativa del complemento y contenido de proteinas) y parametros patologicos. Grupos triplicados de
P. fulvidraco, con un peso promedio de 2.0 + 0.1 g, fueron alimentados durante 12 semanas con dietas que contenian 0, 200, 500 y 1,000 png/kg
de AFBI pura, o dietas que contienian 0, 200, 500 y 1,000 ng/kg de AFBI junto con 2 g/kg de bentonita. Los resultados mostraron que las
dietas con mayores cantidades de AFBI tenian una tasa de supervivencia significativamente menor (P = 0.002). Hubo una reduccion
estadisticamente significativa del aumento de peso, el peso corporal final y la tasa de crecimiento especifico y un aumento de la tasa de
conversion alimenticia debido a los niveles de AFBI en la dieta (P < 0.001 para todos los parametros), asi como mayor proteccion por la
presencia de la bentonita (P = 0.046, P =0.014, P =0.038 y P = 0.485, respectivamente). La naturaleza inmunosupresora de AFB1 en las dietas
del bagre amarillo se confirmé mediante la observacion de una menor actividad bactericida (P = 0.001), una menor actividad de la lisozima
(P =0.006), una disminucioén de la proteina total (P = 0.002) y una mayor relacion albtimina/globulina (P = 0.004). Los peces alimentados con
dietas contaminadas con AFB1 y complementadas con la bentonita mostraron una mejora de la tasa de conversion alimenticia (P = 0.019).
Estos resultados indican que la AFB1 tiene un impacto negativo en el crecimiento del bagre amarillo y la tasa de supervivencia. La bentonita
protegi6 a los individuos de los efectos toxicos de la AFBI.

Palabras clave: micotoxinas, aflatoxina B1 (AFB1), crecimiento, inmunosupresion.
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INTRODUCTION

Mycotoxin contamination is a problem affecting nearly
25% of the world’s crop production, representing the most
important category of biological toxins impacting human and
animal health (CAST 2003). According to the annual
BIOMIN Mycotoxin Survey (BIOMIN 2014), an even higher
percentage of crops are affected by mycotoxins (a prevalence
of 66% and average contamination level of 1,394 parts per
billion in 2014).

These toxic secondary metabolites are produced by fila-
mentous fungi that frequently contaminate agricultural com-
modities used for human and animal feed (Hussein and
Brasel 2001, Sudakin 2003). Chemically, mycotoxins display
a wide range of structures, differing also in biological effects:
carcinogenic, teratogenic, mutagenic, estrogenic, neurotoxic,
or immunotoxic (Abd-Allah et al. 1999, McKean et al. 2006,
El-Sayed et al. 2009, Hooft et al. 2011). Aflatoxins are
polycyclic aromatic hydrocarbons, produced mainly by
Aspergillus flavus and Aspergillus parasiticus, but also to a
lesser extent by Aspergillus nominus. The main aflatoxins
commonly found in feedstuffs are aflatoxin B1 (AFB1), afla-
toxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2
(AFG2) (Ottinger and Kaattari 1998, 2000; Huang et al.
2011). These mycotoxins occur especially in subtropical and
tropical areas, contaminating mainly feedstuffs with high
starch and lipid content, such as cottonseed, corn, peanut,
wheat, and soybean (Ostrowski-Meissner et al. 1995).

AFBI1 is known as the most potent carcinogen among
aflatoxins, classified as a group I carcinogen by the Interna-
tional Agency for Research on Cancer (IARC 1993) and
highly hepatocarcinogenic (Busby and Wogan 1984, Sharma
and Salunkhe 1991, Miller and Trenholm 1994, Wang et al.
1998).

The toxicity and carcinogenicity of AFBI is thought to be
directly linked to its bioactivation. After ingestion, AFB1 is
converted in the liver, which results in a highly reactive
AFB1-8,9-epoxide (AFBO). This bioactivation occurs pri-
marily by a microsomal cytochrome P450 (CYP450) depen-
dent epoxidation of the terminal furan ring of AFB1 and is
responsible for binding to cellular macromolecules such as
DNA, RNA, and other protein constituents (Massey et al.
1995, Smith et al. 1997, Wang and Groopman 1999). This
will directly result in damage/necrosis of hepatocytes and
other metabolically active cells, leading to reduction of body
weight, behavioral abnormalities, yellowing of the body sur-
face, and immune suppression (Jantrarotai and Lovell 1990,
Chavez-Sanchez et al. 1994, Eaton and Groopman 1994,
Sahoo and Mukherjee 2001, Manning et al. 2005, Deng et al.
2010).

In aquaculture production, considerable research has been
carried out on the toxicity of AFBI1 on fish and crustacean
species, including rainbow trout, Oncorhynchus mykiss
(Ngethe et al. 1993; Bailey et al. 1994; Ottinger and Kaattari
1998, 2000; Carlson et al. 2001; Hooft et al. 2011; Hanson
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INTRODUCCION

La contaminaciéon por micotoxinas es un problema que
afecta casi el 25% de la produccion mundial de cultivos vy,
por tanto, se consideran la categoria mas importante de toxi-
nas biologicas que afectan la salud humana y animal (CAST
2003). Segun el estudio anual de BIOMIN (2014), el porcen-
taje de cultivos afectados por micotoxinas es aun mayor (una
prevalencia de 66% y un nivel promedio de contaminacion de
1,394 partes por billon en 2014).

Estos metabolitos secundarios toxicos son producidos por
hongos que con frecuencia contaminan los productos
agricolas que se usan para la alimentacion humana y animal
(Hussein y Brasel 2001, Sudakin 2003). Las micotoxinas
presentan una amplia gama de estructuras quimicas y sus
efectos bioldgicos pueden ser carcinogénicos, teratogénicos,
mutagénicos, estrogénicos, neurotdxXicos 0 INMUNoOtoXicos
(Abd-Allah et al. 1999, McKean et al. 2006, El-Sayed et al.
2009, Hooft et al. 2011). Las aflatoxinas son hidrocarburos
aromaticos policiclicos, producidos principalmente por
Aspergillus flavus y Aspergillus parasiticus y en menor
medida por Aspergillus nominus. Las aflatoxinas que
comunmente se encuentran en los alimentos son la aflatoxina
B1 (AFBI), la aflatoxina B2 (AFB2), la aflatoxina Gl
(AFG1) y la aflatoxina G2 (AFG2) (Ottinger y Kaattari 1998,
2000; Huang et al. 2011). Estas micotoxinas se encuentran
principalmente en areas tropicales y subtropicales y contami-
nan alimentos con alto contenido de almidén y lipidos, como
semilla de algodon, maiz, mani, trigo y soja (Ostrowski-
Meissner et al. 1995).

Entre las aflatoxinas, la AFB1 se considera el carcino-
geno mas potente, clasificado en el grupo 1 por la Agencia
Internacional para la Investigacion del Cancer (IARC 1993) y
como altamente hepatocarcinogénico (Busby y Wogan 1984,
Sharma y Salunkhe 1991, Miller y Trenholm 1994, Wang
et al. 1998).

Se piensa que la toxicidad y carcinogenicidad de la AFB1
estd directamente relacionada con su bioactivacion. Después
de ser ingerida, la AFBI1 es transformada en el higado en
AFB1-8,9-epoxido (AFBO), un metabolito altamente reac-
tivo. Esta bioactivacion sucede principalmente por una una
epoxidacion del anillo funaro terminal de la AFB1 depen-
diente del citocromo P450 microsomal (CYP450) y es res-
ponsable de su fijaciéon a macromoléculas celulares como el
ADN, ARN vy otros componentes proteicos (Massey et al.
1995, Smith et al. 1997, Wang y Groopman 1999). Esto
resultara en la lesion o necrosis de hepatocitos y otras células
metabdlicamente activas, lo cual provocara una reduccion del
peso corporal, anormalidades conductuales, amarillamiento
de la superficie corporal e inmunosupresion (Jantrarotai y
Lovell 1990, Chavez-Sanchez et al. 1994, Eaton y Groopman
1994, Sahoo y Mukherjee 2001, Manning et al. 2005, Deng
etal. 2010).

Se han realizado varios estudios sobre la toxicidad de la
AFBI1 en peces y crustaceos cultivados, incluyendo la trucha
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et al. 2014); channel catfish, Ictalurus punctatus (Plumb et al.
1986, Jantrarotai and Lovell 1990, Gallagher and Eaton
1995, Lumlertdacha et al. 1995, Manning et al. 2005); Nile
tilapia, Oreochromis niloticus (Chavez-Sanchez et al. 1994,
Anh Tuan et al. 2002, Deng et al. 2010, Hassan et al. 2010);
rohu, Labeo rohita (Sahoo and Mukherjee 2001); seabass,
Dicentrarchus labrax (El-Sayed and Khalil 2009, El-Sayed
et al. 2009); gibel carp, Carassius auratus gibelio (Huang
et al. 2011); and shrimps (Ostrowski-Meissner et al. 1995,
Burgos-Hernandez et al. 2005).

Several methods have been tested in an attempt to
decrease the bioavailability of aflatoxin. The addition of
mycotoxin binders to contaminated diets has been considered
the most promising dietary approach to reduce effects of
some mycotoxins (Galvano et al. 1996, 2001). Binders
decontaminate aflatoxins by binding them strongly enough to
prevent toxic interactions with the animal and to prevent
mycotoxin absorption across the digestive tract. Several
potential adsorbent materials have been tested, including
activated carbon, aluminosilicates (clay, bentonite, mont-
morillonite, zeolite, phyllosilicates, etc.), complex indigest-
ible carbohydrates (cellulose, polysaccharides from cell walls
of yeast and bacteria such as glucomannans and peptidogly-
cans, and others), and synthetic polymers such as cholestry-
amine and polyvinylpyrrolidone and derivatives. However,
their binding efficacy strongly differs according to the
specific binder, its source, and the chemical structure of the
mycotoxin. Additionally, some binders can have negative
effects on growth due to their influence on nutrient utilization
and mineral absorption (Chestnut et al. 1992, Kubena et al.
1993).

The yellow catfish, Pelteobagrus fulvidraco, is an impor-
tant commercial species in China. This teleost fish species
belongs to the order Siluriformes and has a high market value
(Tan et al. 2009, Luo et al. 2011); however, as it is an omniv-
orous freshwater fish from a subtropical area, the probability
of being affected by aflatoxin contaminated feedstuffs is
large. Therefore, the objectives of this study were to investi-
gate the sensitivity of yellow catfish to dietary AFB1 contam-
ination, and to evaluate the efficiency of an aflatoxin binder
in offsetting the negative effects of AFB1.

MATERIALS AND METHODS
Experimental conditions

Yellow catfish weighing 2.02 £+ 0.10 g (mean £ SD) each
were obtained from a local commercial fish hatchery and
transported to the experimental facilities. Prior to the start
of the experiment, the fish were stocked in net cages (3.0 x
3.0 x 3.0 m), and fed the control diet for 2 weeks in order to
acclimate to the experimental diet and facility conditions.

At the start of the experiment, fish were fasted for 24 h
and weighed after being anesthetized. Fish with similar sizes
were randomly distributed into 24 net cages (2.0 x 2.0 x
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arcoiris, Oncorhynchus mykiss (Ngethe et al. 1993; Bailey
et al. 1994; Ottinger y Kaattari 1998, 2000; Carlson et al.
2001; Hooft et al. 2011; Hanson et al. 2014); el bagre de
canal, Ictalurus punctatus (Plumb et al. 1986, Jantrarotai y
Lovell 1990, Gallagher y Eaton 1995, Lumlertdacha et al.
1995, Manning et al. 2005); la tilapia del Nilo, Oreochromis
niloticus (Chavez-Sanchez et al. 1994, Anh Tuan et al. 2002,
Deng et al. 2010, Hassan et al. 2010); el rohu, Labeo rohita
(Sahoo y Mukherjee 2001); el robalo, Dicentrarchus labrax
(El-Sayed y Khalil 2009, El-Sayed et al. 2009); la carpa
dorada, Carassius auratus gibelio (Huang et al. 2011); y
camarones (Ostrowski-Meissner et al. 1995, Burgos-
Hernandez et al. 2005).

Varios métodos han sido probados en un intento por redu-
cir la biodisponibilidad de la aflatoxina. La incorporacion de
captadores de micotoxinas a dietas contaminadas parece ser
la estrategia mas prometedora para disminuir los efectos de
algunas micotoxinas (Galvano et al. 1996, 2001). Los capta-
dores descontaminan las aflatoxinas al fijarlas lo suficiente
para prevenir interacciones toxicas con el animal y evitar la
absorcion de micotoxinas en el tracto digestivo. Se han pro-
bado diversos materiales adsorbentes, incluyendo carbon
activado, aluminosilicatos (arcilla, bentonita, montmorillo-
nita, zeolita, filosilicatos, etc.), carbohidratos complejos indi-
geribles (celulosa, polisacaridos de las paredes celulares de
levaduras y bacterias como glucomanos y peptidoglicanos,
entre otros) y polimeros sintéticos tales como la colestira-
mina y polivinilpirrolidona y sus derivados. No obstante, su
capacidad de adsorcion difiere fuertemente segtn el captador
especifico, su fuente y la estructura quimica de la micotoxina.
Ademas, algunos captadores pueden tener un efecto negativo
sobre el crecimiento debido a que afectan el uso de nutrientes
y la absorcion de minerales (Chestnut et al. 1992, Kubena
etal. 1993).

El bagre amarillo, Pelteobagrus fulvidraco, es una espe-
cie de importancia comercial en China. Este pez teledsteo
pertenece al orden Siluriformes y tiene un alto valor en el
mercado (Tan et al. 2009, Luo et al. 2011); sin embargo, al
ser un pez omnivoro de agua dulce de una zona subtropical,
la probabilidad de que resulte afectado por alimento contami-
nado con aflatoxinas es alta. Por lo tanto, el objetivo de este
estudio fue investigar la sensibilidad del bagre amarillo a la
contaminacion por AFB1 y evaluar la capacidad de un agluti-
nante de aflatoxinas para contrarrestar los efectos negativos
de la AFBI.

MATERIALES Y METODOS
Condiciones experimentales

Se obtuvieron ejemplares de P. fulvidraco con un peso
promedio de 2.02 + 0.10 g (+ desviacion estandar) de un cria-
dero de peces comercial y se transportaron a las instalaciones
experimentales. Antes de comenzar el experimento, los peces
fueron colocados en jaulas de red (3.0 X 3.0 X 3.0 m) y
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2.0 m). Each cage was stocked with 40 fish. Fish were ran-
domly hand-fed to apparent satiation twice a day (08:00 and
17:00) for approximately 5 min in each cage. As a voracious
species, all feed given was estimated to be the same as eaten.
No feed rejection, due to mycotoxin content, was observed.
The feeding trial lasted for 12 weeks. The amount of feed
given was adjusted every two weeks, according to fish
growth (10 fish were bulk weighed), mortality, and feed con-
version rate. Feeding was maintained equivalent between
treatments with different survival rates. Water parameters
(temperature, 28 £ 1°C; dissolved oxygen, 5 = 0.5 mg/L;
NO;-N, 0 £ 0.2 mg/L; and NO,-N, 0 £ 0.1 mg/L) were
checked daily and a natural photoperiod was provided.

Preparation of experimental diets

A basal diet was prepared using fish meal and soybean
meal as main protein sources. Formulation and proximate
chemical composition of the basal diet (%) are listed in
Table 1. Eight experimental diets were then prepared and the
basal diet was spiked with different concentrations of pure
AFB1 with or without the addition of an aflatoxin binder
(Mycofix Secure). The four treatments with AFB1 were
named A-0, A-2, A-5, and A-10, and contained 0, 200, 500,
and 1,000 pg/kg of AFBI, respectively. The treatments
with Mycofix Secure were named A-OM, A-2M, A-5M, and
A-10M, and contained 0, 200, 500, and 1,000 pg/kg of

Table 1. Formulation and proximate chemical composition of the
basal diet (%).

Tabla 1. Formulacion y composicion quimica proximal de la dieta
basal (%).

Ingredient Quantity (%)
Fish meal 35.00
Soybean meal 20.00
Yeast powder 5.00
Rapeseed meal 5.00
Cotton meal 5.00
Wheat meal 21.82
Soybean oil 3.00
Mineral mixture 3.00
Vitamin mixture 2.00
Choline chloride 0.10
Ethoxyquin 0.06
Mold inhibitors 0.02
Proximate chemical composition (% dry matter)

Crude protein 48.47
Crude lipid 6.12
Crude ash 10.80
Moisture 11.30
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alimentados con una dieta control durante 2 semanas para
aclimatarlos a la dieta y a las condiciones experimentales.

Al inicio del experimento, los peces se mantuvieron en
inanicion durante 24 h y fueron pesados después de ser anes-
tesiados. Ejemplares de tamafio similar fueron distribuidos
aleatoriamente en 24 jaulas de red (2.0 x 2.0 x 2.0 m). En
cada jaula se colocaron 40 peces. Los individuos fueron ali-
mentados manualmente, al azar, a saciedad aparente dos
veces al dia (08:00 y 17:00) durante aproximadamente 5 min
por jaula. Siendo una especie voraz, se estimé que la cantidad
de alimento proporcionado fue la cantidad ingerida. No se
observé un rechazo del alimento debido al contenido de
micotoxinas. El experimento durd 12 semanas. Se ajustd la
cantidad de alimento proporcionado cada 2 semanas, segtn el
crecimiento de los individuos (pesando 10 peces en con-
junto), la mortalidad y la tasa de conversion alimenticia. La
alimentacion se mantuvo equivalente entre los tratamientos
con diferentes tasas de supervivencia. Los parametros del
agua (temperatura, 28 + 1 °C; oxigeno disuelto, 5 + 0.5 mg/L;
NO;-N, 0 = 0.2 mg/L; y NO,-N, 0 = 0.1 mg/L) fueron
monitoreados diariamente y se proporcion6 un fotoperiodo
natural.

Preparacion de las dietas experimentales

Se prepard una dieta basal con harina de pescado y
harina de soja como las principales fuentes de proteina. La
formulacién y la composicion quimica proximal de la dieta
basal (%) se muestran en la Tabla 1. Luego se prepararon
ocho dietas experimentales. A la dieta basal se afiadieron
diferentes concentraciones de AFB1 pura, con o sin la adi-
cion de un aglutinante de aflatoxinas (Mycofix Secure). Los
cuatro tratamientos con AFB1 se llamaron A-0, A-2, A-5y
A-10, y se les adicion6 0, 200, 500 y 1,000 pg/kg de AFBI,
respectivamente. Los tratamientos con Mycofix Secure se
llamaron A-OM, A-2M, A-5M y A-10M, y se les adiciono 0,
200, 500 y 1,000 ng/kg de AFB1, respectivamente, mas 0.2%
de Mycofix Secure en cada dieta (nivel de inclusién reco-
mendada por BIOMIN).

La AFBI pura fue proporcionada por BIOMIN Co. Ltd.
(China). La concentracion de micotoxinas en las dietas fue
analizada mediante cromatografia liquida de alta resolucion
(HPLC por sus siglas en inglés). Mycofix Secure (BIOMIN
Holding GmbH, Austria) es una bentonita (montmorillonita
dioctaédrica), comercializada como un aditivo alimenticio
para acuicultura, con propiedades aglutinantes.

Los ingredientes se molieron y tamizaron en una malla de
250 pm hasta obtener un polvo fino. Todos los ingredientes
fueron mezclados con aceite de pescado y se afiadi6 agua
para obtener una masa firme. La masa se pas6 por un molino
de alimentos (F-26(II), Universidad de Tecnologia del Sur de
China) y se seco en un horno ventilado a 40 °C, después del
cual se cortd en trozos (pellets) de 2.0 x 5.0 mm. El alimento
se almaceno a —20 °C hasta usarse. En la Tabla 2 se muestran
las cantidades de AFB1 y Mycofix Secure usadas, y la
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AFBI, respectively, plus 0.2% of Mycofix Secure in each
diet (BIOMIN recommended inclusion level).

Pure AFBI1 was provided by BIOMIN Co. Ltd. (China),
and the concentration of mycotoxins in the diets was ana-
lyzed by high-performance liquid chromatography (HPLC).
Mycofix Secure (BIOMIN Holding GmbH, Austria) is a ben-
tonite (dioctahedral montmorillonite) commercialized as feed
additive for aquaculture, with aflatoxin-binding properties.

Ingredients were ground into fine powder through a
250 pum mesh. All ingredients were mixed with fish oil and
water was added to produce a stiff dough. The dough was
then pelleted with an experimental feed mill (F-26(II), South
China University of Technology, China) and dried in a venti-
lated oven at 40 °C. After drying, diets were broken up and
cut into 2.0 x 5.0 mm pellets. Diets were stored at —20 °C
until use. The amounts of AFB1 and Mycofix Secure, and the
proximate composition of the experimental diets after addi-
tion of AFB1 are given in Table 2.

Growth performance

Feed consumption was recorded daily. At the end of the
experiment, fish were counted and individually weighed to
calculate the survival rate and weight gain. Specific growth
rate (SGR) was calculated according to the formula SGR =
100(InW2 — InW1)/(t2 — t1), where W1 and W2 are the
weights of the fish measured at times t1 and t2. The feed
conversion ratio (FCR) for each treatment was calculated by
the following equation: FCR = F/(W2 —W1), where F is the
weight of food supplied to fish during the study period, W1 is
the live weight of fish at the beginning of the study period,
and W2 is the live weight of the fish at the end of the study
period. The FCR was measured every 2 weeks; the FCR
presented in the manuscript is an average of the 6 weeks of
measurements.

composicion proximal de las dietas experimentales después
de afiadir la AFBI.

Crecimiento

El consumo de alimento se registr6 diariamente. Al final
del experimento, los peces fueron contados y pesados
individualmente para calcular la tasa de supervivencia y el
aumento de peso. La tasa de crecimiento especifico (TCE)
se calculd6 mediante la siguiente ecuacion: TCE =
100(InW2 — InW1)/(t2 — t1), donde W1 y W2 son los pesos de
los individuos medidos en los tiempos t1 y t2. La tasa de con-
version alimenticia (TCA) para cada tratamiento se calculd
con la siguiente ecuacion: TCA = F/(W2 —W1), donde F es el
peso del alimento proporcionado a los peces durante el
periodo de estudio, W1 es el peso vivo del individuo al inicio
del periodo de estudio y W2 es el peso vivo del individuo al
final del periodo de estudio. La TCA se midi6 cada 2 sema-
nas, y la TCA presentada en este manuscrito es un promedio
de 6 semanas de mediciones.

Muestras de sangre

Al final del ensayo, se tomaron muestras de sangre de
10 peces. La sangre se tom6 por la vena caudal y se dejo
cuagular a tamperatura ambiente durante 4 h. El suero fue
retirado y congelado a —80 °C hasta usarse.

Efectos inmunosupresores
Actividad bactericida

Para estudiar la actividad bactericida se usaron alicuotas
del suero recolectado (Kajita 1990). Las muestras de suero de

cada grupo se juntaron en tres alicuotas y se diluyeron tres
veces con tampon veronal con gelatina al 0.1% (GVB2+)

Table 2. Summary of the amounts of aflatoxin 1 (AFB1) and Mycofix Secure and proximate composition of the experimental diets.
Tabla 2. Resumen de la cantidad de aflatoxina 1 (AFBI) y Mycofix Secure y la composicion proximal de las dietas experimentales.

AFBI (ug/kg)

Proximate composition (% dry weight)

Experimental diet Added Analyzed Mycofix (%) Crude protein  Crude lipid Ash Moisture
Without Mycofix
A-0 0 12 0.0 48.47 6.12 10.80 11.30
A-2 200 269 0.0 48.21 6.62 10.84 9.30
A-5 500 648 0.0 48.28 6.32 10.93 11.60
A-10 1000 1186 0.0 47.24 6.26 10.72 10.90
With Mycofix
A-OM 0 27 0.2 47.96 6.34 10.98 9.60
A-2M 200 233 0.2 48.09 6.16 10.87 10.10
A-5M 500 573 0.2 49.10 6.27 11.07 12.10
A-10M 1000 1114 0.2 47.33 5.89 10.76 10.00
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Blood sampling

At the end of the trial, 10 fish from each net cage were
collected for blood samples. Blood was drawn from the cau-
dal vein of the fish and was allowed to clot at room tempera-
ture for 4 h. The serum was removed and frozen at —80 °C
until use.

Immunosuppressive effects
Bactericidal activity

Aliquots of the collected serum were used to study bacte-
ricidal activity (Kajita 1990). Serum samples from each
group were pooled into three aliquots and diluted three times
with 0.1% gelatin veronal buffer (GVB2+) (pH 7.5, con-
taining 0.5 mM mL~ Mg?" and 0.15 mM mL"' Ca?). Live,
washed bacterial cells of Edwardsiella tarda were suspended
in the same buffer to 1 x 105 CFU per milliliter. The diluted
serum and bacteria were mixed at a proportion of 1:1, incu-
bated for 90 min at 25 °C, and shaken. The number of viable
bacteria was calculated by counting the colonies from the
resultant incubated mixture on TSA plates, in duplicate, after
24 h of incubation.

Albumin/globulin ratio

The rest of the serum from the 10 fish of each cage was
analyzed for the albumin/globulin (A:G) ratio (Sahoo et al.
1999). Serum samples were analyzed for total protein
following the dye-binding method of Bradford (1976) and
using bovine serum albumin as standard. Albumin was mea-
sured by the bromocresol green method and globulin by sub-
tracting the albumin value from the total protein value.
Finally, the A:G ratio was calculated.

Lysozyme assay

Lysozyme activity in serum of 5 fish from each cage
was determined as described by Ellis (1990). Results were
expressed in units of lysozyme per millimeter of serum. One
unit is defined as the amount of sample causing a decrease in
absorbance of 0.001 min' at 530 nm compared to the control
(Micrococcus lysodeikticus suspension without serum).

Alternative complement pathway activity

Alternative complement pathway (ACP) activity was
analyzed in serum of 5 fish per cage according to Yano
(1996). Briefly, a series of volumes of the diluted serum rang-
ing from 0.1 to 0.25 mL were dispensed into test tubes and
the total volume made up to 0.25 mL. Then, with barbitone
buffer in the presence of ethylene glycol-bis (2-amino-
ethoxy)-tetraacetic acid (EGTA) and Mg?*, 0.1 mL of rabbit
red blood cells (RaRBC) was added to each tube. After
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(pH 7.5, con 0.5 mM mL™! Mg* y 0.15 mM mL-' Ca*).
Células vivas y lavadas de la bacteria Edwardsiella tarda
fueron suspendidas en la misma solucién a una concentracion
de 1 x 10° UFC por mililitro. El suero diluido y las bacterias
se mezclaron a una proporcion de 1:1, y la mezcla se incub6
durante 90 min a 25 °C y se agitd. Para calcular el nimero de
bacterias viables se contaron las colonias de la mezcla incu-
bada en placas de TSA, por duplicado, después de 24 h de
incubacion.

Relacién albdamina/globulina

El suero restante de los 10 peces de cada jaula fue anali-
zado para evaluar la relacion albumina/globulina (A:G)
(Sahoo et al. 1999). Se analizaron las muestras de suero para
determinar la proteina total segun el método de fijacion de
colorantes de Bradford (1976) con albumina de suero bovino
como estandar. La albumina se midié mediante el método de
verde de bromocresol y la globulina restando el valor de la
albumina del valor de la proteina total, y se calculd la
relacion A:G.

Actividad de la lisozima

La actividad de la lisozima en el suero de 5 peces de cada
jaula se determino segun Ellis (1990). Los resultados se
expresan en unidades de lisozima por milimetro de suero.
Una unidad se define como la cantidad de muestra que causa
una disminucion de la absorbancia de 0.001 min™' a 530 nm
en comparacion con el control (suspension de Micrococcus
lysodeikticus sin suero).

Actividad de la via alternativa del complemento

Se analiz6 la actividad de la via alternativa del comple-
mento en el suero de 5 peces de cada jaula segun Yano
(1996). Brevemente, primero se introdujeron diferentes
volimenes, de 0.1 a 0.25 mL, del suero diluido en tubos de
ensayo, y el volumen total fue de 0.25 mL. Luego, con un
tampon de barbitona en presencia de acido etilenglicol tetra-
acético (EGTA) y Mg*, se afiadieron 0.1 mL de células rojas
de la sangre de conejo a cada tubo. Después de incubar
durante 2 h a 22 °C, se afnadieron 3.15 mL de NacCl al 0.9%.
Posteriormente, la muestra se centrifugd a 836 x g durante
5 min a 4 °C para eliminar las células rojas no lisadas. La
densidad optica del sobrenadante se midido a 414 nm. Se
determind el volumen de suero que produce el 50% de
hemolisis (ACHS50) y se obtuvo el numero de unidades de
ACHS50 por milimetro para cada grupo.

Parametros patologicos del suero
Se analizaron la transaminasa glutamico-pirtvica (GPT),

la transaminasa glutdmico-oxalacética (GOT), el nitrégeno
ureico en sangre (BUN) y el 4cido trico mediante sus
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incubation during 2 h at 22 °C, 3.15 mL of 0.9% NaCl was
added. Following this, the sample was centrifuged at 836 x g
for 5 min at 4 °C to eliminate unlysed RaRBC. The optical
density of the supernatant was measured at 414 nm. The
volume of serum producing 50% hemolysis (ACH50) was
determined and the number of ACH50 units per milliliter was
obtained for each group.

Serum pathology parameters

Glutamic-pyruvic transaminase (GPT), glutamic-oxalo-
acetic transaminase (GOT), blood urea nitrogen (BUN),
and uric acid were analyzed using the respective assay kit
(Nanjing Jiancheng Bioengineering Institute, China).

Mycotoxin analysis

Feed samples were collected according to Richard (2000).
The analyses were carried out as described by Binder et al.
(2007). All samples were analyzed with HPLC. For the
purpose of data analysis, non-detect levels are based on
the limits of detection of the HPLC. For AFB1, AFB2,
AFG1, and AFG2, the detection limits are 0.3, 0.1, 0.1, and
0.1 pg/kg, respectively.

Statistical analysis

All data were subjected to analysis of variance in SPSS
19.0 for Windows. One-way ANOVA was performed and dif-
ferences between the means were tested by Tukey’s multiple
range test. Additionally, a two-way ANOVA was performed
to analyze the effects of the binder and AFB1 concentration
on the response variables. The level of significance was
chosen at P < 0.05 and the results are presented as mean + SD
(standard deviation of the mean).

RESULTS
Growth performance and survival

Feed analysis showed that AFB1 contamination was suc-
cessfully achieved although observed levels were higher than
expected (Table 2).

Results after the 12-week feeding trial showed that yel-
low catfish are sensitive to AFB1 contamination in the feed.
The presence of AFBI in the diet at levels of 500 pg/kg or
higher led to a significant (P = 0.014) increase in FCR. There
was also a statistical significant interaction between binder
and AFB1 in the diet (P = 0.019), representing a less accentu-
ated increase in FCR when using the binder in the diet
(Fig. 1). Survival decreased significantly (P = 0.002) with the
increase of AFBI in the diet; however, Mycofix had no effect
on this parameter (P = 0.093). Although there was no statisti-
cal difference in binder efficacy, when the diet contained
1,000 pg/kg of AFBI1, survival was reduced 22% in the A-10
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respectivos kits de ensayo (Instituto de Bioingeneria de
Nanjing Jiancheng, China).

Analisis de micotoxinas

Se recolectaron muestras de alimento segin Richard
(2000). Los analisis fueron realizados segtin lo descrito por
Binder et al. (2007). Todas las muestras se analizaron
mediante HPLC. Para el analisis de los datos, los niveles no
detectables se basan en los limites de detection de HPLC.
Para AFB1, AFB2, AFG1 y AFG2, los limites de deteccion
son 0.3, 0.1, 0.1 y 0.1 pg/kg, respectivamente.

Analisis estadisticos

Todos los datos fueron sometidos a analisis de varianza
en SPSS 19.0 para Windows. Se realiz6 un analisis de
varianza de una via y se examinaron las diferencias entre las
medias mediante la prueba de rangos multiples de Tukey.
Ademas, se realizo un analisis de varianza de dos vias para
analizar los efectos del aglutinante y la concentracion de
AFBI1 sobre las variables de respuesta. El nivel de significa-
cion se establecio en P < 0.05 y los resultados se presentan
como la media + DE (desviacion estandar de la media).

RESULTADOS
Crecimiento y supervivencia

El experimento mostré que la contaminacion por AFB1
se logré éxitosamente, aunque los niveles observados fueron
superiores a los esperados (Tabla 2).

Los resultados obtenidos después de 12 semanas de
experimentacion indicaron que P. fulvidraco es susceptible a
contaminacion por la AFB1 en el alimento. La presencia de
AFBI1 en la dieta a niveles de 500 pg/kg o mayores resulté en
un aumento significativo (P = 0.014) de la TCA. También se
observo una interaccion estadistica significativa entre la ben-
tonita (Mycofix Secure) y la AFB1 en la dieta (P = 0.019),
con menor aumento de la TCA cuando se us6 el aglomerante
en la dieta (Fig. 1). La supervivencia disminuy¢ significativa-
mente (P = 0.002) al aumentar el nivel de AFB1 en la dieta;
sin embargo, la bentonita no tuvo un efecto sobre este
parametro (P = 0.093). A pesar de que no se encontrdé una
diferencia estadistica en la capacidad del aglomerante,
cuando los peces fueron alimentados con la dieta A-10 que
contenia 1,000 ng/kg de AFB1, la supervivencia disminuy6
22%, mientras que en el tratamiento equivalente (A-10M)
que contenia la bentonita, la supervivencia sélo disminuy6
13.5%, en comparacion con el grupo control (Tabla 3).

El crecimiento también fue afectado por la AFBI1 a
niveles de 200 pg/kg o mayores (Tabla 3). Se observé una
relacion negativa entre la presencia de AFB1 en la dieta y
el crecimiento de los peces (aumento de peso, TCE);
sin embargo, esta respuesta negative fue menos pronunciada
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treatment, while in the equivalent treatment with the binder,
A-10M, survival was reduced only 13.5%, when compared
with the control group (Table 3).

Growth performance was also affected by AFBI1 at levels
of 200 pg/kg or higher (Table 3). A negative relationship
between the presence of AFBI in the diet and fish growth
performance (weight gain, SGR) was observed; however, this
negative response was less pronounced when the aflatoxin
binder was supplemented to the contaminated feed (Table 3).
As observed for growth performance and survival rate, the
negative impact of AFB1 on fish fed diets supplemented with
the binder was less pronounced.

Proximate carcass composition of fish

Regarding carcass composition of fish, no significant
differences were found between treatments (Table 4).

Serum immunological parameters

Table 5 shows a summary of serum immunological
parameters (bactericidal activity [number of bacterial
colonies], A:G ratio, lysozyme, ACP, and total protein) for
yellow catfish fed the experimental diets for 12 weeks. It is
clear that the presence of AFBI1 in the diets affected these
parameters, with the exception of ACP for which no signifi-
cant differences between the diets were found. For the bacte-
ricidal activity, the higher the amount of AFBI in the diets,
the higher the number of bacterial colonies counted (P =
0.001). As such, the number of bacterial colonies in A-10
was significantly higher (P = 0.001) when comparing diets
A-0 and A-OM. The A:G ratio had a similar pattern to that of
the number of bacterial colonies, with A-10 presenting the
highest A:G ratio and A-0 and A-OM the lowest. Values for
lysozyme and total protein decreased throughout the treat-
ments with the increase in AFB1 concentration. Groups
supplemented with Mycofix had less pronounced reduction
compared to non-supplemented ones, but no significant sta-
tistical effect of the binder was detected.

Serum pathological parameters

Fish displayed no significant differences in BUN and
uric acid among all treatments, although A-10 tended to
have higher values when compared with the other diets.
There was a significant increase in GPT (P = 0.002) and
GOT (P < 0.001) with the increase of AFB1 in the diets. In
the Mycofix treated groups, GPT values showed no differ-
ence between treatments; however, GOT levels significantly
increased (P = 0.026) with the increase of aflatoxin levels in
the diets (Table 6).

DISCUSSION

The levels of AFBI1 obtained in the experimental diets
were higher than expected, and this is linked to natural
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Figure 1. Effect of dietary aflatoxin Bl (AFB1) on feed
conversion ratio during the experimental trial (12 weeks).
Significant differences were found regarding the efficacy of
Mycofix Secure offsetting the negative effects of AFBI1
(diet*binder P = 0.019). Differences were also found for the level
of mycotoxin in the diet (P < 0.001) and the binder (P = 0.014).
Superscript letters show differences for the mycotoxin level and
the asterisks indicate differences in the efficacy of the binder.
Points sharing the same superscript letter are not significantly
different according to Tukey’s honestly significant difference.
Data are presented as mean =+ standard deviation.

Figura 1. Efecto de la aflaxotina B1 (AFB1) en la dieta sobre
la tasa de conversion alimenticia durante el experimento
(12 semanas). Se encontraron diferencias significativas en la
eficacia de Mycofix Secure para contrarrestar los efectos
negativos de la AFB1 (dieta*aglutinante P = 0.019). También se
encontraron diferencias en cuanto al nivel de la micotoxina en
la dieta (P < 0.001) y el aglutinante (P = 0.014). Las letras
minusculas indican diferencias en el nivel de la micotoxina y los
asteriscos indican diferencias en la eficacia del aglutinante. Los
puntos que muestran la misma letra no son significativamente
diferentes segun la diferencia honestamente significativa de
Tukey. Los datos se presentan como la media + desviacion
estandar.

cuando se adiciond la bentonita a las dietas contaminadas
(Tabla 3). Tanto para el crecimiento como la tasa de supervi-
vencia, el efecto negativo de la AFB1 sobre los peces alimen-
tados con dietas suplementadas con la bentonita fue menos
pronunciado.

Composicion proximal del cuerpo de los peces

En cuanto a la composicién proximal del cuerpo de los
peces, no se encontraron diferencias significativas entre los
tratamientos (Tabla 4).
Parametros inmunolégicos del suero

En la Tabla 5 se muestran los valores de los parametros

inmunoloégicos del suero (actividad bactericida [numero de
colonias bacterianas], lisozima, relacion A:G, via alternativa
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Table 3. Summary of growth parameters for yellow catfish during the experimental period.
Tabla 3. Resumen de los pardmetros de crecimiento del bagre amarillo durante el periodo experimental.

Initial body weight  Final body weight Specific growth rate Survival

Experimental diet (2) (2) Weight gain (% day) (%)
Without Mycofix

A-0 2.03+0.06 42.20 £ 1.43% 40.16 = 1.382 3.61 98.3+2.9

A-2 1.97 £ 0.03 42.19 £2.97% 40.22 +2.98% 3.65 85.0+6.6

A-5 2.05+0.13 40.42 £ 0.54% 38.37+£0.55% 3.55 82.5+6.6

A-10 1.97£0.10 34.95 +2.45¢ 32.98 4+ 2.44¢ 3.42 76.7+8.8
With Mycofix

A-OM 2.13£0.11 43.61 +1.60? 41.49+1.712 3.59 96.7+ 1.4

A-2M 1.98 £0.15 42.59 +2.28%® 40.62 £ 2.40% 3.65 89.2+6.3

A-5SM 2.00+0.11 42.08 £ 0.48 40.08 £ 0.37% 3.63 883+ 14

A-10M 2.10+0.01 38.16 £ 1.00% 36.06 £ 1.00% 3.45 85.0+7.5
Two-way ANOVA P value

Diet NS <0.001 <0.001 0.004 0.002

Binder NS 0.038 0.046 0.485 0.093

Diet*Binder NS 0.616 0.654 0.834 0.519

Data are presented as mean = SD. Values in the same column with different letters are significantly different (P < 0.05). NS = not significant.

Table 4. Proximate carcass composition of yellow catfish fed experimental diets for 12 weeks.
Tabla 4. Composicion proximal del cuerpo del bagre amarillo alimentado con dietas experimentales durante 12 semanas.

Experimental diet Crude protein (%) Crude lipid (%) Moisture (%) Ash (%)
Without Mycofix
A-0 1435+ 0.46 7.90 £0.57 73.70 £ 0.91 3.31+0.13
A-2 14.08 £ 0.14 7.95+0.97 7415+ 1.17 327+0.16
A-5 14.76 = 0.52 8.28 £0.01 7251+ 1.15 3.44 +£0.06
A-10 13.79 +1.73 7.04 £0.34 7221 +£2.73 3.18+£0.39
With Mycofix
A-OM 15.66 £2.48 8.59+0.11 71.18 £3.22 3.53+£0.52
A-2M 13.99 +£ 0.46 8.21 £0.58 73.97 £ 0.95 329+0.31
A-5M 12.58 +1.58 6.78 £0.80 76.54 +2.90 2.87+0.49
A-10M 14.56 £ 0.38 8.82£0.47 72.08 £ 1.20 3.55+0.21

contamination of ingredients used in the basal diets (12 and
27 pg/kg for diets A-0 and A-OM, respectively). This fact
highlights the risk of AFB1 contamination in feedstuffs used
in aquafeeds. It is well known that some plant sources used in
aquaculture feeds, especially in subtropical and tropical
areas, have a high risk of aflatoxin contamination, which
adversely affects fish health and welfare, resulting in high
production losses (Ciegler et al. 1981, Cole and Cox 1981,
CAST 2003, McKean et al. 2006, Bryden 2011, Hooft et al.
2011).

Throughout the experimental period it was possible to
confirm that the yellow catfish, P. fulvidraco, is sensitive to
AFBI1. Based on growth performance parameter results,
levels of 200 pg/kg or higher of AFBI in the diet are toxic to
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del complemento y proteina total) para los peces alimentados
con las dietas experimentales durante 12 semanas. Es claro
que la presencia de AFB1 en las dietas afectd estos para-
metros, con excepcion de la via alternativa del complemento,
que no mostrd diferencias entre las dietas. En cuanto a la
actividad bactericida, el nimero de colonias bacterianas
aumentd conforme aumento el nivel de AFBI1 en las dietas
(P =0.001). El nimero de colonias bacterianas en A-10 fue
significativamente mayor (P = 0.001) que en las dietas A-0 y
A-OM. La relacion A:G mostré un patron similar, siendo
mayor para A-10 y menor para A-0 y A-OM. Los valores para
la lisozima y proteina total disminuyeron conforme aumento
el nivel de AFB1. La reduccion fue menos pronunciada en
los grupos que recibieron Mycofix en comparacion con los
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Table 5. Serum immunological parameters of yellow catfish fed experimental diets for 12 weeks.
Tabla 5. Parametros inmunoldgicos del suero del bagre amarillo alimentado con dietas experimentales durante 12 semanas.

Bactericidal activity Albumin/globulin Alternative Total protein

Experimental diet (# of bacterial colonies) ratio Lysozyme complement pathway (g/L)
Without Mycofix

A-0 6.33 +£1.532 1.07£0.15° 0.36 = 0.042 109.30 +3.18 32.05+1.232

A2 7.67 £ 1.15% 1.47 +£0.55% 0.30 + 0.05% 110.82 +£6.71 31.47 £ 1.41%

A-5 8.33+1.15% 1.63£0.15% 0.31+0.03% 105.41 +3.06 26.51 £ 4.24%

A-10 11.67 + 1.53° 2.20+0.26* 0.23 £0.02° 103.36 +5.44 23.18 +1.83%
With Mycofix

A-OM 5.67 £2.082 1.17 £0.25° 0.35+0.06° 112.89 +£7.77 31.88 +2.432

A-2M 8.33+1.15% 1.37 £0.50% 0.34 £+ 0.06° 108.90 + 5.66 31.12 £ 5.04%®

A-5M 9.67 £ 0.58% 1.73 £0.35% 0.31 £0.02% 106.15 +3.03 28.58 & 1.73%

A-10M 9.33 +£2.082 1.93 £0.45% 0.30£0.01% 109.35+2.12 26.34 £3.67%
Two-way ANOVA P value

Diet 0.001 0.004 0.006 NS 0.002

Binder 0.686 0.710 0.139 NS 0.351

Diet*Binder 0.191 0.843 0.233 NS 0.694

Data are presented as mean + SD. Values in the same column with different letter are significantly different (P < 0.05). NS = not significant.

yellow catfish. Looking at other species, Deng et al. (2010)
reported no significant differences in survival among tilapia
exposed to AFBI concentrations ranging from 19 to
1,641 pg/kg diet in a 20-week trial. Tuan et al. (2002) also
found no significant differences in tilapia survival when
fish were fed levels of 10 mg AFB1/kg, and Chavez-Sanchez
et al. (1994) found the same conclusions at levels up to
30 mg AFB1/kg. These data suggest that the yellow catfish is
more sensitive to AFB1 than tilapia, which might be related
to the respective feeding habits. Several authors (El-Banna
et al. 1992, Zaki et al. 2008, Deng et al. 2010) have demon-
strated that AFB1 exposure could cause adverse effects on
growth performance of different fish species. Normally, a
reduction in weight gain and increased FCR are observed
(Jantrarotai and Lovell 1990, Deng et al. 2010, Huang et al.
2011) and confirmed by the present study on yellow catfish.
Nonetheless, discrepancies between results, even for the
same species, are considerable (Deng et al. 2010, Zychowski
et al. 2013). For example, in a 20-week trial using tilapia,
Deng et al. (2010) showed that just after 15 weeks, fish
exposed to 1,641 nug AFBl/kg diet had significantly lower
weight gain. However, Zychowski et al. (2013) concluded
that AFB1 had a significant impact on tilapia over 10 weeks,
with decreased weight gain and lower feed efficiency, at a
lower level of AFB1 (3 pg/kg). These discrepancies can be
attributed to differences in sex, age, and locality, or to differ-
ent environmental or nutritional conditions (Eaton and
Groopman 1994), and to exposure time which changes the
way the animal copes with the toxin.

In the current study, the diets containing Mycofix Secure
showed a tendency to decrease the negative effects on
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que no, pero no se detectd un efecto estadistico significativo
del aglutinante.

Parametros patologicos del suero

Los peces no mostraron diferencias significativas con
respecto a BUN y 4acido Urico entre los tratamientos, aunque
A-10 generalmente presentd valores mayores en compara-
cion con las otras dietas. Se observd un aumento significativo
de GPT (P = 0.002) y GOT (P < 0.001) segun aumento el
nivel de AFB1 en las dietas. En los tratamientos con
Mycofix, los valores de GPT no mostraron diferencias entre
los grupos; sin embargo, los niveles de GOT aumentaron sig-
nificativamente (P = 0.026) conforme aumentaron los niveles
de AFBI en las dietas (Tabla 6).

DISCUSION

Los niveles de AFBI en las dietas experimentales fueron
mayores de lo esperado y esto se asocia con la contaminacioén
natural de los ingredientes usados en la dieta basal (12 y
27 ng/kg para las dietas A-0 y A-OM, respectivamente). Este
hecho realza el riesgo de la contaminaciéon por AFB1 en ali-
mentos acuicolas. Es bien conocido que algunas de las fuen-
tes vegetales que se usan en alimentos para la acuicultura,
especialmente en zonas tropicales y subtropicales, tienen un
alto riesgo de contaminacién por aflatoxinas, con efectos
adversos para la salud y el bienestar de los peces y altas
pérdidas de produccion (Ciegler et al. 1981, Cole y Cox
1981, CAST 2003, McKean et al. 2006, Bryden 2011, Hooft
etal. 2011).
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Table 6. Serum pathological parameters of yellow catfish fed experimental diets for 12 weeks.
Tabla 6. Parametros patoldgicos del suero del bagre amarillo alimentado con dietas experimentales durante 12 semanas.

Glutamic-pyruvic

Glutamic-oxaloacetic

Experimental diet transaminase transaminase Blood urea nitrogen Uric acid
Without Mycofix
A-0 11.45+1.292 18.79 + 2.26% 2.53+£0.36 108.47 +7.62
A-2 11.54 £ 1.66%° 26.11 +2.86% 2.50£0.39 105.38 £3.29
A-5 14.62 £2.27% 27.04 £ 2.682% 2.62+0.09 111.97+7.13
A-10 16.80 + 1.88Y 29.87 +2.30° 3.13+£0.67 116.30 £5.72
With Mycofix
A-OM 11.28 +£1.532 17.06 + 1.97¢ 2.71 £0.46 113.93 £7.84
A-2M 12.23 £2.41% 19.27 £ 4.28b¢ 2.56+£0.72 109.49 £ 4.22
A-5M 13.30 £2.41% 21.87£5.71% 2.66 £ 0.66 108.73 + 8.35
A-10M 1526 £1.17% 30.83 £ 3.04% 3.07+0.27 107.74 £ 3.09
Two-way ANOVA P value
Diet 0.002 <0.001 NS NS
Binder 0.474 0.026 NS NS
Diet*Binder 0.724 0.191 NS NS

Data are presented as mean + SD. Values in the same column with different letters are significantly different (P < 0.05). NS = not significant.

survival and growth performance (weight gain, SGR, and
FCR) when compared with the diets lacking the binder. The
diets containing Mycofix showed a slower decrease in weight
gain when compared with the diets without the binder. It is
also very interesting to perceive an accentuated drop in
weight gain, between 500 and 1,000 pg/kg of AFBI, suggest-
ing that this is the level at which this species starts having dif-
ficulties coping with biological damage from the toxins. The
presence of AFB1 in the diet negatively affected the FCR of
yellow catfish. In the A-10M treatment Mycofix improved
the FCR by 24% when compared with the respective treat-
ment without the binder (A-10). In general, Mycofix allowed
improvements in FCR when compared with the relative
control group. While the differences are not statistically sig-
nificant, from an economic perspective, the improvement
obtained in FCR (e.g., 24% for 1,000 pg/kg of AFBI level)
represents genuine revenue for aquaculture producers.

AFBI is also a potent immune modulator leading to the
suppression of the immune system (Ottinger and Kaattari
1998) and consequently affecting the normal values of total
protein, albumin, globulin, and A:G ratio. Abnormal levels of
these proteins have been associated with hemolysis or
increased breakdown of red blood cells and/or liver damage
(Islam et al. 2004). The liver is responsible for clearing the
blood of bilirubin, so liver damage can result in the pale
yellow color presented by sick animals and described as a
possible sympton of mycotoxicosis in fish. In our study,
immunosuppression of catfish was confirmed from the
reduced total protein and increased A:G ratio. Both globulin
and albumin are produced by the liver and if the liver is
damaged, it can no longer produce these proteins. So we can
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A lo largo del periodo experimental fue posible confirmar
que el bagre amarillo, P. fulvidraco, es susceptible a la AFB1.
Los resultados de los parametros de crecimiento muestran
que niveles de 200 pg/kg o superiores de AFB1 en la dieta
son toxicos para esta especie. En comparacion con otras
especies, Deng et al. (2010) no encontraron diferencias signi-
ficativas en la supervivencia de tilapias expuestas a concen-
traciones de AFB1 que variaron de 19 a 1,641 pg/kg en un
experimento de 20 semanas. Tuan et al. (2002) tampoco
encontraron diferencias significativas en la supervivencia de
la tilapia del Nilo cuando los peces fueron alimentados con
niveles de 10 mg AFB1/kg, y Chavez-Sanchez et al. (1994)
obtuvieron las mismas conclusiones con niveles de hasta
30 mg AFB1/kg. Estos datos sugieren que el bagre amarillo
es mas susceptible a la AFBI1 que la tilapia, lo cual puede
estar relacionado con sus habitos alimenticios. Varios autores
(El-Banna et al. 1992, Zaki et al. 2008, Deng et al. 2010) han
demostrado que el crecimiento de diferentes especies de
peces puede resultar adversamente afectado por la exposicion
a AFBIl. Normalmente se observan una reduccion del
aumento de peso y un aumento de la TCA (Jantrarotai y
Lovell 1990, Deng et al. 2010, Huang et al. 2011), lo cual se
confirma en el presente estudio. No obstante, las discrepan-
cias entre los resultados, incluso para la misma especie, son
considerables (Deng et al. 2010, Zychowski et al. 2013). Por
ejemplo, en un experimento de 20 semanas con tilapias, Deng
et al. (2010) encontraron que después de s6lo 15 semanas los
peces expuestos a 1,641 ng AFB1/kg dieta presentaron un
aumento de peso significativamente menor. Por otro lado,
Zychowski et al. (2013) encontraron que la AFB1 tuvo un
efecto significativo sobre la tilapia durante 10 semanas, con
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conclude that the reduction in total protein level may be
associated with liver and kidney disorders due to the inges-
tion of AFB1. The increased A:G ratio suggests underpro-
duction of immunoglobulins, indicating a suppression of the
fish immune system. Further, the immunosuppressive nature
of AFBI1 in yellow catfish can also be confirmed by the
reduced bactericidal activity, which can be associated with
the poor bacteria-destroying capacity of serum antimicrobial
factors in fish fed the highest concentration of AFB1. In the
case of the diets without Mycofix, the number of bacterial
colonies in the A-10 diet was significantly higher than in the
control treatment, showing a clear impact of AFB1 on serum
antimicrobial factors. In general, values of fish ACP activity
are considerably higher than those for mammals, suggesting
that this activation pathway of the complement system is of
particular relevance for fish as a non-specific immune mech-
anism (Yano et al. 1988, Sunyer and Tort 1995). In this study
it was not possible to evaluate the relation between the AFB1
ingested and the ACP values.

Similarly to the ACP activity, fish lysozyme appears to be
more active than that of higher vertebrates and is able to
eliminate a variety of bacterial pathogens (Yousif et al. 1994).
The innate immune system of fish is considered to be the
main defense against a broad spectrum of pathogens and is
more important for fish in comparison to mammals, with
lysozyme activity being an important index of innate immu-
nity of fish. In fish, lysozyme is found in phagocytic cells,
serum, mucus, and ova. It is a hydrolytic enzyme able to
cleave the cell wall of Gram-positive and some Gram-
negative bacteria. By measuring this parameter, it is possible
to analyze the immunosuppression exerted by the exposure of
catfish to AFB1. We were able to identify a decrease of
lysozyme activity in both treatments; however, in the group
supplemented with Mycofix, the decrease of lysozyme activ-
ity was less pronounced. For instance, the diet containing
200 pg/kg of AFB1 had lysozyme activity values equivalent
to the diet containing 1,000 pg/kg of AFB1 with Mycofix,
showing that Mycofix had a protective effect against AFB1.

As in mammals, in fish some enzymes can be used as spe-
cific “liver-guiding enzymes” that can be a sensitive indicator
of hepatotoxic effects, GPT and GOT being two of those
(Krajnovic-Ozretic and Ozretic 1987). These enzymes are
found in small concentrations in plasma, derived probably
from the regular physiological shedding of cells (Schmidt
and Schmidt 1974). Therefore, any detectable increase of
their activity in plasma can be a reliable indicator of not only
changed metabolic functions but also of structural damage at
tissue level, so the interpretation of results from these
enzymes should be done carefully (Krajnovic-Ozretic and
Ozretic 1987). In the present trial we observed an increasing
value of GPT and GOT in response to the increasing values
of AFBI in the diets, suggesting tissue damage. These
parameters confirm that Mycofix effectively protected the
fish against structural damage at tissue level, caused by
AFBI1. Regarding BUN and uric acid, no strong conclusions
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menor aumento de peso y menor eficiencia alimenticia, a un
nivel inferior de AFB1 (3 pg/kg). Estas discrepancias se
pueden atribuir a diferencias de sexo, edad y localidad, o a
diferentes condiciones ambientales o nutricionales (Eaton y
Groopman 1994), asi como al tiempo de exposicion que
cambia la forma en que el animal maneja la toxina.

En el presente estudio, los tratamientos que contenian
Mycofix Secure mostraron una disminuciéon de los efectos
negativos sobre el crecimiento y la supervivencia (aumento
de peso, TCE y TCA) en comparaciéon con los tratamientos
sin el aglutinante. Las dietas con el aglutinante mostraron una
menor reduccioén en aumento de peso en comparacion con las
dietas sin éste. Es interesante notar una acentuada disminu-
cion en ganancia de peso entre 500 y 1,000 pug/kg de AFBI1,
lo que sugiere que éste es el nivel en que la especie empieza a
tener dificultades para lidiar con el dafio biolégico de las
toxinas. La presencia de AFB1 en la dieta afecta negativa-
mente la TCA de P. fulvidraco. En el tratamiento A-10M el
aglutinante mejor6 la TCA en un 24% en comparacion con el
tratamiento respectivo sin Mycofix (A-10). En general,
Mycofix mejord la TCA en comparaciéon con el grupo
control. Aunque las diferencias no son estadisticamente
significativas, desde una perspectiva econdmica, la mejoria
en la TCA (e.g., 24% para el nivel de 1,000 pg/kg de AFB1)
representa un ingreso real para los acuicultores.

La AFBI1 también es un potente modulador inmunolo-
gico, lo que provoca la supresién del sistema inmune
(Ottinger y Kaattari 1998) y consecuentemente afecta los
valores normales de la proteina total, albiimina, globulina y
relacion A:G. Se han asociado niveles anormales de estas
proteinas con la hemdlisis o mayor desintegracion de las
células rojas de la sangre y/o dafio hepatico (Islam et al.
2004). El higado ayuda a descomponer la bilirrubina en la
sangre, por lo que el dafio hepéatico puede provocar el color
amarillo palido que presentan los peces enfermos y que es
descrito como un posible sintoma de la micotoxicosis en
peces. En el presente trabajo, la reduccion de la proteina total
y una mayor relacion A:G confirmé la inmunosupresion de
P. fulvidraco. Tanto la globulina como la albumina son pro-
ducidas por el higado y si éste es dafiado, ya no puede produ-
cir estas proteinas. Por lo tanto, es posible concluir que la
reduccion del nivel de proteina total puede estar relacionada
con trastornos hepaticos y renales debido a la ingestion de
AFBI1. La mayor relacién A:G sugiere una subproduccion de
inmunoglobulinas, lo cual indica una supresion del sistema
inmune. Asimismo, la naturaleza inmunosupresora de AFB1
en el bagre amarillo puede confirmarse por la menor activi-
dad bactericida, que se puede asociar con la pobre capacidad
de destruccion de bacterias por los factores antimicrobianos
del suero de peces tratados con la concentracion mas alta de
AFBI1. En el caso de las dietas que carecian Mycofix, el
numero de colonias bacterianas en la dieta A-10 fue signifi-
cativamente mayor que en el tratamiento control, lo que
muestra un efecto claro de la AFB1 en los factores antimicro-
bianos del suero. En general, los valores de la actividad de la
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could be obtained from these parameters; however, values
increased when animals were fed diets containing increasing
quantities of mycotoxins. This suggests a change in metabo-
lism function or/and structural damage at tissue level, that
probably could not be detected by macroscopic examination
in such a short-term trial.

In conclusion, the yellow catfish is sensitive to the pres-
ence of AFBI in the diet. A negative relationship between the
AFBI1 level in the diet and fish survival, growth performance,
feed efficiency, and immunological parameters was observed.
Diets containing 1,000 pg/kg of AFB1 were highly toxic to
yellow catfish. The use of the AFBI binder (Mycofix)
decreased the negative impact of AFB1 toxicity on the fish.
While not statistically different in some cases, the results
obtained represent an important step for counteracting AFB1
in aquaculture.
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via alternativa del complemento de peces son considerable-
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