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Abstract

:

Aflatoxins are the most toxic and carcinogenic mycotoxins produced by Aspergillus species. Aflatoxin B1 (AFB1) contamination in industrial and local chicken livers and gizzards in Maputo was investigated. One hundred boiler livers and 80 boiler gizzards were collected from industrial and local cutting poultry production sectors. The samples were analyzed by the ELISA method (MaxSignal®, Bioo Scientific Corporation). AFB1 was found in 39% of liver samples and 13.8% of gizzards, with mean levels of 1.73 µg/kg and 1.07 µg/kg, respectively. The frequency of contamination and AFB1 levels in samples from local sector producers was not significantly higher than those from industrial sector producers (p > 0.05). No correlation was found (p = 0.493; r2 = 0.013) between AFB1 levels in livers and hepatic weights. The AFB1 levels were lower than the allowed limits, suggesting that these products do not pose high risk to consumers. Notwithstanding, there is a need to implement aflatoxin residue monitoring and controls in all chicken meat products; this economic and efficient technique appears to be valuable for improved food safety in Mozambique.
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1. Introduction


Poultry industry represents an activity of great importance worldwide, including Mozambique, since it constitutes one of the main sources of animal protein available to the population [1]. However, many crops used as main poultry feed ingredients—such as corn, peanut meal, cottonseed meal, and sorghum—are susceptible to mycotoxin contamination, representing a greater risk for introduction of mycotoxins in poultry diets [2,3,4,5].



Feed contaminated with mycotoxins, especially aflatoxins, is often a health and production hazard for poultry. Moreover, mycotoxin residues in poultry products may represent a threat to humans through their carcinogenic, mutagenic, teratogenic, immunosuppressive, and other adverse effects [2,6,7,8]. In addition, annually, many of the mentioned crop and approximately 25% of the world’s food supply are contaminated with mycotoxins [3,5,6,7,8,9].



Mycotoxins are toxic metabolites produced by molds under specific conditions. Among them, aflatoxins produced by toxigenic fungi—mainly Aspergillusflavus, Aspergillusparasiticus, and Aspergillusnomius—constitute some of the most important environmental toxicants which represent a health hazards both for humans and animals [2,6,7,10]. Among the aflatoxins, four major groups—aflatoxin B1, B2, G1 and G2—are emphasized [10,11], with aflatoxin B1 (AFB1),the most toxic and a known carcinogen [10,11,12], being included in Group 1 of carcinogenic agents by the International Agency for Research on Cancer(IARC) [2,5,8,13].



When ingested by animals, including humans, AFB1 is metabolized in the liver by specific cytochrome P450 enzymes into various isomers, including aflatoxin-8,9-epoxide, which may then bind to proteins and cause acute toxicity (aflatoxicosis) [10,14,15,16,17,18] or to DNA and induce liver cancer [2,8,10,18]. In addition to reactive oxygen species, AFB1 metabolism results in the production of aflatoxin M1 (AFM1), which has similar toxic properties to AFB1 [5,8,10,18].



Besides the toxic effects, consumption of AFB1 contaminated feeds by poultry may lead to significant economic losses due todecreases in growth performance and meat quality, poor feed utilization [2,10,18,19,20], and an increase in the incidence of disease in poultry [2,10,17]. This considerable sensitivity of poultry species to AFB1 may be associated with their livers’ efficient capacity to convert AFB1 to the metabolically active aflatoxin aflatoxin-8,9-epoxide [5,10,17,18,20]. However, it is reported that the susceptibility to aflatoxins differs among poultry species [2,5,12,20], with ducks beingthe most susceptible, followed by turkeys, boilers, and laying hens [2,5,17].



Aflatoxin residues, especially AFB1 and its metabolites, may be present in the tissues, milk, and eggs of animals fed with AFB1-contaminated diets to become a potential human health hazard [2,5,7,10,18,21]. It has been demonstrated that AFB1 intake is associated with a high incidence of human liver cancer [3,8,12], and also with the incidence of breast, prostate, and gastrointestinal cancers; protein-energy malnutrition in children; as well as linked with the progression of HIV infection, especially in low-income countries [3,8,22,23]. Since it is considered a major risk to public health, human exposure to AFB1 through animal sourcefood has been reported by several investigators [3,8,9,19,24] and is continuously monitored in developed countries through different chromatographic and immune-enzymatic methods [5,7,25,26,27,28,29,30,31]. This monitoring does not occur in many developing countries, including Mozambique.



In Mozambique, the consumption of chicken meat tends to increase each year. According to FAO [1], in 2011, the total volume chicken meat consumed was 46,572 tons, with an average availability of 1.94 kg of poultry meat per capita. Nevertheless, it was also estimated that 13 percent of the consumed meat was imported and 31 percent of the total domestic production was from the local sector or smallholder family sector [1].



Previous studies have indicated the presence of aflatoxin(s) in poultry feed [32], and also concentrations in main ingredients [33,34] as being above the maximum allowed level by the Codex Alimentarius regulations. There are different regulatory limits for aflatoxin in foodstuffs throughout the world, varying form one country to another [6,24,35,36]. Many developing countries, including Mozambique, have no legal limits for aflatoxins, as a result of economic considerations [6,9,35,36]. Those countries have generally adopted the Codex Alimentarius regulations, which prescribe that the maximum level of AFB1 in human food should not exceed 10 μg/kg (ppb) [6,24,35]. Moreover, in Brazil for example, which is the main source of imported chicken meat in Mozambique, the maximum tolerated level of AFB1 in human food is 5 μg/kg [6].



Considering the above facts and the very limited studies conducted in Mozambique on the occurrence of aflatoxins in chicken meat, the present study aimed to investigate AFB1 contamination in livers and gizzards of industrial and local produced boilers in the Maputo region, using an ELISA quantification method. The results of the present study will be helpful to create awareness of the health hazards associated with these toxins, and also to assist research and monitoring programs to implement regulation.




2. Materials and Methods


2.1. Sampling


A total of 180 samples (100 liver and 80 gizzards, considered approved for commercialization) were collected randomly between May and June 2016 from four different locations of chicken production and slaughtering facilities in Maputo, Mozambique. Sampling locations included two from the industrial sector or formal producers (IS) and three from the local sector (smallholder family sector) or informal producers (LS). The collected samples were placed into sterile plastic bags (Ziploc type), identified, and transported to the Laboratory of Chemistry, Animal Sciences Department of the, Mozambique Institute of Agricultural Research (IIAM), under refrigerated conditions in an ice box and stored between −4 °C and 0 °C [5,7], until further analysis.




2.2. Morphological Evaluation of Liver Samples


During collection, liver samples were weighed using a non-analytical digital balance (1–3000 g) and examined for color, categorizing them as “normal”, “pale or yellow”, and “moderate” livers, according to procedures described in Dos Anjos et al. [16] and the USDA [37]. The “normal” livers were defined as those with range in color from tan to deep mahogany red, while ‘moderate’ livers encompassed those with up to two-thirds of the total area being pale or yellow in color.




2.3. Analytical Procedures


2.3.1. Extraction of Aflatoxin B1


Before analysis, equipment and materials used were washed with detergent and distilled water, then, when applicable, sterilized with an autoclave. Extraction of AFB1 from liver and gizzard samples was performed according to the recommendations of the ELISA kit manufacturer. Two (2) grams of individually ground and homogenized samples were blended with 8 mL of 87.5% methanol in a 15 mL centrifuge tube and shaken vigorously for 3 min on vortex. Subsequently, the samples were centrifuged for 10 min at 4000× g at room temperature. The supernatant (300 μL) from each sample was diluted with 900 μL of a mixture of 100% methanol and 1× extraction buffer and shaken for 1 min on vortex. In addition, to assess the accuracy of the ELISA measurements [38], two negative liver samples of a preliminary testing were spiked with 5 and 10 μg/kg AFB1.




2.3.2. Analysis of AflatoxinB1 in Samples


AFB1 content analysis was performed by a competitive ELISA method, using the AFB1 MaxSignal® commercial kit (1055-04, MaxSignal®, Bioo Scientific Corporation, Austin, TX, USA), which contains 96-well micro-titer plates sensitized with monoclonal antibody specific for AFB1. Fifty (50) μL of each standard solution and each sample, including those artificially contaminated (spiked), were added in duplicate to the wells of the micro-titer plate. Subsequently, 100 μL of aflatoxin B1-horseradish peroxidase conjugate was added to each well of the plate, the plate was manually shaken for 1 min and incubated at room temperature for 30 min. After incubation, micro-titer plate wells were completely emptied and washed three times with 250 μL of the 1× wash solution in each wash, and dried by tapping several times on a paper towel layer. Unbound conjugate was removed during washing. After the washing step, 100 μL of tetramethylbenzidine (TMB) substrate was added to each well of the plate, and the plate was manually shaken again for 1 min and incubated at room temperature for 15 min (counted from the first addition of the substrate). The reaction was stopped by adding 100 μL of the enzyme reaction inhibition buffer, and the absorbance was immediately measured at 450 nm in a BioTek® ELISA plate reader (EL-800, BioTek®, Winooski, VT, USA). The absorption intensity was found to be inversely proportional to AFB1 concentration in the sample. AFB1 concentrations, as well as standard curve determination, were processed on a specific aflatoxin MaxSignal® Excel analysis program (Bioo Scientific Corporation, Austin, TX, USA), considering a dilution factor = 20, as recommended in the kit procedures. Besides to the sample spiking’s, an intra- and inter-assay coefficient of variation (%CV) less than 20% [38], as well as a repetition of two positive samples for each assay run were considered as criteria to ensure the required quality (for validation) of the measurement results.





2.4. Statistical Analysis


The data were statistically analyzed using Prism software (GraphPad Software, Inc. 5.1, San Diego, CA, USA), and expressed as frequencies or means. Frequency of AFB1 contamination was analyzed using the Chi-square test. AFB1 concentrations were analyzed using analysis of variance (ANOVA) and Tukey multiple test. Correlation between AFB1 levels in livers and liver weights was also analyzed by linear regression. The level of significance was set at p < 0.05 for all statistical analyses tests. Recovery rates of artificially contaminated (spiked) samples were calculated by dividing the recovery AFB1 levels with the AFB1 spiking levels.





3. Results


In the present study, 100 samples of chicken liver and 80 of gizzard were tested for the frequency of AFB1 contamination using an ELISA technique. In the morphological evaluation, most of the liver samples were found to be normal (47%) or moderate (40%) in color, whereas the weight was higher in livers from local sector (LS) producers with (42.4 ± 5.24 g) compared to industrial sector (IS) producers (38.0 ± 5.48 g); p < 0.05 (Table 1). Differences of liver weights between the liver type were also found (p < 0.05 ANOVA test), with high weights in pale/yellow (45.59 ± 2.06) and moderate livers (46.03 ± 0.90), for IS and LS producers, respectively.



For the ELISA assays, known amounts of AFB1 were added in two liver samples to determine the recovery rates. These varied between 91% and 93% for 5 and 10 μg/kg AFB1 spiked levels, respectively (Table 2). Frequency of contamination and AFB1 levels in analyzed samples are shown in Table 3; 39% of liver samples and 13.8% of gizzards were found positive for AFB1 contamination. The contamination and AFB1 levels in samples from LS producers were not significantly higher than those from IS producers (p > 0.05). Numerically, in the LS, AFB1 was found in 66.7% of livers and 30% of gizzards, in comparison to the IS, which resulted in 27.1% and 4.0% contamination in livers and gizzards, respectively. The highest levels of AFB1 were found in liver samples and the lowest levels in gizzard samples, both from LS producers, averaging 1.73 μg/kg and 1.04 μg/kg, respectively. However, all estimated AFB1 contamination levels were lower than the allowable limit (10 μg/kg) for total aflatoxin in food in Mozambique.



Correlations among hepatic AFB1 levels and colors (Figure 1) and weights (Figure 2) were evaluated, with no difference found by color score (p > 0.05), suggesting the absence of any correlation. AFB1 levels were found to be high in pale livers, followed by moderate and normal livers.




4. Discussion


Aflatoxin contamination in food and foodstuffs represents a major threat to the health of exposed people. AFB1 was detected in chicken liver and gizzard samples from Maputo, thus confirming the poultry’s exposure through feed or feed ingredients, according to previous reports [32,33,34]. AFB1 is known as the most toxic and carcinogenic natural toxicant [10,11,12], which may cause aflatoxicosis and/or induce liver cancer [8,10,14,17,18], as well as, originate metabolite compounds with similar toxic properties, such as aflatoxin [5,10,14]. This emphasizes the importance of monitoring aflatoxins and their metabolites in poultry products.



Overall, the relative high frequency of contamination and AFB1 levels in livers samples from local sector producers—proportionally twice as many as in chicken livers from industrial sector producers—may be explained by the fact that feeding practices and poultry feeds can be major source of aflatoxins [7,31,39,40]. It is a pre-requisite practice in the industrial poultry production sector to ensure adequate conditions and controlled practices of food management and feed storage; regulatory practices and enforcement of proper feed storage guidelines are not as stringent in the local (smallholder family) poultry production sector [1,39,40,41].



Iqbal et al. [7] from Pakistan, using reverse phase High Performance Liquid Chromatography (HPLC) with fluorescence detention, documented that 35% of chicken meat samples were positive for aflatoxins, with the maximum level of AFB1 and total aflatoxins found in the livers 2.98 ± 0.76 and 3.23 ± 0.82 μg/kg, respectively. El-Desouky et al. [5] from Egypt, using immunoaffinity column with HPLC, reported the presence of AFB1 in 45, 32, and 25% of 60 chicken livers, gizzards, and hearts in their study samples, with an overall maximum level of 2.24 μg/kg.



Markov et al. [28] from Croatia reported that mycotoxins were detected in 64% of 90 meat samples analyzed, and found that 10% of the samples were contaminated with AFB1, with a maximum AFB1 level of 3.0 mg/kg. Using different testing systems, Herzallah [27] found levels of total aflatoxins in imported and fresh meat samples collected during March ranged from 0.15 to 6.36 μg/kg.



In a review study, Rodriguez-Amaya and Sabino [42] from Brazil found variable frequency of AFB1 contamination in chicken liver samples; with positivity at ~50% of samples tested, and maximum mean level 3.2 μg/kg. In a separate Brazilian investigation, Stamford et al. [43], using ELISA and Thin Layer Chromatography (TLC), found AFB1 concentrations in livers samples from different slaughterhouses ranging from 0.54 to 2.41 μg/kg. Most of these previous findings are in complete agreement with the findings of the present study, although with different tissues and species.



Therefore, it may be noted that unlike the present study, most of the cited reports used HPLC and TLC for aflatoxin content determination. This methodological approach is due to the fact that these techniques are conventional and validated, in addition to their high efficiency, high sensitivity, and high resolution, with low detection limit (about 0.1 ng/kg) [44,45]. However, due to the special requirements, expensive apparatus and instruments, as well as laborious and time consuming preparation of samples of the conventional methods [44,45], immunoassay methods such as ELISA have been frequently used recently—especially in low income countries—for mycotoxin examination in food and agricultural products [44,45,46]. According to Zheng et al. [45], ELISA test kits are favored as high throughput assays with low sample volume requirements and often less sample extract clean-up procedures compared to conventional methods. Moreover, the method is rapid, simple, specific, sensitive, and portable for use in the field, in addition to being fully quantitative [45,46]. Although, it is also reported that clean-up by IAC prior to ELISA testing is needed [7,44,45]; a step which was not performed in the present study due to financial limitations. Many commercial ELISA aflatoxin tests, such as that used in this study, often without purification, only need the defatting step prior to analysis, which makes the test essentially useful as a screening test for routine quality control of foodstuffs contamination [45,46]. Bahobail et al. [46] using an ELISA MaxSignal® commercial kit (MaxSignal®, Bioo Scientific Corporation, USA)—without prior cleanup procedure—found trace amounts of total aflatoxin contamination in egg samples (ranging from <1 to 1.19 μg/kg).



In poultry animals, mycotoxicosis can present direct or acute symptoms, including negative effects on their immune system, but reductions are less obvious [2,14,16,20,47]. Among the symptoms, gross hepatic changes in color, volume or weight, and consistency are frequently the first and most observed in poultry species [16,43,47,48,49,50]. These parameters, in addition to odor, are commonly used as selection criteria in several countries to approve livers and other edible viscera for in natura commercialization [37,43]. In such cases, the findings of the liver color assessment are considered as primary effects of aflatoxicosis in the current study would have led to condemnation of approximately 53% of the total sampled livers (“moderate” or “pale”). However, similar hepatic changes can be observed as result of other factors such as pre-harvest feed withdrawal [51] and exposure of chickens to high environmental temperatures [52], hence only 39% of total livers showed AFB1 levels.



The low AFB1 levels, as well as their non-correlation with liver morphological findings in the present study, can be hypothesized as a result of the natural variation of feed contamination and the consequent exposure of the chickens. Although feed levels were not quantified in this study, the effects of aflatoxins on animals vary depending on the concentration and duration of consumption, breed, and diet [26]. The detection of AFB1 in livers and gizzards, as well as other of animal origin products, occurred when diets were contaminated with AFB1 levels between 2.5 to 20 mg/kg [26], with increases of AFB1 in the diet resulting in higher residue levels in animal tissues [19,21,29,53,54].



Wolzak et al. [55] reported that tissue residues of aflatoxin were highest in the liver, gizzard, and kidney when boilers were exposed for four weeks to a mixture of AFB1 and AFB2. After seven days of removal of the contaminated feed, aflatoxin could not be detected in aforementioned tissues. In this regard, Hussain et al. [56] recently reported that during long exposures to AFB1, the elimination of AFB1 in chicken increases. The authors also concluded that despite the increasing AFB1 residues in chicken tissues as a result of an increase in dietary concentration, contamination decreases with the increasing age of chickens. It has also been reported that concomitant exposure of birds to multiple types of mycotoxins may increase the excretion of toxins, thereby reducing their retention [56].



The current low AFB1 levels recorded in poultry tissues in this study (0.57–3.8 µg/kg) suggest improvements in feed handling and feed safety over the past decade. Nonetheless, continued vigilance is necessary to monitor efficacy and progress. Since any improper production, feed handling, or storage may result in the development of toxigenic fungi and the consequent production of aflatoxins, it is relevant to conduct a regular screening for aflatoxins and other mycotoxins in poultry feeds, as well as in meat products to minimize both animal and human health hazards.




5. Conclusions


The AFB1 contamination values measured in chicken livers and gizzards were lower than the current allowable limit in Mozambique, suggesting that these products may pose minimal risk to consumer health. Since the consumption of chicken meat, including giblets (livers and gizzards), is increasing due to its availability at reasonable prices, the widespread findings of AFB1 (up to 67% in LS produced livers) present alarming baseline information with human health implications, as well as national economic factors associated with poultry production.



The use of a relatively rapid and economic ELISA assay technique may provide a useful analytical tool for developing better standards of monitoring (and, ultimately, eliminating or controlling) the presence of these potential toxins in feed and animal source food in particular chicken meat.



Nevertheless, due to the limitation of the ELISA method, as well as the reduced period of sampling, there is a need, before determination, to include an immunoaffinity cleanup step or consider the test validation, and also to increase the sampling period, to guarantee accurate quantitative measurements and inclusion of the several influencing factors. In addition, permissible limits should be defined and implemented for feeds to avoid fungal contamination; although not a focus of this current study, the ELISA test may also be applicable for feedstuff evaluation as part of overall food safety programs in Mozambique.







Acknowledgments


This reaserch was supported in part by the Scientific Direction of Eduardo Mondlane University. The authors are grateful for the Animal Sciences Department, Mozambique Institute of Agrarian Investigation (IIAM) for giving access to the ELISA kits and their facilities for laboratory analyses. We are also grateful to: Professor David Ledoux of the Animal Sciences Research Center, Missouri University, Columbia, EUA for their useful comments and review of the English language during the preparation of this manuscript; Helena Matusse, Carla Menezes, and all collaborators of the laboratory of chemistry for technical assistance; and Dirce Moreno for the sampling opportunity at the industrial abattoirs.




Author Contributions


All authors contributed equally to this work and have approved the final version of the manuscript.




Conflicts of Interest


The authors declare that there are no conflicts of interest.




References


	



Food Agricultural Organization. Poultry Sector Review: Mozambique. In FAO Animal Production and Health Livestock Country Reviews; Thieme, O., Ed.; Food Agricultural Organization: Rome, Italy, 2013; Volume 5, pp. 1–41. [Google Scholar]

	



Lizárraga-Paulín, E.G.; Moreno-Martínez, E.; Miranda-Castro, S.P. Aflatoxins and their impact on human and animal health: An emerging problem. In Aflatoxins Biochemistry and Molecular Biology; Guevara-Gonzalez, R.G., Ed.; InTech Press: Rijeka, Croatia, 2011; pp. 255–282. [Google Scholar]

	



Wu, F.; Narrod, C.; Tiongco, M.; Liu, Y. The Health Economics of Aflatoxin: Global Burden of Disease; Working Paper No.4; International Food Policy Research Institute: Washington, DC, USA, 2011; pp. 1–17. [Google Scholar]

	



Darsanaki, R.K.; Alikhani, F.; Mohammadi, M.; Aliabadi, M.A. Biological Control of Aflatoxins. Eur. J. Exp. Biol. 2013, 3, 162–166. [Google Scholar]

	



El-Desouky, T.A.; Mohamed, S.R.; Abou-Arab, A.A.K.; Salim, A.B. Occurrence of aflatoxin B1 and M1 in some Egyptian chicken organs and their affected by ozonated water. Open Sci. J. Mod. Phys. 2014, 1, 24–30. [Google Scholar]

	



Freire, F.C.O.; Vieira, I.G.P.; Guedes, M.I.F.; Mendes, F.N.P. Micotoxinas: Importância na Alimentação e na Saúde Humana e Animal, 110th ed.; Embrapa Agroindústria Tropical: Fortaleza, Brazil, 2007; pp. 1–48. [Google Scholar]

	



Iqbal, S.Z.; Nisar, S.; Asi, M.R.; Jinap, S. Natural incidence of aflatoxins, ochratoxin A and zearalenone in chicken meat and eggs. Food Control 2014, 43, 98–103. [Google Scholar] [CrossRef]

	



Wild, C.P.; Gong, Y.Y. Mycotoxins and human disease: A largely ignored global health issue. Carcinogenesis 2010, 31, 71–82. [Google Scholar] [CrossRef] [PubMed]

	



Wu, F. Global impacts of aflatoxin in maize: Trade and human health. World Mycotoxin J. 2015, 8, 137–142. [Google Scholar] [CrossRef]

	



Bbosa, G.S.; Kitya, D.; Odda, J.; Ogwal-Okeng, J. Aflatoxins metabolism, effects on epigenetic mechanisms and their role in carcinogenesis. Health 2013, 5, 14–34. [Google Scholar] [CrossRef]

	



IARC. Overall evaluations of carcinogenicity: An updating of IARC monographs. IARC Monogr. Eval. Carcinog. Risks Hum. 2012, 100, 51–72. [Google Scholar]

	



Oliveira, C.A.F.; Germano, P.M.L. Aflatoxins in foodstuffs: Current concepts on mechanisms of toxicity and its involvement in the etiology of hepatocellular carcinoma. Rev. Saúde Públ. 1997, 31, 417–424. [Google Scholar] [CrossRef]

	



Wu, F.; Khlangwiset, P. Health economic impacts and cost-effectiveness of aflatoxin reduction strategies in Africa: Case studies in biocontrol and postharvest interventions. Food Addit. Contam. A 2010, 27, 496–509. [Google Scholar] [CrossRef] [PubMed]

	



Feddern, V.; Dors, G.C.; Tavernari, F.C.; Mazzuco, H.; Cunha, A., Jr.; Krabbe, E.L.; Scheuermann, G.N. Aflatoxins importance on animal nutrition. In Aflatoxins: Recent Advances and Future Prospects; InTech Press: Rijeka, Croatia, 2013; pp. 171–195. [Google Scholar]

	



Newberne, P.M.; Butler, W.H. Acute and chronic effects of aflatoxin on the liver of domestic and laboratory animals: A review. Cancer Res. 1969, 29, 236–250. [Google Scholar] [PubMed]

	



Dos Anjos, F.R.; Ledoux, D.R.; Rottinghaus, G.E.; Chimonyo, M. Efficacy of Mozambican bentonite and diatomaceous earth in reducing the toxic effects of aflatoxins in chicks. World Mycotoxin J. 2016, 9, 63–72. [Google Scholar] [CrossRef]

	



Diaz, G.J.; Murcia, H.W. Biotransformation of aflatoxin B1 and its relationship with the differential toxicological response to aflatoxin in commercial poultry species. In Aflatoxins Biochemistry and Molecular Biology; Guevara-Gonzalez, R.G., Ed.; InTech Press: Rijeka, Croatia, 2011; pp. 3–20. [Google Scholar]

	



Dhanasekaran, D.; Shanmugapriya, S.; Thajuddin, N.; Panneerselvam, A. Aflatoxins and Aflatoxicosis in Human and Animals. In Aflatoxins Biochemistry and Molecular Biology; Guevara-Gonzalez, R.G., Ed.; InTech Press: Rijeka, Croatia, 2011; pp. 221–254. [Google Scholar]

	



Herzallah, S.; Al-Ameiri, N.; Al-Dmoor, H.; Masoud, S.; Shawabkeh, K. Meat and organs quality of broiler chickens fed diet contaminated with B1 aflatoxin. Glob. Vet. 2014, 12, 376–380. [Google Scholar] [CrossRef]

	



Yunus, A.W.; Razzazi-Fazeli, E.; Bohm, J. Aflatoxin B1 in affecting broiler’s performance, immunity, and gastrointestinal tract: A review of history and contemporary issues. Toxins 2011, 3, 566–590. [Google Scholar] [CrossRef] [PubMed]

	



Mabee, M.S.; Chipley, J.R. Tissue distribution and metabolism of aflatoxin B1-14C in broiler chickens. Appl. Microbiol. 1973, 25, 763–769. [Google Scholar] [PubMed]

	



Cardwell, K.F. Mycotoxin contamination of foods in Africa: Anti-nutritional factors. Food Nutr. Bull. 2001, 21, 488–492. [Google Scholar] [CrossRef]

	



Turner, P.C.; Collinson, A.C.; Cheung, Y.B.; Gong, Y.Y.; Hall, A.J.; Prentice, A.M.; Wild, C.P. Aflatoxin exposure in utero causes growth faltering in Gambian infants. Int. J. Epidemiol. 2007, 36, 1119–1125. [Google Scholar] [CrossRef] [PubMed]

	



Atici, C. Food Safety Regulations and Export Responses of Developing Countries: The Case of Turkey’s Fig and Hazelnut Exports; Research Working Paper No. 39; Food and Agriculture Organization of the United Nations: Rome, Italy, 2013; pp. 1–14. [Google Scholar]

	



Rastogi, S.; Dwivedi, P.D.; Khanna, S.K.; Das, M. Detection of Aflatoxin M1 contamination in milk and infant milk products from Indian markets by ELISA. Food Control 2004, 15, 287–290. [Google Scholar] [CrossRef]

	



Zaghini, A.G.; Martelli, G.; Roncada, P.; Simoli, M.; Rizzi, L. Mamanoligosaccharides and aflatoxin B1 and M1 residues in eggs and aflatoxin B1 levels in liver. Poult. Sci. 2005, 84, 825–832. [Google Scholar] [CrossRef] [PubMed]

	



Herzallah, S.M. Determination of aflatoxins in eggs, milk, meat and meat products using HPLC fluorescent and UV detectors. Food Chem. 2009, 114, 1141–1146. [Google Scholar] [CrossRef]

	



Markov, K.; Pleadin, J.; Bevardi, M.; Vahcic, N.; Sokolic-Mihalak, D.; Frece, J. Natural occurrence of aflatoxin B1, ochratoxin A and citrinin in Croatian fermented meat products. Food Control 2013, 34, 312–317. [Google Scholar] [CrossRef]

	



Saeed, A.; Afzal, S.; Hussain, M.W.; Bokhari, S.Y.A.; Shahzad, M.S.; Qayyum, A.; Raza, M.H. Effect of aflatoxin B1 on different body tissues of Gallus domesticus. J. Anim. Vet. Adv. 2003, 2, 76–78. [Google Scholar]

	



Bintvihok, A.; Davitiyananda, D. Aflatoxins and their metabolites residues in chicken tissues from 5 parts (10 provinces) of Thailand. Thail. J. Health Res. 2002, 16, 37–50. [Google Scholar]

	



Pourelmi, M.R.; Palizdar, M.H.; Shirali, S.; Barami, A.R. Aflatoxin B1 contamination in local and industrial eggs measured by ELISA technique in Mazandaran. Eur. J. Zool. Res. 2013, 2, 89–92. [Google Scholar]

	



Mondlane, I.A.P.; Capece, B.P.S.; Parruque, A.F. Relação Entre a Ocorrência de Fungos e a Presença de Aflatoxinas B1 em Rações para Aves Fabricadas em Maputo; Boletim do Instituto de Investigação Agrária de Moçambique (IIAM) No. 3; Instituto de Investigação Agrária de Moçambique: Maputo, Mozambique, 2005; pp. 1–12. [Google Scholar]

	



Warth, B.; Parich, A.; Atehnkeng, J.; Bandyopadhyay, R.; Schuhmacher, R.; Sulyok, M.; Krska, R. Quantitation of mycotoxins in food and feed from Burkina Faso and Mozambique using a modern LC-MS/MS multitoxin method. J. Agric. Food Chem. 2012, 60, 9352–9363. [Google Scholar] [CrossRef] [PubMed]

	



Augusto, J.; Atehnkeng, J.; Akello, J.; Cotty, P.; Bandyopadhyay, R. Prevalence and distribution of Aspergillus section Flavi in maize and groundnut fields and aflatoxin contamination in Mozambique. In Proceedings of the APS-CPS Joint Meeting in Minneapolis, Phytopathology, Minneapolis, MN, USA, 9–13 August 2014; Volume 104. [Google Scholar] [CrossRef]

	



Van Egmond, H.P.; Jonker, M.A. Worldwide regulations on aflatoxins: The situation in 2002. J. Toxicol. Toxin Rev. 2004, 23, 273–293. [Google Scholar] [CrossRef]

	



Van Egmond, H.P.; Schothorst, R.C.; Jonker, M.A. Regulations relating to mycotoxins in food: Perspectives in a global and European context. Anal. Bioanal. Chem. 2007, 389, 147–157. [Google Scholar] [CrossRef] [PubMed]

	



USDA. Giblets and Food Safety; Food Safety and Inspection Service, United States Department of Agriculture: Philadelphia, PA, USA, 2008; pp. 1–2.

	



Andreasson, U.; Perret-Liaudet, A.; van Doorn, L.J.C.; Blennow, K.; Chiasserini, D.; Engelborghs, S.; Fladby, T.; Genc, S.; Kruse, N.; Kuiperij, H.B.; et al. A practical guide to immunoassay method validation. Front. Neurol. 2015, 6, 1–8. [Google Scholar] [CrossRef][Green Version]

	



Ravindran, V. Animal feed safety. In Poultry Feed Availability and Nutrition in Developing Countries; Poultry Development Review; Food Agricultural Organization: Rome, Italy, 2013; pp. 1–3. [Google Scholar]

	



Salle, C.T.P.; Lorenzini, G.; Sfoggia, M.; Cé, M.C.; Guahyba, A.S.; Moraes, H.L.S.; Nascimento, V.P.; Salle, F.O. The presence of aflatoxins in field broiler livers. Arquit. Facul. Vet. UFRGS 2001, 29, 101–106. [Google Scholar] [CrossRef]

	



Nicolau, Q.C.; Borges, A.C.G.; Souza, J.G. Cutting poultry production chain from Mozambique: Characterization and competitiveness. Revista de Ciências Agrárias 2011, 1, 182–198. [Google Scholar]

	



Rodríguez-Amaya, D.B.; Sabino, M. Mycotoxin research in Brazil: The last decade in review. Braz. J. Microbiol. 2002, 33, 1–11. [Google Scholar] [CrossRef]

	



Stamford, T.L.M.; Vilar, E.A.; Bastos, S.T.G.; Silva, C.G.M. Pesquisa micotoxicológica de produtos avícolas “in natura” e processados. Bol. CEPPA Curitiba 2005, 23, 135–160. [Google Scholar] [CrossRef]

	



Li, P.; Zhang, Q.; Zhang, D.; Guan, G.; Xiaoxia; Liu, D.X.; Fang, S.; Wang, X.; Zhang, W. Aflatoxin Measurement and Analysis. In Aflatoxins-Detection, Measurement and Control; Torres-Pacheco, I., Ed.; InTech Press: Rijeka, Croatia, 2011; pp. 183–208. [Google Scholar]

	



Zheng, M.Z.; Richard, J.L.; Binder, J. A review of rapid methods for the analysis of mycotoxins. Mycopathologia 2006, 161, 261–273. [Google Scholar] [CrossRef] [PubMed]

	



Bahobail, A.A.S.; Hassan, S.A.; El-Deeb, B.A. Microbial quality and content aflatoxins of commercially available eggs in Taif, Saudi Arabia. Afr. J. Microbiol. Res. 2012, 6, 3337–3342. [Google Scholar] [CrossRef]

	



Kumar, R.; Balachandran, C. Histopathological changes in broiler chickens fed aflatoxin and cyclopiazonic acid. Vet. Arch. 2009, 79, 31–40. [Google Scholar]

	



Ito, T.; Kobayashi, Y.; Morita, T.; Horimoto, T.; Kawaoka, Y. Virulent influenza A viruses induce apoptosis in chickens. Virus Res. 2002, 84, 27–35. [Google Scholar] [CrossRef]

	



Vilar, E.A.; Oliveira, M.C.M.; Stamford, T.L.M. Pesquisa micotoxicológica em fígado de aves produzidas e comercializadas em Pernambuco. Bol. CEPPA Curitiba 2002, 20, 335–346. [Google Scholar] [CrossRef]

	



Bryden, W.L.; Cumming, R.B. Observations on the liver of the chicken following aflatoxin B1 ingestion. Avian Pathol. 1980, 9, 551–556. [Google Scholar] [CrossRef] [PubMed]

	



Trampel, D.W.; Sell, J.L.; Ahn, D.U.; Sebranek, J.G. Preharvest feed withdrawal affects liver lipid and liver color in broiler chickens. Poult. Sci. 2005, 84, 137–142. [Google Scholar] [CrossRef] [PubMed]

	



Aengwanich, W.; Simaraks, S. Pathology of heart, lung, liver and kidney in broilers under chronic heat stress. SongklanakarinJ. Sci. Technol. 2004, 26, 417–424. [Google Scholar]

	



Hussain, Z.; Khan, M.Z.; Khan, A.; Javed, I.; Saleemi, M.K.; Mahmood, S.; Asi, M.R. Residues of aflatoxin B1 in broiler meat: Effect of age and dietary aflatoxin B1 levels. Food Chem. Toxicol. 2010, 48, 3304–3307. [Google Scholar] [CrossRef] [PubMed]

	



Sawhney, D.S.; Vadehra, D.V.; Baker, R.C. The metabolism of 14C aflatoxins in laying hens. Poult. Sci. 1973, 52, 1302–1309. [Google Scholar] [CrossRef] [PubMed]

	



Wolzak, A.; Pearson, A.M.; Coleman, T.H. Aflatoxin carryover and clearance from tissues of laying hens. Food Chem. Toxicol. 1986, 24, 37–41. [Google Scholar] [CrossRef]

	



Hassan, Z.U.; Khan, M.Z.; Khan, A.; Javed, I.; Hussain, Z. Effects of individual and combined administration of ochratoxin A and aflatoxin B1 in tissues and eggs of White Leghorn breeder hens. J. Sci. Food Agric. 2012, 92, 1540–1544. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 14 00951 g001 550] 





Figure 1. Distribution of aflatoxin B1 concentration between liver types. 
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Figure 2. Relationship between aflatoxin B1 concentration in liver samples and the liver weights. 
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Table 1. Morphological evaluation of liver samples.






Table 1. Morphological evaluation of liver samples.





	
Liver Type

	
IS Livers

	
LS Livers




	
Samples

	
Weight (g)

	
Samples

	
Weight (g)




	
Range

	
Mean ± SD

	
95% CI

	
Range

	
Mean ± SD

	
95% CI






	
Normal

	
35 (50.0)

	
23.80–46.80

	
35.47 ± 0.79 a

	
33.85–37.10

	
12 (40.0)

	
30.20–45.60

	
39.24 ± 1.40 a

	
36.16–42.32




	
Moderate

	
28 (40.0)

	
30.20–45.40

	
39.28 ± 0.78 a

	
37.66–40.89

	
12 (40.0)

	
40.80–49.70

	
46.03 ± 0.90 a

	
44.03–48.02




	
Pale/yellow

	
7 (10.0)

	
37.90–50.20

	
45.59 ± 2.06 a

	
40.54–50.63

	
6 (20.0)

	
36.20–49.70

	
41.67 ± 2.23 a

	
35.93–47.31




	
Total

	
70 (70.0)

	
23.80–50.20

	
38.00 ± 5.48 b

	
36.70–39.30

	
30 (30.0)

	
30.20–49.70

	
42.40 ± 5.24 b

	
40.50–44.40








IS: Industrial sector or formal producers; LS: Local sector or informal producers; SD: Standard deviation; CI: Confidence interval of mean; The data in parentheses represents the percentage (%); a The values differ statistically (p < 0.05) by the t student test; b The values differ statistically (p < 0.05) by the ANOVA test.
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Table 2. Recovery of aflatoxin B1 in artificially contaminated (spiked) chicken liver.
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AFB1 Spiked Level (µg/kg)

	
AFB1 Recovery * (µg/kg)

	
R (%)




	
Assay 1

	
Assay 2

	
Assay 3

	
Assay 4

	
Assay 5

	
Mean ± SD






	
5.0

	
4.67

	
4.64

	
4.34

	
4.54

	
4.49

	
4.54 ± 0.13

	
90.20




	
10.0

	
9.23

	
9.54

	
9.17

	
9.34

	
9.29

	
9.31 ± 0.14

	
93.14








SD: Standard deviation; R (%): Recovery rate; * All results are from the same two negative liver samples of a preliminary testing.
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Table 3. Frequency of contamination and aflatoxin B1 concentrations in chicken livers and gizzards.
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Sample Type

	
Samples

	
AFB1 Content (µg/kg)

	
Samples with Level




	
Analyzed

	
Positive

	
Range

	
Mean ± SD

	
<10 * µg/kg

	
>10 µg/kg






	
IS livers

	
70

	
19 (27.1) a

	
0.61–2.48

	
1.35 ± 0.58 b

	
70

	
0




	
LS livers

	
30

	
20 (66.7) a

	
0.57–3.80

	
1.73 ± 1.09 b

	
30

	
0




	
Total

	
100

	
39 (39.0)

	
0.57–3.80

	
1.54 ± 0.89 b

	
100

	
0




	
IS gizzards

	
50

	
2 (4.0) a

	
0.81–1.34

	
1.07 ± 0.37 b

	
50

	
0




	
LS gizzards

	
30

	
9 (30.0) a

	
0.68–2.12

	
1.04 ± 0.44 b

	
30

	
0




	
Total

	
80

	
11 (13.8)

	
0.68–2.12

	
1.06 ± 0.42 b

	
80

	
0








IS: Industrial sector or formal producers; LS: Local sector or informal producers; SD: Standard deviation; The data in parentheses represents the percentage (%) of positive samples; * Maximum tolerated level from the Codex Alimentarius regulations for human food [6,24,35]; a The values differ statistically (p < 0.05) by the Chi-square and fisher tests; b The values do not differ statistically (p > 0.05) by the ANOVA test.
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