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ABSTRACT: Mycotoxin contamination in animal feed poses a significant threat to animal health and productivity,
particularly in swine production. Zearalenone (ZEN) and fumonisins (FBs) are among the most prevalent mycotoxins
found in swine diets, exerting toxic effects on various organs and reproductive systems. This study investigates the
efficacy of a dietary mycotoxin adsorbent in mitigating the toxic effects of ZEN and FBs on weaned piglets, focusing
on vulva size, liver histology, and ovarian histology. A total of 60 weaned piglets were randomly assigned to different
dietary treatments: control diet naturally contaminated diet with ZEN and FBs (T1), and experimental diets supple-
mented with the bentonite-based mycotoxin adsorbent named Mycostop Duplo® in two concentrations, i.e. 1.0 kg/ton
(T2) and 2.5 kg/ton (T3) of complete feed. At the end of the trial, vulvas were pictured and measured, while liver and
ovarian samples were collected for histological analysis. Results indicated that piglets fed the contaminated diet with-
out the adsorbent exhibited significant increases in vulva size compared to the control group (p < 0.05). Histological
examination of the liver revealed notable moderate liver dysplasia in the control group, indicative of liver damage.
Similarly, ovarian histology showed alterations in follicular development and ovarian morphology in piglets exposed
to ZEN. In contrast, piglets receiving the contaminated diet supplemented with the mycotoxin adsorbent showed
significantly reduced vulva sizes compared to the contaminated group (p < 0.05). Histological analysis of liver and
ovarian tissues from the adsorbent-supplemented group revealed mitigated histopathological changes compared to the
contaminated group, suggesting protective effects against ZEN and FB toxicity. In conclusion, dietary supplementa-
tion with Mycostop Duplo® effectively mitigated the toxic effects of ZEN and FBs on weaned piglets, as evidenced
by reduced vulva sizes and ameliorated histological changes in the liver and ovaries. These findings underscore the
importance of mycotoxin management strategies in swine nutrition to safeguard animal health and welfare. Further
research is warranted to optimize the use of mycotoxin adsorbents and evaluate their long-term effects on piglet growth
and reproductive performance.
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INTRODUCTION
Weaned piglets, crucial assets in the swine indus-
try, are highly susceptible to various mycotox-
ins, including zearalenone (ZEN) and fumonisin (FB)
(Bulgaru et al., 2023; D’Mello et al., 1999). These
toxins, primarily produced by fungi such as Fusari-
um species, pose significant threats to pig health and
productivity (Mahato et al., 2021; Puvaca, Ljuboje-
vi¢ Peli¢, & Tufarelli, 2023). ZEN is known for its
estrogenic properties, leading to reproductive disor-
ders and impaired growth in swine (Pack et al., 2020),
while FB is associated with neurotoxicity, hepatotox-
icity, and immune suppression (Chen et al., 2021).
The co-occurrence of these mycotoxins in swine feed
amplifies their adverse effects, necessitating effective
mitigation strategies to safeguard piglet health and en-
sure sustainable swine production (Gao et al., 2020).

The contamination of feed ingredients with myco-
toxins is a global concern in livestock production, in-
cluding the swine industry (Colovi¢ et al., 2019). My-
cotoxins, secondary metabolites of fungi, can thrive
in various climatic conditions and during different
stages of crop production, leading to their widespread
presence in swine feed ingredients such as corn,
wheat, and soybeans (Perrone et al., 2020). ZEN and
FB are among the most prevalent mycotoxins detect-
ed in swine feed, posing substantial economic and
health challenges to pig producers worldwide.

Weaned piglets are particularly vulnerable to my-
cotoxin exposure due to their immature gastrointesti-
nal and immune systems (Zheng et al., 2021). ZEN,
upon ingestion, exerts estrogenic effects in piglets,
disrupting reproductive functions and causing clinical
symptoms such as vulvar swelling, vaginal discharge,
and reduced fertility (Gajgcka et al., 2017). Moreover,
ZEN can impair growth performance and compro-
mise the overall health status of piglets (Dénicke et
al.,2023). Similarly, FB exposure in weaned piglets is
associated with various detrimental effects, including
hepatic and renal damage, immunosuppression, and
increased susceptibility to infectious diseases (Burel
et al., 2013; Rao et al., 2020). The combined toxici-
ty of ZEN and FB further exacerbates these adverse
effects, highlighting the urgent need for effective mit-
igation strategies to counteract mycotoxin-induced
challenges in piglet production.

Bentonite, a naturally occurring clay mineral rich
in montmorillonite, has gained attention as a potential
mycotoxin binder in animal feed due to its high ad-
sorption capacity and safety profile (Puvaca, Ljubo-

jevi¢ Peli¢, & Tufarelli, 2023). The unique structure
of bentonite facilitates the physical adsorption of my-
cotoxins in the gastrointestinal tract, preventing their
absorption into the bloodstream and subsequent sys-
temic effects (Rasheed et al., 2020). Several studies
have investigated the efficacy of bentonite in mitigat-
ing the toxic effects of mycotoxins in various animal
species (Adegbeye et al., 2020; Deng et al., 2023; El-
liott et al., 2020; Hassan et al., 2019; Hussain et al.,
2017; Ochieng et al., 2023), demonstrating promising
results in terms of improved growth performance, re-
duced organ damage, and enhanced immune function.

The primary objective of this study is to evaluate
the efficacy of dietary bentonite supplementation in
concentrations of 1 and 2.5 kg/t of complete feed in
alleviating the toxic effects of ZEN and FB in weaned
piglets. Specifically, the aim is to assess the impact of
bentonite on organ histopathology in piglets exposed
to ZEN and FB contaminated feed. By elucidating
the potential benefits of bentonite supplementation
in mitigating mycotoxin-induced toxicity in piglets,
this research seeks to provide valuable insights into
the development of practical strategies for mycotoxin
management in swine production.

MATERIALS AND METHODS

The animal study protocol was approved by the
University Business Academy in Novi Sad Ethics
Committee (EC22/08-123) (Puvaca, Ljubojevi¢ Peli¢,
& Tufarelli, 2023).

Piglet feeding and experimental design

A total of 60 weaned piglets (28 days old) were
randomly assigned to five dietary treatment groups
(20 piglets in each group) for a duration of 42 days.
All piglets in the experiment were provided with ad
libitum access to feed and drinking water. Also, the
unconsumed feed mixture was monitored. All diets
were formulated to be isocaloric and isonitrogenous
(Table 1). The dietary treatments included: control
group T1 with no mycotoxin adsorbent; group T2
supplemented with Mycostop Duplo® adsorbent in
amount of lkg/t of feed; and group T3 supplement-
ed with Mycostop Duplo® adsorbent in amount of
2.5kg/t of feed. Piglets were weighed on the 1%, 21%,
and 42" day of the experiment. The conversions feed
intake and feed conversion were monitored for the
respective experimental periods of piglet’s weight
control. The mortality of piglets was recorded daily.
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Table 1. Analyzed nutrient composition of experimental diets (as-
fed basis).

Nutrient levels Y%

Crude protein 20.0
Crude fat 6.50
Crude fibre 3.0
Lysine 1.52
Methionine 0.47
Threonine 0.91
Tryptophan 0.23
Calcium 0.86
Total phosphorus 0.63
Sodium chloride 0.30
Digestible energy, MJ/kg 15.0

Digestible energy is calculated value. Other nutrient levels in the
table are analyzed values.

Concentrations of mycotoxins in the complete
feed samples used in piglets’ diet (ug/kg of feed), in
the control and experimental groups are presented in
Table 2.

Table 2. Concentrations of mycotoxins in the complete feed sam-
ples used in piglets’ diet (ng/kg).

. EC permitted/guidance
Mycotoxin Mean value level (Xu et al., 2022)
Zearalenone 2892.3 100
Fumonisin 72748.1 5000

Organ weights and vulva measures

At the end of the trial, piglets were subjected to
electrical stunning and euthanized by exsanguination.
Vulvar measurements including length, width, and
area (Figure 1) were performed immediately after
euthanasia. Pictures of the vulvas were taken using
a digital camera, following picture analysis using the
public domain image processing program Imagel] v
1.52a. Graded alcohol was used for the dehydration
of the tissue samples, followed by cleaning with xy-
lene, and then embedded in a liquid paraffin. A 5 pm
section was stained with hematoxylin-eosin for a de-
scriptive and semiquantitative histopathological anal-
ysis in each organ evaluated.

The liver, lungs, kidneys, uterus, and ovaries were
separated for evaluation.

Pathohistological tests of ovaries and liver

Ovaries were extirpated and fixed promptly in
10% buffered formalin upon weighing, as well as the
liver tissue. After routine processing, the tissues were
embedded in paraffin. Graded alcohol was used for
the dehydration of the tissue samples, following the

Figure 1. Measurement and calculation of vulva size.

sectioned in pieces of 5 um thickness and stained with
hematoxylin and eosin (H&E) for microscopic exam-
ination. The slides were examined using an optical
microscope (Carl Zeiss, Germany).

Statistical analysis

Data were submitted to analysis of variance (ANO-
VA) using the statistical software program Statistica
13 for Windows (StatSoft, Inc., Tulsa, OK, USA), to
determine whether variables differed among treat-
ments. For multiple comparisons between treatments,
the Tukey test was performed. All statements of sig-
nificance were based on the 0.05 level of probability.
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RESULTS AND DISCUSSION

Vulva measurements for all piglets in the experi-
ment are shown in Table 3. Statistical significance be-
tween different dietary groups and control group in all
the measures studied was found (p < 0.05). Compared
to the groups, the length, width, and area of vulvas
were higher (p < 0.05) in piglets from control group
fed a naturally mycotoxins contaminated feed, while
the supplementation of Mycostop Duplo® adsorbent
in the amount of 1kg/t, and 2.5 kg/t of feed reduced
the size values, having a maximum effect with 2.5 kg/
ton in group T3 (p < 0.05), respectively. The largest
vulva area of 4.01 cm? was recorded in the control
group, while the smallest vulva area of 1.84 cm? was
recorded in the group treated with 2.5 kg/ton myco-
toxin absorbent. All recorded differences between
experimental and control groups were statistically
significant (p <0.05). Vulvovaginitis is a common
reproductive disorder in pigs, often associated with
exposure to mycotoxins such as ZEA.

Mycotoxin adsorbents are increasingly used to
mitigate mycotoxin contamination in animal feed
(Puvaca, Ljubojevi¢ Peli¢, & Tufarelli, 2023). Under-
standing their mechanisms in preventing vulvovagi-
nitis in piglets contaminated with ZEN is crucial for
the effective management of this condition. Mycotox-
in adsorbents function through various mechanisms,
primarily adsorption, binding, and neutralization
(Ndiaye et al., 2022). These adsorbents possess po-
rous structures with high surface areas, allowing them
to physically trap mycotoxins within their matrices.
In our research of ZEN, adsorbents like bentonite
(Mycostop Duplo®), can effectively bind the toxin
molecules through electrostatic interactions, hydro-
gen bonding, and Van der Waals forces. This prevents
ZEN from being absorbed in the gastrointestinal tract
of piglets, reducing its systemic circulation and sub-
sequent reproductive impacts, which was shown with
the results given in Table 3. The prevention of vul-
vovaginitis in pigs contaminated with ZEN involves
interrupting the estrogenic effects of the mycotoxin
(Ropejko & Twaruzek, 2021). Mycotoxin adsorbents
play a crucial role in this process by sequestering

ZEN within the gastrointestinal tract, thereby reduc-
ing its bioavailability (Luo et al., 2020). By limiting
ZEN absorption, adsorbents mitigate its estrogenic
effects on the reproductive system, preventing condi-
tions like vulvovaginitis (Buszewska-Forajta, 2020).
Additionally, adsorbents may indirectly enhance gut
health and immune function, further protecting pig-
lets from mycotoxin-induced reproductive disorders
(Pierron et al., 2016).

The effects of dietary treatments on the growth
performance of piglets fed naturally mycotoxin-con-
taminated feed with or without commercial adsor-
bents for 42 days were previously described in de-
tail in the research of Puvaca, Ljubojevi¢ Peli¢ &
Tufarelli (2023). The highest values of relative organ
share with significant differences (p < 0.05) were ob-
served in the control group compared to the experi-
mental groups T2, and T3, except the relative ovarium
weight which did not show any significant differences
(p > 0.05) between the groups. The individual body
weights of pigs at the end of the trial and their re-
spective organ weights were used to calculate the
relative weights of the liver, lungs, kidneys, ovarium,
and uterus. The results were expressed as g/kg body
weight, as presented in Table 4. Dietary addition of
mycotoxin adsorbent led to a significant decrease (p
< 0.05) in the relative organ share of piglets in both
groups T2 and T3, at the end of the experimental peri-
od. Significant differences (p < 0.05) between experi-
mental groups regarding the kidneys (0.55 and 0.48 g/
kg body weight) and uterus (0.20 and 0.15 g/kg body
weight) weight were observed, while significant dif-
ferences regarding liver, lungs, and ovarium were not
present (p > 0.05).

ZEA and FB are often found in contaminated feed-
stuffs and can adversely affect various organs, includ-
ing the liver, kidneys, lungs, uterus, and ovaries (Ak-
bar et al., 2022; Oldenburg et al., 2017). Mycotoxin
adsorbents are utilized to mitigate the adverse effects
of mycotoxin contamination in animal diets. Com-
bined effects of ZEA and FB can induce hepatotoxici-
ty, leading to liver damage, inflammation, and altered

Table 3. Vulva size in piglets fed with a complete feed contaminated by zearalenone.

Treatments Vulva length (cm) Vulva width (cm) Vulva area (cm?)
Tl 3.10+0.21* 2.59+0.39* 4.01 £0.222
T2 2.43+0.13° 2.05+0.41° 2.50+0.26°
T3 2.11 £ 0.05¢ 1.74 + 0.06¢ 1.84 £0.04°

p values 0.02 0.04 0.01

Means within a column followed by the different letters are significantly different (p < 0.05)

JHELLENIC VET MED SOC 2024, 75 (4)
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Table 4. Relative organ weights (g/kg body weight) of piglets after 42 days of intoxication.

Treatments Liver Lungs Kidneys Ovarium Uterus
T1 3.52+0.22° 1.46+0.18° 0.62 +0.23* 0.01+0.00* 0.24 +£0.02*
T2 3.14+0.15° 1.31£0.13° 0.55+0.17° 0.01 +£0.00* 0.20+0.012
T3 2.89+£0.07° 1.29+£0.11° 0.48 £0.03¢ 0.01 +£0.00* 0.15+0.01°
p value 0.04 0.02 0.01 0.01 0.02

Means within a column followed by the different letters are significantly different (p < 0.05); Data are means + SD of 3 female piglets

per group.

hepatic function (Ben Ammar et al., 2023). These
toxins may cause serious problems in animals (Gao
et al., 2023) such as hepatocyte necrosis, lipid accu-
mulation, and oxidative stress, ultimately affecting
liver size and morphology (Figure 2). FBs are known
nephrotoxins, capable of causing renal damage and
impairing kidney function (Kocso et al., 2018). The
toxins may induce tubular necrosis, interstitial fi-
brosis, and glomerular lesions, resulting in changes
in kidney size and structure. Although less studied,
FBs have been associated with pulmonary toxicity, in-
cluding inflammation, edema, and altered lung func-
tion (Soriano et al., 2005). Chronic exposure to FBs
may lead to lung tissue damage and changes in lung
morphology (Terciolo et al., 2019). ZEN is a potent
estrogenic mycotoxin that can disrupt reproductive
function in female pigs (Kinkade et al., 2021). Chron-
ic exposure to ZEN may lead to uterine hyperplasia,
ovarian cysts, and alterations in the size and structure
of the uterus and ovaries, respectively, which is fol-
lowing our findings presented in Table 4.

From the results presented in Figure 2, it can be
observed that the ZEA and FB mixture developed
moderate liver dysplasia in the control group (A),
while the addition of mycotoxin adsorbent in concen-
tration of 1 kg/ton led to the mild hepatic dysplasia
(B). However, dietary supplementation of mycotoxin
adsorbent in group T3 in the concentration of 2.5 kg/
ton of complete feed showed no liver changes (C).

FBs are known hepatotoxic mycotoxins capable
of causing liver damage and altering liver histology
(Cimbalo et al., 2020). Common histological findings
include hepatocyte necrosis, bile duct hyperplasia,
fibrosis, and periportal inflammation. These changes
disrupt liver architecture and function, contributing to
liver dysfunction and disease progression. Mycotoxin
adsorbents function by binding them in the gastroin-
testinal tract, preventing their absorption and systemic
distribution. By reducing the bioavailability of these
mycotoxins, adsorbents mitigate their hepatotoxic ef-
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Figure 2. Histopathological findings in the liver of piglets.

J HELLENIC VET MED SOC 2024, 75 (4)
TIEKE 2024, 75 (4)



8400

N. PUVACA, S. ROLJEVIC NIKOLIC, I. RADOJICIC, V. BURSIC, G. AVANTAGGIATO, V. TUFARELLI, L. PINOTTI, I. BRKIC

fects and prevent histological changes in the liver of
piglets. Some mycotoxin adsorbents may neutralize
ZEN and FBs through chemical reactions or complex
formation, rendering them less toxic to hepatic cells.
By neutralizing these toxins, adsorbents protect liver
tissue from damage and preserve histological integrity
(Ramesh et al., 2021). Certain mycotoxin adsorbents
possess anti-inflammatory and antioxidant properties,
which can help alleviate ZEN and FBs induced ox-
idative stress and inflammation in the liver (Sharma
& Patial, 2021). By reducing tissue damage and in-
flammation, adsorbents maintain liver histology and
function, preventing histological changes associated
with mycotoxin toxicity.

Figure 3 shows histopathological findings of the
ovaries in our research. Piglets fed with diets natural-
ly contaminated with mycotoxins showed a reduced
oocyte number (A). Further findings showed that sup-
plementation of the dietary mycotoxins adsorbent in
both concentrations mitigate overall clinical signs.
The addition of mycotoxin adsorbent in concerta-
tion of 1 kg/ton of complete feed in group T2 led to a
slightly reduced oocyte number (B), while the dietary
addition of mycotoxin adsorbent Mycostop Duplo® in
the concentration of 2.5 kg/ton of complete feed ex-
hibited no ovarian changes (C).

ZEN exhibits estrogenic properties and can in-
duce reproductive disorders in piglets (Fruhauf et al.,
2019). Histopathological changes in reproductive or-
gans, such as ovaries, are common manifestations of
ZEN toxicity. Mycotoxin adsorbents are utilized to
mitigate the adverse effects of ZEN contamination in
pig diets (Colovié et al., 2019). Understanding their
potential mechanisms in preventing histopathologi-
cal changes and ovary count alterations in piglets ex-
posed to ZEN is crucial for the effective management
of mycotoxin-related reproductive disorders. ZEN
exposure can lead to histopathological alterations in
the reproductive organs of female piglets, particularly
the ovaries (Chen et al., 2015). Common histopatho-
logical findings include follicular degeneration, cys-
tic follicles, and interstitial cell hyperplasia. These
changes disrupt ovarian function, leading to later
reproductive dysfunction and reduced fertility in af-
fected animals. ZEN exposure may also affect ovarian
development and morphology, leading to alterations
in ovary size and follicle counts. Increased follicular
atresia and reduced ovarian follicle numbers are com-
monly observed in piglets exposed to ZEN, reflecting
impaired ovarian maturation and function. Mycotox-
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Figure 3. Histopathological findings in the ovaries in piglets.

in adsorbents function by binding to ZEN in the gas-
trointestinal tract prevent its absorption and systemic
distribution (Awuchi et al., 2021). By reducing the
bioavailability of ZEN, adsorbents mitigate its estro-
genic effects on reproductive organs, including the
ovaries. This prevents ZEN-induced histopathologi-
cal changes and ovary counts alterations in piglets.
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ZEN exerts its toxic effects by binding to estrogen
receptors and mimicking the action of endogenous
estrogen. Mycotoxin adsorbents may competitively
inhibit ZEN binding to estrogen receptors, reducing
its estrogenic activity and mitigating its adverse ef-
fects on ovarian morphology and function (Wang et
al., 2019). Based on our results mycotoxin adsorbents
possess antioxidant and anti-inflammatory properties,
which help alleviate ZEN-induced oxidative stress
and inflammation in the ovaries. By reducing tissue
damage and inflammation, adsorbents preserve ovar-
ian structure and function, preventing histopathologi-
cal changes and ovary count alterations (Figure 3, C).

CONCLUSION

Mycotoxin adsorbents offer a promising strategy
for preventing vulvovaginitis in piglets contaminat-
ed with ZEN. Through their adsorption mechanisms,
these additives reduce the bioavailability of ZEN,
thereby mitigating its estrogenic effects and prevent-

ing reproductive disorders.

In conclusion, the results of our research show that
the dietary supplementation of mycotoxin adsorbent
Mycostop Duplo® in the concentration of 2.5 kg/ton
of complete feed effectively mitigated the toxic ef-
fects of ZEN and FBs on weaned piglets, as evidenced
by reduced vulva sizes and ameliorated histological
changes in the liver and ovaries. These findings un-
derscore the importance of mycotoxin management
strategies in swine nutrition to safeguard animal
health and welfare.
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