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Abstract The aim of this study was to evaluate the efficacy of
autochthonous Pichia kudriavzevii as a novel bioadsorbent for
aflatoxin B1 (AFB1). The selection of this yeast was based on
the AFB1 adsorption capacity previously demonstrated
in vitro (Magnoli et al. 2016). One-day-old Cobb broilers
(n = 160) were randomly assigned to four dietary treatments
(T1: basal diet (B); T2: B + 0.1% yeast; T3: B + AFB1,
100 μg/kg; T4: B + 0.1% yeast + AFB1, 100 μg/kg).
Performance parameters (average daily weight gain body, av-
erage daily consumption, feed conversion ratio, carcass
weight, and dead weight), biochemical parameters (albumin,
globulin, and albumin/globulin), liver pathological changes,
and AFB1 residual levels in the liver and excreta were evalu-
ated. Significant differences (P < 0.05) in performance param-
eters were observed among treatments and controls: T3 group
showed the lowest average daily bodyweight gain value while
in T4 group, the value of this parameter increased significantly

(P < 0.05). T3 and T4 groups showed the lowest and highest
values for average daily feed consumption, respectively. The
feed conversion ratio (FC) showed no significant differences
among treatments. T3 group showed the lowest dead weight
and carcass weight compared with T1 group. The biochemical
parameters showed no significant differences among treat-
ments. T3 group showed macroscopic and microscopic liver
changes compared to the control. Aflatoxin B1 levels (μg/g)
were detected in broiler livers and showed significant differ-
ences among treatments (P < 0.05). In conclusion, native
P. kudriavzevii incorporation (0.1%) in broiler diets containing
AFB1 was shown to be effective in ameliorating the adverse
effects of AFB1 on production.
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Introduction

Mycotoxins are toxic secondary metabolites generated by cer-
tain species of molds, most notably by Aspergillus,
Penicillium, Fusarium, and Alternaria genera. The quality of
products used in animal feed can be affected as these ingredi-
ents are ideal substrates for fungal growth. Under favorable
conditions, these can be synthesized and accumulated in the
substrate. Mycotoxins can occur during the growth of the
crop, during post-harvest storage or during storage of the com-
pound feed (CAST 2003). Contamination of agricultural prod-
ucts and feed with mycotoxins is a problem of global impor-
tance. Acute and chronic mycotoxicoses may reduce life ex-
pectancy, at least in developing countries, and cause signifi-
cant economic losses in animal production. Aflatoxins (AFs),
which are mainly produced by Aspergillus flavus and
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Aspergillus parasiticus, are a major concern in poultry pro-
duction (CAST 2003; Bhat et al. 2010). Aflatoxins
cause severe economic losses and health problems in the poul-
try industry because of their toxicity and frequency of occur-
rence in feedstuffs (Nemati et al. 2014a). The toxicity of AF in
broilers has been widely investigated for their carcinogenic,
mutagenic, teratogenic, and growth-inhibitory effects (Oğuz
et al. 2000a; Sur and Celik 2003; Magnoli et al. 2011a;
Gutleba et al. 2015). Biochemical–hematological, immuno-
logical, and other adverse effects of AFs have also been well
described (Oğuz et al. 2000a; Manafi et al. 2014; Nemati et al.
2015). Aflatoxins can also cause important gross and micro-
scopic changes in the liver, such as hepatomegaly, paleness,
hydropic degeneration, fatty change, bile-duct hyperplasia,
and periportal fibrosis (Ortatatli and Oğuz 2001; Bintvihok
2002; Magnoli et al. 2011a; Bovo et al. 2015; Dos Anjos
et al. 2015), kidney and spleen lesions (Bilgic and Yesildere
1992; Kumar and Balachandran 2014), impairment of the hu-
moral and cellular immune responses; and increased suscep-
tibility to some environmental and infectious agents (Oğuz
et al. 2003; Nemati et al. 2015).

The presence of potential AF-producing strains and AFB1

in commercial poultry feeds has been extensively reported in
previous studies (Oliveira et al. 2006; Fraga et al. 2007;
Monge et al. 2013). The AF content of most poultry feedstuffs
in Argentina is higher than the maximum allowed level of
20 μg/kg of feed (Monge et al. 2013). The US Food and
Drug Administration (FDA) set regulatory levels of 20 μg/
kg aflatoxin for poultry feeds (Bhat et al. 2010). In countries
of the American continent, poultry production grew exten-
sively in recent years. In Argentina, the poultry industry is
one of the most important animal production systems and
has acquired great economic significance, mainly in the meat
production sector (Lamelas et al. 2010). The aim of producers,
researchers, and governments is to develop effective preven-
tion management and decontamination technologies to mini-
mize the toxic effects of AF in animal production. Several
zeolites, bentonites and clinoptilolite, which are natural adsor-
bents andmembers of the heulandite–stilbite group, have been
evaluated in vitro (Chiacchiera et al. 2000) and in vivo for
their ability to adsorb AF (Miazzo et al. 2000, 2005; Oğuz
et al. 2000a, 2000b; Rosa et al. 2001; Daković et al. 2008;
Magnoli et al. 2011a, 2011b; Nemati et al. 2014b). Although
these products are widely available as commercial feed addi-
tives (sold as Bmycotoxin binders^), they need to be incorpo-
rated at high levels and have negative effects since they can
reduce nutritional value of feeds or produce undesirable side
effects (Zain 2011). Other organic compounds such as dairy
strains of lactic acid bacteria-based products (El-Nezami et al.
1998, 2000), yeast, and yeast cell wall-based products have
also been suggested to reduce negative effects on animal
health produced by mycotoxins, especially zearalenone, T-2
toxin, and aflatoxin in poultry (Freimund et al. 2003; Santin

et al. 2003; Onwurah et al. 2013; Roto et al. 2015). Yeast cell
walls have been studied for their ability to complex with sev-
eral mycotoxins without reducing the bioavailability of certain
nutrients and causing no environmental impact. Other studies
have indicated that Saccharomyces cerevisiae cell walls can
be added to contaminated feeds, to selectively bind myco-
toxins (Yiannikouris et al. 2003, 2004). These authors claim
that the yeast-toxin complex passes through the digestive tract
without any negative effect on animals or any carry-over to
edible animal products such as milk, eggs, or meat
(Yiannikouris et al. 2003, 2004).

Dried yeast and yeast cell walls added to AFB1-contami-
nated rat feed was found to result in a significant reduction in
the feed’s toxicity (Baptista et al. 2004; González Pereyra et al.
2014). Many authors have studied the use of yeast and yeast
cell walls (S. cerevisiae) from different origins (brewery in-
dustry, bakery, among others). However, very few have used
autochthonous yeasts to control mycotoxicoses.

The aim of this study was to evaluate the efficacy of au-
tochthonous Pichia kudriavzevii strain isolated from broiler
feedstuff, to prevent the toxic effects of aflatoxin in broilers
fed diets containing natural contamination levels of AFB1.
Therefore, performance and biochemical parameters, macro-
scopic and microscopic changes, and residual levels of AFB1

in liver and excreta were determined.

Materials and methods

Chemicals

Aflatoxin B1 (> 99% purity) was purchased from Sigma-
Aldrich (St. Louis, MO, USA) and its concentration was con-
firmed by HPLC-fluorescence according to an Association of
Official Agricultural Chemists (AOAC) (1995) method.
Demineralized water (HPLC grade) was obtained with
Labconco equipment (model 90901-01, Labconco, Kansas
City, MO). Organic solvents as acetonitrile and methanol were
purchased from Sintorgan (Buenos Aires, Argentina).
Trifluoroacetic acid was purchased from Sigma Chemical
Co. (St Louis, MO, USA) and hexane was purchased from
Cicarelli (Santa Fe, Argentina).

Aflatoxin B1 production

Aflatoxins were produced via fermentation of rice by
A. parasiticus NRRL 2999 (USDA, Agricultural Research
Service, Peoria, IL). The sterile substrate was placed in
Erlenmeyer flasks and inoculated with 2 ml of an aqueous
suspension containing 106 spores/ml. Cultures were allowed
to grow for 7 days at 25 °C in the darkness and were shaken
daily. On day seven, the Erlenmeyer flasks were autoclaved
and the culture material was dried for 48 h at 40 °C in a forced-
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air oven and then ground to a fine powder. The powder
contained four AFs produced by A. parasiticus—AFB1, afla-
toxin G2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2

(AFG2)—being AFB1 the one produced in higher concentra-
tions. Aflatoxin B1, AFG1, AFB2, and AFG2 content of the
resulting powder was quantified by high performance liquid
chromatography (HPLC-fluorescence) detector (Waters
2487), an excitation wavelength of 395 nm and an emission
wavelength of 470 nm, according to the methodology de-
scribed by Trucksess et al. (1994). The ratio of AFB1 to
AFG1 concentration in the culture was 2:1 (60, 30 μg/g).
Levels of AFB2 and AFG2 were detectable but not quantifi-
able. This AF concentrate was used to contaminate feed. The
milled contaminated substrate (60 ± 1.1 μg/g) was added to
the basal diet pre-premixing to provide a concentration of
about 100 μg of AFB1/kg of feed.

The basal diet was analyzed only for AFB1: the toxins
AFB2, G1, G2, fumonisins, and zearalenona were not
quantified. The basal diet was elaborated in an animal feed
plant located in the National University of Rio Cuarto. The
raw materials for the elaboration of the basal diet were
purchased at Agroimperio SRL, Argentina. Ten kilograms of
samples of different experimental diets were collected, and
subsequently, 25 g subsamples were obtained by the quartet
technique according to AOAC (2000) to be analyzed by
HPLC-fluorescence.

Yeast production

P. kudriavzeviiwas obtained from the Collection Centre at the
Universidad Nacional de Río Cuarto, Argentina. It was previ-
ously isolated from broiler feedstuffs and characterized by
sequencing of the 26S D1/D2 rRNA gene domain. Partial
26S-rRNA gene sequences (D1/D2 domains) were amplified
using NL-1 (5′-GCATATCAATAAGCGGAGGAAAAG-3′)
and NL-4 (5′-GGTCCGTGTTTCAAGACGG-3′) primers ac-
cording to Kurtzman and Robnett (2003). The selection of the
strain was based on its capacity for binding AFB1 in vitro
(Magnoli et al. 2016). P. kudriavzevii was produced in
150 ml of Yeast Peptone Dextrose (YPD) broth in
Erlenmeyer flasks inoculated with 1 ml of a pure 24-h culture.
Flasks were incubated on an orbital shaker (150 rpm) at 37 °C
for 24 h. Then, cells were collected by centrifugation
(16,000 g, 5 min) and the pellets were lyophilized and homog-
enized to be incorporated into the basal diet in order to provide
a concentration of 1 g of yeast/kg of feed (0.1%).

Yeast cell viability study

To determine cell viability, P. kudriavzevii was grown in YPD
broth and incubated with agitation (150 rpm) at 37 °C for 24 h.
Decimal dilutions were performed until a 107 cell/ml concen-
tration was reached. The cell suspension concentration was

determined using a hemocytometer. Viability was confirmed
by a standard plate count method using YPD agar, according
to Armando et al. (2011).

Aflatoxin B1 determination in feed

Feed sampling for AFB1 analysis was carried out following
the recommendations of the European Union (Regulation 401/
2006 and its modification by Regulation 178/2010). Twenty-
five grams of ground feed were extracted with 125 ml of
methanol/water (60:40 v/v), 80 ml hexane, and 2 g NaCl and
shaken 30 min in an orbital shaker. The mixture was filtered
using Whatman No. 4 filter paper (Whatman, Inc., Clifton,
NJ, USA) and 25ml of the methanol/water phase of the filtrate
was extracted twice with 25 and 15 ml of chloroform, respec-
tively. The chloroform phase was vacuum-dried using a rota-
tory evaporator and the extract was redissolved in 200 μl of
mobile phase. The concentration of AFB1 in each diet was
estimated by HPLC-fluorescence according to Trucksess
et al. (1994). The mobile phase was methanol–acetonitrile–
water (1:1:4, v/v), pumped at a flow rate of 1.5 ml/min. For
derivatization, aliquots (200 μl) were mixed with 700 μl of
acetic acid–trifluoroacetic acid–water (20:10:70) solution and
allowed to stand for 9 min at 65 °C in the dark (AOAC 1994).
An HPLC Waters Alliance 2695 system coupled to a fluores-
cence detector (Waters 2487) was used. Excitation and emis-
sion wavelengths were set on of 395 and 470 nm, respectively.
Separation was carried out in a C18 Luna Phenomenex col-
umn (150 × 4.6 mm, 5 μm). The retention time for AFB1was
4.7 min and the limit of detection (LOD) was 0.001 μg/ml.
Standards for the calibration curve were prepared by dilution
of a stock solution of AFB1 2.06 μg/ml. The concentrations of
chromatographic standards were 0.005, 0.010, and
0.015 μg/ml of AFB1. Standard solutions for the calibration
curves were prepared daily. Aflatoxin B1 levels in feed were
3 ± 1 μg/kg for the basal diet (T1 and T2) (natural contami-
nation) and 100 ± 6 μg/kg of AFB1 for T3 and T4 diets. The
analysis was developed in triplicates.

Experimental design and broilers

One-day-old male chicks (Cobb) vaccinated against Marek’s
disease were obtained from a commercial hatchery and main-
tained under continuous fluorescent lighting with feed and
water available ad libitum until during all the experiment.
On day 1, a total of 160 birds (four replicates/treatment, ten
broilers/replicate) were individually weighed and randomly
selected. During the experimental period (22 days), broilers
received the diet corresponding to each treatment. A standard
corn-soybean meal starter diet (basal diet) (Table 1) that met
the National Research Council (1994) requirements was used
to formulate the different experimental diets. The different
diets were prepared by premixing the lyophilized yeast and
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the AFB1-contaminated powder and then mixing them with
the basal diet in an industrial mixer. The experimental diets for
each treatment were formulated as follows: T1: basal diet (B);
T2: B + 0.1% yeast; T3: B + AFB1 (100 μg/kg); and T4: B +
0.1%yeast + AFB1 (100μg/kg). Broilers wereweighed week-
ly at the start and end of the study and monitored daily for
signs of morbidity and mortality. The feed consumption was
determined at the end of the study.

At the end of the feeding trial, the efficacy of yeast was
evaluated by measuring the following performance parame-
ters: average daily weight gain (ADWG) (g/bird/day), average
daily feed consumption (ADFC) (g/bird/day), and feed con-
version ratio (FCR) calculated by the ratio between ADFC
and ADWG, from day 1 to day 22. Furthermore, carcass
weight (CW), dead weight (DW), biochemical parameters,
macroscopic and microscopic changes in the liver, and
AFB1 residues in the liver and excreta of broilers were
determined.

Pathological examination

When broilers reached an age of 22 days, the feeding trial was
terminated and five broilers from each replicate of each treat-
ment were selected at random and killed by cervical

dislocation. Selected animals were weighed before euthanasia.
A detailed necropsy was then conducted. The livers
were removed and weighed. Blood samples (5 ml, with anti-
coagulant) were collected before euthanasia from the
subclavian-axillary vein and centrifuged, and the plasma was
separated and stored at −20 °C until analyzed. Biochemical
determinations, including total protein, albumin (ALB), and
globulin (GLOB) concentrations, and ALB/GLOB ratio in
plasma for each broiler group were calculated on day 22.
These concentrations were determined with a clinical chemis-
try analyzer (Commercial Kit, Wiener Laboratory, Rosario,
Argentina) according to the procedure recommended by the
manufacturer (Wiener Laboratory 2000). Plasma biochemical
values were grouped and expressed as mean ± pooled sample
standard error.

Histopathology

After pathological examination, livers (n = 20) from each
treatment (5 from each replicate) were selected and fixed in
10% neutral buffered formalin. The fixed tissues were
trimmed, embedded in paraffin, and stained with hematoxy-
lin–eosin for histopathological examination by optical micros-
copy (OM). Microscopically, hepatocellular degeneration of
livers was graded as follows: slight (degree 1): mild hepato-
cellular swelling caused by hydropic degeneration and fatty
changes only in centrilobular areas; moderate (degree 2): clear
hepatocellular swelling in centrilobular and mid zonal areas;
and severe (degree 3): diffuse and severe hepatocellular swell-
ing, cytoplasmic paleness, and rupture (Ortatatli et al. 2005).
The liver tissue samples from the different treatments were
then removed and frozen at −20 °C for subsequent AFB1

residual analysis.

Extraction for the analysis of AFB1 residue in chicken
excreta and liver tissue

The AFB1 concentration in excreta was quantified as an indi-
rect measure to evaluate the effect of the addition of
P. kudriavzevii to broiler diets as a bioadsorbent. The excreta
were collected manuallywith a small shovel from the collector
trays under the cages. On the end of each week during the
experiment, the excreta from each treatment were collected.
A 50-g sample was taken from each treatment, and at the end
of the experiment, all samples from each treatment were
pooled and homogenized and a 25-g subsample was extracted,
cleaned up with immunoaffinity columns (IAC), and analyzed
for AFB1 by HPLC-fluorescence. Briefly, 25 g of excreta was
extracted with 100 ml methanol/water (60:40 v/v), 80 ml hex-
ane, and 2 g NaCl. The mixture was shaken for 30 min in an
orbital shaker and filtered throughWhatman No. 4 filter paper.
Twenty-five milliliters of the methanol/water phase of the fil-
trate were extracted twice with 25 and 15 ml chloroform in a

Table 1 Composition (g/kg of diet) and proximate analyses (g/kg of
diet) of the basal diet

Item Diet
Ingredient Grower

Yellow corn 697.5

Soybean oil meal 220.0

Meat and bone meal 73

Vitamin and mineral mixa 1.5

NaCl 2.5

Oyster shell 3.5

dl-Methionine 2.0

Total 1000.0

Proximate composition of the test diet CP 214.0

Crude fat 50.0

Crude fiber 25.0

Calcium 9.5

Methionine 5.0

Tryptophan 2.3

ME (kcal/kg) 3100.0

a Vitamin and mineral mix provided the following (mg/kg of feed): vita-
min A, 10 × 106 IU; vitamin D3, 3 × 106 IU; vitamin K, 33 mg, vitamin
B1, 1 mg; vitamin B2, 2.5 mg; vitamin B6, 2.5 mg; vitamin B12,
0.0125 mg; folic acid, 0.25 mg; nicotinic acid, 25 mg; calcium pantothe-
nate, 10 mg; biotin, 0.01 mg; choline chloride, 240 mg; manganese,
87.5 mg; iron, 60 mg; copper, 7.5 mg; zinc, 68.75 mg; I, 1.0 mg; Se,
0.2 mg; and butylated hydroxytoluene, 0.312 mg. CP crude
protein, ME metabolic energy
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separatory funnel. The chloroform phase was then vacuum-
dried in a rotatory evaporator. The dried extract was
redissolved in 32 ml 10% methanol in PBS solution and
passed through an AflaStar™ Immunoaffinity Column
(COIAC 1000, Romer Labs, 3430 Tulln, Austria). The col-
umn was then washed with 5 ml distilled water and AFB1 was
eluted with 1 ml HPLC grade methanol. The extracts were
evaporated to dryness under N2 stream and redissolved in
500 μl mobile phase acetonitrile–methanol–water (17:17:66,
v/v).

Livers (n = 20) from each treatment (5 from each replicate)
were selected. Aflatoxin B1 in the liver tissue was extracted
and partially purified according to the method described by
Tavčar-Kalcher et al. (2007). Briefly, the ground liver samples
(50 g each) were mixed thoroughly with 5 ml of a 20% aque-
ous citric acid solution and diatomaceous earth (10 g). The
mixture was extracted with 100 ml of dichloromethane by
shaking for 30 min. The organic phase was filtered through
Whatman No. 4 filter paper (Whatman International Ltd.,
Maidstone, UK). Water was eliminated by adding 5 g
Na2SO4. The filtrate was filtered for a second time and an
aliquot (20 ml) was evaporated to dryness. Then, the concen-
trate was mixed with 20 ml acetonitrile/H2O (75:25, v/v) and
10 ml hexane and centrifuged, and then, a 10-ml aliquot of the
acetonitrile/H2O (75:25, v/v) phase was taken and evaporated
to dryness in a rotary evaporator. The residue was redissolved
in methanol/water (80:20, v/v) and cleaned up. For cleanup,
the dried extract was redissolved in 10 ml methanol/H2O
(80:20 v/v), added 90 ml distilled water, and passed through
OASIS®, HLB, 6 cm3 (200 mg) SPE cartridges (Waters
Corporation, Milford, MA, USA), previously conditioned
with methanol and water according to the methodology de-
scribed by Sørensen and Elbæk (2005). Solid phase extrac-
tions were performed in a Vac Elut 20 position Manifold SPE
extractor (Agilent Technologies Inc., Santa Clara, CA, USA).
The toxin was eluted with 7 ml methanol, evaporated to dry-
ness, and stored at −20 °C until analysis.

For AFB1 recovery analysis, AFB1-free finely ground liver
samples (50 g) obtained from commercial broilers were

weighed into a 250-ml Erlenmeyer flasks and spiked with a
standard solution of AFB1 at 100 μg AFB1/g liver. Analysis of
fortified samples and their respective blanks were performed
in duplicate. The extraction of AFB1 in liver samples was
done according to the protocol described above. The detection
and quantification of AFB1 in liver and excreta samples were
done according to the protocol described below.

Quantification of AFB1 residue in chicken excreta
and in liver tissue

Aflatoxin B1 in the extracts were detected and quantified by
HPLC-fluorescence according to Trucksess et al. (1994).
Dried extracts were redissolved in mobile phase [acetoni-
trile/H2O (20:80, v/v)] and injected into the HPLC instrument.
An aliquot (200μl) was derivatized with 700μl trifluoroacetic
acid–acetic acid–water (20:10:70, v/v). The HPLC system
consisted of a Hewlett Packard model 1100 pump (Palo
Alto, CA, USA) connected to a Hewlett Packard 1100 Series
variable wavelength fluorescence detector and a data module
Hewlett Packard Kayak XA (HP ChemStation Rev. A.06.01).
Chromatographic separations were performed on a silica
Luna™ Phenomenex C18 reversed-phase column
(150 × 4.6 mm, 5 μm particle size, Phenomenex Inc.,
Torrance, California, USA) connected to a SecurityGuard™
Phenomenex guard column (4 × 3.0 mm, 5 μm particle size).
The mobile phase was pumped at a flow rate of 1.5 ml/min.
The fluorescent detector was set at 360 nm excitation 440 nm
emission wavelengths. Injection volume was 50 μl and the
retention time of AFB1 was 4.4 min. A calibration curve for
the quantification of the toxin was performed with external
standard solutions of 130, 65.03, 32.52, 16.25, and 8.15 μg/
kgAFB1. The limit of detection (LOD) was 5 μg/kg of sample
and the limit of quantification (LOQ) was 8.15 μg/kg. Two
inter-days recovery assays were done by spiking excreta with
130 μg/kg AFB1 and showed a mean recovery percentage of
101.9%. The percentage of recovered AFB1 for liver samples
was 99 ± 13%.

Table 2 Effects of aflatoxin B1 and Pichia kudriavzevii on production parameters of 160 broilers

Production parameters

Treatments ADWG (g/bird/day) ADFC (g/bird/day) Feed conversion ratio (g feed/g gain)

T1 Basal diet 115.80 ± 0.32b 170.90 ± 1.07b 1.48 ± 0.05a

T2 Yeast 114.14 ± 0.77b 169.87 ± 0.48b 1.47 ± 0.05a

T3 AFB1 103.78 ± 0.66a 159.29 ± 1.26a 1.53 ± 0.09a

T4 Yeast + AFB1 113.65 ± 0.66b 170.52 ± 0.58c 1.50 ± 0.07a

Values in columns with no common superscripts are significantly different (P ≤ 0.05) according to Fisher’s protected least significance test (LSD test).
Yeast 0.1% and AFB1 (100 μg/kg)

ADWG average daily weight gain, ADC average daily feed consumption
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Statistical analysis

The data were analyzed by general linear and mixed model
(GLMM) using InfoStat (version 2.03 for Windows 2012;
University of Cordoba, Argentina) software. The data were
analyzed by analysis of variance (ANOVA). Means and stan-
dard error (SEM) were compared using the Fisher’s protected
least significant test (LSD) (P < 0.05 and 0.0001). The signif-
icance P < 0.05 was used for the production parameters, dead
weight, and carcass weight, and the significance P < 0.0001
was used for the biochemical parameters, liver weight, and
AFB1 residues in the livers.

Results

The production parameters evaluated showed significant dif-
ferences among treatments (Table 2). Broilers fed the control
diet (T1) had the highest ADWG value, while broilers fed the
100 μg/kg AFB1 diet (T3) showed the lowest ADWG.
Broilers fed the AFB1 + yeast diet (T4) showed a significant
increase in ADWG (P < 0.05), being similar to the control
(T1) and demonstrating the adsorptive effect of the yeast.
Broilers fed the AFB1-contaminated diet (T3) showed the
poorest ADC values, while broilers fed AFB1 + yeast (T4)
showed values similar to control birds (T1). Broilers did not

show a significantly poorer (P < 0.05) value for this parameter
on FCR, among different treatments.

Broilers fed the AFB1-contaminated diet (T3) showed the
lowest DW and CW values compared with the control group
(Table 3). Broilers receiving the AFB1 + yeast diet (T4) had
CD and CW values similar to those observed in broilers fed
the yeast treatment (T2).

The effects of AFB1 and P. kudriavzevii supplemented diets
on the biochemical parameters and liver weight of broilers are
presented in Table 4. No significant differences (P ≤ 0.0001)
among the different treatments were observed in the evaluated
biochemical parameters (PT, ALB, GLOB, and ALB/GLOB)
and on liver weights.

The liver of broilers fed the AFB1 diet (T3) showed a
slightly lighter coloration compared with controls (Fig. 1).
The liver of broilers fed the AFB1 + yeast diet (T4) had similar
appearance to controls, suggesting P. kudriavzevii exerted a
protective effect against aflatoxicosis. The liver of broilers fed
the yeast-only diet (T2) also had similar appearance to con-
trols, demonstrating that the yeast has an inert and non-toxic
effect on broilers.

The livers of broilers fed with basal diet (T1) showed a
microvacuolar diffuse fat degeneration all over the organ
(Fig. 2a), while livers of broilers fed the 100 μg/kg of AFB1

diet (T3) showed hepatocytes with lesions of degrees 1 and 2
(i.e., hydropic degeneration and fat microvacuoles) which are
typical histopathological alterations caused by AF (Fig. 2c).

Table 4 Effects of aflatoxin (AFB1) and Pichia kudriavzevii on biochemical parameters and liver weight of 20 broilers

Treatments Biochemical parameters Liver weight (g)

PT ALB GLOB ALB/GLOB

T1 basal diet 2.93 ± 0.06a 1.38 ± 0.11a 1.55 ± 0.17a 0.90 ± 0.14a 27.46 ± 1.85a

T2 (yeast 0.1%) 2.56 ± 0.12a 1.25 ± 0.05a 1.31 ± 0.27a 0.96 ± 0.11a 26.32 ± 2.83a

T3 (AFB1 100 μg/kg) 2.54 ± 0.09 a 0.97 ± 0.21a 1.57 ± 0.14a 0.67 ± 0.26a 25.44 ± 0.94a

T4 (yeast 0.1% + AFB1 100 μg/kg) 2.81 ± 0.19a 1.23 ± 0.05a 1.58 ± 0.23a 0.80 ± 0.16a 26.76 ± 2.36a

PT total protein, ALB albumin, GLOB globulin (g/100 ml),ALB/GLOB ratio. Liver weight in grams. Values with common superscripts were not
significantly different (P ≤ 0.0001), according to Fisher’s protected least significance test (LSD test)

Table 3 Comparative studies of the dead weight and carcass weight of 20 broilers

Production parameters

Treatments Dead weight (g) Carcass weight (g)

T1 Basal diet 1313.6 ± 43.2c 900.6 ± 22.9c

T2 Yeast 0.1% 1248.8 ± 59.1b 883.8 ± 46.4bc

T3 AFB1 (100 μg/kg) 1004.8 ± 41.7a 691.4 ± 41.6a

T4 Yeast 0.1% + AFB1 (100 μg/kg) 1198.6 ± 26.9b 850.5 ± 12.4b

Values in columns with no common superscripts are significantly different (P ≤ 0.05) according to least significant difference Fisher’s protected least
significance tests (LSD test)
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Livers of broilers fed the yeast-only diet (T2) and the AFB1 +
yeast diet (T4) did not show signs of diffuse fat degeneration
in hepatocytes (Fig. 2b–d). Moreover, T4 showed the amelio-
rating effects of the yeast on the AFB1-associated lesions.
Lesions of degree 3 (i.e., severe) were not observed in any
of the treatments.

Table 5 shows AFB1 concentrations (μg/g) found in broiler
livers. In the AF-free treatments (T1 and T2), no AFB1 resi-
dues were detected, while broilers fed the AFB1-contaminated
diets (T3 and T4) showed detectable AFB1 levels. Aflatoxin
B1 concentration in livers from T3 was significantly higher

(1.26 μg/g) (P ≤ 0.0001) compared with levels found in T4
(1.09 μg/g). Low AFB1 concentrations were detected in the
excreta (1.64 to 1.90 μg/kg) and no significant differences
were observed among treatments (data not shown).

Discussion

Aflatoxin contamination is a constant hazard to the poultry
industry that results in substantial economic losses to pro-
ducers due to sublethal but toxic effects of AFB1. In the pres-
ent study, the efficacy of an autochthonous P. kudriavzevii
strain isolated from broiler feedstuff to prevent the toxic ef-
fects of aflatoxin in broilers fed diets containing natural con-
tamination levels of AFB1 was evaluated. Performance and
biochemical parameters, macroscopic and microscopic chang-
es, and residual levels of AFB1 in the liver and excreta were
also determined.

Broilers’ performance was affected by AFB1 and the addi-
tion of 0.1% yeast to diets contaminated with 100 μg/kg of
AFB1 showed ameliorative effects on the production parame-
ters evaluated. However, the biochemical parameters were not
improved. Our results agree with those reported by Afzal and
Saleem (2004) who used a mycotoxin detoxifier containing
oxyquinol, dichloro-thymol, and micronized yeast and
observed a significantly improved body weight gain and feed
efficiency in broilers fed diets containing the detoxifier
when compared to diets contaminated with 78, 80, and
170 μg/kg AFB1. Similarly, Celik et al. (2001) and Juan-
Juan et al. (2010) demonstrated that the addition of yeast cell
extracts to a diet containing 100 μg/kg of AFB1 had amelio-
rative effects on broilers’ performance and biochemical
parameters. Hashmi et al. (2006) reported an efficient decrease
of AF’s toxic effects by supplementing yeast sludge (1%) and
mannanoligosaccharide (0.26%) to 100, 200, and 300 μg/kg
AFB1-contaminated broiler diets. Similar results were also
observed byMotawe et al. (2014) who used a mix of probiotic
bacteria and yeast and demonstrated lower ADWG, lower
ADC, and impaired FCR in broilers fed 0.5 and 1 mg/kg
AFB1-contaminated diets.

The effects of AFB1 in broiler’s liver are well known since
this is AF’s target organ. One of these effects is the significant
increase in liver absolute weight (Ortatatli and Oğuz 2001;
Aravind et al. 2003; Ortatatli et al. 2005; Magnoli et al.
2011a). In the present study, no significant differences in liver
weight were detected probably due to the low levels of AFB1

consumed. In the macroscopic examination, livers of broilers
fed the basal diet plus yeast showed a slightly darker color,
whereas livers of broilers fed the AFB1-contaminated diet
showed a typical color pattern (pale yellow) related to subclin-
ical aflatoxicosis. The liver histopathology of broilers fed
AFB1 showed a typical pattern of subclinical aflatoxicosis.
The present results agree with other authors who reported

Fig. 1 Representative livers from broilers (22 days old) fed different
treatments (T). T1: basal diet (B); T2: B + yeast; T3: B + aflatoxin B1

(AFB1); T4: B + yeast + AFB1; T5: AFB1 (100 μg/kg); and T6: yeast
(0.1%)
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microscopic lesions in broilers fed 100 μg/kg levels of dietary
AFB1 (Ortatatli and Oğuz 2001; Kemal et al. 2003; Ortatatli
et al. 2005; Magnoli et al. 2011a, 2011b). Moreover, there
were no signs of liver aflatoxicosis in broilers fed the basal
diet plus yeast. Azizpour and Moghadam (2015) also reported
that the addition of yeast glucomannan mitigated the negative
effects of aflatoxin on the liver histopathology. In this study,
residual AFB1 was detected in the liver of broilers fed 100 μg/
kg of AFB1. On the other hand, the levels of residual AFB1 in
liver decreased when yeast was added to the diet. Other au-
thors reported that different levels of AFB1 in diets (50 to 100

and 3000 μg/kg) resulted in similar levels of residual AFB1 in
liver (0.13 to 0.15 ng/g) (Bintvihok 2002; Bintvihok and
Kositcharoenkul 2006). However, the levels detected in the
present study were ten times greater than the results reported
by those authors.

In the present study, there were no significant differences
between AFB1 residual levels in excreta among the different
treatments. It was expected that the yeast would bind the toxin
reducing its bioavailability and, hence, increase its excretion.
However, the low percentage of AFB1 recovered from the
excreta could be due to the low levels of toxin administered
to animals (simulating a chronic aflatoxicosis). In addition,
there could be another mechanism of mycotoxin reduction
such as degradation by microorganisms of the intestinal biota
(Vanhoutte et al. 2016). However, the adsorption of AFB1 to
the yeast and the consequent reduction of its bioavailability
could also be explained by the amelioration observed in the
AFB1 plus yeast treatment. It is predicted that, when more
aflatoxin molecules are absorbed by feed additives in the gas-
trointestinal tract, there are less negative effects on the target
organs. The adsorbing effects of yeast are attributed to its
ability to selectively bind to aflatoxin molecules. The yeast
cell wall consists of a network of β-1,3 glucan backbone with
β-1,6 glucan side chains, which in turn are attached to highly
glycosylated mannan proteins, which make the external layer
(Yiannikouris et al. 2004). In this way, a toxin-yeast complex
is formed which is eliminated by the excreta decreasing the
concentration of the toxin in blood. From the intestines, toxins

Fig. 2 Photomicrographs
(optical microscopy) of
hematoxylin and eosin-stained
broiler liver sections from
different treatments. a T1 = basal
diet (B). b T2 = B + yeast. c T3 =
B + AFB1. d T4 = B + yeast+
AFB1

Table 5 Aflatoxin B1 residue in the livers of 20 broilers fed dietary
treatments from d 1 to 22

Treatments AFB1 (μg/g)
1

T1 Basal diet (AFB1 3.2 μg/kg) ND

T2 Yeast 0.1% ND

T3 AFB1 (100 μg/kg) 1.26 ± 0.04a

T4 Yeast 0.1% + AFB1 (100 μg/kg) 1.09 ± 0.10b

Values with different superscripts were significantly different
(P ≤ 0.0001) according to Fisher’s protected least significance test
(LSD test)

T1 basal diet (AFB1 3.2 μg/kg), T2 yeast (0.1%), T3 AFB1 (100 μg/kg),
T4 yeast 0.1% + AFB1 100 μg/kg, ND no detectable levels (detection
limit 0.001 μg/g)
1Mean levels of AFB1 in the liver (μg/g) were obtained from five liver
samples
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enter the liver through the liver’s portal blood supply and then
spread to most soft tissues. However, most toxins accumulate
in the liver and kidneys where biotransformation occurs
(Leeson et al. 1995).

In the liver, AFB1 is bioactivated by cytochrome P450, a
group of enzymes abundant in the liver and related with the
bioactivation and metabolism of different kinds of xenobiotics
and endogenous compounds (Diaz et al. 2010). These com-
pounds are excreted in the urine although a small part can
remain in tissues as residues. These residual levels of AFB1

in liver were analyzed in the present study. Biotransformation
of AFB1 in mammals is relatively well understood; however,
studies in poultry are still needed (Savlík et al. 2007). Diaz
et al. (2010) have reported differences in the rate of AFB1

biotransformation into its epoxide and dihydrodiol forms in
commercial poultry species including ducks, chickens, tur-
keys, and quail (Lozano and Diaz 2006). Future studies should
be performed to search for AFB1-biotransformation deriva-
tives in animal tissues.

Concluding, the addition of P. kudriavzevii to a broiler diet
containing AFB1 was shown to be effective in ameliorating
the toxin’s adverse effects on productive parameters and re-
sidual AFB1 levels in livers. The macroscopic and histopath-
ological aspect of the livers reflected the effect the low levels
of AFB1 in broilers and could be indicating a beneficial effect
of yeast when supplemented to aflatoxin-contaminated diets
in poultry production. Also, P. kudriavzevii by itself did not
demonstrate any adverse effects (i.e., diarrhea). As a conse-
quence of all these facts, productive parameters of broilers fed
with the native yeast strain were similar to those encountered
in the control broilers. This work makes a contribution on
using native yeasts from broilers’ environment for controlling
chronic aflatoxicosis in avian production.
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