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ABSTRACT.- Wicpolt N.S., Morais R.M., Molossi F.A., Ogliari D., Mezzallira J., Prestes O.D., 
Zanella R. & Gava A. 2019. Experimental reproduction of congenital anomalies in the 
progeny of cows fed apple pomace during pregnancy. Pesquisa Veterinária Brasileira 
39(6):371-375. Laboratório de Patologia Animal, Departamento de Medicina Veterinária, 
Centro de Ciências Agroveterinárias, Universidade do Estado de Santa Catarina, Av. Luiz de 
Camões 2090, Lages, SC 88520-000, Brazil. E-mail: aldo.gava@udesc.br

This study aimed to describe and discuss the results of an experiment carried 
out in two stages with pregnant cows fed 25kg/apple pomace/day. The first stage 
involved 16 pregnant Holstein Friesian cows divided into four groups: Group 0 - Control 
(5 cows); Group I - 1 month-gestation (4 cows); Group II - 3 month-gestation (4 cows); 
Group III - 6 month-gestation (3 cows) and was performed from September to December 
2015. The second stage comprised 12 pregnant Holstein Friesian cows divided into 
three groups: Group 0 - Control (6 cows), Group I - 1 month-gestation (3 cows), and 
Group II - 3 month-gestation (3 cows) and was conducted from April 2016 to February 2017. 
All study animals received apple pomace at a dose of 25kg/day. As for the first experiment 
stage, a cow in Group III bred a calf with complete absence of the coccygeal vertebrae and 
tail, slight bending of the hind limbs, scoliosis in the thoracic spine, and limited mobility. 
At 30 days, it presented with diarrhea and underdevelopment, and was euthanized for 
necropsy. At gross examination, malformations were observed in the thoracic spine, 
coxofemural joint, and genitourinary tract. Regarding the second experiment stage, a cow 
in Group I gave birth to a calf with curved pelvic and thoracic limbs with thick joints and 
flattening hooves. Microscopic examination of the femur showed disorganized, irregular 
hypertrophic zone and scarce growth zone, in addition to primary spongy zone with short, 
slightly mineralized trabeculae. Samples of the apple pomace used in this study were frozen 
and sent for laboratory evaluation of pesticide residues, which showed a positive result 
for the fungicide carbendazim.

INDEX TERMS: Experimental reproduction, congenital anomalies, progeny, cows, apple pomace, 
pregnancy, calf, cattle, pathology.
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RESUMO.- [Reprodução experimental de anomalias 
congênitas na progênie de vacas alimentadas com bagaço 
de maçã durante a gestação.] O presente trabalho tem por 
finalidade descrever e discutir os resultados do experimento 
realizado em vacas prenhes que foram alimentadas com 25kg/dia 
de bagaço de maçã. Experimentos foram conduzidos em duas 
etapas, a primeira no ano de 2015, de setembro a dezembro 
onde foram utilizadas 16 vacas prenhes da raça holandês. 
Estas foram divididas em quatro grupos: Grupo 0, Controle 
(5 vacas); Grupo I, 1 mês gestação (4 vacas); Grupo II, 3 meses 
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gestação (4 vacas); Grupo III, 6 meses gestação (3 vacas). 
A segunda etapa foi realizada em abril de 2016 a fevereiro de 
2017. Foram utilizadas 12 vacas prenhes da raça holandês, 
divididas em três grupos: Grupo 0, Controle (6 vacas); 
Grupo I, 1 mês gestação (3 vacas); Grupo II, 3 meses gestação 
(3 vacas). Todas as vacas receberam bagaço de maçã na dose 
de 25kg/dia/vaca. Para o primeiro experimento, uma vaca 
do Grupo III pariu uma bezerra, com ausência completa das 
vértebras coccígeas e cauda, encurvamento leve dos membros 
posteriores, escoliose na coluna torácica e dificuldade de 
locomoção. Decorridos 30 dias do nascimento, manifestou 
diarreia e pouco desenvolvimento, sendo eutanasiada para 
necropsia. Na macroscopia, havia malformações na coluna 
torácica, articulação coxofemoral e no aparelho urogenital. 
Em relação ao segundo experimento uma vaca do Grupo I pariu 
uma bezerra com membros pélvicos e torácicos, curvos e com 
articulações consideravelmente grossas e “achinelamento” 
de cascos. Na microscopia do fêmur foi observado na placa 
epifisária, zona hipertrófica desorganizada, irregular e 
zona de crescimento escassa. Na zona esponjosa primária 
observou-se trabéculas curtas e pouco mineralizadas. 
Amostras do bagaço de maçã utilizado na experimentação 
foram congeladas e enviadas para avaliação de resíduos 
agrotóxicos, onde foi encontrado resultado positivo para o 
fungicida carbendazim.

TERMOS DE INDEXAÇÃO: Reprodução experimental, anomalias 
congênitas, progênie, vacas, bagaço de maçã, gestação, bezerro, 
bovinos, patologia.

INTRODUCTION
Apple is a crop of great economic importance in the South 
Region of Brazil, which is responsible for 98% of the national 
production of this fruit. Pomace is the main by-product of this 
fruit, corresponding to 25% of its weight. Apple pomace is 
composed of 18% dry matter (DM), 6.5% crude protein (CP), 
42% neutral detergent fiber (NDF), 3.2% ethereal extract 
(EE), 4.2% mineral matter (MM), and 62.4% total digestible 
nutrient (TDN). It is characterized by presenting low DM 
and CP contents; however, it shows medium NDF content 
and can be an alternative energy source in the feeding of 
ruminants (Ribeiro Filho et al. 2012). This by-product is often 
used to feed bovines and has been shown to cause osseous 
malformation in calves born of cows that ingested it during 
pregnancy (Wicpolt 2018, Wicpolt & Gava 2019).

According to Rumsey et al. (1977), these malformations 
may be associated with pesticides frequently used in apple 
culture, which may remain as residue in the bagasse. In the 
states of Santa Catarina and Rio Grande do Sul, a variety 
of agrochemicals are used for pest control in apple crops. 
According to the National Agency of Sanitary Surveillance 
(Anvisa 2017), over 60 different types of pesticides are used 
for this purpose, including carbamates and organophosphates. 
Exposure to these pesticides may harm the development 
of newborn calves (Grecco et al. 2009, Oliveira-Filho et al. 
2010). Another product frequently used in apple trees is 
abamectin, which can cause neurological changes and death 
in cattle if applied at doses higher than the recommended 
(Seixas et al. 2006).

This study aimed to confirm the presence of osseous 
malformation in calves born of cows fed apple pomace 
during pregnancy and identify pesticides and other chemicals 
present in this by-product that could be the cause of these 
malformations.

MATERIALS AND METHODS
This study was carried out in two stages: the first stage involved 
16 pregnant Holstein Friesian cows divided into four groups: 
Group 0 - Control (5 cows); Group I - 1 month-gestation (4 cows); 
Group II - 3 month-gestation (4 cows); Group III - 6 month-gestation 
(3 cows) and was performed from September to December 2015. 
The second stage comprised 12 pregnant Holstein Friesian 
cows divided into three groups: Group 0 - Control (6 cows), 
Group I - 1 month-gestation (3  cows), and Group II - 3 month-gestation 
(3 cows) and was conducted from April 2016 to February 2017. 
In both experiment stages, for each group, except for the Control 
groups, the pregnant cows were offered apple pomace from the 
Planalto Catarinense region (silage) at the dose of 25kg/animal/day. 
All study animals also grazed on Trifolium repens (white clover) and 
Pennisetum clandestinum (kikuyu grass) pasture. In the first stage, 
animals were offered apple pomace for three months, whereas in 
the second stage, cows in Group I received apple pomace for eight 
months and cows in Group II received it for six months (Table 1). 
Both experiment stages used cows after gestation was confirmed 
by rectal palpation and ultrasound (US) examination. Two calves 
were born with malformation: one in each of the experiment stages. 
At necropsy, tissue samples were collected from the heart, lung, liver, 
kidney, omasum, abomasum, intestine, spleen, lymph node, skeletal 
muscle, bone and central nervous system for histological examination. 
Samples were fixed in 10% formalin, dehydrated in alcohol, clarified 
with xylene, and embedded in 10% paraffin. 3μm-thick sections 
of the material were stained using the hematoxylin-eosin (HE) 
technique (Prophet et al. 1992) and examined under optical light 
microscopy. Samples of the apple pomace used in the experiment 
were sent to the Laboratory of Pesticide Residue Analysis (LARP) 
of the “Universidade Federal de Santa Maria” (UFSM) for residue 
identification of the pesticides most commonly used in apple crops. 
Residue analysis was conducted using the modified QuEChERS 
method; quantification was performed by liquid chromatography 
coupled with serial mass spectrometry (LC-MS/MS) as described 
by Kemmerich et al. (2018). Seventy-seven chemical substances 
were analyzed. The experiments were performed at the Dairy Cattle 
Sector of the Agronomic Sciences Center located in the municipality 
of Lages, Santa Catarina state, Brazil

Table 1. Experimental design with apple pomace offered to 
pregnant cows at the dose of 25kg/animal/day

Year Group Bovine
(n)

Gestation time
(months)

Ingestion time
(months)

2015 0 (control) 5 1 to 6 -
I 4 1 3
II 4 3 3
III 3 6 3

2016-
2017

0 (control) 6 1 to 6 -
I 3 1 8
II 3 3 6
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RESULTS
Of the 16 cows in experiment stage 1, one in Group III gave 
birth to a calf with malformations characterized by complete 
absence of the coccygeal vertebrae, curved posterior limbs 
(Fig.1), and scoliosis in the thoracic spine. Thirty days after 
birth, it presented with diarrhea, developmental delay and 
limited mobility, and was euthanized. Necropsy revealed 
lateral deviation of the thoracic spine (Fig.2) and thickened 
chondral articulations.

The urogenital tract showed deviation of the right ureter, 
which had a blind ending and extended from the kidney to 
the cervix; the left uterine horn and ovary were inside the 
bladder neck (Fig.3). In experiment stage 2, eight cows gave 
birth to normal calves, and one cow in Group I bred a calf 
with curved posterior limbs, moderate thickening of the 
articulations, and flattened hooves, which impaired mobility 
and balance (Fig.4).

Fig.1. Experimental reproduction (Experiment stage 1). Calf with 
curved posterior limbs, thickened articulations, and absence of 
the coccygeal vertebrae.

Fig.2. Experimental reproduction (Experiment stage 1). Scoliosis 
in the thoracic spine of a calf.

Fig.3. Experimental reproduction (Experiment stage 1). Urogenital 
tract of a calf showing deviation of the right ureter with blind 
ending and extending from the kidney to the cervix; the left 
uterine horn and ovary were inside the bladder neck.
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Microscopically, the femur epiphysis showed disorganized, 
irregular hypertrophic zone and scarce growth zone. Short, 
slightly mineralized trabeculae were observed in the primary 
spongy zone (Fig.5). Analysis of chemicals present in the apple 
pomace was positive only for the fungicide carbendazim, 
belonging to the benznidazole chemical group, at a concentration 
of 0.006mg/kg-1.

DISCUSSION
Experimentally, ingestion of apple pomace by 17 pregnant cows 
at the dose of 25kg/animal/day for 3 and 8 months, respectively, 
resulted in malformation in two calves, characterized mainly 

by curved limbs, especially the posterior quarters. One of the 
calves showed lateral deviation of the thoracic spine, absence 
of coccygeal vertebrae, and malformation of the urogenital 
tract. Bending of the limbs was similar, but less severe than 
that observed in calves born of cows with natural intoxication 
with apple pomace (Wicpolt 2018, Wicpolt & Gava 2019). 
It is worth noting that in cases of natural intoxication, the 
apple pomace was of unknown origin and from different 
regions of the states of Santa Catarina and Rio Grande do Sul. 
The apple pomace used in this study was from an apple juice 
extraction plant and, according to information obtained later, 
the criteria for use of pesticides were very strict.

Assessment of malformation in calves associated with 
ingestion of apple pomace by the pregnant cows should consider 
the amount ingested. According to Wicpolt (2018), in cases of 
natural poisoning, the osseous malformations were observed 
in properties where the cows ingested amounts greater than 
20 kg/animal/day for a period longer than three months.

Malformation due to ingestion of apple pomace by pregnant 
cows should be assessed by differential diagnosis of the 
malformations caused by plants. In the Northeast Region of 
Brazil, ingestion of “jurema preta” (Mimosa tenuiflora) and 
“catingueira” (Poincianella pyramidalis) leads to craniofacial 
osseous anomalies, ocular malformation, and arthrogryposis 
(Pimentel et al. 2007, Medeiros et al. 2008, Souza et al. 2018, 
Dantas et al. 2010, Santos et al. 2012). Intoxication with 
Lupinus angustifolius, Veratrum californicum, Nicotiana glauca 
(Kellerman et al. 1990), and Conium maculatum (Tokarnia et al. 
1985) experimentally affect not only bovines, but also 
ovine, swine and goats, which in addition to malformations, 
also present signs of salivation, staggering gait, tremors, 
convulsions, and dyspnea. Of these plants, Conium maculatum 
(poison hemlock) is the only one growing in the South Region; 
however, this plant was not found in any of the properties 
were the disease occurred.

Malformations in cattle are also caused by the Bovine 
Viral Diarrhea (BVD) (Flores & Schuch 2007, Quincozes et al. 
2007) and the Bluetongue (Riet-Correa 2007, Antoniassi et al. 
2010) viruses. The aforementioned authors have reported 
that these pathogens are highly infectious and also affect 
ovine, goats, and free-living ruminants. In addition to causing 
erosive lesions and ulcers in the mucosa, affected animals 
also show respiratory symptoms such as fever, mucopurulent 
or bloody nasal discharge, embryonic death, and abortion. 
These clinical signs were not observed in the cows and 
calves in which the spontaneous disease occurred, or in the 
cows used in the experiment. Many factors can be involved 
in malformation in calves born of cows fed apple pomace. 
The present study was performed based on the hypothesis of 
association with pesticides present in the bagasse as residues, 
namely, organophosphates, carbamates (Oliveira-Filho et al. 
2010), pyrethroids (Fenster et al. 2006, Wolansky & Harrill 
2008), and abamectin (Seixas et al. 2006). Analysis of the 
apple pomace used in this study detected only residues of 
carbendazim. According to specifications from Anvisa (2017) 
and the U.S. Environmental Protection Agency (EPA 2017), 
carbendazim is a fungicide of toxicological class III, showing 
medium toxicity. Animal experiments performed by Silva et al. 
(2014), confirmed the mutagenic and/or carcinogenic potential 
of carbendazim. According to them, the compound can cause 
chromosomal anomalies, with change in the number of 
chromosomes in the cells, leading to DNA damage (mutagenic 
effects) and affecting embryonic or fetal development 
(teratogenic/embryotoxicity effects). Janardhan et al. (1984), 
verified that doses of 4 to 80mg/kg/day of carbendazim, 
administered between 6 and 15 days of gestation, increased 
the incidence of fetal reabsorption. Embryonic death, growth 

Fig.4. Experimental reproduction (Experiment stage 2). Calf with 
angular deformity of the pelvic limbs and moderate thickening 
of the joints.

Fig.5. Femur (Experiment stage 1). Disorganized, irregular hypertrophic 
zone, scarce growth zone, and primary spongy zone with short, 
slightly mineralized trabeculae. HE, obj.10x.
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delay, and development of anomalies were also observed 
by Cummings et al. (1992) with the use of carbendazim 
in pregnant mice, which was also responsible for causing 
malformation in fetus with hydrocephalus, deformation of 
skull and limbs, fusion of vertebrae, ribs and sternum, and 
anophthalmia (Alvarez 1987).

CONCLUSIONS
Experimentally, apple pomace provided to pregnant cows 

at the dose of 25kg/animal/day for a period longer than three 
months cause malformation in calves characterized by osseous 
deformities, curved hind quarters, thickened joints, absence of 
coccygeal vertebrae, and malformation of the urogenital tract.

Fungicide carbendazim remains in apple pomace in its 
residual form, and can be responsible for the malformations 
observed in the calves of this study.

Conflict of interest statement. - The authors declare that there are no 
conflicts of interest.
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