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ABSTRACT

Aflatoxins result in retarded growth or stunting in children. Strategies to reduce retention of inevitably
absorbed aflatoxins in broiler chickens are less reported. Therefore, effect of mitigants made of yeast beta-
glucans, supplemental dietary antioxidants (DA) and vitamin K (VK) in reducing residual aflatoxins in
broiler chickens was investigated. Unsexed 180-day-old Arbor Acres chicks were randomly allotted into
six dietary treatments for 49 days. Treatment (T) 1 was negative control (NC), T2 was positive control
(PC), with 270+16pug.kg™ total aflatoxins (AFB1 and AFB,). T3 to T6 had 270ug.kg™? aflatoxins, DA and
VK. T3 and T4 had 250mg.kg™ of beta-glucans inclusion, while T5 and T6 had 375mg.kg™. Inclusion
rates of DA were: vitamin E (VE) 200mg.kg™; vitamin C (VC) 250mg.kg™; selenium 0.3mg.kg?* and VK
3mg.kg?. Only T4 and T6 had selenium. The experiment was completely randomised in a 2 + (2x2)
augmented factorial arrangement. Aflatoxins retention and their residual in liver and breast meat (BM)
were measured. Data were analysed using Anova at oos. Aflatoxins retention was reduced (P < 0.05)
from 55.97% in PC birds to 12.00% in birds on T6. Residual aflatoxins in BM (2.56ug.kg?) and liver
(3.46pg.kg™) in PC were reduced (P < 0.05) to 0.23ug.kg™ in BM and 0.35ug.kg™* in liver of birds on T5
and T6, respectively. Birds on T3 to T6 had reduction (P < 0.05) in aflatoxin retention and residual
aflatoxins in BM and liver below those on PC. In conclusion, addition of beta-glucans, supplemental
dietary antioxidants and vitamin K was effective in reducing residual aflatoxins in breast meat and liver of
broiler chickens.
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INTRODUCTION

Apart from milk and milk derived products, aflatoxins can also be deposited in other edible animal
products such as meat and eggs. Field strategies aimed at reducing pre-harvest aflatoxins contamination
such as aflasafe® application can reduce contamination by 80-90 percent and Biihler LumoVision® optical
sorting machine is up to 85-90 percent efficient in removing aflatoxins from contaminated grains. These
further underscores the unavoidable presence of aflatoxins in maize/ feed materials, as efficiency is less
than 100%. Since mycotoxin binder cannot not completely preclude mycotoxins from being absorbed in
the digestive system of animals, Kolawole et al. (2019), there is the need to reduce retention of inevitably
absorbed aflatoxins in broiler chickens’ meat.

There are evidences that aflatoxins cause or aggravate retarded growth in children, in a condition referred
to as stunting or kwashiorkor (Lamplugh and Hendrickse, 1982). Another reason which further
underscores the need to reduce residual aflatoxins in broilers’ meat is the strong synergy between
aflatoxins and chronic hepatitis B virus (HBV), which present a greater risk in the induction of liver
cancer in people positive to HBV (Wu and Guclu, 2012).

Unfortunately, there is no regulatory limit for aflatoxins in animal products except for milk and milk
derived products. The US Food and Drug Administration (FDA) set the Maximum Residue Limit (MRL)
for aflatoxin M1 (AFMy) in milk at 0.5 pg/kg (FDA, 2019) while the European Union (EU) set MRL for
AFM; at 0.05 pg/kg (EU Commission, 2020). In Nigeria, there is no regulatory limit for aflatoxins in
animal products (Miklés et al., 2020). Using the EU MRL for AFM; as the standard, it was reported that
nearly 100% of samples of milk and milk products analysed in Nigeria and Sudan had exceptionally high
levels of AFM; compared to the EU standard (Susan et al., 2012).
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There is inadequate documentation on the retention of aflatoxins within the animal, from the fraction of
the ingested toxin that could not be adsorbed by toxin binders, which ends up being absorbed into the
animal’s body. Therefore, an investigation was conducted on the effects of baker’s yeast (Saccharomyces
cerevisiae) derived beta-glucans, supplemental dietary antioxidants (vitamins C and E) and vitamin K in
reducing residual aflatoxins in broiler chickens’ meat below or within the permissible regulatory limit.

MATERIALS AND METHODS

Experimental Site

The study was carried out at the Teaching and Research Farm of the University of Ibadan, Ibadan,
Nigeria. This experiment was reviewed and approved by the Department of Animal Science, in
accordance to ARRIVE guidelines 2.0.

Experimental Materials

Whole and clean maize grains were inoculated with toxigenic strain of Aspergillus flavus- isolate 3228, to
generate total aflatoxins, using the method of Atehnkeng et al. (2008). The grain culturing lasted for 10
days and the contaminated grains were oven dried at about 60 — 70 °C and finely ground. The grains were
quantified (AOAC, 19090), and added to other Aflasafe® treated maize grains to produce a basal diet
containing 270+16 ppb total aflatoxins (aflatoxins B - AFB;and B, - AFBy).

Experimental Animals, Management and Diets

One-day-old Arbor Acres broiler chicks of mixed sexes (n = 180) were randomly allotted into six dietary
treatments. Each treatment had 30 chicks, replicated three times with 10 chicks per replication. Treatment
1 was negative control- NC (uncontaminated diet), while Treatment 2 was basal diet (BD) or positive
control- PC (diet with aflatoxins but without beta-glucans, antioxidants and vitamin K). Treatments 3 to 6
were contaminated diets having beta-glucans, dietary antioxidants and vitamin K. However, Treatments 3
and 5 do not contain selenium. The experiment lasted for 49 days.

Dietary Treatments Layout

Treatment 1 (T1) = Negative Control (NC)

T2 = BD (Positive Control)

T3 = BD + 250 ppm beta-glucans + [(200 mg VE + 250 mg VC) + 3 mg VK]

T4 = BD + 250 ppm beta-glucans + [(200 mg VE + 250 mg VC) + 3 mg VK + 0.3 mg Se]
T5 = BD + 375 ppm beta-glucans + [(200 mg VE + 250 mg VC) + 3 mg VK]

T6 = BD + 375 ppm beta-glucans + [(200 mg VE + 250 mg VC) + 3 mg VK + 0.3 mg Se]

Where: VE- Vitamin E, VC- Vitamin C, VK- Vitamin K, Se- Selenium

Parameters Measured

Average daily feed intake, daily aflatoxins intake and output, aflatoxin retention from the absorbed
fraction and residual aflatoxins in blood, liver and breast meat were determined.

Aflatoxins Retention and Residual Aflatoxins Determinations

On day 39, two birds per replicate were selected and housed in the metabolic cage for 10 days. Total
faecal outputs were collected daily for five days, weighed and oven-dried at 60 °C to a constant weight
and thereafter air-dried for 24 hours. Aflatoxins content in feed and faecal samples was extracted using
AOAC (1990) method and quantified with High Performance Thin Layer Chromatography (HPTLC) with
a scanning densitometer.

The birds were later sacrificed for residual aflatoxins concentration in blood, liver and breast meat.
Residual aflatoxins were assayed with enzyme-linked immunosorbent assays (ELISA) method, using
Romer Labs AgraQuant® Total Aflatoxin Assay 4/40 kit and ELISA reader.

Aflatoxins retention was estimated by adapting the method of Kolawole et al. (2019), similar to nutrients

. . Intake—0 T
balance trial procedure, i.e., (“Tkzm’) x 100%.
nta.l

Below are the calculations used in determining percentage aflatoxins retention:

Average daily aflatoxins intake (ADAI) = ADFI X FAC, ...veevie e svewse vvvne e B 1
where ADFI = Average daily feed intake; FAC = Feed aflatoxins concentration
Average daily faecal aflatoxins (ADFA) = ADFO x FSAC, SR o1 R4
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where ADFO = Average daily faecal output; FSAC = Faecal samples aflatoxins concentration

ADAI—ADPA) 1009
ADAI ¢

Experimental Design and Statistical Analysis

Experimental layout was a 2 + (2 x 2) augmented factorial arrangement in completely randomised design.
Data collected were analysed with analysis of variance (ANOVA), significant differences in treatment
means were separated with Duncan Multiple Range Test at 0.05% level of probability.

Aflatoxins retention (%) = ( Eq.3

RESULTS

Table 1. Effect of varied levels of beta-glucans and supplemental selenium on aflatoxins retention,
aflatoxin concentrations in blood, breast meat and liver of broiler chickens offered aflatoxin-contaminated
poultry feed.

Aflatoxins concentrations

Treatments  Aflatoxins Beta-glucans Selenium Blood Breast meat Liver Aflatoxins
(ppb) (ppm) (mg/kg)  (ng/mL) (Hg/kg) (Hg/kg) Retention (%)

T1 (NC) 0 0 0.00 0.03£0.01¢  0.00+£0.00°  0.00+0.00¢  0.00¢

T2 (BD) 270 0 0.00 9.17+0.60* 2.56+0.34* 3.46+0.43*  55.97°

T3 270 250 0.00 3.85£0.26° 0.52+0.27° 0.78+0.13°  29.27°

T4 270 250 0.30 3.91+0.71>  0.29+0.10° 0.52+0.19" 18.45%

T5 270 375 0.00 2.89+0.21¢ 0.23+0.02*° 0.46+0.13 19.77¢

T6 270 375 0.30 2.77+0.35°  0.27+0.05° 0.35+0.11°  12.00¢

+SEM 0.24 0.11 0.12 2.13

P-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

@ Means of treatments along the same column with different superscript differed significantly (P < 0.05). NC- Negative control,
SEM- standard error of means, P-value-probability, T- Treatment, T1- NC (Oppb aflatoxins), T2- Basal diet (BD) - 270+16 ppb
total aflatoxins), T3- BD + 250 mg/kg beta-glucans + (E+C+K), T4- BD + 250 mg/kg beta-glucans + Vitamins (E+C+K)+Se, T5-
BD + 375 mg/kg beta-glucans + Vitamins (E+C+K), T6- BD + 375 mg/kg beta-glucans + Vitamins (E+C+K)+Se, Se- Selenium.

Table 1 shows relative aflatoxins retention, aflatoxins concentration in blood, breast meat and liver of
broiler chickens fed contaminated diets mitigated with varied inclusion levels of beta-glucans,
supplemental antioxidants (with or without selenium) and vitamin K. The least aflatoxins retention
(12.00%) within the body was recorded in birds on T6, significantly reduced (P < 0.05) below those birds
on other treatments but similar (P > 0.05) to aflatoxins retention in birds on T4 (18.45%). However, higher
(P < 0.05) aflatoxins retention (55.97%) was obtained in birds on PC diet, above those of other dietary
treatments. Birds on PC diet had higher (P < 0.05) blood aflatoxins concentration, than the other dietary
treatments. Blood aflatoxins level in birds on T3 to T6 reflected the level of beta-glucans inclusion. Birds
on T3 and T4 had similar (P > 0.05) blood aflatoxin level, while birds on T5 and T6 also had similar (P >
0.05) blood aflatoxin concentration, that were significantly below (P < 0.05) those of T3 and T4.
Aflatoxins concentrations in breast meat were similar (P > 0.05) in T4, T5 and T6, and also similar (P >
0.05) in liver, but lower (P < 0.05) significantly to those birds on PC diet. Birds fed PC diet had
approximately 10 times higher aflatoxins concentration in breast meat (2.56 pg/kg) and liver (3.46 pg/kg)
compared to those of birds on the mitigated test diets which ranged from 0.23 — 0.52 pg/kg in breast meat
and 0.32 — 0.78 pg/kg in liver. Breast meat residual aflatoxin concentration in birds on T4 (0.29 pg/kg);
T5 (0.23 pg/kg) and T6 (0.27 pg/kg) were similar (P > 0.05) to that of birds on NC diet, which had zero
aflatoxins concentration.

Discussion
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Addition of beta-glucans facilitated the reduction of aflatoxins absorption (Adeogun et al., 2021) from the
gastrointestinal tract. The addition of beta-glucans, supplemental dietary antioxidants with or without
selenium and vitamin K enhanced further reduction in aflatoxins’ concentration in edible tissues (breast
meat and liver). Earlier report by Adeogun et al. (2021) showed that 375 mg/kg of beta-glucans addition
had higher gastrointestinal tract (GIT) aflatoxins adsorption than diet with 250 mg/kg inclusion. However,
percentage aflatoxin retention in birds on T4 (with 250 mg/kg beta-glucans and supplemental selenium),
which was similar to birds on 375 mg/kg beta-glucans, indicated that the addition of supplemental
selenium was important in facilitating the excretion of aflatoxins metabolites away from the body.
Enhanced disposal of aflatoxin metabolites may be the reason for the reduction in aflatoxins retention in
all birds on mitigated test diets, compared to those on unmitigated diet. Results from the current study
showed that birds fed PC diets retained more that 50 percent of the ingested aflatoxins. Significant
reduction in aflatoxin retention in birds on T4 and T6, may be due to supplemental selenium. Currently,
no regulatory limit exists for aflatoxins in edible animal products except for milk and milk derived
products. Of all the different regulatory limits for aflatoxins available, only aflatoxin M; has a limit of
0.05pg/kg in milk and 0.025pg/kg in infant formulae (EU Commission, 2010), while 0.5pg/kg was
permitted in milk by FDA (FDA, 2019). If these two regulatory limits were assumed for broiler chicken
edible products, it will take the use of uncontaminated feed as seen in negative control diet, to achieve
EU’s aflatoxin maximum residual limit of 0.05ug/kg in broiler chickens’ breast meat and liver. However,
the mitigation strategies enumerated in the current study towards reducing residual aflatoxins in breast
meat and liver of broiler chickens, gave breast meat residual aflatoxin concentration range of 0.23 to 0.29
pg/kg while in liver it ranged from 0.35 to 0.52 pg/kg. These two sampled tissues had residual aflatoxins
levels that were within the 0.5 pg/kg of US FDA permissible aflatoxin B; level in milk (FDA, 2019).

CONCLUSION AND RECOMMENDATIONS

It was noticed that only birds on uncontaminated diet gave edible products that was free of aflatoxins and
safe for human consumption by any available regulation. However, addition of beta-glucans, supplemental
dietary antioxidants and vitamin K to aflatoxin-contaminated poultry feed ensured the production of
broiler chickens having breast meat and liver with safe level of aflatoxins within the permissible limit for
human consumption. Therefore, where possible, aflatoxin-contaminated poultry feed/or feed materials
should be avoided in practical broiler production, to ensure the production of safe edible products. This
can be achieved by an act of law, not only to regulate aflatoxins level in feed and feed materials, but also
backed up with effective monitoring and enforcement to ensure compliance.
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