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Nitrate/nitrite poisoning in dairy cattle from the Midwestern Minas Gerais, Brazil
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ABSTRACT: In a rural property of the Midwestern Minas Gerais, Brazil, three 2.5 to 3-year-old female bovines (7/8 Holstein x 1/8 Gir)
weighing approximately 380kg died after showing brownish colored mucosa of conjunctiva and vaginal vestibule, gray-bluish tongue, dyspnea,
sialorrhea, tympany, and progression to sternal decubitus and death. In the macroscopic evaluation of one of the bovines, dark (chocolate-
colored) blood of difficult coagulation, and intensely cherry-red skeletal and cardiac musculature were observed. Beyond that were observed
brownish lungs, kidneys, liver, and encephalon, and all the stomach compartments were dilated due to large amounts of gas. In addition, the
carcass exhaled a nitrous odor. The diphenylamine test and the nitrate dosage in the forage (Pennisetum purpureum, “elephant grass”, Napier
grass cultivar) used in feeding the bovines showed a high concentration of nitrate, allowing the diagnosis of nitrate/nitrite intoxication. The
main factors leading to the poisoning were attributed to excessive fertilization of grass with bovine manure, the occurrence of a drought period
followed by a rainy season, lack of adaptation of the bovines to a nitrate-rich diet, and a diet composed almost exclusively of elephant grass.
This is the first report of spontaneous nitrate/nitrite poisoning in cattle in southeastern Brazil.

Key words: cattle diseases, plant poisoning, Pennisetum purpureum, nitrate/nitrite, soil fertilization.

Intoxicacdo por nitrato/nitrito em bovinos leiteiros da regiio Centro-Oeste de Minas Gerais

RESUMO: Em uma propriedade rural do Centro-Oeste de Minas Gerais, trés fémeas bovinas 7/8 Holandés e 1/8 Gir, com idade de 2 anos e
6 meses a 3 anos e peso de aproximadamente 380kg vieram a obito apos manifestagdo clinica de mucosas conjuntivais e do vestibulo vaginal
amarronzadas, lingua azul-acinzentada, dispneia, sialorreia, timpanismo e progressdo para decubito esternal e morte. Na necropsia de um dos
animais, foram observados sangue escuro (cor de chocolate) e de dificil coagula¢do, musculos esqueléticos e cardiaco intensamente vermelho-
cereja, compartimentos gastricos distendidos por grande quantidade de gases e pulmées, rins, figado e encéfalo amarronzados. Além disso, o
cadaver exalava odor nitroso. O fteste de difenilamina e a dosagem de nitrato na forragem (Pennisetum purpureum, “‘capim-elefante”, cultivar
Napier) oferecida aos animais revelaram concentragdo elevada de nitrato na planta, com diagnostico de intoxicagdo por nitrato/nitrito. Os principais
fatores que levaram a intoxicagdo foram atribuidos a adubagdo excessiva do capim com esterco bovino; a ocorréncia de um periodo de estiagem
seguido por um periodo chuvoso; a falta de adaptacao dos animais a alimentagdo rica em nitrato; e a dieta composta, quase exclusivamente, por
capim-elefante. Este trabalho é o primeiro relato de intoxicag¢do espontanea por nitrato/nitrito em bovinos no sudeste do Brasil.

Palavras-chave: doengas de bovinos, intoxicagdo por plantas, Pennisetum purpureum, nitrato/nitrito, adubagdo.

INTRODUCTION animal, which can be optimized with concentrate
supplementation (VILELA et al., 2006).

The introduction of technologies that aim However, some rural producers without
to increase the production of food for animals has technical guidance make inappropriate use of
contributed to optimize livestock performance. The these technologies, using manure without previous
quantity and the quality of forage directly interfere fermentation, or applying excessive nitrogen
in the production of beef and dairy cattle (RENNO fertilization (MEDEIROS et al., 2003; RADOSTITS
et al., 2008). Fertilization and irrigation enable et al., 2007). A consequence of these two practices
increasing the production of high quality forage, is the increase of nitrate content in the plants offered

! ~ guaranteeing high yields of milk per area and per to animals as bulky food sources, which can lead to
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nitrate/nitrite intoxication (WRIGHT & DAVISON,
1964; RADOSTITS et al., 2007; KOZLOSKI, 2009;
JONCK et al., 2013).

In ruminants, microorganisms from
stomach compartments transform dietary nitrate into
nitrite and subsequently convert nitrite into ammonia
for the synthesis of microbial protein (KOZLOSKI,
2009). The initial concentration of nitrate, the microbial
flora and the diet of the animal, among other factors,
interfere in the conversion of nitrite to ammonia, and
there may be accumulation of nitrites (WANG et al.,
1961; ALLISON 1978; KOZLOSKI, 2009).

Nitrite is toxic to erythrocytes because it
converts hemoglobin into a type of dishemoglobin,
the methemoglobin. This is an oxidized form of
hemoglobin, whose Fe?* from the heme group is
oxidized to the ferric state (Fe*"), which cannot bind to
oxygen (O,). In addition, an allosteric change occurs
in the partially oxidized hemoglobin that generates a
greater affinity between this protein and O,, making
it difficult to release oxygen to tissues, and causing
tissue anoxia (HAYMOND et al., 2005).

However, in controlled doses, nitrate in
ruminants’ diet can bring benefits. HUYEN et al.
(2010) concluded that this ion can be used, as well
as urea, as a source of nonprotein nitrogen for the
synthesis of protein by ruminal microorganisms.
Furthermore, nitrate can reduce the production of
methane in stomach compartments by acting as an
electron acceptor and decreasing the enteric production
of H,, which is necessary for methanogenesis (ELLIS
et al., 2008; LENG, 2008; NOLAN et al., 2010).
The emission of methane gas into the atmosphere is
one of the factors that contributes to global warming
(PRIMAVESI et al., 2004), and ruminants’ production
is considered responsible for about 28% of the total
annual emission of this gas (KLIEVE, 2009).

The aim of this work is to report an
outbreak of nitrate/nitrite intoxication in dairy cattle
from a farm in the West-Central region of Minas
Gerais, Brazil.

MATERIALS AND METHODS

In a rural property near the cities of Bom
Despacho and Moema, in Minas Gerais, Brazil, three
of 18 animals from a paddock with 2.5- to 3-year-
old female bovines (7/8 Holstein x 1/8 Gir) weighing
approximately 380kg died after an abrupt change in
diet. Clinical examinations of affected animals and
necropsy of one of these animals were performed.

The necropsy was performed immediately
after death, and fragments of rumen, reticulum,

abomasum, intestines, liver, spleen, kidneys, lungs,
heart, brain, and skeletal muscle were collected,
fixed in 10% formalin and sent to the Sector of
Veterinary Pathology of the Universidade Federal de
Lavras (UFLA). The samples were macroscopically
evaluated, histologically processed, and examined
under light microscopy.

The diphenylamine test was performed in
elephant grass samples, and consists in adding one
drop of the reagent solution (0.5g diphenylamine,
20mL distilled water, and 80mL concentrated sulfuric
acid) to three drops from the plant extract on glass
slides. The extract was obtained by manual pressure
(TOKARNIA et al., 2012).

A 420g sample of the grass was collected
for nitrate dosage, repeating the same harvesting
procedures made on the farm, i.e., cutting the entire
plant close to the soil and chopping it in a forage
machine. Then, the sample was placed in a Ziploc-
type plastic vacuum package, stored in a thermal bag
with dry ice and sent to 3rlab Laboratory in Lavras,
Minas Gerais.

RESULTS AND DISCUSSION

The poisoned heifers presented brownish
colored mucosa of conjunctiva (Figure 1A) and
vaginal vestibule (Figure 1B), gray-bluish tongue,
dyspnea, sialorrhea, tympany, and progression to
sternal decubitus and death. MEDEIROS et al. (2003)
have also described dyspnea, sialorrhea, tympany
in addition to decubitus, and death 30 minutes
after decubitus in spontaneously intoxicated cattle.
TOKARNIA et al. (2012) and JONCK et al. (2013)
have also described brownish or cyanotic mucosa.

Two of three heifers died about one week
after the abrupt diet exchange of maize silage (Zea
mays) for elephant grass (Pennisetum purpureum),
and the other one died about 20 days after the
diet change. Moments before death, this animal
presented stiffness in limbs and jaw, and pedaling
movements. The supply of elephant grass was not
interrupted after the two first deaths, since the cause
had not been diagnosed yet. Diet was changed again
only after the third death.

At necropsy, darkened blood (chocolate-
colored; Figure 1C) of difficult coagulation, cherry-
red colored skeletal (Figure 1D) and cardiac (Figure
1E) musculature, stomach compartments dilated
due to large amounts of gas, and lungs (Figure 1F),
kidneys, liver and encephalon brownish-colored
were observed. A strong nitrous odor was noted in
the carcass during the necropsy, also described by
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Figure 1 — Nitrate/nitrite poisoning in bovine. (A-F) Necropsy findings: (A) Brownish mucosa of
conjunctiva; (B) Brownish mucosa of vaginal vestibule; (C) Chocolate-colored blood;
(D) Cherry-like colored skeletal musculature; (E) Cherry-like colored myocardium;
(F) Brownish lung; (G) Glass blade with positive result in diphenylamine test in forage
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were compatible with those described by RADOSTITS
et al. (2007), TOKARNIA et al. (2012), and JONCK
etal. (2013). JONCK et al. (2013) have also observed
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of chocolate-colored and poorly clotted blood, and
intensely red colored skeletal and cardiac musculature



4 Gontijo et al.

brownish lungs and brain of cattle with spontaneous
and experimental intoxication by nitrate/nitrite.

There were no histopathological alterations
in fragments sent for analysis, which discards some
diseases and reinforces the diagnosis of nitrate/
nitrite intoxication, which usually does not induce
histological lesions (RADOSTITS et al.,, 2007
TOKARNIA et al., 2012).

The heifers were in a degraded pasture of
Tifton 85 (Cynodon dactylon) and received forage
supplementation consisting of elephant grass (whole
plant) since about one week before the two first
deaths. The elephant grass was chopped at around
11 a.m. and offered twice a day (around 1 p.m. and
8 p.m.); concentrate supplementation composed
of ground corn and citrus pulp (around 1 p.m.) and
another concentrate with ground corn, soybean meal,
citrus pulp, mineral supplement provided mixed to
concentrate in the ratio of 3:100?, agricultural urea,
sulfur, and sodium bicarbonate (around 8 p.m.);
mineral supplement for growth® once a day; water
from a creek that passes through the farm, supplied at
libitum in a water tank.

Three of 18 heifers died after the abrupt
exchange of maize silage for chopped elephant grass
(whole plant). The lack of adaptation of ruminal
microbiota to nitrate, associated with diets rich in this
ion, leads to excessive production of nitrites, because
the ruminal microbiota reduces large amounts of
nitrates to nitrites, which are five to six times more
toxic than nitrates (ROGERS & HOPE-CAWDERY,
1980). Nitrites are absorbed by rumen capillaries and
reach the blood stream (LENG, 2008).

The way the plant is offered to animals
also influences the amount of nitrate ingested. The
plants, in natura, have a higher content of nitrates
when compared to the same ensiled plant, because the
fermentation process reduces considerably the levels of
these ions. The distribution of nitrates in the forage is
another factor that interferes with the amount of nitrates
to which the animal has access, because the stem has
a higher concentration of these ions in relation to the
leaves. Thus, the cutting height of the plant is important,
because the less stem is incorporated, the smaller the
amount of nitrate intake (KAHN & LINE, 2005).

The elephant grass plantation was lush.
Due to the slope of the terrain, the crop was located
below the premises where animals were milked and
fed, so the water from rains and daily washing of the
milking parlor carried cattle manure to the plantation,
resulting in overfertilization of the grass. Besides
that, application of bovine manure without previous
treatment was made in the crop.

The intoxication occurred in a rainy
period (November 2016 to January 2017), that
followed a drought season (May to October 2016).
The occurrence of a drought period followed by a
rainy period is considered an important factor that
results in the increase of nitrate concentration in the
plants, causing an accelerated growth and absortion
of toxic levels of nitrates (RIET-ALVARIZA, 1993;
CHEEKE, 1998; RADOSTITS et al., 2007).

This paper is the first report of spontaneous
nitrate/nitrite poisoning in cattle in southeastern
Brazil. The first outbreak of this intoxication in cattle
in Brazil was described by MEDEIROS et al. (2003)
in the interior of Paraiba after ingestion of creeping
rivergrass (Echinochloa polystachya) and elephant
grass (Pennisetum purpureum). Other cases were
reported in Santa Catarina, in oat (Avena sativa)
and ryegrass (Lolium spp.) pastures by JONCK et
al. (2013). Other forage species are already known
to have a high nitrate content such as maize (Zea
mays) and sorghum (Sorghum spp.), according to
RADOSTITS et al. (2007).

Diphenylamine test and nitrate dosage
in elephant grass were performed, and the results
of these tests associated with clinical signs and
epidemiological data allowed to conclude the
diagnosis of nitrate/nitrite  intoxication. The
diagnosis of nitrate/nitrite intoxication is based on
herd and feeding history, epidemiology, clinical
signs, and results of complementary tests such
as  hemogasometry, methemoglobin dosage,
anatomopathological examination, diphenylamine
test, and nitrate dosage in grass and water
(RADOSTITS et al., 2007; JONCK et al., 2013).

At diphenylamine test, a color change from
green to deep blue (Figure 1G) occurred in less than
ten seconds in sap drops extracted from the plant.
The diphenylamine test, which is qualitative for the
nitrate concentration, can be performed on blood
samples, body fluids and pasture (RIET-ALVARIZA,
1993; MEDEIROS et al., 2003). In the forage extract,
the change from green to deep blue in less than
ten seconds means positive result, i.e. the nitrate
concentration in the plant is high (RADOSTITS et
al., 2007; JONCK et al., 2013).

Other grasses were not analyzed because
the heifers received only elephant grass as bulky food
source. Although they were in a pasture of Tifton 85,
it was strongly degraded since the soil was poorly
covered by the grass. Water was not tested for nitrates
because all the animals of the property received water
from the same source, a creek that passes through the
farm, and only heifers consuming elephant grass were
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affected. The elephant grass comprised about 80% of
total dry matter intake in this animal category, which
received low-concentrate supplementation (about
20% of total dry matter), comparing with the cows.

The low-concentrate supplementation
probably contributed to the nitrate/nitrite poisoning,
since ruminal microbiota ability to detoxify nitrates
and nitrites is energy-depending (VALLI, 2007).

The antidote for nitrate/nitrite poisoning
is intravenous 1% methylene blue infusion at the
dosage of 1 to 2mg/kg live weight. Methylene blue has
reducing power and acts by converting Fe*"to Fe?", and
receiving an H" from NADPH (becoming leukotolene
blue) and donating it to methemoglobin, which is
converted to hemoglobin. Time to metabolize this drug
is short, and the poisoned animal shows improvement
within minutes after administration. The rapid response
to the treatment is another form of diagnosis of the
intoxication (RADOSTITS et al., 2007; JONCK et al.,
2013). However, in this case, the treatment was not
done due to the rapid evolution of the clinical condition
and the lack of the antidote at the farm.

JONCK et al. (2013) described
experimental and spontaneous intoxication in cattle,
with nitrate concentrations ranging from 0.30 to
3.36% in dry matter in oat and ryegrass pastures.
At one of the experimental cases, a 110kg bovine
died after consuming 90kg of green oat with 3.36%
of nitrate in 5 days. In another experimental case, a
272kg bovine died after eating 4.64kg of ryegrass hay
with 2.33% of nitrate in 10 hours.

In the present report the nitrate dosage in
elephant grass revealed 3965 ppm (0.3965%), and
the first two deaths occurred approximately 1 week
after the beginning of the elephant grass supply,
whereas the third death occurred after about 20 days.
According to VOUGH et al. (2006), when the nitrate
concentration in forage is between 3500ppm and
4000ppm it is necessary to limit the supply of the
fodder to 25% of the total dry matter intake, however,
the elephant grass composed about 80% of the total
dry matter in the diet.

According to JONK et al. (2013), the
amount of nitrate ingested and methemoglobin
formed influences the period of time between disease
progression and death. The amount of methemoglobin
formed in each animal is variable, since it depends
on the individual nitrate recycling rates in the rumen
and on the drop in nitrite levels, reflecting different
levels of nitrate tolerance presented by the animals
(OZMEN et al., 2005).

Another factor that interferes in the
period of time between disease progression and

death is the amount of nitrate-rich forage ingested
by each animal. According to HAFEZ & BOISSOU
(1975), the interactions between bovines result in
hierarchical relations, in which, through disputes,
the subordinate-dominant order is established. VAL-
LAILLET et al. (2007), working with lactating dairy
cows, found a longer time at the trough of cows with
a high value in dominance ranking in the first 120
minutes after the feeding.

Thus, the social interactions established
between animals determine that some dominate
and therefore eat more than others. The amount
of elephant grass ingested by each animal and the
individualities in metabolism presented by each one
explains the fact that the third death occurred about
20 days after the change in diet, while the first two
deaths occurred about 1 week after the change.

Nitrate/nitrite intoxication should
be differentiated from intoxication caused by
hydrocyanic acid (HCN), according to RIET-
ALVARIZA (1993) and RADOSTITS et al. (2007).
Besides dyspnea and cyanotic mucosa (AMORIM et
al., 2000), tympany, sialorrhea, decubitus and death
(AMORIM et al., 2006; TOKARNIA et al., 2012) are
clinical signs common to cyanide and nitrate/nitrite
poisonings (MEDEIROS et al., 2003; TOKARNIA et
al., 2012, JONCK et al., 2013).

However, blood 1is chocolate-colored
in nitrate/nitrite  poisoning (RADOSTITS et al.,
2007; TOKARNIA et al, 2012; JONCK et al.,
2013), whereas it is bright red in HCN intoxication
(RADOSTITS et al., 2007). In the case of nitrate/
nitrite intoxication, the carcass exhales a nitrous odor
(TOKARNIA et al., 2012) while an odor of almonds
in cyanide poisoning is exhaled by the rumen content
(RADOSTITS et al., 2007).

Cyanogenic plants are those that have
hydrocyanic acid as active principle (AMORIM
et al., 2006). Eleven species of livestock interest
(Manihot  glaziovii, Manihot  piauhyensis,
Cnidoscolus  phyllacanthus, Sorghum halepense,
Sorghum sudanense, Holocalyx glaziovii, Piptadenia
macrocarpa, Piptadenia viridiflora, Prunus sellowii,
Prunus sphaerocarpa, Passiflora foetida) were
described by TOKARNIA et al. (2012) as cyanogenic
plants, and tifton 68 (Cynodon nlemfuensis Vanderyst)
by GALINDO et al. (2017).

In the present work, the blood of the
necropsied animal was chocolate-colored, the
carcass exhaled nitrous odor, and the ingested plant
was elephant grass, which reacted positively in
diphenylamine test, presented 3965ppm of nitrate in
dry matter and it is not known to be a cyanogenic

Ciéncia Rural, v.47, n.12, 2017.
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plant. Therefore, the picrosodic paper test for
detection of hydrocyanic acid (TOKARNIA et al.,
2012) was not performed.

The epidemiological data of abrupt
exchange of bulk food source, the lack of adaptation
of the bovines to the almost exclusive consumption
of this grass, the fact that this forage specie is known
for its high level of nitrate (MEDEIROS et al., 2003),
the supply of nonensiled whole plant, the fertilization
with large amounts of untreated bovine manure, and
a long period without rain followed by high rainfall
rates have contributed to the suspect of elephant grass
offered to the animals as the cause of intoxication.

The intoxication occurred only in the heifers
group, whose diet was almost exclusively composed
of elephant grass, that corresponded to approximately
80% of the total dry matter intake. Cows, on the
other hand, had access to a larger and less degraded
pasture and received large amounts of concentrate,
and the calves received milk, a little concentrate
supplementation, and ate a small amount of the grass.

CONCLUSION

The clinical signs, necropsy findings,
histopathological examination, epidemiological data,
the positive diphenylamine test and the nitrate dosage
in grass confirmed the nitrate/nitrite intoxication.

The nitrate concentration found in elephant
grass was 3965ppm, and this fodder composed
about 80% of the total dry matter intake of heifers.
This is the first report of spontaneous nitrate/nitrite
intoxication in cattle in southeastern Brazil.

The abrupt change in diet, with introduction
of a bulky food source containing high nitrate levels,
the overfertilization of elephant grass with untreated
manure, and the occurrence of a drought period
followed by a rainy season have constituted important
epidemiological data for the poisoning.
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