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Abstract The detection of mycotoxins in feeds and their ingredients in aquaculture gained prominence due to
losses caused in production and animal health, mainly the occurrence of aflatoxin (AFB;). The aim of this
study was to evaluate the effects of AFB; on the performance of tambaqui fingerlings (Colossoma macrop-
omum). Four hundred tambaqui were used. Four different treatments were evaluated: treatment T1, considered
as the control treatment (CT) with 3.84 pg kg_l; treatment T2, treatment T3 and treatment T4 with 500, 1000
and 2000 pg kg ' of AFB;, respectively. The AFB, of the samples (muscle, liver and kidney) was detected by
high-pressure liquid chromatography. Four fingerlings from each treatment for histological analysis were
examined. Moreover, the performance parameters (weight gain, feed conversion and feed intake) were
studied. The levels of toxins used in T2, T3 and T4 represent a reduction in the growth of 14%, 35% and 45%,
respectively. The T3 and T4 showed the lowest weight gain (78%) and the worst feed conversion. Aflatoxin B,
in muscle (3.28 pg kg™") and kidneys (8.8 pg kg™") in the T3, as well as liver (4.4 pg kg™') and kidney
(4.08 ug kg™ ") in T4, was detected. Histopathological changes in liver and kidney tissues of fingerlings were
more pronounced in T3 and T4. Fingerlings that consume feed contaminated with AFB; in concentrations
higher than 500 pg kg~ ' present decreases in growth, reduction in weight gain and feed intake with increased
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feed conversion. The consumption of feed contaminated with 1000 and 2000 pug kg~" of AFB, caused severe
deterioration in the hepatic and renal tissues.

Keywords Aquaculture - Aflatoxin B; - Weight gain - Mortality - Histopathology

Introduction

Aquaculture continues to grow faster than other major food production sectors (FAO 2018). Brazil obtained
the third position in production of aquaculture in America with average growth of 27.5% per year from 2005,
and the contribution of Piaui state was 11174 kilograms in 2010, representing a growth of 12.3% (FAO 2012;
Ministério da Pesca e Aquicultura 2012). The tambaqui fish (Colossoma macropomum) is an Amazonian
species cultivated in the Piaui state with a total production of 40 million of fingerlings in fish farming for
producers (Ulrich Saint-Paul 2017).

This increase in aquaculture production must be supported by a corresponding increase in the production of
formulated diets for the cultured aquatic animals. For most aquaculture systems, the cost of feed constitutes
30-60% of the operational costs of the farm (Ng 2003). The primary objective in fish nutrition is to provide a
nutritionally balanced mixture of ingredients as finished feed to support the maintenance, growth, reproductive
performance, flesh quality and health of the animals at an acceptable cost (NRC 1993). The improvement in
the formulation and preparation of diets for fish requires the detection of factors that negatively affect the
quality of feed, to avoid production losses (Conroy 2000). For fish farm, the quality of food in the different
production phases and animal health are essential factors to ensure good animal performance and avoid
economic losses. Balanced rations should be carefully stored so that they can guarantee safe food that favors
the growth of fish.

Mycotoxins are fungal secondary metabolites associated with severe toxic effects to vertebrates and pro-
duced by important fungi including Aspergillus, Penicillium, Fusarium and Alternaria species (Kabak et al.
2006). Many feed ingredients used in aquaculture, such as cottonseed, peanuts, corn, soybean, maize, rice,
dried fish, shrimp and fish meals, have been found to be frequently contaminated with mycotoxins, including
aflatoxins (Spring and Fegan 2005). Aflatoxin B, (AFB) was the first of the mycotoxins to be investigated in
aquaculture. As in other animal species, aflatoxin exerts carcinogenic effects in fish (Spring and Fegan 2005).
Different researchers demonstrated the presence of AFB; in shrimp and fish feed (Bautista et al. 1994;
Abdelhamid et al. 1998, Hashimoto et al. 2003; Buck 2005; Calvet et al. 2009; Nunes et al. 2015).

The number of studies addressing the effects of aflatoxins in aquatic species is very limited. The difficulty
in accurately diagnosing aflatoxicosis in fish may in part explain the lack of information regarding the
incidence of aflatoxicosis in farmed aquatic species. Initial findings associated with aflatoxicosis in fish
include pale gills, liver damage, poor growth rates and immune suppression (Chavez-Sanchez et al. 1994;
Conroy 2000; Aranas et al. 2002; Lopes et al. 2005; Lopes 2008). The occurrence of mycotoxins in products
intended for animal feed may affect not only animal performance but also our health.

Several reports have documented evidence of the negative impact of mycotoxins in fish species that were
informed in the south of Brazil (Lopes et al. 2005; Vieira et al. 2006; Lopes et al. 2010). However, no
information is available about the negative effects of mycotoxins in the fish farmed in the Northeast of Brazil.

The aim of this study was to evaluate the effects of aflatoxin B; on the performance of tambaqui fingerlings
(Colossoma macropomum) simulating the appropriate management in fish farming.

Materials and methods

Aflatoxin production

Aflatoxin production was performed according to Magnoli et al. (2011). Briefly, aflatoxins were produced via
fermentation of rice by A. parasiticus NRRL 2999 (USDA, Agricultural Research Service, Peoria, IL). The

sterile substrate, placed in Erlenmeyer flasks, was inoculated with 2 mL of an aqueous suspension of the mold
containing 10° spores.mL ™", Cultures were allowed to grow for 7 days at 25 °C in darkness. On the seventh
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day, the Erlenmeyer flasks were autoclaved, and the culture material was dried for 48 h at 40 °C in a forced-
air oven and then ground to a fine powder. The AFB; levels in the rice powder were measured by HPLC
(SHIMADZU model Prominence) connected to a fluorescence detector (RF-10AXL SUPER model)
(Trucksess et al. 1994; AOAC 2019). This AFs concentrate was used to contaminate feed.

Determination of aflatoxin B,

For the detection and quantification of AFB,, a Shimadzu® high-performance liquid chromatograph (HPLC
model Prominence) was used with fluorescence detector model RF-10AXL Super, loop of 20 pL, with
excitation and emission of 360 nm and 460 nm, respectively. Chromatographic separation was performed
using a reversed-phase column (150 x 4.6 mm id., 5.0 um particle sizes, VARIAN®, Inc. Palo Alto, USA),
connected to a Supelguard LC-ABZ precolumn (20 x 4.6 mm, 5.0 um particle size, Supelco). For analysis,
an aliquot of 100 pL of the sample was derivatized with 350 pL of derivatizing solution (trifluoroacetic acid/
glacial acetic acid/ water, 20:10:70, v/v). The mobile phase consisted of an isocratic system of acetonitrile/
methanol/ water (17:17:66 v/v) at a flow rate of 1.5 mL min~'. The quantification was performed by mea-
suring the heights and their interpolation to a calibration curve constructed with different concentrations of
AFB standard, dissolved in acetonitrile, from which the limits of detection and quantification of the technique
were extracted. The limit of detection of the analytical method used was 0.4 ng g~ '. The adsorbed AFB,
quantifications were performed by the following equation, where: A = [(B — C) x D]/E, where A = amount
(ng mL™") of toxin adsorbed by the commercial product, B = height of the peak chromatographic peak of the
sample, C = peak of the negative control chromatographic peak, D = concentration (ng mL~") of the positive
control, E = peak of the positive control chromatographic peak.

Animals and installations

A total of 400 fingerlings (about 0.2 g) for the in vivo assay were selected. Previously, fingerlings were
submitted to an adaptation in a tank with control feed. Groups of 25 fingerlings were randomly transferred to
16 experimental units. The assay was carried out according to international health standards and ethical
guidelines (The Ethics Committee for Animal Experimentation of the Universidade Federal de Piaui—number
033/13).

The in vivo assay was performed in 16 polyethylene fish water tanks (250 L) using a continuous water flow
system. The effluent generated in the experiment was decontaminated before being thrown into the envi-
ronment using sodium hypochlorite 2-2.5% for 30 min and acetone for another 30 min (Calvet 2012;
Albuquerque 2013).

Preparation of a naturally contaminated substrate and experimental design

The chemical composition (kg) of commercial fish feed used in the preparation of the experimental diets was:
moisture—120 (g) max., crude protein—400 (g) min., crude fat—75 (g) min., crude ash—130 (g) max.,
fibrous matter—50 (g) max., calcium—10-35 (g) min-max., phosphorus—7000 (mg) min., vitamin A—
10,000 (UI) min., vitamin C—400 (mg) min., vitamin E—120 (UI) min., and inositol—80 (mg). Aflatoxin B,
was analyzed in the samples, and those that presented 3.48 pg.kg~' AFB; or below (amount allowed
according to Brazil legislation—Ministério da Agricultura do Brasil 1988) were used as control (T1) in the
diets. Fish feed samples were grounded and mixed with different amounts of milled rice contaminated with
AFB; in order to obtain 500 pg AFB; kg~' (T2), 1000 pg AFB, kg~' (T3) and 2000 pg AFB, kg™ " of feed
(T4). After homogenization, all samples were re-pelletized as follows: addition of water (30 mL/100 mL),
manual homogenization, pelletization by mincer and selection of pellets using a sieve (0.84 mm). Pellet was
dried in an oven (Secagen—NOVA ETICA) at 50 °C for 48 h and stored at room temperature until the
beginning of the assay.

The assay consisted of four treatments and four repetitions using 25 fingerlings by an experimental unit.
The substrate was used to contaminate the feed with aflatoxins. Treatments were classified as treatment 1
(T1): < 3.84 ug kg~ ' de AFB,, being the control; treatment 2 (T2) with 500 pg kg~"' of AFB1; treatment 3
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(T3) with 1000 pg kg~' of AFB, and treatment 4 (T4) with 2000 ug kg~' of AFB,. Selection of the com-
mercial fish food to be used in the assay was based on the lowest levels of contamination.

Water physicochemical parameters

The parameters (pH, dissolved oxygen, temperature and ammonium) were weekly measured using an
ALFAKIT (Florianépolis, Brasil), according to manufacturer manual.

In vivo assay

In vivo assay was performed from December 2013 to January 2014 for 39 days, still within the raising stage.
After adaptation time, fingerlings were transferred into experimental units and fed three times a day (8 am, 12
am and 17 pm). Body weight and biometric data of fingerlings were recorded at 10, 24 and 39 days. Biometric
parameters were measured using a digital caliper with a resolution of 0.01 mm (DIGIMESS, Sao Paulo,
Brazil). Fingerlings were fasted for 24 h to obtain from each experimental unit average of weight gain, food
intake and food conversion. Samples were randomly collected using a manual fishing net.

Residual aflatoxin B; detection from fish

At the end of the experiment, each fingerling was submerged in 20 L of water added with 10 mL of eugenol
solution (5 mL of eugenol 4+ 95 mL of alcohol) for its sensibilization. Then, they were weighted, measured
and killed. Liver, kidneys and muscle were collected and transferred into individual microtubes for AFB;
detection and quantification. Mycotoxin extraction was performed using multifunctional MycoSep 228 col-
umns (MFC, Romer Labs®, Inc., MO, USA), and detection and quantification according to Trucksess et al.
(1994) as mentioned above.

Histopathology

For the histopathological analyses, four fingerlings of each treatment were collected at 39 days. Visual
analysis of the fish was done to observe external changes. Samples of the musculature, liver and kidneys were
then taken.

The samples were transferred to microtubes, fixed in 10% buffered formalin and sent to the Histopathology
Laboratory of the Agricultural Sciences Center of the Federal University of Piaui (UFPI) for further histo-
logical processing. The fixed tissues were processed according to routine technique and cut into microtome
(4.0 pm) and stained by the hematoxylin and eosin method (LUNA 1968). The processed slides were sent to
the Histology Laboratory of the Health Sciences Center (UFPI) for analysis. The tissues were examined under
binocular light microscope (Olympus, Tokyo, Japan) with magnification of 100, 200 and 400 times and
photographed with a digital photomicrographic system.

Histopathological alterations were classified as scores of 0-3, where 0 = no alteration, 1 = slight alteration,
2 = moderate alteration and 3 = severe alteration (Hose et al. 1996). The definitions slight, moderate and
severe alterations were modified from Poleksic and Mitrovic-Tutundzic (1994) and are characterized in the
following manner. Slight alteration (1) involves changes that do not damage tissues. Moderate alteration (2)
involves changes that are more severe and that lead to effects in tissues associated with the functioning of the
organ. Severe alteration (3) is where recovery of the organ structure is not possible, even with the
improvement in water quality or no. The presence of histopathological alterations in the tissues was deter-
mined semiquantitatively by the degree of tissue alteration which is based on the severity of the lesions:
degree 1 = no pathologic alterations; degree 2 = moderated alterations; degree 3 = high distributed and severe
pathologic alterations.

’r @ Springer



Int Aquat Res

Statistical analysis

For animal performance evaluation, the data analyses were performed by analysis of variance using Tukey
test, and SNK test to determine differences between means (p < 0.05). The analysis was conducted using
PROC GLM in SAS (SAS Institute, Cary, NC).

Results
Water physicochemical parameters

During the whole experimental period, the physical-chemical parameters of the water were checked weekly
(Table 1). The environmental conditions were uniform between the treatments, and the measured parameters
were within the values recommended by the water quality manual for aquaculture and by the current legis-
lation. The measured variables did not influence the experiment. The pH in all treatments was 8.

Effects of AFB; on productive parameters

At the end of the experiment (day 39), the mean length of fingerling from T2, T3 and T4 was significantly
smaller than the control treatment. These results could also be observed since day 10, comparing the mean
length of fingerling and their length at the beginning of the experiment. Statistical differences (p < 0.05) were
found along the treatments with respect to weight gain (g), food intake (g) and conversion (g/g) of fingerlings.
Comparing to T1, weight gain was reduced from 32% in T2 to a 78% in T3 and T4, while the feed intake (%)
decreases from 26% in T2 to 50 in T3 and T4. On the other hand, the conversion increases in relation to the
increase in AFB; levels in the diet (Table 2).

Residual aflatoxin B; detection from fish

Aflatoxin B, was detected in muscle (3.28 pg kg™'), kidneys (8.8 ug kg~') samples in T3 and liver
(4.45 pg kg~") and kidneys (4.08 pg kg ') samples in T4, at the end of the experiment.

Histopathology
With respect to histopathological alterations, liver and renal tissues of fingerlings in T3 and T4 presented the
higher severity and compromise of the organs (Table 3). The muscle was the tissue that did not show

histological lesions (Fig. 1). All analyzed tissue samples of T1 and T2 presented normal structures.
Histopathological changes observed in T3 and T4 treatments, such as vacuolization and degeneration of

Table 1 Physical-chemical parameters of the water measured in the experiment

Water T1 T2 T3 T4 Legislation
parameter

Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum

Temperature ~ 24.5 26.0 24.5 26.3 25.0 26.2 25.0 26.3 20-29%
(O]

Dissolved 8.0 8.0 8.0 8.0 7.0 9.0 8.0 8.0 Not less
oxygen than
(mg/L) 5 mg/L

Ammonia 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 2 mg/L for
(mg/L) pH < 8.0

Nitrite (mg/ 0.00 0.05 0.00 0.50 0.00 0.50 0.00 0.40 1 mg/L
L)

pH 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 6.0-9.0

*Value recommended by aquaculture water quality manual (Alfakit) experiment
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Table 2 Mean length (mm) and average yield of fingerling subjected to diets with different levels of AFB,

Parameter measured Treatments CV (%)
T1 T2 T3 T4

Mean length (mm) of fingerling Days 10 27.5% 25.0° 20.6° 18.9¢ 5.84
24 40.3° 35.7° 30.3¢ 28.0° 8.61
39 52.3% 44.5° 34.2° 31.1° 7.69

Average yield of fingerlings Variable Weight gain (g) 4.1* 2.8° 0.9° 0.9° 11.3
Food intake (g) 3.4° 2.5° 1.7¢ 1.7¢ 6.8
Conversion (g/g) 0.9° 0.9° 2.1° 2.0° 295

CV coefficient of variation. The statistic was performed for each parameter measured by separate
Means followed by different letters differ by SNK test (< 0.05)

Table 3 Histopathological changes observed in tissue fingerlings submitted to diets with different levels of AFB;

Treatments Tissue Histopathological changes

T1 Muscle No remarkable change—normal fibers, cores preserved
Liver = Hepatocytes preserved, vessels and conjunctive tissue normal
Kidney Kidney tissue with preserved and preserved connective epithelium, vessels and ducts unchanged
T2 Muscle Muscle tissue preserved with visible fibers and preserved cores
Liver  Hepatic parenchyma preserved with hepatocytes arranged in cords with capillary sinusoids
Kidney Parenchyma preserved with tubular space and Bowman space preserved
T3 Muscle Preserved fibers, vessels and conjunctive tissue preserved
Liver  Discrete vacuolization and degeneration of hepatocytes, vacuolization and discrete nuclear atrophy
Kidney Discrete occlusion of the tubular lumen, necrosis and inflammatory infiltration, decreased Bowman space
T4 Muscle Preserved fibers, vessels and conjunctive tissue preserved

Liver  Discrete vacuolization and degeneration of hepatocytes, cytoplasmic vacuolization and discrete nuclear
atrophy

Kidney Discrete occlusion of the tubular lumen, necrosis and inflammatory infiltration, decreased Bowman space

hepatocytes, necrosis and inflammatory infiltrate, decreased Bowman’s space, characterizing nephritis. The
histopathological alterations are registered in Figs. 2 and 3.

Discussion

The effects of AFB; on the performance of tambaqui fingerlings (Colossoma macropomum) simulating the
appropriate management in fish farming were studied.

The water physicochemical parameters were analyzed weekly during the experiment. Environmental
conditions were uniform through the treatments, and measured parameters were within those recommended by
the legislation (Diario Oficial da Unido, 2005), so the registered variables did not have an influence on
zootechnical parameters (weight gain, conversion food and food intake).

Fish survive and grow best in water with pH between 6 and 9. If the pH leaves this range, its growth will be
affected, for example, if values below 4.5 or above occur, mortality may occur (SILVA 2003). In the study, the
pH remained at 8.0, proving that this parameter was not responsible for fish mortality.

In this study, we observed the adverse effects of the addition of 500 pg kg ' of AFB; in the diet. In another
study, the incorporation of more than 203 pg kg~' of AFB, into the experimental diet of jundid (Rhamdia
quelen) decreased the growth rate, proving similar effects. (Lopes et al. 2005). Conroy et al. (2000) in a study
using tetrahybrids of red tilapia (Oreochromis mossambicus x O. urolepis x O. niloticus x O. aureus)
reported the same behavior after the ingestion of feed contaminated with levels of AFB; over 5 pg kg™' in a
period of 135 days. Tuan et al. (2002) investigated the effect of different concentrations of AFB; (0, 250,
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Fig. 1 Photomicrograph of muscle tissue of fingerlings of Colossoma macropomum stained with HE (40 x). a (T1), b (T2);
¢ (T3) and d (T4). Smooth muscle tissue with preserved fibers and nuclei arranged in the periphery of the normal cell

2500, 10,000 and 100,000 pg kg_l) on Nile tilapia fingerlings (Oreochromis niloticus) and informed that 2500
and 10,000 pg kg~' of the toxin led to the reduction of weight gain and 100,000 pug kg~' caused severe
weight loss and dead of the 60% of the assayed animals; it can be said that the effects of AFB,; in Nile tilapia
are dose dependent.

Feed conversion was better in T1 and T2, and there was no significant difference between them. It was
further observed that the higher the AFB, levels in the feed, the greater the feed conversion and greater would
be the period of growth to reach the desired size. These factors may lead to an increase in production costs,
causing economic losses for the producer.

The levels of AFB; used in the treatments interfered significantly (p < 0.05) in weight gain, growth rate
and feed conversion of tambaqui fingerlings; this indicate that the ingestion of food contaminated with AFB;
may cause economic harm to producers at the beginning of fish farming. Therefore, it is necessary to use
quality ingredients (free from fungal and mycotoxins contamination) to obtain safe fish feed.

* @ Springer
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Fig. 2 Photomicrograph of renal tissue of fingerlings of Colossoma macropomum stained with HE (40 x). a (T1) Preserved renal
parenchyma, preserved conjunctival epithelium, preserved Bowman space and tubular; b (T2) preserved renal parenchyma; ¢ (T3)
and d (T4) focal tubular necrosis, reduction of Bowman space

There are no previous reports about effects of AFB; on productive parameters; from what has been exposed
about the significance of tambaqui (Colossoma macropomum) production, the assessment of food quality must
include mycotoxicological aspects that also interfere in fingerlings performance.

In this study, different concentrations of toxin were detected in different organs. Lopes et al., (2005)
informed AFB, residual deposition on liver (1.6 pg kg™', 4.0 ug kg™" and 12.9 pg kg™") of Jundia finger-
lings (Rhamdia quelen) that has been feed with diets containing different levels of toxin (350 pg kg™,
757 ug kg ™' and 1177 pg kg~ ") along 5 weeks. The toxin deposition of AFB; was higher in jundia finger-
lings than that in tambaqui fingerlings used in this study.

Hepatotoxic and nephrotoxic effects of AFB; on animals (Santacroce et al. 2008; Williams et al. 2004;
2003; Creppy 2002) can increase tambaqui fingerlings susceptibility to acquiring certain pathologies as other
aquatic animals assayed (Calvet 2012; Albuquerque 2013).

Along the experiment, fingerlings died in a 1% in T1 and T2, 48% in T3 and 24% in T4 where the mortality
rate was higher than the expected (5-10%). This could be related to the histopathological alterations observed
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Fig. 3 Photomicrograph of hepatic tissue of fingerlings of Colossoma macropomum stained with HE (40 x). a (T1) hepatocytes
in cords, large-caliber vessel; b (T2) hepatocytes cords; ¢ (T3) vacuolization; d (T4) intense vacuolization greasy, degeneration of
hepatocytes, nuclear atrophy

on T3 and T4 as hepatocytes vacuolization and degeneration necrosis and inflammatory infiltrate and
reduction of Bowman space representing a nephritis situation.

In conclusion, fingerlings that consume feed contaminated with AFB; in concentrations higher than
500 pg kg_1 present decreases in growth, reduction in weight gain and feed intake with increased feed
conversion. The consumption of feed contaminated with AFB, (1000 pg kg~' and 2000 pg kg™") causes
renal impairment and severe hepatic tissues of fingerlings.

The number of studies addressing the effects of aflatoxins in aquatic species is very limited. This report
provides new studies in Brazil, since there are differences between the aquaculture practices of the south and
north of Brazil, the cultivated species are different, as well as the food provided.

In this study, effects of aflatoxin B; on the performance of fingerlings of tambaqui (Colossoma macrop-
omum) were found. The AFB, levels used in the treatments interfered significantly on weight gain, growth rate
and food conversion; this could indicate that the intake of contaminated food with AFB; may cause economic
damage to the producers at the beginning of fish farming. The assessment of food quality must include
mycotoxicological aspects that also interfere in fingerlings performance.

x @ Springer



Int Aquat Res

Acknowledgements This work was carried out with grants from CAPES, Brazil.
Compliance with ethical standards
Conlflict of interest All authors declare that they have no conflict of interest.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made.

References

Abdelhamid AM, Khalil FF, Ragab MA (1998) Problem of mycotoxins in fish production. Egypt J Nutr Feeds 1:63-71

Albuquerque WF (2013) Efeitos da Ocratoxina A no Desempenho do Camario Branco do Pacifico (Litopenaeus vannamei). 80f.
Tese (Doutorado em Ciéncia Animal), Universidade Federal do Piaui, Teresina

AOAC—Association of Official Analytical Chemists (2019) Official methods of analysis, 21st, edition 2

Aranas S, Tabata YA, Sabino M (2002) Differential effect of chronic aflatoxin B, intoxication on the growth performance and
incidence of hepatic lesions in triploid and diploid rain bow trout (Oncorhyn chusmykiss). Archivos de Medicina Veterinaria
34:253-263

Bautista MN, Lavilla-Pitogo CR, Subosa PF, Begino ET (1994) Aflatoxin B; contamination of shrimp feeds and its effect on
growth and hepatopancreas and pre-adult Penaeus monodom. J Sci Food Agric 65:5-11

Buck EL (2005) Micotoxinas em ra¢do comercial para peixes. 44f. Dissertagdo (Mestrado em Ciéncia Animal) — Programa de
P6s-Graduagio em Ciéncia Animal, Universidade Estadual de Londrina, Parana

Calvet RM (2012) Efeitos da Aflatoxina B; no desempenho do camardo branco do pacifico (Litopenaeus vannamei). 112f. Tese
(Doutorado em Ciéncia Animal), Universidade Federal do Piaui, Teresina

Calvet RM, Muratori MCS, Pereira MMG, Rosa CAR, Astoreca A, Dalcero A (2009) Aflatoxina B; em racdo de camario
cultivados no litoral do Piaui. In:Congresso Latino-Americano de Analistas de Alimentos, 2., Encontro Nacional de Analistas
de Alimentos, 8., Belo Horizonte, 2009. Anais. Belo Horizonte. Anais Eletronico, 2009

Cast—Council for Agricultural Science and Technology (2003) Mycotoxins: risks in plant, animal and human systems. Task
Force Report N°139, Ames, lowa, USA

Chavez-Sanchez MC, Martinez Palacios CA, Osorio Moreno I (1994) Pathological effects of feeding Young Oreochromis
niloticus diets supplemented with different levels of aflatoxin B1. Aquaculture 127:49-60

Conroy G (2000) Alteraciones asociadas con dos alimentos comerciales en tetrahibridos de tilapia roja cultivados en Venezuela.
Associacion Americana de Soya. Boletin Informativo, Caracas-Venezuela, p 33

Creppy EE (2002) Update of survey, regulation and toxic effects of mycotoxins in Europe. Toxicol Lett 127(1-3):19-28

Diario Oficial da Unido N° 053, Resolu¢do-RDC N° 357, 17 de marco (2005) Dispde sobre a classificacdo dos corpos de dgua e
diretrizes ambientais para seu enquadramento, bem como estabelece as condi¢des e padrdes de lancamentos de efluentes, e da
outras providéncias. Didrio Oficial da Unido N° 053. Brasilia, DF. p. 58-63. Disponivel em: http://www.mma.gov.br/port/
conama/res/res05/res35705.pdf

FAO—Food and Agriculture Organization (2012) World aquaculture production by culture environment. http://www.fao.org/
fishery/statistics/es

FAO—Food and Agriculture Organization (2018) The state of world fisheries and aquaculture 2018—meeting the sustainable
development goals. Rome. Licence: CC BY-NC-SA 3.0 IGO. http://www.fao.org/3/19540EN/i9540en.pdf

Hashimoto EH, Santos MA, Ono EYS, Hayashi C, Bracarense AP, Hirooka EY (2003) Bromatologia e contaminacdo com
fumonisina e aflatoxina em ragdes utilizadas na piscicultura da regido de Londrina, Estado do Parana. Brasil Ciéncias
Agrarias 24(1):123-132

Hose JE, McGurk MD, Marty GD, Hinton DE, Brown ED, Baker TT (1996) Sublethal effects of the Exxon Valdez oil spill on
herring embryos and larvae: morphological, cytogenetic, and histopathological assessments, 1989-1991. Can J Fish Aquat
Sci 53:2355-2365

Kabak B, Dobson AD, Var I I (2006) Strategies to prevent mycotoxin contamination of food and animal feed: a review. Crit Rev
Food Sci Nutr 46:593-619

Lopes PRS (2008) Efeito das aflatoxinas e dos adsorventes sobre o desempenho zootécnico de alevinos e juvenis de jundia:
Rhamdia quelen. Pelotas, UFPEL. http://repositorio.ufpel.edu.br/handle/123456789/2627

Lopes PRS, Neto JR, Mallmann CA, Lazzari R, Pedron FA, Veiverberg CA (2005) Crescimento e alteragdes no figado e na
carcaca de alevinos de jundia alimentados com dietas com aflatoxinas. Pesquisa Agropecudria Brasileira 40(10):1029-1034

Lopes P, Pouey JL, Enke DB, Camargo S, Correa G, Ribeiro CL, Mallmann CA, Portleninha MK, Santiago MF, Soquetta M
(2010) Aflatoxin effects on erythrocytic parameters of silver catfish (Rhamdia quelen). Rev. FZVA, Uruguaiana 17:1-13

Luna LG (1968) Manual of the histologic staining methods of the armed forces institute of pathology, 3edn. McGraw Hill, New
York, p 258

Magnoli AP, Monge MP, Miazzo RD, Cavaglieri LR, Magnoli CE, Merkis CI, Cristofolini AL, Dalcero AM, Chiacchiera SM
(2011) Effect of low levels of aflatoxin B; on performance, biochemical parameters, and aflatoxin B, in broiler liver tissues
in the presence of monensin and sodium bentonite. Poult Sci 90:48-58

ﬁ @ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.mma.gov.br/port/conama/res/res05/res35705.pdf
http://www.mma.gov.br/port/conama/res/res05/res35705.pdf
http://www.fao.org/fishery/statistics/es
http://www.fao.org/fishery/statistics/es
http://www.fao.org/3/I9540EN/i9540en.pdf
http://repositorio.ufpel.edu.br/handle/123456789/2627

Int Aquat Res

Ministério da Agricultura do Brasil (1988) Portaria MA/SNAD/SFA No. 07, de 09/11/88 - publicada no diario Oficial da Unido de
09 de novembro de 1988, Secdo I, pagina 21.968, 1988

Ministério da Pesca e Aquicultura (2012) Boletim Estatistico da Pesca e Aquicultura. Brasilia, DF. http://www.mpa.gov.br/index.
php/informacoes-e-estatisticas/estatistica-da-pesca-e-aquicultura

Ng W-K (2003) The potential use of palm kernel meal in aquaculture feeds. Fish Nutrition Laboratory, School of Biological
Sciences, Universiti Sains Malaysia, Penang 11800, Malaysia. Aquac Asia. January—March 2003, vol VIII, no 1

NRC (1993) Nutrient requirements of fish. National Academy, Washington, DC

Nunes EM, Pereira MM, Costa AP, Rosa CA, Pereyra CM, Calvet RM, Marques AN, Cardoso F, Muratori MC (2015)
Surveillance of mycotoxins and mycobiota related to raw materials and finished feed destined for fish. Latin Am J Aquat Res
43:595

Piaui (2012) Producdo de alevinos no Piaui. Didrio Oficial do Piaui. 20120628 00:07:07. http://www.diariooficial.pi.gov.br/
materia.php?id=165

Poleksic V, Mitrovic-Tutundzic V (1994) Fish gills as a monitor of sublethal and chronic effects of pollution. In: Miiller R, Lloyd
R (eds) Sublethal and chronic effects of pollutants on freshwater fish. Cambridge Univ. Press, Cambridge, pp 339-352

Saint-Paul Ulrich (2017) Native fish species boosting Brazilian’s aquaculture development. Acta Fish Aquat Res 5(1):1-9

Santacroce MP, Conversano MC, Casalino E, Lai O, Zizzadoro C, Centoducati G, Crescenzo G (2008) Aflatoxins in aquatic
species: metabolism, toxicity and perspectives. Rev Fish Biol Fish 18:1

Spring P, Fegan DF (2005) Mycotoxins—a rising threat to aquaculture. Nutritional biotechnology in the feed and food industries.
In: Proceedings of Alltech’s 21st annual symposium, Lexington, pp. 323-331

Trucksess MW, Stack ME, Nesheim S, Albert RH, Romer TR (1994) Multifunctional column coupled with liquid
chromatography for determination of aflatoxins Bj, B,, Gy, G, in corn, almonds, Brazil nuts, peanuts and pistachio nuts:
collaborative study. J AOAC 77:1512-1521

Tuan AN, Grizzle JM, Lovell RT (2002) Growth and hepatic lesions of Nile Tilapia Oreochromis niloticus fed diets containing
aflatoxin B. Aquaculture 212:311-319

Vieira V, Neto J, Lopes PRS, Lazzari R, Fonseca MB, Menezes CC (2006) Alteragdes metabdlicas e hematoldgicas em jundias
(Rhamdia quelen) alimentados com rac¢des contendo aflatoxinas. Cién Anim. Bras Goiania 7:49-55

Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM, Aggarwal D (2004) Human aflatoxicosis in developing countries: a
review of toxicology, exposure, potential health consequences, and interventions. Am J Clin Nutr 80:1106-1122

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

ﬁ @ Springer


http://www.mpa.gov.br/index.php/informacoes-e-estatisticas/estatistica-da-pesca-e-aquicultura
http://www.mpa.gov.br/index.php/informacoes-e-estatisticas/estatistica-da-pesca-e-aquicultura
http://www.diariooficial.pi.gov.br/materia.php?id=165
http://www.diariooficial.pi.gov.br/materia.php?id=165

	Effects of aflatoxin B1 on performance and health of tambaqui fingerlings (Colossoma macropomum)
	Abstract
	Introduction
	Materials and methods
	Aflatoxin production
	Determination of aflatoxin B1
	Animals and installations
	Preparation of a naturally contaminated substrate and experimental design
	Water physicochemical parameters
	In vivo assay
	Residual aflatoxin B1 detection from fish
	Histopathology
	Statistical analysis

	Results
	Water physicochemical parameters
	Effects of AFB1 on productive parameters
	Residual aflatoxin B1 detection from fish
	Histopathology

	Discussion
	Acknowledgements
	References




