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Summary
This case study characterizes breeding per­
formance related to unintentional dietary in­
take of phytoestrogenic compounds. Breeder 
farms A (affected) and B (unaffected) were 
under single management and supplied by 
two unconnected feed mills. Breeding pa­
rameters were recorded over 2 years and feed 
analyzed for mycotoxins and isoflavonoids. 
Farm B had consistently better breeding 
performance. Clinical signs of hyperes­
trogenism (vulval tumefaction, mammary 
gland dysfunction, and delayed estrus) were 
evident in 5% to 10% of breeding females 
on farm A. Mycotoxin concentrations were 
negligible, but phytoestrogenic isoflavonoid 
concentrations associated with one source of 
soybean meal were above 55,000 µg/kg on 
farm A.
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Resumen - Hiperestrogenismo clínico 
asociado con la ingesta no intencional de 
soya fitoestrogénica

Este estudio de caso caracteriza el desem­
peño reproductivo relacionado con la in­
gesta dietética no intencional de compuestos 
fitoestrogénicos. Las granjas reproductoras A 
(afectada) y B (no afectada) estaban bajo una 
misma administración y eran abastecidas por 
dos fábricas de alimento no relacionadas. Los 
parámetros de reproducción se registraron 
durante 2 años y el alimento se analizó en 
busca de micotoxinas e isoflavonoides. La 
granja B tuvo un rendimiento reproductivo 
consistentemente mejor. Los signos clínicos 
de hiperestrogenismo (tumefacción vulvar, 
disfunción de la glándula mamaria y estro 
retardado) fueron evidentes en el 5% al 10% 
de las hembras reproductoras en la granja A. 
Las concentraciones de micotoxinas fueron 
insignificantes, pero las concentraciones de 
isoflavonoides fitoestrogénicos asociados con 
una fuente de harina de soya fueron superiores 
a 55,000 µg/kg en la granja A.

Résumé - Hyperœstrogénisme clinique 
associé avec l’ingestion non-intentionnelle 
de soja phyto-œstrogénique 

La présente étude de cas caractérise les 
performances de reproduction reliées à 
l’ingestion non-intentionnelle de composés 
phyto-œstrogéniques alimentaires. Les fermes 
de reproduction A (affectées) et B (non-
affectées) étaient sous un même système de 
gestion et étaient fournies en aliment par 
deux meuneries non-associées. Les paramètres 
de reproduction furent enregistrés sur plus 
de 2 ans et la moulée analysée pour les my­
cotoxines et les isoflavonoïdes. La ferme B 
présentait constamment de meilleures perfor­
mances de reproduction. Des signes cliniques 
d’hyperœstrogénisme (tuméfaction vulvaire, 
dysfonctionnement de la glande mammaire 
et œstrus retardé) étaient évidents chez 5% 
à 10% des femelles reproductrices sur la 
ferme A. Les concentrations de mycotoxines 
étaient négligeables, mais les concentrations 
d’isoflavonoïdes phytoœstrogéniques asso­
ciées avec une source de soja étaient supéri­
eures à 55,000 µg/kg sur la ferme A.

 

Several naturally occurring exogenous 
compounds can occupy and stimulate 
estrogen receptors located in reproduc­

tive and other organs, thereby mimicking 
the action of endogenous estrogen. Pigs 
have two main estrogen receptors (ERα and 
ERβ), both are considered highly susceptible 
to exogenous mimics. Clinical outbreaks of 
hyperestrogenism due to oral intake of the 
heat-stable zearalenone mycotoxin derived 
from Fusarium contamination of cereals, 
particularly corn, are well documented in 
pigs and other mammals.1,2 

The occurrence of hyperestrogenism due 
to oral intake of estrogenic isoflavonoids, 
such as genistein, daidzin, and daidzein is 
also well documented in rodents.3,4 but less 
so in pigs. Isoflavonoids particularly occur 
as phytoestrogenic components of soybean 
cultivars (Glycine max), and are much more 
abundant in its growing leaves and roots.5 
Clinical outbreaks of hyperestrogenism 
have occurred in rodents unintentionally 
fed commercial diets containing soybean 
ingredient material with high levels of iso­
flavonoids.4 Analysis of these suspect diets 
indicated that clinical signs could occur 

with dietary levels of isoflavones in the order 
of 1000 to 24,000 µg/kg of feed.4 Dietary 
intake of soybean phytoestrogens has also 
been implicated in a range of human repro­
ductive organ effects, such as infertility due 
to disruption of estrus and increased breast 
tissue density.6 Previous studies in pigs have 
been largely limited to in vitro and inten­
tional challenge exposure studies.7,8 Testing 
of pig feed components for phytoestrogens 
has been minimal due to the limited avail­
ability and expensive nature of the high-per­
formance liquid chromatography (HPLC) 
analysis required. 

Journal of Swine Health and Production — November and December 2020302



In this case study, we describe the clinical 
hyperestrogenic signs associated with the di­
etary intake of phytoestrogen isoflavonoids 
in 2 breeding herds.

Case description
Case farms and breeding herds	
Breeding farms A and B under a single man­
agement group were located in the subtropi­
cal dry climate zone of mid Queensland, 
Australia. The breeding herd genetics for 
both farms were of a single source of syn­
thetic Large White-Landrace crossbred pigs, 
with semen for artificial insemination sup­
plied from a commercial boar stud. No new 
genetics were introduced to the farms be­
tween 2017 and 2019. Over this time, farms 
A and B had a mean population of 3550 and 
1050 breeding age females, respectively, with 
weaned pigs taken to separate nursery and 
grower facilities. Female grower pigs were se­
lected for re-entry to both breeding herds at 
22 weeks of age based on leg conformation, 
teat conformation, and vulva characteristics. 
Gilt preparation consisted of physical boar 
exposure after 24 weeks of age. Gilts entered 
the estrus detection and mating program at 
27 weeks of age, with the first mating upon 
second estrus at 30 to 36 weeks of age. Both 
breeding herds had been free of clinical signs 
or other evidence associated with parvovi­
rus, classical swine fever virus, porcine repro­
ductive and respiratory syndrome virus, and 
pathogenic porcine circovirus as monitored 
by ongoing necropsy, specific serology, and 
immunohistochemistry studies for 10 years 
preceding and throughout the case study 
period (2017-2019).

Monitoring of breeding pig 
performance	
Breeding procedures on both farms were 
under the same management, and of indus­
try standard to the same audited operating 
procedures. Staff retraining to all breeding 
procedures occurred under veterinary super­
vision 4 times each year. Breeding females 
were monitored for estrus by reaction to 
boar and back pressure test. Mating proce­
dures consisted of artificial insemination 
with physical presence of a boar and place­
ment of a back-brace boar simulator device. 
Insemination on both farms consisted of 
two 80 mL doses (24 hours apart) of Large 
White or Landrace semen from the same 
group of nucleus herd boars. Pregnancy 
confirmation was conducted via ultrasound 
device at 28 and 56 days post mating. 

After farrowing, weaning occurred 22 to 
28 days later. Two days after weaning, physi­
cal boar exposure was provided to sows until 
estrus and mating. A weaning-to-service 
interval of 7 days or less was considered 
normal. After 7 days, any unmated sows were 
placed into a separate “stales” pen, and fur­
ther physical boar exposure provided.

Calculations were conducted weekly ( June 
2017 to June 2019) to determine incidence of 
estrus, conception and pregnancy rates (posi­
tive pregnancy at 28 and 56 days post mating, 
respectively), farrowing rates, wean-to-service 
intervals, litters produced per mated female 
per year, nonproductive days (breeding female 
days without pregnancy or lactation), number 
of piglets born alive, and piglets weaned per 
sow per year. Any clinical signs in the breed­
ing pigs and offspring were recorded. 

Diets and laboratory analyses 	
Farms A and B were each supplied separately 
by two unconnected feed mills (A1 and 
B1, 200 km apart), which both formulated 
pig stage-specific compound feeds. Each 
formulated diet consisted of proportionate 
wheat-barley-sorghum cereals with soybean 
or canola protein sources and other standard 
feed additives. Pigs were fed via dedicated si­
los, in-line augers, and pen hoppers. Any in-
feed antibiotic medications were supplied by 
veterinary prescription and included in diets 
destined solely for the target group of pigs. 
Commercial mycotoxin adsorptive products 
(clay-silicate) were added to every diet at the 
dosages recommended by the manufacturers. 

On two occasions in 2018 (February and 
May), 9 scoops of feed were taken from vari­
ous pen hoppers and then homogenized for 
analysis, and this occurred on each farm. 
Analysis of these compound feeds was per­
formed for known isoflavonoids by standard 
HPLC analysis coupled with mass spectrom­
etry (MS).9 In brief, 5 g of each feed sample 
was extracted by acetonitrile/water/acetic 
acid for 90 minutes, diluted, then screened 
and quantified in selected reaction monitor­
ing mode within the HPLC/MS (Agilent 
biosystems, IFA-Tulln, University of Natural 
Resources and Life Sciences, Vienna, Austria). 
Two transitions leading to 4 identification 
points were established for each analyte, with 
calibrations performed via serial dilutions of a 
multi-analyte stock solution. 

For mycotoxin testing, the feeds were also 
sampled in the same manner every 2 months 
(n = 10). Analysis of these compound feeds 

was performed for 23 known mycotoxins by 
a commercial liquid-liquid analysis coupled 
with mass spectrometry (Spectrum 380; 
Biomin). 

Case investigations
Pregnant breeding pigs were fed a stage-
specific diet for gestation (dry sow diet) then 
switched to a lactation diet starting at 10 
days prior to farrowing, then reverting to the 
dry sow diet after the next estrus and remat­
ing. At farm A only, an additional diet (also 
from the feed mill A1) was provided for 
the females during the weaning-to-service 
period. Formulations for these diets varied 
slightly over the 2 years depending on in­
gredient availability. Feed mills A1 and B1 
respectively formulated 500 and 100 metric 
tons of pig feed weekly, and therefore for­
mulated 11 and 8 diets, respectively, over 
the study period. The median and range of 
ingredients used in these diet formulations 
are listed in Table 1. The cereal, oil, and 
additive diet components were generally 
similar, however, soybean meal and mill run 
(feed mill remainder) content of lactation 
and wean-to-service diets were consistently 
higher in farm A diets, whereas canola meal 
and chickpeas were used more in farm B 
diets (Table 1). Dietary ingredients for feed 
mills A1 and B1 were supplied from differ­
ent local and global sources. The soybean 
meal used in feed mill A1 was supplied by a 
major global feed company and sourced via 
container from Argentina. The imported 
soybean meal had been emptied and held in 
a single bulk silo at a port distribution cen­
ter. This bulk silo supplied soybean meal to 
feed mill A1 every 2 weeks. 

For farms A and B, conception rates were 
96.4% and 98.6%, pregnancy rates were 
95.0% and 98.4%, and farrowing rates were 
86.6% and 91.5%, respectively (Figure 1). 
The litters farrowed per mated female per 
year were 2.32 and 2.43 and pigs weaned per 
sow per year were 23.7 and 24.7 on farms 
A and B, respectively (Figure 2). The wean-
to-service interval was 6.8 and 6.4 days and 
nonproductive days were 40.8 and 30.4 on 
farms A and B, respectively (Figure 3). The 
number of piglets born alive per litter (11.7 
and 11.6) and the number of piglets weaned 
per litter (10.2 and 10.1) were similar in 
farms A and B. We therefore noted a consis­
tently better breeding performance in pigs 
on farm B (considered unaffected). 

Clinical signs were only evident in 5% to 
10% of breeding females on farm A during 
the approximate 120 farrowing events per 
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Table 1: Median (range) of ingredient inclusion in pig diets for 2 sow farms

Diet ingredient, 
kg/metric ton*

Feed mill A1† Feed mill B1†

Gestation Lactation‡ Wean-to-Service Gestation Lactation‡

Barley
350 

(200-500)
200 

(100-220)
200 

(100-370)
450 

(290-500)
200 

(200-200)

Sorghum
300 

(0-430)
100 

(0-100)
200 

(0-400)
190 

(100-460)
100 

(80-150)

Wheat
0 

(0-140)
320 

(270-450)
250 

(0-430)
100 

(0-230)
450 

(300-490)

Mill run
200 

(150-200)
120 

(100-160)
120 

(100-200) 0 0

Chickpea 0 0 0
100 

(100-100)
50 

(0-100)

Vegetable oils
25 

(10-27)
25 

(15-37)
16 

(10-28)
25 

(0-50)
15 

(7-18)

Canola meal
60 

(50-120)
50 

(0-120)
60 

(40-90)
70 

(0-120)
75 

(60-100)

Soybean meal 0
120 

(60-130)
85 

(55-90) 0
30 

(0-40)

Meat meal
25 

(15-45)
25 

(15-50)
30 

(20-60)
10 

(10-15)
25 

(15-50)

Alfalfa crumble
10 

(0-12)
10 

(6-12)
10 

(6-12)
25 

(25-25)
15 

(12-18)

*	 Portions of salt, mycotoxin adsorptive product, synthetic amino acids, and mineral premix were added to all diets in standard amounts, 
each less than 5 kg/metric ton.

†	 Feed mill A1 supplied farm A (affected) with 11 formulations between 2017 and 2019. Feed mill B1 supplied farm B (unaffected) with 8 
formulations over the same time.

‡	 Lactation diets were analyzed for mycotoxin and phytoestrogen content.
 

week. Typical clinical signs were vulval tu­
mefaction (red, swollen, “glassy” vulvas; Fig­
ure 4) and failure of proper mammary devel­
opment noted upon entry to the farrowing 
area. This failure of mammary development 
generally resolved within 4 days after farrow­
ing. Approximately 5% of sows on farm A 
showed estrus behaviour at 18 to 24 days 
after farrowing. These behaviours included 
chomping and restlessness, pricked ears, and 
clear vaginal discharge. The wean-to-service 
interval was noticeably delayed on farm A 
(Figure 3) with 7% to 14% of sows show­
ing estrus behaviour 15 to 20 days post 
weaning. Intermittently, vulva reddening 
and swelling was observed in female piglets 
(born on farm A in May 2018) at birth 
until 5 days of age. None of these findings 
were noted on farm B; the pigs’ genetic 
origin and farm management procedures, 
including breeding, data collection, operat­
ing, staff training, and auditing procedures, 
were considered identical. 

Phytoestrogenic typing
Analysis of compound feeds derived from 
feed mill A1 and consumed by females on 
farm A before, during, and after lactation 
showed high levels (up to 55,977 µg/kg) 
of several isoflavonoids, including genistin, 
glycitin, and daidzin, (Table 2). Scrutiny 
of dietary ingredients in the affected and 
unaffected farms (Table 1) indicated that 
the dietary presence of these isoflavonoids 
was associated with one source of soybean 
meal component at feed mill A1, derived 
from a batch imported from Argentina by 
a major global feed commodity group and 
held in a bulk silo. This soybean batch was 
used throughout the testing period in 2018. 
Repeated testing (10 occasions) of feed on 
farms A and B indicated 23 known myco­
toxins, including zearalenone, remained 
below detectable levels or within reference 
ranges for no effect (Table 2). A change 
of soybean materials in feed mill A1 was 

instituted at the end of the study period 
(September 2019) and the clinical syndrome 
then dissipated. 

Discussion
In this case study, we identified the presence 
of clinical hyperestrogenism in a proportion 
of breeding females on an affected farm with 
the presence of isoflavonoids in specific lac­
tation and wean-to-service diets. These iso­
flavonoids were apparently derived from one 
source of soybean meal and were not present 
to the same extent in the farm B diets. Iso­
flavonoids are not known to be present in 
cereals or major dietary components of pig 
diets, other than soybean meal. The clinical 
signs noted in affected breeding animals in­
cluded vulval tumefaction, mammary gland 
dysfunction, and various signs of infertility, 
such as more nonproductive days, presum­
ably due to estrogenic effects on the ovary 
and uterus. These signs closely mimicked 
those seen in hyperestrogenism syndrome 
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Figure 1: A) Conception, B) pregnancy, and C) farrowing rates on farms A (affected) and B (unaffected).
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Figure 2: A) Litters farrowed per mated female per year and B) pigs weaned per sow per year on farms A (affected) and B 
(unaffected).
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due to zearalenone toxicosis,1 but analysis of 
feed for this and other mycotoxins was con­
sistently negative and constant use of com­
mercial mycotoxin binders in the farm diets 
did not alleviate the syndrome.

Previous studies of phytoestrogens in pigs 
have been largely limited to in vitro and 
intentional challenge exposure studies.7,8 
This case study documents the occurrence 

of hyperestrogenism associated with an oral 
intake of phytoestrogenic isoflavonoids in 
commercial farm pigs. The limitations of 
the case study include that the side-by-side 
comparison of breeding parameters and 
feed investigations were only possible on 
this farm system, rather than all regional pig 
farms experiencing similar clinical signs. The 
activity of the isoflavonoids detected in the 

diets, particularly genistin and daidzin, are 
well-documented as causes of hyperestrogen­
ism when present in the diet of laboratory 
animals and other mammals.3,4 In contrast 
to mycotoxin testing, the testing of pig feeds 
for phytoestrogens by HPLC has limited 
availability and is not widely conducted. Phy­
toestrogenic isoflavonoids and mycotoxins 
are both potent stimulators of ERα and ERβ. 
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Figure 3: A) Wean-to-service interval and B) nonproductive days per mated female per year on farms A (affected) and  
B (unaffected).
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Because no myco-estrogens were detected in 
the pig feeds in this case study, we therefore 
considered the isoflavonoids to be involved 
in the hyperestrogenism syndrome in these 
sows.

Isoflavonoids occur as phytoestrogenic 
components of soybean cultivars and are 
particularly abundant in its growing leaves 
and roots.5 The commercial preparation of 
batches of soybean meal can incorporate 
approximately 20% of so-called soybean 
trash, which usually includes leaf and other 
non-bean components.10 It is possible that 
the particular batch of soybean meal used 
during this case study contained a notice­
able quantity of such soybean trash. The ag­
gregation of soybean batches from a variety 
of in-country sources into this commercial 
soybean meal, did not allow more specific 
source identification. Corn and soybean 
ingredients are used to a lesser extent in feed 
mill preparation of pig diets in Europe, Asia, 
and Oceania compared to American diets 
due to transportation costs. The percentage 
of soybean meal within suspect diets at feed 
mill A1 was below standard inclusion rates 
for some American pig diets. Unlike myco­
toxin testing, the testing of soybean meal 
and other ingredients for phytoestrogens is 
not a routine practice. Unlike established 
mycotoxin inhibitor usage, there is limited 
availability of products that inhibit dietary 
phytoestrogens. It is therefore suggested that 
future clinical cases of hyperestrogenism in 
pigs be investigated for these two possible 
sources of endocrine disruptors. 

Clinical outbreaks of hyperestrogenism have 
also occurred in housed rodents uninten­
tionally fed commercial diets containing 
soybeans with high levels of isoflavonoids.4 
Measurement of the isoflavonoid levels in 
these commercial rodent diets derived from 
suspect soybean ingredient materials indi­
cated that clinical signs could occur with 
dietary levels of isoflavonoids in the order of 
1000 to 24,000 µg/kg of feed,4 which were 
similar to or less than the levels of the isofla­
vonoids noted in the suspect pig diets in this 
case study. 

Isoflavonoids are known to be absorbed and 
distributed quickly to the reproductive or­
gans after oral ingestion.3,7 In this case study, 
we therefore associated the intake of suspect 
soybean meal in lactation diets and subse­
quent postweaning sow diets with onset of 
hyperestrogenism signs of infertility, particu­
larly noticeable in the wean-to-service phase. 

Figure 4: Typical vulva tumefaction noted in affected sow on farm A.

  

The exact dose of isoflavonoids required to 
precipitate hyperestrogenism in sows in a 
farm setting is not clear from previous stud­
ies.7 A calculation of isoflavonoids present in 
the analyzed pig diets and a normal 200 kg 
sow average feed intake of approximately  
6 kg/day would tend to indicate that the 
clinical signs noted in this case study could 
occur with approximately 1 kg of soybean 
meal content containing approximately  
0.12 kg of isoflavonoids (Table 2) per day, 
that is 0.6 mg of isoflavonoids per kg of 
bodyweight. It is reasonable to expect that 
the severity of signs would be dose depen­
dent. 

Implications
Under the conditions of this study:

•	 Soybean-derived isoflavonoids were as­
sociated with hyperestrogenism in sows.

•	 Clinical signs were vulval tumefaction, 
mammary gland dysfunction, and infer­
tility. 
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Table 2: Mycotoxin and phytoestrogen analysis of sow diets on farm A (affected) 
and farm B (unaffected)

Farm A 
Lactation diet

Farm B 
Lactation diet

Mycotoxin,*µg/kg
    T-2 toxin 1.86 1.90
    Fumonisin B-4 2.44 2.50
    Zearalenone ND ND
Phytoestrogen, µg/kg
    Daidzein 1045 ND
    Daidzin 53,658 ND
    Genistein 1733 ND
    Genistin 55,977 ND
    Glycitein 328 ND
    Glycitin 12,713 ND

* 	 Twenty other mycotoxins were analyzed but below the limit of detection including 
aflatoxins B1, B2, G1, and G2, fumonisin B1, B2, and B3, ochratoxin, nivalenol, deoxyni-
valenol, 3-acetyl deoxynivalenol, 15-acetyl deoxynivalenol, HT-2 toxin, fusarenon X, 
neosolaniol, deacetoxyscirpenol, enniatin A1, B, and B1, and ergot alkaloid group.

ND = below the limit of detection. 
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