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Introduction: Mycotoxins are toxic chemical substances generated as secondary metabolites by
specific types of filamentous fungi (Conte et al., 2020). Aflatoxins are a significant group of
mycotoxins, predominantly produced by specific fungi species, especially Aspergillus flavus and
Aspergillus parasiticus (Caceres et al., 2020). Aflatoxins adversely impact poultry by decreasing
growth, feed efficiency, and egg production, while causing liver fat accumulation, reduced serum
protein levels, carcass bruising, poor pigmentation, liver damage, impaired digestion, and immune
suppression (Murugesan et al., 2015). Aflatoxin B1 is the most toxic and biologically active form of
aflatoxins, known for its widespread occurrence (Min et al., 2021). One effective detoxification
method is treating mycotoxins with oxidizing agents, which alter their molecular structure (Liu et al.,
2022). Ozone, approved by the food and drug administration for food use, has advantages over other
oxidants, such as its residue-free application in gaseous or aqueous form, abundant precursors, and
the ability to be generated on-site (Peivasteh-Roudsari et al., 2022). The study by Demirci et al.
(2023) showed that ozonation at 10 mg/L (60 min) or 3.33 mg/L (90 min) effectively reduced
aflatoxins in hazelnuts. This study aimed to investigate the effects of ozone treatment time on
aflatoxin-contaminated feed by examining detoxification efficiency and changes in feed chemical
composition, as well as evaluating its impact on growth performance, carcass traits, and intestinal
absorptive capacity in broiler chickens consuming the contaminated diet.

Material and method: The first experiment was conducted in a completely randomized design with
4 treatments and 6 replicates. The experimental treatments were as follows: (1) a diet contaminated
with aflatoxin (0.1 mg/kg) without ozone gas exposure, (2) an aflatoxin—contaminated diet exposed
to ozone gas for 30 min, (3) an aflatoxin—contaminated diet exposed to ozone gas for 60 min, and (4)
an aflatoxin—contaminated diet exposed to ozone gas for 90 min. The samples analyzed in this study
were starter feed for broiler chickens. The levels of total aflatoxins and aflatoxin B1 were quantified
by HPLC following the Iranian National Standard Method INSO 6782:2003. All feed samples were
also analyzed for dry matter, ash, crude protein, ether extract, crude fiber, gross energy, calcium, and
phosphorus content. In the second experiment, a total of 180 one-day-old male Ross 308 broilers were
randomly assigned in a completely randomized design with 3 treatments and 6 replicates: control diet,
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diet contaminated with 0.1 mg/kg aflatoxin, and contaminated diet treated with ozone (10 mg/L for
60 minutes). Parameters measured included performance, carcass characteristics, and morphology of
different sections of the small intestine. Data from both experiments were analyzed using a
completely randomized design with ANOVA in SAS (4 treatments x 6 replicates for experiment 1; 3
treatments % 6 replicates for experiment 2). Tukey’s test identified significant differences at P<0.05.
Polynomial regression was used to evaluate the effect of ozone exposure duration on the parameters.
Results and discussion: Ozone treatment significantly reduced total aflatoxins and aflatoxin B1 in
feed, with longer exposure causing greater decreases (P<0.01). Regression analysis also showed a
significant linear decrease (P<0.01) in total aflatoxins and aflatoxin B1 levels as ozone exposure
duration increased. Ozone treatment for 30 and 60 min did not affect (P>0.05) nutrient levels, while
90 min significantly reduced dry matter (DM), crude protein (CP), and gross energy content (GE;
P<0.05). Regression analysis showed that DM, CP, ether extract (EE; P < 0.05), phosphorus (P <
0.05), and GE decreased linearly (P < 0.01) as ozone exposure increased from 0 to 90 minutes. Luo
et al. (2014) found that ozonation of maize at 90 mg/L for 20 and 40 minutes significantly reduced
aflatoxin B1 levels from 83 pg/kg to 12.18 pg/kg and 9.9 pg/kg. Similarly, Torlak et al. (2016)
reported 74.3% and 86.4% reductions in AFB1 in poultry feed after 240 minutes of ozone exposure
at 2.8 mg/L and 5.3 mg/L. Ozonation breaks down aflatoxin by reacting with the C8-C9 double bond
on the furan ring and the lactone ring, destroying the toxin (Salsabila et al., 2025). Asadnejad et al.
(2023) similarly found that longer ozone exposure (0 to 48 hours) at 10 g/hr caused a linear decrease
in DM and EE in feather meal, due to ozone’s strong oxidative effects. The reduction in GE content
may be attributed to the decrease in the percentages of DM, CP, and EE in the feed samples. Feeding
aflatoxin-contaminated feed, either with or without ozone treatment, significantly reduced (P<0.01)
body weight gain (BWG) and European performance efficiency factor (EPEF), and increased
(P<0.01) feed conversion ratio (FCR), while feed intake (FI) was not affected (P>0.05). No significant
(P>0.05) differences in relative weights of breast, leg, heart, gizzard, or spleen were observed.
Carcass yield and bursa weight were higher (P<0.05) in the control diet compared to aflatoxin-
contaminated feed but similar to the ozone-treated group. Liver weight increased (P<0.05) with
aflatoxin contamination but normalized after ozone treatment. The Villus height: crypt depth ratio
was significantly (P<0.01) better in the control and ozone-treated groups compared to the untreated
aflatoxin group, indicating that ozone mitigated the negative effects of aflatoxin on intestinal
structure. The mitigating effects of processing aflatoxin-contaminated feed on the relative weights of
the carcass, liver, and bursa, as well as the improvement of small intestine morphology, can be
attributed to the role of ozone in degrading aflatoxin into less toxic or non-toxic compounds.
Generally, ozone treatment effectively degraded aflatoxin in contaminated feed and mitigated its
adverse effects on carcass traits and intestinal morphology. However, the lack of improvement in
overall performance suggests that residual aflatoxin levels or ozone-induced alterations in feed
composition may still influence bird growth. Overall, 0zone processing can be considered a promising
detoxification approach when properly optimized to balance toxin removal and feed quality.
Conclusion:
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Introduction

Mycotoxins are  chemical compounds
synthesized as secondary metabolites by some
filamentous fungi (Conte et al. 2020). These
toxins can contaminate various food crops,
posing significant risks to human and animal
health (Pitt and Hocking. 2009). Mycotoxin
are commonly found in a wide range of meals

and feeds including peanuts, nuts, figs, corn,
rice, spices, and dried fruits (El-Sayed et al.
2022). Due to their stability, mycotoxins can
persist throughout food processing, storage,
and cooking, making them challenging to
eliminate (D'Mello et al. 1999). Aflatoxins are
indeed a concerning group of mycotoxins,
primarily produced by certain species of fungi,
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particularly Aspergillus flavus and Aspergillus
parasiticus (Caceres et al. 2020). The
aflatoxins contamination commonly appears in
feeds containing maize, millet, peanut meal,
rice/bran, sorghum, soybean meal,
straw/silage, wheat/bran, and other feed
ingredients commonly utilized in animal feed,
including poultry rations. (Min et al. 2021).
The aflatoxins induce numerous impacts on
poultry, such as diminished weight gain,
impaired feed efficiency, decreased egg
production and weight, heightened liver fat,
alterations in organ weights, lowered serum
protein levels, carcass bruising, inadequate
pigmentation,  liver  damage, reduced
enzymatic activities essential for starch,
protein,  lipid, and  digestion, and
immunosuppression (Murugesan et al. 2015).
Among the wvarious types of aflatoxins,
aflatoxin B1 is particularly well-known due to
its high toxicity and prevalence. It is
considered the most potent and biologically
active form among the aflatoxins (Min et al.
2021).

Reports on detoxification strategies for
mycotoxins mainly focus on physical,
chemical, and biological methods, but many
current approaches are impractical due to time
consumption, nutrient losses, or low efficiency
(Chen et al. 2014). Treating mycotoxins with
oxidizing agents is an effective detoxification
method that alters the molecular structure of
the toxins (Liu et al. 2022). Commonly used
oxidizing agents for mycotoxin treatment
include ozone, hydrogen peroxide, sodium and
calcium hypochlorite, chlorine, and other
similar compounds (Liu et al. 2022). Ozone,
food and drug administration -approved for
food applications, offers advantages over other
oxidants—it can be used in gaseous or aqueous
form  without residues, has abundant
precursors, and can be generated on-site
(Peivasteh-Roudsari et al. 2022). The
interaction between mycotoxins and ozone
varies depending on the chemical structure of
the mycotoxins. For example, ozonation
specifically targets the hypertoxic site of the
furan ring in aflatoxins (Afsah-Hejri et al.
2020). Ozone treatment can reduce aflatoxins

by 92-95% in corn and by 91% or 78% in
cottonseed or peanut meal, respectively
(Dwarakanath et al. 1986; McKenzie et al.
1998; Jr and King 2002). Mohamad et al.
(2022) found that ozone treatment at 20 ppm
effectively reduced aflatoxins in both raw and
ready-to-eat meat products. In the study by
Demirci et al. (2023) it was also found that
ozonation treatment of hazelnut samples at
concentrations of 10.0 mg/L for 60 minutes
and 3.33 mg/L for 90 minutes could effectively
reduce the levels of aflatoxin B1 and total
aflatoxins to levels below the tolerable limit.
Given the widespread contamination of
industrial poultry feed with aflatoxins, the
objective of this study was to evaluate the
impact of ozone treatment on aflatoxin-
contaminated feed by assessing detoxification
efficiency and feed chemical composition, as
well as its effects on growth performance,
carcass  characteristics and  intestinal
absorptive capacity in broiler chickens
consuming the contaminated diet.

Materials and methods

Experiment |

Experimental design

The first experiment was conducted using a
completely randomized design with four
treatments and six replicates per treatment.
The experimental treatments were as follows:
Aflatoxin-contaminated diet without ozone gas
exposure (control), 2) Aflatoxin-contaminated
diet exposed to ozone gas for 30 min, 3)
Aflatoxin-contaminated diet exposed to ozone
gas for 60 min, and 4) Aflatoxin-contaminated
diet exposed to ozone gas for 90 min. The feed
samples used in this experiment were starter
diets formulated for broiler chickens (Table 1).
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Table 1. Composition of basal diets and calculated composition (as-fed basis).

Starter Grower Finisher
(1-10d) (11-24 d) (25-35 d)

Ingredients (%)

Corn 51.18 55.89 60.81
Soybean oil 2.89 3.49 3.67
Dicalcium phosphate 2.28 1.82 1.50
Calcium carbonate 0.980 0.640 0.580
Soybean meal 35.85 33.53 30.32
Gluten meal 5.00 3.00 1.50
Mineral premix” 0.250 0.250 0.250
Vitamin premix™ 0.250 0.250 0.250
Sodium chloride 0.220 0.260 0.260
L-Lysine HCI 0.340 0.240 0.220
DL-Methionine 0.310 0.300 0.300
L-Threonine 0.110 0.080 0.080
Sodium bicarbonate 0.260 0.200 0.200
Calculated composition (%)

Metabolizable energy (Kcal/kg) 2975 3050 3100
Crude protein 23.00 21.50 19.50
Calcium 0.980 0.750 0.650
Available phosphorus 0.500 0.420 0.360
Digestible Lysine 1.32 1.180 1.08
Digestible Methionine + Cysteine 1.00 0.920 0.860
Digestible Threonine 0.880 0.790 0.720

*Provided the following per kilogram of diet: MnSO4+H20, 60 mg; FeSO4+7H20, 80 mg; ZnO,
51.74 mg; CuSOs+5H20, 8 mg; iodized NaCl,0.8 mg; Na2SeQOs, 0.2 mg.

“Provided the following per kilogram of diet: Retinyl acetate: 9,000 1U; Cholecalciferol: 2,000
IU; dl-o-tocopheryl acetate: 12.5 IU; Menadione sodium bisulfite: 1.76 mg; Biotin: 0.12 mg;
Thiamine: 1.2 mg; Riboflavin: 3.2 mg; Calcium d-pantothenate: 6.4 mg; Pyridoxine: 1.97 mg;
Nicotinic acid: 28 mg; Cyanocobalamin: 0.01 mg; Choline chloride: 320 mg; Folic acid: 0.38 mg.

Aflatoxin Production and Feed
Contamination Protocol

Fungal Culture Preparation: Aspergillus flavus
(strain PTCC-5004) was obtained from the
Iranian Research Organization for Science and
Technology (IROST, Tehran, Iran) for
aflatoxin ~ production,  following  the
methodology described by Shotwell et al.
(1966). Primary fungal growth was initiated on
Sabouraud Dextrose Agar (SDA) plates,
incubated at 28°C for 5 days. Spore Harvest
and Inoculation: Following incubation, spores
were harvested by adding 5 mL of 1% Triton
X-100 solution to each plate. For large-scale
A. flavus cultivation to produce milligram
quantities of aflatoxin B1, autoclaved corn
kernels (121°C, 15 psi for 15 min) in glass
Erlenmeyer flasks (100 g corn + 60 mL
distilled water, shaken for 2 h) were inoculated
with 2 mL of spore suspension (6.5 x 10°
spores/mL) under sterile conditions. Aflatoxin
Production: Inoculated flasks were incubated

at 28°C for 14 days to facilitate fungal growth
and aflatoxin biosynthesis. Post-incubation,
contaminated corn was re-autoclaved (121°C,
15 psi, 15 min) to terminate fungal activity.
Aflatoxin Quantification: Contaminated corn
was prepared and ground according to AOAC
Official Method 975.36 (Romer minicolumn
method, 2000). Aflatoxin B; concentration
(50.80 mg/kg) was determined using HPLC
(Waters Corporation, USA) equipped with a
2475 fluorescence detector (Aex 365 nm, Aem
418 nm) and a C18 column (150 % 4.6 mm).
The mobile phase consisted of water:
acetonitrile: methanol (60:30:10, v/v/v) at 1
mL/min flow rate (EI-Nezami et al., 1998).
Feed Formulation: The contaminated corn was
incorporated into starter diets to achieve the
target concentration of 0.1 mg/kg aflatoxin B,
in the feed. Recent studies have demonstrated
that dietary inclusion of 0.1 mg/kg of aflatoxin
B1 in broiler chicken diets can lead to
significant adverse effects, including reduced
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body weight and weight gain, decreased feed
intake, increased feed conversion ratio,
enhanced apoptosis and inflammation in
hepatic cells, impaired antioxidant status with
elevated production of reactive oxygen
species, an increase in enterotoxigenic
bacterial populations, and atrophy of the bursa
of Fabricius (Liu et al., 2018; Tsiouris et al.,
2021; Wan et al., 2021; Guo et al., 2021;
Insawake et al., 2025; Ye et al., 2025).

Ozone Exposure Procedure

The ozone exposure process was carried out in
a sealed, gas-tight chamber with a volume of
50 liters. For this purpose, 100 g samples of
both contaminated and uncontaminated feed
were placed in wire mesh containers to
enhance the contact surface between the feed
and the ozone gas inside different
compartments of the chamber. The
environmental conditions inside the chamber,
including room temperature (25°C), were
maintained constant, with no humidity control
applied. 1.8 grams of ozone were generated per
hour at a maximum concentration of 10 mg/L,
under conditions where the air flow rate was 3
L/min and the current was set to 0.7 A. The
feed samples were placed inside the chamber,
and the exposure times were set at 30, 60, and
90 min. The ozone concentration was
monitored with an ozone analyzer (Zibo Ideal
Measurement and Control Technology Co.
Ltd, Zibo, China).

Ozone gas used in the experiment was
generated using an ozone generator (Paya
Electronic Knowledge Innovators Co.) based
on the corona discharge method, utilizing
ambient air as the feed gas. In this method, dry
air is passed through a gap between two
electrodes subjected to a high voltage (~40
kV). The resulting intense electric field
dissociates molecular oxygen (O;) into
reactive oxygen atoms (O), which then react
with other O, molecules to form ozone (03). A
dielectric barrier made of non-conductive
material such as glass or ceramic is placed
between the electrodes to promote a uniform,
non-thermal corona discharge. This discharge
increases the effective surface area, thereby
enhancing the efficiency of ozone generation.

Among various techniques, corona discharge
is the most commonly used method for
industrial-scale ozone production due to its
reliability and efficiency
(www.oxidationtech.com).

Determination of aflatoxins

Determination of total aflatoxins and aflatoxin
B1 levels was performed using a Shimadzu VP
series SPD-10A UV-Vis Detector (Shimadzu
Corporation, Kyoto, Japan) by high-
performance liquid chromatography (HPLC),
following the Iranian National Standard
Method INSO 6782:2003. The method
involves sample extraction followed by
immunoaffinity column cleanup to selectively
isolate aflatoxins, and subsequent
quantification using HPLC with UV-Vis
detection for accurate measurement.
Chemical composition of feed

All feed samples were analyzed for dry matter,
ash, crude protein, ether extract, crude fiber,
gross energy, calcium (Ca) and phosphorous
(P) contents. Proximate analysis of the feed
samples was conducted according to AOAC
(2000) standard methods. Dry matter (DM)
content was determined by drying the samples at
105 °C for 24 hours (AOAC Method 930.15). Ash
content was measured by incinerating the samples
at 550 °C for 6 hours in a muffle furnace (AOAC
Method 942.05). Crude protein (CP) was estimated
using the Kjeldahl method with a nitrogen-to-
protein conversion factor of 6.25 (AOAC Method
954.01), using a Kjeldahl apparatus (Behr-Labor-
Technik GmbH, Germany). Ether extract (EE) was
determined through Soxtec extraction (AOAC
Method 920.39), and crude fiber (CF) was
analyzed following AOAC Method 962.09. Gross
energy (GE) was also determined using a
bomb calorimeter adiabatic calorimeter (Parr
6200 bomb calorimeter; Parr Instruments Co.,
Moline, IL.) standardized with benzoic acid.
Nitrogen-free extract (NFE) was calculated by
subtracting the sum of moisture, crude protein,
ether extract, crude fiber, and ash percentages
from 100. Furthermore, Ca and P
concentrations in feed samples were
determined  using  atomic  absorption
spectrometry (AOAC Method 927.02) and
UV-visible  spectrophotometry  (AOAC
Method 965.17), respectively.
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Experiment I1

A total of 180 one-day-old male Ross 308
broiler chicks were used in a completely
randomized design with 3 treatments, 6
replicates, and 10 chicks per replicate. At the
beginning of the experiment, the initial group
weight of each experimental unit was recorded
after weighing the chicks individually.
Statistical analysis was performed to ensure no
significant differences in initial body weight
(43%1.6 g) between experimental units before
starting the trial. The experimental treatments
included: a corn-soybean meal-based diet
(control group, without contamination and
0zone processing), a corn-soybean meal-based
diet contaminated with 0.1 mg/kg aflatoxin,
and a corn-soybean meal-based diet
contaminated with 0.1 mg/kg aflatoxin,
processed with ozone gas at a concentration of
10 mg/L for 60 minutes. All diets were
formulated according to the Ross 308 nutrient
specifications for macro and micro-nutrients
for the starter (1-10 days), grower (11-24
days), and finisher (25-35 days) phases (Table
1).

Feed intake (FI), body weight gain (BWG),
and feed conversion ratio (FCR) were
calculated for the entire duration of the study
(1-35 d). Mortality was recorded as it occurred
and used to adjust the FCR data accordingly.
The European performance efficiency factor
(EPEF) was also calculated using the
following formula: BW (kg) x% liveability x
100/FCR x trial duration (d).

On day 35 of the experiment, one chicken per
replicate (6 chickens from each treatment) was
randomly selected and euthanized for the
dissection of carcass components and internal
organs, which were then transferred to the
dissection site. The carcass components,
including the carcass, breast, and leg (thigh +
drumstick), as well as internal organs such as
the heart, gizzard, bursa, spleen, and liver,
were weighed and expressed as a percentage of
live body weight. At the end of the experiment
(day 35), the same six chickens from each
treatment (one bird per replicate) were selected
for small intestinal evaluations. For
histomorphometry, intestinal segment samples

(approximately 2 cm in length) from the
duodenum, jejunum, and ileum were excised
and flushed with 0.9% saline to remove the
contents. The intestinal segments were taken
from the duodenum loop, the midpoint
between the bile duct entry and Meckel’s
diverticulum (jejunum), and the midpoint
between Meckel’s diverticulum and the
ileocecal junction (ileum). All samples were
fixed in 10% buffered formalin for histological
evaluation. Following fixation, the samples
were trimmed, cleared, dehydrated, and
embedded in paraffin. Serial sections were cut
at 7 um using a microtome (Microm HM 335,
Thermo Fisher Scientific, Waltham, MA,
USA) and placed on glass slides. After
deparaffinization in xylene, the sections were
rehydrated in graded ethanol solutions, stained
with hematoxylin and eosin, and examined
under a light microscope. Intestinal
morphological measurements included villus
height (VH) and crypt depth (CD) in each
segment. VH was measured from the tip of the
villus to the top of the lamina propria, and CD
was calculated from the villus-crypt axis to the
tip of the muscularis mucosa. The ratio of
villus height to crypt depth (VH :CD ratio) was
calculated by dividing VH by CD.

Statistical Analyses

The statistical analysis was conducted using
the ANOVA procedure within the general
linear model of SAS software (SAS 1990). The
statistical model used to analyze the levels of
total aflatoxins and aflatoxin B1, the chemical
composition of the feed, performance
parameters, carcass traits, and small intestine
morphometry was defined as: Y;; = i+ T; + €.
Within the models, the terms are defined as
follows: Yij represents the measured
characteristics, p denotes the overall mean, Ti
(where i=1to 4 for experiment | and i=1to 3
for experiment I1) signifies the effect of the
ozone exposure times and diets, and ej
represents the random error. Significant
differences between treatment means were
assessed using Tukey's multiple range test.
Mean differences were considered significant
at a significance level of P < 0.05. Polynomial
regression  analysis  (including linear,
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quadratic, and cubic models) was also used to
predict the effect of increasing ozone exposure
durations on the various parameters tested in
experiment I.

Results

Experiment I

Total aflatoxin and aflatoxin B1 analysis
The results depicting the impact of feed
exposure duration to ozone gas on the
percentage breakdown of total aflatoxins and
aflatoxin B1 are shown in Figures 1 and 2,
respectively. The total aflatoxins content in the
feed decreased (P<0.01) following exposure to
ozone gas, with durations of 30, 60, and 90 min
exhibiting lower toxin levels compared to the

P<0.001

unexposed group (Figure 1). Furthermore, a
statistically ~ significant  difference  was
observed between the 90-min exposure group
and the 30 and 60-min groups. Regarding the
residual levels of aflatoxin Bl in the feed,
ozone treatment for 30, 60, and 90 min was
effective (P <0.01; Figure 2). The aflatoxin B1
content in the unexposed group was higher
compared to the other groups. Moreover,
statistically significant differences were noted
among the ozone-treated groups with varying
durations. The regression analysis results also
indicate linearly (P<0.01) decreases in the
levels of both total aflatoxins (Figure 1) and
aflatoxin B1 (Figure 2) with longer durations
of exposure to ozone.

Linear, P<0.001
Quadratic, P>0.05
Qubic, P>0.05

a
100.00
~ 80.00 b
>
£ 60.00
c
'3
£ 40.00
x
<
< 20.00
0.00
0 Min 30 Min

60 Min 90 Min

Figure 1. The residual total aflatoxins (TAF) level in broiler starter feed after ozone treatment at a concentration
of 10 mg/L for 0, 30, 60, and 90 min
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Figure 2. The residual aflatoxin B1 (AFB1) level in broiler starter feed after ozone treatment at a concentration
of 10 mg/L for 0, 30, 60, and 90 min

Chemical composition of feed

The effects of ozone exposure for durations of
30, 60, and 90 min on the chemical
composition of the feed are depicted in Table
2. Treatment with ozone for durations of 30,
60, and 90 min did not significantly (P>0.05)
affect the percentages of ash, Ca, P, CF, EE,
and NFE. Ozone treatment for 90 min resulted
in decreases (P<0.05) in the percentage of DM,
CP, and GE content of the feed compared to

the control group. However, no significant
differences were observed among the other
treatment groups. The analysis of the trend of
variable responses to increasing durations of
ozone exposure is also presented in Table 2.
The percentages of DM, CP, EE (P<0.05), P
(P<0.05), and GE content decreased (P<0.01)
linearly as the ozone treatment duration
increased from zero to 30, 60, and 90 min.

Table 2. Effects of 0zone exposure duration at a concentration of 10 mg/L on the chemical composition of

broiler chick starter feed

Exposure DM CP EE CF Ash GE NFE P Ca

duration (%) (%) (%) (%) (%) (Kcal/kg) (%) (%) (%)

(Min)

0 88.36% 23.04* 531 2.24 6.38 4209? 51.38 0956 1.19
30 87.75%® 2293 523 2.34 6.28 4154P 50.97 093  1.17
60 87.41® 22.83®  4.96 2.14 6.25 4114P 51.23 0914 111
90 87.02b 22.64°  4.93 2.10 5.98 4111° 51.37 0918 1.09
SEM* 0.286 0.087 0.121  0.070 0.134 25.59 0.397 0.011 0.041
P-value 0.023 0.024 0.098 0.105 0.215 0.047 0.877 0.077  0.310

p-value

Linear 0.003 0.003 0.018 0.061 0.053 0.008 0.916 0.018 0.068
Quadratic 0.713 0.704 0.861 0.308 0.541 0.331 0.497 0.316  0.961
Cubic 0.809 0.792 0447 0.179 0.622 0.851 0.669 0.662  0.783

*SEM: standard error of means

DM: dry matter, CP: crude protein, EE: ether extract, CF: crude fiber, GE: gross energy, NFE: nitrogen free extract, P: phosphorus,

Ca: calcium
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Experiment II

Performance

The effects of feeding o0zone-processed
aflatoxin-contaminated feed on broiler
performance from 1 to 35 days of age are
presented in Table 3. The FI was not affected
(P > 0.05) by any of the experimental
treatments. Feeding the aflatoxin-
contaminated diet, either with or without
ozone treatment, resulted in a decrease in
BWG and EPEF and an increase in FCR
compared to the control group (P<0.01).
Moreover, no significant difference was
observed between birds fed the aflatoxin-
contaminated diet and those fed the ozone-
treated aflatoxin-contaminated diet.

Table 3. Effects of processing aflatoxin-
contaminated ration with ozone on the
performance of broiler chickens from 1 to 35

days of age
Groups® FI BWG FCR EPEF
()] ()] (%)
Control 2982 1976  1.51° 349932
AF 2915 1711° 1718 285.06°
AF+03 2927 1707°  1.728  305.35°
SEM” 27.96 32.78 0.022 7.21
P-value 0.232 0.0001 0.0001 0.0001

*SEM: standard error of means

Fl: feed intake, BWG: body weight gain, FCR: feed
conversion ratio, EPEF: European performance efficiency
factor

&Control: corn-soybean meal-based ration free of aflatoxin
contamination and processed with ozone, AF: corn-
soybean meal-based ration contaminated with aflatoxin,
AF+03: corn-soybean meal-based ration contaminated
with aflatoxin and processed with ozone.

Carcass characteristics

The effects of feeding o0zone-processed
aflatoxin-contaminated feed on carcass traits at
35 days of age are depicted in Table 4. The
relative weights of the breast, leg, heart,
gizzard, and spleen did not differ significantly
(P > 0.05) among the experimental groups.
Carcass yield and the relative weight of the
bursa of Fabricius were higher (P < 0.05) in
birds fed the corn-soybean meal diet (free of
aflatoxin contamination and processed with
ozone) compared to those fed the aflatoxin-
contaminated diet, but no significant
difference was observed compared to the
group fed the aflatoxin-contaminated diet
processed with ozone. Feeding the aflatoxin-
contaminated diet resulted in an increased (P <
0.05) relative liver weight compared to the
control group; however, this difference was
not observed when the aflatoxin-contaminated
diet was processed with ozone.

Table 4. Effects of processing aflatoxin-contaminated feed with ozone on carcass traits and internal organ
weights of broiler chickens at 35 days of age

Groups® Carcass Breast Leg Heart Gizzard Liver Bursa Spleen
(%) (%) (%) (%) (%) (%) (%) (%)
Control 63.742 24.32 20.35 0.461 1.83 1.86° 0.1932 0.076
AF 59.962 21.88 19.50 0.495 1.79 2.042 0.157° 0.090
AF+03 63.232 24.52 19.99 0.548 1.82 1.918 0.179%  0.082
SEM” 1.05 1.00 0.507 0.025 0.071 0.039 0.009 0.004
P-value 0.045 0.152 0.504 0.070 0.914 0.015 0.042 0.124

*SEM: standard error of means

&Control: corn-soybean meal-based ration free of aflatoxin contamination and processed with ozone, AF: corn-soybean meal-based
ration contaminated with aflatoxin, AF+03: corn-soybean meal-based ration contaminated with aflatoxin and processed with ozone.

Small intestinal morphology

The effects of feeding ozone-processed
aflatoxin-contaminated feed on small intestinal
morphology at 35 days of age are presented in
Table 5. Significant differences (P < 0.01)
were observed among the three experimental
groups in VH and CD in the duodenum. The
highest VH and CD values were recorded in

the control group, while the lowest values were
observed in the group fed the aflatoxin-
contaminated diet without ozone processing.
However, the VH:CD ratio in the control group
and the group fed the aflatoxin-contaminated
diet processed with ozone was significantly
higher (P < 0.01) than that of the group fed the
aflatoxin-contaminated diet without ozone
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processing. In the jejunum, CD was similar (P
> 0.05) among the experimental groups.
However, VH was significantly (P < 0.01)
higher in the control group compared to the
other two groups. A significant (P < 0.01)
difference was observed in the VH: CD ratio
among the three groups in the jejunum tissue,
with the highest ratio recorded in the control
group and the lowest in the group fed the
aflatoxin-contaminated diet without ozone
processing. In the ileum, CD was also similar
(P > 0.05) among the experimental groups.
However, a significant difference (P < 0.01)

was observed in VH among the three groups,
with the VH height recorded in the control
group and the lowest in the group fed the
aflatoxin-contaminated diet without ozone
processing. However, the VH: CD ratio in the
control group and the group fed the aflatoxin-
contaminated diet processed with ozone was
significantly (P < 0.01) higher than that in the
group fed the aflatoxin-contaminated diet
without ozone processing.

Table 5. Effects of processing aflatoxin-contaminated feed with ozone on small intestine morphology of broiler
chickens at 35 days of age

Duodenum Jejunum lleum
Groups® VH CD VH: VH CD VH: VH CD VH: CD
(pm) (um) CD (um)  (pm) CD (pm) (pkm)
Control 11182 126° 8.93 8062 76.03 10.772 6802 77.82 8.80°
AF 868° 1372 6.33 509° 7436 6.90° 438° 73.20 6.30°
AF+03 967° 107°¢ 8.98 581° 66.78  8.80° 599° 79.46 7.318
SEM” 19.13 2.75 24.22 4.09 0.450 20.29 2.49 0.410
P-value <0.0001 <0.0001 <0.0001 <0.0001 0.261 <0.0001 <0.0001 0.216 0.002

*SEM: standard error of means

VH: villus height, CD: crypt depth, VH: CD: villus height to crypt depth ratio.
&Control: corn-soybean meal-based ration free of aflatoxin contamination and processed with ozone, AF: corn-soybean meal-based
ration contaminated with aflatoxin, AF+03: corn-soybean meal-based ration contaminated with aflatoxin and processed with ozone.

Discussion

The growth rate of poultry is significantly
affected by both the quality and quantity of
feed they consume. Feed is also a critical
component in poultry production, particularly
in broiler farming, where it constitutes
approximately 60-70% of production costs,
particularly notable in intensive production
systems (Wongnaa et al. 2023). Mycotoxins,
inevitable contaminants originating from
fungi, are commonly found in food,
particularly grains (De Boevre et al. 2012).
Poultry feed, due to its significant content of
grains and consequently starch, also provides
an optimal substrate for the growth of fungi
and the production of mycotoxins. In this
research, when feed samples were subjected to
ozone treatment at a concentration of 10 mg/L
for durations ranging from 30 to 90 minutes,
the degradation rates of total aflatoxins and
aflatoxin ~ B1  significantly  increased,
particularly after 90 min. In accordance with
our findings, Luo et al. (2014) reported that

ozonation of maize at 90 mg/L for 20 and 40
min reduced aflatoxin B1 levels from 83 pg/kg
to 12.18 pg/kg and 9.9 pg/kg, respectively. In
poultry feed, Torlak et al. (2016) reported that
AFB1 levels in artificially contaminated feed
samples decreased by 74.3% and 86.4% after
240 min of ozone exposure at concentrations
of 2.8 mg/L and 5.3 mg/L, respectively.
Atakan and Caner (2021) also demonstrated
that longer exposure times increased the
degradation of total aflatoxins and aflatoxin B1
in hazelnuts, with maximum detoxification
achieved at 20 ppm after 20 min. Similarly,
Babaee et al. (2022) found that ozonation of
aflatoxin-contaminated pistachios at 200 mg/h
for 30 min reduced aflatoxin levels. Salsabila
et al. (2025) further reported that treating
contaminated soybean seeds with ozone at 10
ppm for 60 min achieved a 96% degradation of
aflatoxin B1.

Ozone is a strong oxidizing agent with high
reactivity toward carbon—carbon double bonds
(C=C; Babaee et al., 2022). Since the 1960s, it
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has been recognized for its ability to degrade
various contaminants, including aflatoxin B1,
a potent mycotoxin produced by certain molds
(Lou et al., 2014). The structural differences
among mycotoxins contribute to their varied
responses to ozone treatment (Afsah-Hejri et
al. 2020). The decontamination of aflatoxin B1
and G1 by ozonation occurs through the
interaction of ozone with the double bond
located between the C8 and C9 positions on the
furan ring. This reaction disrupts the C8-C9
double bond as well as the lactone ring,
resulting in the destruction of the toxin
(Salsabila et al., 2025). Notably, the
degradation products of aflatoxins formed
through ozonation are considered non-toxic.
Using labeled AFBL1 in oxidation with O3, the
degradation products of AFB1 were identified
as 3-ketones, organic acids, and volatile or
mineral compounds (e.g., CO,, O,, and H,0)
that were non or less —toxic (Babaee et al.,
2022). An in vitro study on human liver cells
showed no significant differences in cell
growth or apoptosis between exposure to
ozone-treated, aflatoxin-contaminated maize
and aflatoxin-free maize (Lou et al., 2014).

In the current study, ozone exposure affected
the percentages of DM and CP, and GE content
of the feed samples. Regression analysis
further revealed linear decreases in both P and
EE percentages, in addition to the factors
mentioned above. Examining the quality of
ozone-treated feed addresses another aspect of
ozone's effects, distinct from its positive
impact on  mycotoxin  detoxification.
According to the findings of the present study,
Asadnejad et al. (2023) also observed a linear
decrease in the percentage of DM and EE as
the duration of ozone exposure of the feather
meal increased from 0 to 12, 24, and 48 hr at a
concentration of 10 g/hr. Ozone is a powerful
oxidant with an oxidation potential exceeded
only by fluorine and several radical species
(Rodriguez-Pefia et al., 2021). The observed
decrease in dry matter (DM) and ether extract
(EE) can be attributed to oxidation due to
ozone’s strong  oxidative  properties
(Agriopoulou et al., 2016).

Rakcejeva et al. (2014) reported a significant
decrease (47-80%) in the amino acids content
of wheat flakes upon ozone treatment. Nickhil
et al. (2021) also observed that exposure of
chickpea grains to ozone levels of 500, 750,
and 1000 ppm resulted in decreased levels of
both essential and non-essential amino acids,
as well as total amino acid content. These
changes can be supported by the fact that
ozone induces oxidative stress on amino acids,
converting them into secondary metabolites.
Therefore, as ozone concentration increases,
stress conditions also intensify, leading to a
decrease in amino acid content, and
consequently, crude protein content (lriti and
Faoro, 2009; Nickhil et al. 2021). Contrary to
the findings of the present study, in the study
by Asadnejad et al. (2023), the CP content
increased with longer ozone exposure of
feather meal. However, this rise may not be
due to a higher concentration of amino acids,
but rather the result of protein oxidation and
conversion into  secondary  metabolites
(Nickhil et al., 2021). It should be noted,
however, that the study by Asadnejad et al.
differs from the present study in several
aspects, including ozone concentration,
exposure time, and the nature of the ozonated
material. Asadnejad et al. (2023) worked on
feather meal, which contains approximately
85% crude protein and is highly resistant to
digestion due to its high cysteine and glycine
content (Qiu et al., 2020). In contrast, the
material used in the current study is poultry
feed, which is more digestible. Therefore,
prolonged ozone exposure may have adverse
effects on its nutritional qual. The reduction in
GE content may result from a decrease in the
DM, CP and EE percentage of the feed
samples.

In the present study, the observed decrease in
P content in feed samples with longer ozone
exposure times suggests that ozonation can
affect mineral composition, not just organic
contaminants like aflatoxins. This reduction in
mineral content aligns with previous findings
reported by Nickhil et al. (2021) and
Asadnejad et al. (2023), indicating that ozone
treatment can lead to changes in mineral
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availability or stability. The decline in
minerals such as phosphorus may be due to
chemical reactions induced by ozone, such as
cross-linking or mineralization processes
(Nickhil et al. 2021). Cross-linking refers to
the formation of new chemical bonds between
molecules, which could bind minerals into less
soluble or less extractable forms, making them
harder to detect in standard analyses.
Mineralization might involve oxidation
reactions where ozone alters the mineral
compounds, potentially causing them to form
insoluble precipitates or complexes.
Therefore, the oxidative impact of ozone on
the chemical components of feed plays a
pivotal role in determining the optimal
ozonation  conditions. Determining the
appropriate ozonation parameters—such as
concentration, exposure time, and application
conditions—is essential to achieving an
optimal balance between effective mycotoxin
reduction and the preservation of the feed’s
nutritional quality (Torlak et al.,, 2016).
Achieving this balance is fundamental for
maintaining both the safety and nutritional
integrity of the final feed product, and for
supporting its practical application in poultry
nutrition (Torlak et al., 2016).

Aflatoxins have been linked to various adverse
effects in avian species, including decreased
performance, impaired immune function,
organ damage, and reduced egg production
(Okasha et al., 2024). In the present study,
feeding the aflatoxin-contaminated diet, either
with or without ozone treatment, also led to
decreased BWG and increased FCR compared
to the control group. Similar to this
experiment, Lai et al. (2022) found that
feeding diets contaminated with 0.2 mg/kg
aflatoxin reduced BWG and increased FCR,
without affecting FI in broilers from 1 to 42
days. Ali et al. (2025) reported that diets with
0.3 mg/kg aflatoxin decreased BWG from 1 to
42 days, and Insawake et al. (2025) observed
increased FCR in broilers fed diets containing
0.05 mg/kg aflatoxin from days 1 to 37. Ye et
al. (2025) also reported an increase in FCR in
broilers fed diets contaminated with 0.1 mg/kg
aflatoxin. In the present study, although ozone

treatment significantly degraded aflatoxin, the
overall performance of the birds was not
improved. This lack of improvement might be
attributed to the remaining levels of aflatoxin
that were still sufficient to exert toxic effects,
or to possible adverse impacts of ozone
treatment on the nutritional quality and
physicochemical properties of the feed.
Moreover, ozone can oxidize certain nutrients
such as lipids, vitamins, and amino acids,
leading to reduced nutrient availability, which
may counteract the potential benefits of toxin
degradation.

Carcass yield was also affected by feeding
aflatoxin-contaminated  diets;  however,
Tukey’s multiple comparison test showed no
statistically significant differences between
treatments. A decrease in carcass Yield
following aflatoxin-contaminated diet feeding
in broilers has also been reported by Chen et
al. (2022) and Hamouda et al. (2025).

The liver is a primary target for many
mycotoxins (Andretta et al., 2011). Aflatoxin
has a detrimental impact on the relative weight
of various organs sespecially the liver tissue
(Hamouda et al., 2025). In broilers exposed to
aflatoxins, changes in liver function have been
reported, and the observed increase in liver
weight is likely due to fatty infiltration or
degeneration  (Andretta et al., 2011).
Consistent with the results of the present study,
Ali et al. (2025) reported that feeding broilers
a diet contaminated with 0.3 mg/kg aflatoxin
led to an increase in the relative weights of the
liver and kidneys at 42 days of age. Similarly,
Hamouda et al. (2025) also observed an
increase in relative liver weight in broilers fed
aflatoxin-contaminated diets.

The developmental status of the bursa of
Fabricius is commonly assessed by measuring
its relative weight (Guo et al., 2021). In the
present study, broilers fed a diet contaminated
with AFB1 showed a reduction in the relative
weight of the bursa of Fabricius. These
findings align with earlier studies (Bovo et al.,
2015; Hu et al., 2018; Guo et al., 2021),
suggesting that aflatoxin B1 adversely impacts
the normal growth and function of the bursa of
Fabricius in  broilers.  Ultimately, the
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alleviation of the negative effects of feeding
aflatoxin-contaminated diets on the relative
weights of body organs can be attributed to the
impact of ozone processing in degrading
aflatoxin and converting it into non-toxic
compounds.

Aflatoxin B1 is highly absorbed (over 80%) in
the small intestines of poultry (Sarker et al.,
2023). Broilers cannot degrade AFB1 before it
reaches their intestines, and consuming
aflatoxin B1 -contaminated feed consequently
damages their intestinal tissues (Sarker et al.,
2023). The VH, CD, and the VH: CD ratio are
key indicators of intestinal health and
structure, reflecting the overall condition of the
gut (Sarker et al., 2023). Insawake et al. (2025)
also reported a reduction in absorptive
capacity, measured as VH: CD ratio, in the
duodenum and jejunum of broilers fed diets
contaminated with 0.05 mg/kg aflatoxin. In the
present study, feeding aflatoxin-contaminated
diets led to a reduction in the absorptive
capacity across all three sections of the small
intestine—duodenum, jejunum, and ileum.
However, processing the contaminated diets
with ozone significantly improved the
absorptive capacity in these tissues.

Conclusion

Exposure of aflatoxin-contaminated feed to
ozone gas significantly reduced total aflatoxin
and aflatoxin B1 levels, with longer exposure
times leading to greater toxin degradation.
Ozone exposure for 90 min resulted in the
highest degradation of total aflatoxins and
aflatoxin B1; however, this duration also
caused significant changes in the chemical
composition of the feed. In contrast, 60

References

minutes of ozone treatment led to a slightly
lower toxin breakdown but maintained feed
quality parameters closer to the control group.
Therefore, 60 min of ozone exposure appears
to be the optimal balance between effective
aflatoxin degradation and preserving feed
nutritional quality.

Feeding broilers aflatoxin-contaminated diets,
with or without ozone treatment, negatively
affected growth performance and increased
feed conversion ratio. Ozone processing,
however, mitigated many of these adverse
effects, improving carcass characteristics and
small intestinal morphology, including a
notable recovery in villus height to crypt depth
ratio, indicating enhanced intestinal health.
Despite effective aflatoxin degradation,
growth performance was not fully restored,
likely due to residual toxin levels or potential
alterations in  the  nutritional  and
physicochemical properties of the feed, such as
oxidation of lipids, vitamins, and amino acids,
which may have reduced nutrient availability.
Overall, ozone treatment represents a
promising strategy to reduce the harmful
impacts of aflatoxin on broiler health and
productivity, although optimization is needed
to balance toxin detoxification with feed
quality.

Acknowledgment: The authors would like to
sincerely thank Rasta Laboratory for their
valuable assistance in analyzing the blood
parameters and intestinal morphology.
Conflict of interest: The authors declare that
they have no financial or personal relationships
with individuals or organizations that could
inappropriately influence or bias the content of
this paper.

Afsah-Hejri L, Hajeb P, Ehsani RJ, 2020. Application of ozone for degradation of mycotoxins in food: A
review. Comprehensive Reviews in Food Science and Food Safety. 2020 19: 1777-1808.

Agriopoulou S, Koliadima A, Karaiskakis G and Kapolos J, 2016. Kinetic study of aflatoxins' degradation in

the presence of ozone. Food Control. 61:221-6.

Ali A, Khatoon A, Saleemi MK, Abbas RZ, Murtaza B, Akbar K, Tanveer Q, Bahadur SU, Alodaini HA and
Alghamdi MA, 2025. Novel yeast Pichia kudriavzevii alleviates aflatoxins induced toxicopathology in
broiler chickens through immunomodulation and antioxidant enhancement. Ecotoxicology and

Environmental Safety. 289:117639.



78  Jahnbakhsh Naghadeh etal Animal Science/vol.35, No.4; 2026

AOAC, 2000. Official Methods of Analysis. 17th Edition, The Association of Official Analytical Chemists,
Gaithersburg, MD, USA.

Asadnezhad, B., Pirmohammadi, R. and Behroozyar, H.K. (2023). Effect of processing with ozone on in vitro
and in situ ruminal degradability and intestinal digestibility of feather meal protein. Small Rumin. Res. 226,
107024.

Atakan O, Caner C, 2021. Evaluation of different ozonation on aflatoxin degradation and physicochemical
characteristics of hazelnuts. Journal of Food Processing and Preservation 45: e15276.

Babaee R, Karami-Osboo R and Mirabolfathy M, 2022. Evaluation of the use of Ozone, UV-C and Citric acid
in reducing aflatoxins in pistachio nut. Journal of Food Composition and Analysis. 106:104276.

Bovo F, Franco LT, Kobashigawa E, Rottinghaus GE, Ledoux DR and Oliveira CA, 2015. Efficacy of beer
fermentation residue containing Saccharomyces cerevisiae cells for ameliorating aflatoxicosis in broilers.
Poultry science. 94(5):934-42.

Caceres I, Al Khoury A, El Khoury R, Lorber SP. Oswald I, EI Khoury A, Atoui A, Puel O and Bailly JD,
2020. Aflatoxin biosynthesis and genetic regulation: A review. Toxins 12: 150.

Chen R, MaF, Li PW, Zhang W, Ding XX, Zhang QI, Li M, Wang YR and Xu BC, 2014. Effect of ozone on
aflatoxins detoxification and nutritional quality of peanuts. Food chemistry 146: 284-288.

Chen X, Ishfag M and Wang J, 2022. Effects of Lactobacillus salivarius supplementation on the growth
performance, liver function, meat quality, immune responses and Salmonella Pullorum infection resistance
of broilers challenged with Aflatoxin B1. Poultry Science. 101(3):101651.

Conte G, Fontanelli M, Galli F, Cotrozzi L, Pagni L and Pellegrini E, 2020. Mycotoxins in feed and food and
the role of ozone in their detoxification and degradation: An update. Toxin 12: 486.

D’mello JP, Placinta CM, Macdonald AM, 1999. Fusarium mycotoxins: a review of global implications for
animal health, welfare and productivity. Animal feed science and technology 80: 183-205.

De Boevre M, Di Mavungu JD, Landschoot S, Audenaert K, Eeckhout M, Maene P, Haesaert G and De Saeger
S, 2012. Natural occurrence of mycotoxins and their masked forms in food and feed products. World
Mycotoxin Journal 5: 207-219.

Demirci AS, Tirpanci Sivri G, Tunc M and Mutlu S, 2023. Detoxification of unshelled hazelnut artificially
contaminated with aflatoxins by gaseous ozone. Journal of Food Measurement and Characterization 17:
3515-3522.

Dwarakanath CT, Rayner ET, Mann GE and Dollear FG, 1968. Reduction of aflatoxin levels in cottonseed
and peanut meals by ozonization. Journal of the American Oil Chemists’ Society 45: 93-95.

El-Nezami H, Kankaanpaa P, Salminen S and Ahokas J, 1998. Ability of dairy strains of lactic acid bacteria
to bind a common food carcinogen, aflatoxin B1. Food and chemical toxicology. 36(4):321-6.

El-Sayed RA, Jebur AB, Kang W and El-Demerdash FM, 2022. An overview on the major mycotoxins in food
products: Characteristics, toxicity, and analysis. Journal of Future Foods 2: 91-102.

Guo Y, Balasubramanian B, Zhao ZH and Liu WC, 2021. Marine algal polysaccharides alleviate aflatoxin B1-
induced bursa of Fabricius injury by regulating redox and apoptotic signaling pathway in broilers. Poultry
science. 100(2):844-57.

Hamouda MA, Saad AH, El-Saadany AA, El Sharawey TM, Abdo W, El-diasty EM, Fadl SE and Abdelhiee
EY, 2025. Trials for reducing the dangerous effect on poultry fed on aflatoxin contaminated ration using
nano curcumin. BMC Veterinary Research. 17;21(1):72.

Hu P, Zuo Z, Wang F, Peng X, Guan K, Li H, Fang J, Cui H, Su G, Ouyang P and Zhou Y, 2018. The protective
role of selenium in AFB1-Induced tissue damage and cell cycle arrest in chicken’s bursa of fabricius.
Biological trace element research. 185(2):486-96.

Insawake K, Songserm T, Songserm O, Rattanakreetakul C, Theapparat Y, Adeyemi KD, Rassmidatta K and
Ruangpanit Y, 2025. Influence of phytochemicals on growth performance, gut morphology and ceca
microbiome in broilers fed aflatoxin-contaminated diet and raised under high stocking density and heat
stress. Poultry Science. 15:105293.



Effects of ozone exposure time on aflatoxin concentration, diet composition, growth, carcass traits. .. 79

Iriti M, Faoro F, 2009. Chemical diversity and defence metabolism: how plants cope with pathogens and ozone
pollution. International journal of molecular sciences 10: 3371-3399.

Jr AP and King JM, 2002. Efficacy and safety evaluation of ozonation to degrade aflatoxin in corn. Journal of
food science 67: 2866-2872.

Lai Y, Sun M, He Y, Lei J, Han Y, Wu Y, Bai D, Guo Yand Zhang B, 2022. Mycotoxins binder
supplementation alleviates aflatoxin B1 toxic effects on the immune response and intestinal barrier function
in broilers. Poultry Science. 101(3):101683.

Liu M, Zhao L, Gong G, Zhang L, Shi L, Dai J, Han Y, Wu Y, Khalil MM and Sun L, 2022. Invited review:
Remediation strategies for mycotoxin control in feed. Journal of Animal Science and Biotechnology 13:
19.

Liu N, Wang JQ, Liu ZY, Wang YC and Wang JP, 2018. Comparison of probiotics and clay detoxifier on the
growth performance and enterotoxic markers of broilers fed diets contaminated with aflatoxin B1. Journal
of Applied Poultry Research. 27(3):341-8.

Luo X, Wang R, Wang L, Li Y, Bian Y and Chen Z, 2014. Effect of ozone treatment on aflatoxin B1 and
safety evaluation of ozonized corn. Food Control. 37:171-6.

McKenzie KS, Kubena LF, Denvir AJ, Rogers TD, Hitchens GD, Bailey RH, Harvey RB, Buckley SA and
Phillips TD, 1998. Aflatoxicosis in turkey poults is prevented by treatment of naturally contaminated corn
with ozone generated by electrolysis. Poultry science 77: 1094-1102.

Min L, Fink-Gremmels J, Li D, Tong X, Tang J, Nan X, Yu Z, Chen W and Wang G, 2021. An overview of
aflatoxin B1 biotransformation and aflatoxin M1 secretion in lactating dairy cows. Animal Nutrition 7: 42-
48.

Mohamed MH, Ammar MA, Zaki ZM and Youssef AE, 2022. Ozone as a solution for eliminating the risk of
aflatoxins detected in some meat products. Current Research in Nutrition and Food Science Journal 10:
334-348.

Murugesan GR, Ledoux DR, Naehrer K, Berthiller F, Applegate TJ, Grenier B, Phillips TD and Schatzmayr
G, 2015. Prevalence and effects of mycotoxins on poultry health and performance, and recent development
in mycotoxin counteracting strategies. Poultry science 94: 1298-315.

Nickhil C, Mohapatra D, Kar A, Giri SK, Tripathi MK and Sharma Y, 2021. Gaseous ozone treatment of
chickpea grains, part I: Effect on protein, amino acid, fatty acid, mineral content, and microstructure. Food
Chemistry 345: 128850.

Okasha H, Song B and Song Z, 2024. Hidden hazards revealed: Mycotoxins and their masked forms in poultry.
Toxins 16: 137.

Oxidation Technologies. www.oxidationtech.com. Accessed 6 Aug. 2025.

Peivasteh-Roudsari L, Pirhadi M, Shahbazi R, Eghbaljoo-Gharehgheshlaghi H, Sepahi M, Mirza Alizadeh A,
Tajdar-Oranj B and Jazaeri S, 2022. Mycotoxins: Impact on health and strategies for prevention and
detoxification in the food chain. Food reviews international 38: 193-224.

Pitt JI, Hocking AD, 2009. Fungi and food spoilage, Springer. United States.[Google Scholar].

Porto YD, Trombete FM, Freitas-Silva O, de Castro IM, Direito GM and Ascheri JL, 2019. Gaseous 0zonation
to reduce aflatoxins levels and microbial contamination in corn grits. Microorganisms 7: 220.

Qiu J, Wilkens C, Barrett K and Meyer AS, 2020. Microbial enzymes catalyzing keratin degradation:
Classification, structure, function. Biotechnology advances. 44:107607.

Rakcejeva T, Zagorska J and Zvezdina E, 2014. Gassy ozone effect on quality parameters of flaxes made from
biologically activated whole wheat grains. International Journal of Nutrition and Food Engineering. 8: 396-
399.

Rodriguez-Pefia M, Pérez JA, Llanos J, Saez C, Rodrigo MA and Barrera-Diaz CE, 2021. New insights about
the electrochemical production of ozone. Current Opinion in Electrochemistry. 27:100697.

Salsabila AT, Rahayu WP and Herawati D, 2025. Ozone treatment for aflatoxin reduction in soybean. InBIO
Web of Conferences 2025 (Vol. 169, p. 02003). EDP Sciences.



80  Jahnbakhsh Naghadeh etal Animal Science/vol.35, No.4; 2026

Sarker MT, Wan XL, Yang HM and Wang ZY, 2023. AflatoxinB1 (AFB1) and its toxic effect on the broiler’s
intestine: a review. Veterinary Medicine and Science. 9(4):1646-55.

SAS Institute, 1985. SAS user's guide: Statistics. SAS institute.

Shotwell OL, Hesseltine CW, Stubblefield RD and Sorenson WG, 1996. Production of aflatoxin on rice.
Applied microbiology. 14(3):425-8.

Torlak E, Akata I, Erci F and Uncu AT., 2016. Use of gaseous ozone to reduce aflatoxin Bl and
microorganisms in poultry feed. Journal of Stored Products Research. 68:44-9.

Tsiouris V, Tassis P, Raj J, Mantzios T, Kiskinis K, Vasiljevic M, Deli¢ N, Petridou E, Brellou GD,
Polizopoulou Z and Mittas N, 2021. Investigation of a novel multicomponent mycotoxin detoxifying agent
in amelioration of mycotoxicosis induced by aflatoxin-B1 and ochratoxin A in broiler chicks. Toxins.
13(6):367.

Wan XL, Li N, Chen YJ, Chen XS, Yang Z, Xu L, Yang HM and Wang ZY, 2021. Protective effects of
lycopene on mitochondrial oxidative injury and dysfunction in the liver of aflatoxin B1-exposed broilers.
Poultry science. 100(11):101441.

Wongnaa CA, Mbroh J, Mabe FN, Abokyi E, Debrah R, Dzaka E, Cobbinah S and Poku FA, 2023. Profitability
and choice of commercially prepared feed and farmers’ own prepared feed among poultry producers
inGhana. Journal of Agriculture and Food Research 12: 100611.

Ye X, Yang Y, Yao Q, Huang M, Balasubramanian B, Jha R and Liu W, 2025. The ameliorative role of
phlorotannin on aflatoxin Bl-induced liver oxidative stress and mitochondrial injury is related to the
activation of Nrf2 and Nrf1 signaling pathways in broilers. Journal of Animal Science and Biotechnology.
16(1):75.



Effects of ozone exposure time on aflatoxin concentration, diet composition, growth, carcass traits. .. 81

$38198,90 9 4bY LA S3ag cadiy 0 pan S 5 (paeaS $NT A s 3 el Loy ol 5
20 9ll o yan Ly ousdi 4aiis Sl oS (slada g jo 099,

TSl oan S el sans ke 9a S 339 ya ¢ OlSiey gay Linew 1 Hlackily (s M oull (BALIA g S

VETIAN i pds sl VERREY g Sk ot VETANY Sk b
Ol 5] cago s ) oSSl ol sk 05, sl ol )S famdlf 6
O cagn sl caga gyl oS ¢ als o gl 05, skl
Ol pl ctn sl camm sl o8l ¢ ol p ke 05 S bl '
O nl Ol e mste S5 o8l ¢ ol pyle 05 S il
Email:daneshyar_mohsen@yahoo.com :43\$s J seest

buasa

oS ST auiladl clale s e 3YET 4 su g1 S, ea 5o 050 Hlas 31 ey 0 4alllas (ol 51 Chua : giladlas diss )
Sk sass s35lss50 5 4aY o Shs iy o Shae 5 051U sl 8B Gainas 9 Shsd sl S5
o0 Hlaghs, S (ligy (28 S DIB s dose B eSS ST @ sogll s ua b osadeias Aa S glada s Lo
sile BU mobaiu 53 Sl o a S he Ve @lale b (B Ar g0 ¥ ) 531 I8 Sl soliiul Gle)y eae 31yl oinbe )yl
5ol F L ulad YelS b S5 o lada g o 3leT SILpa bt (S5 5 Vo GaeeS ST (e SGT 6 gana
5an (LTS 6 pan il aunadS HSE Qi g Hlast e 4 85550 5 dasa VA a s plabedT o b s 5 SIS S
(Ba e e 4 il pua Slie Vo) 031 L s sTo8 susll e 5 a SHLS 5 e GN8T 2 S s /Y 4 sugll
OIS (0 oalsdl GalS Gase (0O L LTS G b s bessll s b Qs atals (P</4Y) (d (alS
358 YL JSES 65 8 50 o s 4a¥ GOs PV ad daas o ses Gl 5 ol wls b pedls
olasd 5 ST 85,8 5o 809, S Bae 4 5 ) e o g JHES wliie (51 L sad Hlas 85 8 o Ll (P</-0)
29b0 OO L Hlas 1 (algh (5 ,aSaaais (P<-/+ V) wss (555158 Gus susll 858 51 i soltae sk 4 ) b sad
ol 5 sag ane Jla 0l bals (aalS 15 s, 636053000 5 1Y 5 0T Cthel ol 315 wiad 1) paS ST (5535
vl SHyea S5 50 001 ) el sl ol uaS b a6 el 5 Guile SU saiaslis o Slae

saliicnd o) Se iy (b S da s (e ST (31 gaals o850



