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ABSTRACT : The effects of different levels of natural clay enterosorbent on the growth, nutrient availability, and genital organs of 
post-weaning female pigs fed with an addition of zearalenone (ZEA) were investigated in the study. A total of thirty-five post-weaning 
gilts (LxYxD) with an average body weight of 12.36±1.46 kg were used in the test. The gilts were raised individually in metabolism 
cages and fed a corn-soybean meal-whey basal diet with an addition of 0 or 1 mg/kg of ZEA for 24 d with four levels of natural clay 
enterosorbent added in the feed. The treatments were: i) control; ii) control+2.5 g/kg clay; iii) control+1 mg/kg ZEA; iv) control+1 
mg/kg ZEA+1.25 g/kg clay; v) control+1 mg/kg ZEA+2.5 g/kg clay; vi) control+1 mg/kg ZEA+5.0 g/kg clay; vii) control+1 mg/kg ZEA 
+10 g/kg clay. Pigs fed diets contaminated with additional purified ZEA had significantly reduced apparent digestibility of crude protein 
(CP), gross energy (GE) and apparent metabolic rate of GE (ME/GE, p<0.05) without changes of net protein utilization (NPU, p>0.05). 
Final body weight, average daily gain (ADG), average daily feed intake (ADFI), vulva length, vulva width, vulva area, relative weights 
of genital organ and proliferative changes of the ovary tissues in gilts fed ZEA-contaminated diet were increased (p<0.05) compared to 
the gilts fed the control diet. Addition of natural clay enterosorbent in the ZEA-contaminated diet showed a positive protection effect on 
ZEA feeding, and the protection was increased linearly or quadratically as clay content increased. However, in pigs fed a diet with clay 
alone at 2.5 g/kg level there was no significant impact (p>0.05) on all the parameters as compared to the control. It is suggested that 
feeding ZEA at about 1.0 mg/kg for 24 days might result in a deleterious effect in pigs, and addition of 5 or 10 g clay enterosorbent per 
kg diet can effectively neutralize the detrimental effects of the ZEA feeding. (Key Words : Zearalenone, Clay Enterosorbent, Nutrient 
Availability, Vulva Size, Organ Weight, Histopathology)

INTRODUCTION

Zearalenone (ZEA) is produced by Fusarium fungi 
growing on grains worldwide and is mostly found in its 
derived products. Concentrations depend on climatic 
conditions, as well as on the conditions of feed storage and 
production (Rotter et al., 1996; Vbss et al., 2007). With a 
similar structure to estrogen, zearalenone has been 
demonstrated to affect swine reproduction (Etienne and 
Jemmali, 1982; Young et al., 1990). Besides its estrogenic 
effects, zearalenone has also been shown to be hepatotoxic 

(Maaroufi et al., 1996), immunotoxic (Abbes et al., 2006), 
and genotoxic (Abbes et al., 2007) under high dosages in 
different species. In swine, zearalenone research has mainly 
focussed on breeding performance and the reproductive 
system (Long and Diekman, 1984) with little information of 
the effect of ZEA on nutrient availability. In addition, most 
toxicological data on animals has been obtained using 
medium to high doses of ZEA (2 to 90 mg/kg of feed). Such 
high dosages are not commonly found in animal feeds; 
therefore, one of the objectives of the present study was to 
investigate the effects of ZEA in pigs under low dosage.

Clay enterosorbent has been used in feeds for 
counteracting mycotoxicoses in farm animals for several 
decades (Mayura et al., 1998; Abbes et al., 2007). Although 
in vitro data have shown that clay enterosorbent could 
effectively bind ZEA (Sabater-V et al., 2007; Feng et al., 
2008), its in vivo effectiveness has not been thoroughly 
examined. Information on the effects of different levels of 
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natural clay enterosorbent on the growth, nutrient 
availability, and genital organs of post-weaning female pigs 
fed low levels of ZEA is only fragmentary and conflicting.

Therefore, the purpose of the present study was to 
investigate the effects of low ZEA dosage (1 mg/kg) on 
growth performance, nutrient availability, vulva size, 
relative weights of genital organs and histological damage 
of the ovary in post-weaning female pigs; efficacy of a clay 
enterosorbent in preventing ZEA-induced adverse effects 
was also evaluated.

MATERIALS AND METHODS

ZEA
Preparation of zearalenone contaminated diet

Purified crystalline powder (600 mg) of 
(Fermenteck, Israel) was dissolved in 600 ml acetic ether 
and then poured onto 600 g of talcum powder. The spiked 
material was left overnight to allow evaporation of acetic 
ether. A mix of 10 mg ZEA /kg premix was prepared by 
blending 600 g ZEA-contaminated talcum powder with 
59.4 kg of ground ZEA-free corn, and was subsequently 
used at the appropriate levels with a corn-soybean meal diet 
to make the experimental diets. A composite sample of each 
experimental diet was sampled for assay of ZEA and other 
mycotoxins. The content of mycotoxins in the test diets was 
analyzed by Asia Mycotoxin Analysis Center (Chaoyang 
University of Technology, Taiwan) before and at the end of 
the feeding experiment. Actual ZEA contents were 0.1 and 
1.3 mg/kg in the control and experimental treatments, 
respectively. Aflatoxin and fumonisin detected in all 
treatments were 12.9±1.2 卩g/kg and 4.73±0.15 mg/kg, 
respectively. Deoxynivalenol was not detected in any of the 
diets.

Experimental design, animals and management
A total of thirty-five post-weaning female piglets 

(LandracexYorkshirexDuroc) with an average body weight 
of 12.36±1.46 kg were used in the study. Piglets were 
randomly allocated to 7 experimental groups according to 
BW after 7 days adaptation. The gilts were fed a corn
soybean meal-whey based diet with an addition of 0 or 1 
mg/kg of ZEA for 24 days with four levels of natural clay 
enterosorbent (Amlan International, United States) added in 
the feeds. The treatments were: i) control; ii) control+2.5 
g/kg clay; iii) control+1 mg/kg ZEA; iv) control+1 mg/kg 
ZEA+1.25 g/kg clay; v) control+1 mg/kg ZEA+2.5 g/kg 
clay; vi) control+1 mg/kg ZEA+5.0 g/kg clay; vii) control+ 
1 mg/kg ZEA+10 g/kg clay. All gilts were housed 
individually in metabolism cages in a temperature 
controlled room at Jinzhuyuan Farm (Yinan, Shandong, 
China). Animals were provided 0.48 m2 of floor space with 
one nipple drinker and one hopper type feeder. During the 
experimental period, the temperature in pigsties was 28 to 
26°C. The mean relative humidity was approximately 65%. 
Animals were cared for in accordance with guidelines of the 
National Institutes of Health Guide and the China Ministry 
of Agriculture for the care and use of laboratory animals.

All diets (Table 1) used in the study were isocaloric and 
isonitrogenous with only treatment difference in ZEA and 
clay enterosorbent. Nutrient concentrations met or exceeded 
minimal requirements according to the NRC (1998). 
Representative feed samples were taken at the beginning 
and end of feeding for nutrient and mycotoxin analyses. 
Gross energy (GE), crude protein (CP), calcium, 
phosphorus, crude fiber, ether extract, crude ash and amino 
acid contents of the diets were analyzed according to the 
AOAC (1990).

Body weights were measured weekly and at the end of

Table 1. Ingredients and composition of the basal diet
Ingredients Percentage (%) Nutrients Calculated values Analyzed values
Corn 53.00 Digestible energy (MJ/kg) 14.30 14.17
Wheat middling 5.00 Crude protein (%) 20.00 19.40
Whey powder 6.50 Calcium (%) 0.82 0.84
Soybean oil 2.50 Total phosphor (%) 0.74 0.73
Soybean meal 24.76 Available P (%) 0.42 -
Fish meal 5.50 Lysine (%) 1.38 1.36
L-lysine HCl 0.30 Methionine (%) 0.45 0.46
DL-methionine 0.10 Sulfur amino acid (%) 0.78 0.79
L-threonine 0.04 Threonine (%) 0.87 0.90
Calcium phosphate 0.80 Tryptophan (%) 0.24 0.25
Limestone, pulverized 0.30 Crude fiber (%) 2.50 2.55
Sodium chloride 0.20 Ether extract (%) 5.40 5.62
Premix* 1.00 Crude ash (%) 4.90 4.88
* Supplied per kg of diet: vitamin A, 3,300 IU; vitamin D3, 330 IU; vitamin E, 24 IU; vitamin K3, 0.75 mg; vitamin B1, 1.50 mg; vitamin B2, 5.25 mg; 
vitamin B6, 2.25 mg; vitamin B12, 0.02625 mg; pantothenic, 15.00 mg; niacin, 22.5 mg; biotin, 0.075 mg; folic acid, 0.45 mg; Mn, 6.00 mg; Fe, 150 mg; 
Zn, 150 mg; Cu, 9.00 mg; I, 0.21 mg; Se, 0.45 mg.
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the test. Feed intakes and refusals of the piglets were 
recorded daily. Average daily gain (ADG), average daily 
feed intake (ADFI) and feed efficiency (FE, g gain/g feed) 
were calculated based on these data.

Sample collections for analyses of nutrient availability
Three gilts from each treatment were randomly selected 

for determination of nutrient digestibility. Total quantity of 
feces and urine excreted by each pig was collected daily. 
Feces and urine were weighed, thoroughly mixed separately, 
and then sampled daily. Total fecal and urine samples were 
pooled by pig and analyzed on a weekly basis. 
Representative samples were stored at -20°C until analysis. 
For crude protein analysis, 2.5% of daily feces and 1% of 
daily urine excreted were preserved in 1:3 diluted sulfuric 
acid (250 ml concentrated sulfuric acid per liter solution). 
Subsamples of feeds and feces were dried in a 60°C oven 
for 48 h and the dried samples were finely ground by mortar 
and pestle to pass through a 1 mm screen and then stored in 
sealed containers until analysis of gross energy and nitrogen 
content. Feed intakes were recorded daily. Digestibility of 
crude protein (DCP) and net protein utilization (NPU) were 
calculated as DCP = (DN/IN)x100 and NPU = (RN/IN)x 
100, respectively, where DN (digested N) = ingested N- 
fecal N, RN (retained N) = ingested N-fecal N-urinary N. 
Digestibility of gross energy (DGE) and metabolic rate of 
gross energy (MRGE) were calculated as DGE = (DE/GE) 
x100 and MRGE = (ME/GE)x100, respectively, where DE 
= GE-fecal energy, ME = GE-fecal energy-urinary energy.

Vulva and organ weights
Vulva length and width were measured at 4 d intervals, 

and vulva area was calculated approximately as a diamond 
shape ((vulva lengthxvulva width)/2) as shown in Figure 1.

Upon completion of the experiment, the piglets were 
killed by euthanasia, necropsied and examined for gross 
lesions of the reproductive organs. The genital organs 
(ovary+cornu uteri+vagina-vestibule) were isolated and 
weighed. The organ weights were expressed on a relative 
body weight basis (g/kg).

Pathohistological tests
Ovaries were extirpated and fixed promptly in 10% 

buffered formalin upon weighing. After routine processing, 
the tissues were embedded in paraffin. For general 
orientation the tissues were sectioned in pieces of 5 卩 m 
thickness and stained with hematoxylin and eosin (H&E) 
for microscopic examination. The slides were examined 
under 100x or 200x magnification using an optical 
microscope (Carl Zeiss, Germany).

Statistical analysis
All data were subjected to analysis of variance using the

Figure 1. Measurement and calculation of vulva size.

GLM procedure of SAS (SAS 9.1, 2003). The data were 
first analyzed as a completely randomized design with 
individual piglet as random factor to examine the overall 
effect of treatments. The efficacy of supplemental clay was 
determined by using a contrast between ZEA-contaminated 
diets and ZEA-contaminated diets with clay enterosorbent. 
Orthogonal polynomial contrasts were then used to 
determine linear and quadratic responses to clay levels with 
the addition of purified ZEA treatments. The significance of 
differences among treatments was tested using Duncan’s 
multiple range test. All statements of significance were 
based on the probability of p<0.05.

RESULTS

Growth performance
There were no differences (p>0.05) in final weight, 

ADG, ADFI, and FE as compared between pigs fed control 
and control+2.5 g/kg clay diets (Table 2); implying no 
negative interaction of feeding the clay enterosorbent on 
normal pig growth after 24 days feeding. Pigs fed a diet 
containing 1 mg/kg purified ZEA showed increases (p< 
0.05) in final weight, ADG, and ADFI compared with pigs 
fed the control diet, indicating that increased weight gain 
was mainly due to increased feed consumption. Final 
weight, ADG, ADFI, and FE of pigs fed the ZEA- 
contaminated diet or the ZEA-contaminated diet with 
addition of 1.25 g/kg clay were not different (p>0.05). 
Although no difference was obtained in final weights of 
pigs fed ZEA diets with different levels of clay 
enterosorbent supplement, the ADG and ADFI were 
significantly different (p<0.05) when higher inclusion rate 
of clay enterosorbent was used in the diet. No difference 
(p>0.05) of FE was obtained among treatments suggesting 
that increased weight gain in some treatments was due to 
increased feed intake. Addition of clay enterosorbent at 
increasing levels to the ZEA-contaminated diet had a 
quadratic effect (p<0.05) on reduced ADG and ADFI as 
compared with the single ZEA-contaminated treatment.
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Table 2. Growth performance of pigs fed zearalenone contaminated feeds with or without clay enterosorbent for 24 days
Treatments Initial Wt. (kg) Final Wt. (kg) ADG (kg/d) ADFI (kg/d) FE
Control 11.01 25.66b 0.61b 1.23ab 0.50
Control+Clay2.51 11.95 25.88b 0.58b 1.18b 0.49
Control+ZEA2 12.12 29.32a 0.72a 1.39a 0.52
ZEA+Clay1.251 13.33 30.11a 0.70a 1.35a 0.52
ZEA+Clay2.51 13.12 27.32ab 0.59b 1.11b 0.53
ZEA+Clay51 12.88 27.59ab 0.61b 1.13b 0.54
ZEA+Clay101 12.08 27.78ab 0.65b 1.22ab 0.54
SEM3 0.131 0.223 0.008 0.009 0.007
Effects Treatment 0.117 0.034 0.024 0.012 0.983

(p values) ZEA vs. Clay4 0.217 0.335 0.069 0.015 0.913
Linear 0.755 0.081 0.079 0.127 0.534
Quadratic 0.106 0.200 0.041 0.017 0.825

ADG = Average daily gain; ADFI = Average daily feed intake; FE (feed efficiency) is g gain/g feed.
1 Clay1.25, Clay2.5, Clay5 or Clay10 represents clay enterosorbent which was supplemented at the level of 1.25, 2.5, 5, or 10 g/kg, respectively.
2 ZEA represents additional purified ZEA which was supplemented at the level of 1.0 mg/kg.
3 SEM = Standard error of the mean.
4 ZEA vs. Clay represents the contrast of the Control+ZEA treatment vs. all ZEA+Clay treatments.
a,b Means within a column with different letters differ significantly (p<0.05).

Nutrient availability
Pigs fed control+2.5 g/kg clay showed no differences in 

apparent digestibility of nutrients (CP, GE), metabolic rate 
of GE (ME/GE) and net protein utilization (NPU) as 
compared to pigs fed the control diet (p>0.05, Table 3). 
However, pigs fed the control+ZEA diet had significant 
reductions in apparent digestibility of nutrients (CP, GE) 
and ME/GE as compared to pigs fed the control diet (p< 
0.05). Pigs fed the ZEA+1.25 g/kg clay diet showed similar 
nutrient digestibility as compared to pigs fed the control+ 

ZEA diet; indicating little effect of low level of dietary clay 
enterosorbent under 1 mg/kg of purified ZEA challenge. 
However, the reduced apparent digestibility of nutrients (CP, 
GE) and ME/GE were significantly improved (p<0.05) 
when diets were supplemented with 5 or 10 g/kg of the clay 
enterosorbent compared with control+ZEA treatment. 
Dietary addition of clay enterosorbent in the ZEA- 
contaminated diet linearly (p<0.10) improved the apparent 
digestibility of nutrients (CP, GE) and ME/GE as the clay 
concentration increased. Net protein utilization was not

Table 3. Apparent digestibility of nutrients (CP, GE), metabolic rate of GE (ME/GE) and net protein utilization (NPU) of pigs fed 
zearalenone contaminated feeds with or without clay enterosorbent for 24 days (CP on wet-basis and GE on dry basis)

Treatments
Apparent digestibility (%) Apparent metabolic rate (%) NPU

(%)GE CP ME/GE
Control 83.69a 84.45a 77.59ab 65.09
Control+Clay2.51 83.79a 85.47a 77.80ab 65.71
Control+ZEA2 79.81b 83.33b 75.68c 64.98
ZEA+Clay1.251 81.13b 83.06b 76.04c 64.79
ZEA+Clay2.51 82.33ab 82.98b 75.51c 64.46
ZEA+Clay51 83.75a 84.23a 77.51ab 64.00
ZEA+Clay101 84.02a 84.33a 78.27a 65.81
SEM3 1.024 0.491 0.679 0.628
Effects Treatment 0.031 0.006 0.020 0.398

(p values) ZEA vs. Clay4 0.166 0.615 0.339 0.793
Linear 0.064 0.067 0.038 0.700
Quadratic 0.185 0.108 0.080 0.316

1 Clay1.25, Clay2.5, Clay5 or Clay10 represents clay enterosorbent which was supplemented at the level of 1.25, 2.5, 5, or 10 g/kg, respectively.
2 ZEA represents additional purified ZEA which was supplemented at the level of 1.0 mg/kg.
3 SEM = Standard error of the mean.
4 ZEA vs. Clay represents the contrast of the Control+ZEA treatment vs. all ZEA+Clay treatments.
a, b, c Means within a column with different letters differ significantly (p<0.05).
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Table 4. Vulva size of pigs fed zearalenone contaminated feeds with or without clay enterosorbent for 24 days
Treatments Vulva length (cm) Vulva width (cm) Vulva area (cm2)
Control 2.10cd 1.61cd 1.69cd
Control+Clay2.51 1.90d 1.45d 1.40d
Control+ZEA2 2.90a 2.39a 3.46a
ZEA+Clay1.251 2.30bc 1.92bc 2.25bc
ZEA+Clay2.51 2.58ab 2.16ab 2.80ab
ZEA+Clay51 2.49bc 1.99bc 2.52bc
ZEA+Clay101 2.52bc 1.90bc 2.39bc
SEM3 0.032 0.031 0.064
Effects Treatment <0.001 <0.001 <0.001

(p values) ZEA vs. Clay4 0.004 0.001 <0.001
Linear 0.207 0.013 0.026
Quadratic 0.111 0.033 0.031

1 Clay1.25, Clay2.5, Clay5 or Clay10 represent clay enterosorbent which was supplemented at the level of 1.25, 2.5, 5, or 10 g/kg, respectively.
2 ZEA represents additional purified ZEA which was supplemented at the level of 1.0 mg/kg.
3 SEM = Standard error of the mean.
4 ZEA vs. Clay represents the contrast of the Control+ZEA treatment vs. all ZEA+Clay treatments.
a, b, c, d Means within a column with different letters differ significantly (p<0.05).

different among treatments (p>0.05).

Vulva size and organ weight
Gilts fed diets containing 1.3 mg/kg ZEA without clay 

had significantly increased vulva size as compared to other 
treatments except for the ZEA+2.5 g/kg clay treatment (p< 
0.001, Table 4). Simultaneous addition of a higher level of 
clay enterosorbent at 5 and 10 g/kg levels resulted in a 
significant reduction in vulva length, vulva width and vulva 
area as compared to the control+ZEA treatment (p<0.05). 
Pigs which received the control+2.5 g/kg clay diet had the 
smallest vulva length, width, and area although the values 
were not different to the control group. Addition of clay 
enterosorbent at increasing levels to the ZEA-contaminated 
diet quadratically reduced (p<0.05) the enlarged vulva 
width and vulva area when pigs were fed diets 
contaminated with purified 1 mg/kg ZEA.

Gilts fed the test diet (control+ZEA) had significantly 
increased relative weight of reproductive organs as 
compared to the control (p<0.001) (Figure 2). Relative 
weight of genital organs in pigs fed ZEA contaminated 
feeds decreased linearly as dietary natural clay 
enterosorbent increased (p<0.05).

Histopathological examination
No macroscopic pathological changes of ovaries among 

treatments were observed by the veterinarian through 
clinical examination. Ovarian sections from piglets treated 
with ZEA alone showed numerous primordial follicles in 
the cortex (B1), hyperplasia of vessel wall in the medulla 
and hyperemia in blood vessels (C1), two primary oocyte 
primary oocytes in one primary follicle (B2), numerous 
erythrocytes and leukocytes filled with lumina (C2) (Figure 

3). However, moderate primordial follicles in different 
stages of development in the cortex of the ovarian sections 
were found in ZEA and clay (10 g/kg) groups, and only 
individual primordial follicles developed to primary 
follicles (D1 and D2). Normal histological pictures were 
observed in control groups (A1 and A2).

DISCUSSION

In the present study, ADG and ADFI of pigs fed the 
control+ZEA diet over 24 days were increased by 17.2%

Figure 2. Effects of zearalenone and different levels of clay on 
relative weight of genital organ of piglets. i) control; ii) 
control+2.5 g/kg clay; iii) control+1 mg/kg ZEA; iv) control+1 
mg/kg ZEA+1.25 g/kg clay; v) control+1 mg/kg ZEA+2.5 g/kg 
clay; vi) control+1 mg/kg ZEA+5.0 g/kg clay; vii) control+1 
mg/kg ZEA+10 g/kg clay.
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Figure 3. Photomicrographs of hematoxylin and eosin stained ovary sections of piglets after feeding ZEA contaminated feeds for 24 
days. Bars equal 5 pm (1100xoriginal magnification or 2200 x original magnification). A = Control; B, C = Control+1 mg/kg ZEA; D = 
control+1 mg/kg ZEA+10 g/kg clay.

and 13.3%, respectively, compared with pigs fed the control 
diet. These findings are contrary to reports of pigs fed with 
increasing dietary levels of ZEA (Kalliamurthy et al., 1997). 
Speranda et al. (2006) reported that weaned pigs fed diets 
containing addition of 3 mg/kg ZEA showed lower body 
weights, but had no statistical significance. Other studies 
found no effect of ZEA on growth performance of gilts 
(Etienne et al., 1982; James et al., 1982; Rainey et al., 1990). 
However, Pfaffl et al. (2001) reported ZEA as a strong 
anabolic compound in a cell culture model which supports 
the present results. We previously conducted a dose 
response feeding trial (data presented in ASAS annual 
meeting, 2008) adding 0, 1, 2, and 3 mg/kg of purified ZEA 
to a similar basal diet, and fed the test diets to female pigs 
of similar age. Results showed that liver, kidney, and 
reproductive organ weights were significantly increased as 
dietary ZEA increased; however, dressing percentage was 
not different between treatments. Therefore, the increased 
adg in the present study may be paitidlly due to increased 
target organ weights.

Clay enterosorbent has been recognized as a binder for 
mycotoxins in feeds for different species; however, 
controversial results were reported from different studies. 
For instance, Papaiounnou et al. (2002) reported that 
organozeolites were beneficial for sows, gilts and the 
performance of their litters. Positive effects of clinoptilolite 
on growing swine performance were also found by Ward et 
al. (1991) and Pond et al. (1988). On the other hand, in the 
present study, we demonstrated no improvement in growth 
performance on adding clay enterosorbent, although adding 
clay enterosorbent into ZEA contaminated feed showed 
numerically improvement in feed efficiency as compared to 
the control.

Only limited data are available regarding the effect of 
ZEA on nutrient digestibility. Hauschild et al. (2007) 
reported that feeding 2 mg/kg ZEA to pigs did not affect 

digestibility of dry matter and gross energy, metabolizable 
energy, digestible energy as well as digestible protein, and 
addition of 0.3% organo-aluminosilicate in the ZEA- 
contaminated feed had no positive or negative impact on 
nutrient digestibility. However, our previous study 
concluded that the apparent dry matter and organic matter 
digestibility of nutrient substance (CP, GE) and NPU were 
all decreased linearly as dietary ZEA concentrations 
increased (0, 1, 2, or 3 mg/kg purified ZEA in diets) 
(unpublished data), which was consistent with the present 
results. However, Fokas et al. (2004) determined no effect 
of organozeolites on nutrient utilization in growing pigs. 
Aflatoxin and fumonisin were detected in the basal diet 
used in the present study; the interaction of multiple 
mycotoxins may result in reductions of apparent 
digestibility of nutrients (CP, GE) and ME/GE. Further 
studies will be needed to elucidate the potential interaction 
effects of multiple mycotoxins. Nevertheless, the present 
study showed that gilts fed ZEA-contaminated diets 
supplemented with clay enterosorbent had ameliorated 
effects on apparent digestibility of nutrients (CP, GE) and 
ME/GE.

ZEA induces hyperestrogenosis in pigs; typical clinical 
symptoms are swollen vulva, prolapse of the vagina and 
rectum, and enlargement of the mammary glands (Stob et 
al., 1962). After 7 days of feeding in the study (data not 
shown), a swollen vulva was visually observed in those 
female pigs fed the control+ZEA diet, and at 24 days the 
pigs showed a 38.1%, 48.4% and 104.7% increase in vulva 
length, vulva width, and vulva area, respectively, as 
compared to the control group. The detrimental effects on 
vulva swelling by ZEA feeding in the present study were 
linearly decreased by the addition of clay enterosorbent. 
This implies that clay enterosorbent at the levels of 5 or 10 
g/kg could effectively spare the estrogenic effect of ZEA on 
vulva swelling in post-weaning female pigs. Papaioannou et 
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al. (2002) reported that reproductive performance of sows 
was improved by the inclusion of zeolite in ZEA- 
contaminated diets (0.16 to 1.55 mg/kg). A previous study 
revealed that continuous exposure of 0.25 mg/kg dietary 
ZEA in young pigs resulted in a hyper-estrogenism (Cheng 
et al., 2006). Etienne et al. (1982) reported that uterus 
weight was nearly doubled after gilts ingested 3.61 and 4.33 
mg/kg ZEA. Vulva vaginitis and enlarged reproductive 
tracts were observed in all female pigs after feeding 
zearalenone orally in gelatine capsules at 3.5, 7.5 or 11.5 
mg/kg bodyweight (Farnworth and Trenholm, 1981). Vulva 
swelling and reddening were seen within seven days of 
ZEA (1.5 mg/kg or 2 mg/kg) exposure (Rainey et al., 1990). 
In the present study, gilts fed ZEA-contaminated diets 
increased both vulva size and ovary-uterus weights, and 
supplementation with clay enterosorbent showed positive 
effects on the reduction of vulva size and relative weight of 
genital organs, which was confirmed by changes in 
histopathology of the ovary.

The results of histopathological changes in the ZEA- 
treated piglets suggested that the ovaries were inflamed and 
hyperestrogenized by dietary ZEA, which was supported by 
the hyperplasia of vessel wall in the medulla and hyperemia 
in blood vessels of the ovary, numerous erythrocytes and 
leukocytes filled with lumina, two primary oocytes in one 
primary follicle, and numerous primordial follicles in the 
cortex. Diekman and Long (1989) found that blastocyst 
development was influenced in ZEA-treated sows that 
received contaminated feed 7 days after breeding. Previous 
studies showed that ZEA had proliferation effects on uteral 
cells in gilts (Obremski et al., 2003; Zwierzchowski et al., 
2005). Moreover, Wasowicz et al. (2005) reported that ZEA 
(20 or 40 卩g/kg bodyweight) did not induce apoptosis in 
porcine ovaries. The present study showed a clear 
protective effect of the clay enterosorbent against ovarian 
tissue changes induced by dietary ZEA. The findings 
suggested that clay enterosorbent may sequester ZEA in the 
digestive tract which lead to decreased ZEA absorption in 
the small intestine.

IMP니CATIONS

The study demonstrated that young gilts which received 
1 mg/kg purified ZEA for 24 days had reduced apparent 
digestibility of nutrients (CP, GE) and ME/GE, and 
increased vulva size and reproductive organ weights as 
compared to pigs fed the control diet. Addition of natural 
clay enterosorbent to ZEA contaminated feeds showed 
amelioration effects on nutrient digestibility, vulva size, 
genital organ weights, and histopathological changes of 
ovaries, and the protection increased linearly as clay 
enterosorbent supplement increased. This implies that the 
clay enterosorbent used in the study may apply in the field 

for protection against the detrimental effects of ZEA in 
swine feeding.
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