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THE GENETICS OF THE SUSCEPTIBILITY TO BLOAT IN CATTLE AND THE USE
OF SPECIFIC SALIVARY PROTEINS AS INDICATORS OF THEIR PHENOTYPES.
La genetica del timpanismo en bovinos y la utilizacion de proteinas salivales
especificas como indicadores de la susceptibilidad de los animales
j .t .

Mc Intosh *
F.R.M. COCKREM *

INTRODUCTION
Bloat is a metabolic disorder in ruminants caused by the retention
in the stomach. Gas is produced continuously by microbial fermentation
the rumen and when an animal is uBable to eructate, excess gases, due to
foam in the rumen, bloat develops. Pasture bloat occurs as a result of
lush pasture, and in particular, legumes such as clovers and lucerne.
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The literature on bloat in cattle was reviewed by Clarke § Reid (1974).
These authors concluded that bloat susceptibility, might be an inherited trait.
A preliminary requirement for breeding high (HS) and low susceptible (LS) cattle
is a repeatable grading system for measuring the severity of bloat in the field.
However, owing to the day to day and seasonal variability of bloat and the
practical difficulties of selecting animals on the basis of their field gradings,
Cockrem (1975) proposed a physiological genetics approa'ch to breeding HS and LS
animals, where cattle were selected on the basis of measurable biochemical or
physiological parameter(s). This approach to animal^selection could avoid high
environmental variation in the phenotype of the trait’.
In ruminants, saliva plays an important role in lubricating the bolus and
providing the correct fluid balance apd pH to allow microbial fermentation in
the rumen. However, ds up to 150)1 of>saliva is produced per 24 hours (Church,
1975), other roles for saliva are likely to be found. Clarke § Reid (1974)
proposed that the salivary proteins may be involved in bloat susceptibility,
and preliminary studies in this laboratory (Reid et al., 1975; McIntosh, 1975)
supported this hypothesis. Recent findings on the importance of these proteins
in determining an animal's phenotype and the possibility that bloat suscept
ibility may have a simple genetic basis are discussed in this paper.
THE FIELD BLOAT GRADING SYSTEM
A visual field grading system formed the basis to the selection of HS and
LS cattle.
Cows were graded on a 0 - 4 scale as described by Sim (1977)
where grade 1 was mild bloat, grade 2 moderate bloat, grade 3 severe bloat and
grade 4 was dangerous bloat which would quite likely result in death if the
animal was not treated. The accuracy, repeatability, and limitations of this
technique were investigated by Cockrem § McIntosh (1976). More recently
Cockrem et al. (manuscript in preparation) has shown that by using periods of
bloat when 20% or more of the animals reached a grade of at least 2.5 to
phenotype the animals, it was possible to lessen the environmental effect of the
variable pasture potency and increase the variance between cows.
GENETIC SELECTION
Two herds, one consisting of 37 HS and the other 32 LS cows, were established
by division of an existing herd. The field bloat grading system was used to
phenotype the individual animals. Each group of cows was mated to bulls of the
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same susceptibility type. The bulls, made available by the New Zealand Dairy
Board, were typed for susceptibility to bloat on the'basis of the phenotypes
of their offspring. Friesian and Jersey bulls were used in alternate years on
each group of cows. After four years the herds were.closed and bulls were
selected from within the herds solely on their own bloat phenotypes.
At two years of age the F2 animals for any giveh year showed an almost
complete dichotomy in grades, for example F2 cows graded in 1979 as two year
old's had mean grades of LS 0.91 (n = 8) and HS 2.64 (n = 14), thus it was
possible to breed cows for susceptibility to bloat. As rapid separation of the
two lines had been achieved, and there were a number of exceptions in each herd,
(animals in HS range in LS herd and vice versa) which were closely related, the
possibility of a simple inheritance was investigated.
Using the pedigree data from the bulls selected from within the herds, it
was found that two alleles at a single locus was a sufficient hypothesis to
explain their phenotypes, where aa were homozygous LS with grade of 0.7S or less,
and bb were homozygous HS with mean bloat grades of 1.75 or more, and the
remainder were heterozygous ab animals. Thus it was possible to allocate geno
types to all the cows on the basis of their own phenotypic grades. The number
and genotype of offspring from various matings types were then available to
test the mendelian ratios expected under the hypothesis, (Table 1).
Table 1

PARENT AND OFFSPRING GENOTYPES SHOWING OBSERVED AND EXPECTED RESULTS
Mating type*

Genotype of offspring
aa

ab

bb

Total

Number of animals (expected)
aa
bb
ab
bb
*

X
X
X
X

ab
ab
ab
bb

5
2
12
l

(5.5)
(0)
(6.75)
(0)

6 (5.5)
17 (17)
8 (13.5)
7 (0)

0
15 (17)
7 (6.75)
26 (34)

11
34
27
34

includes reciprocal

For the two heterozygous X homozygous type matings ratios were obtained by
classifying the two 'impossible'' aa genotypes as ab. The ratio the'n was 20
homozygous offspring to 25 heterozygous for an expected of 22.5 in each group.
This gives X2 ril = 0.56 0.3<p<0.5. For the heterozygous intercrosses there was
an excess of aa’
'genotypes while the homozygous bb matings also had some
'impossible' a alleles. Examination showed that the 'impossible' genotypes were
nearly all low phenotypes which would have been expected to bloat more than they
actually did. These were nearly all animals born in 1978 and graded in 1979
when pastures were not very potent so the genotypes were from one day's grading
only. Thus some aa animals could be ab and, for the homozygous matings, some
ab could be bb. Combining aa and ab for the heterozygous intercrosses gave
20:7 which was close to the expected 3:1 ratio.
SALIVA COLLECTION AND ELECTROPHORETIC SEPARATION OF PROTEINS
Samples of saliva were Collected using a simple plastic covered perforated
copper bit which fitted under the tongue and immediately behind the openings ofthe mandibular gland ducts, as described by McIntosh § Cockrem (1977).
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The salivary proteins were separated into 11 major protein band regions
on 7.5% polyacrylamide gel electrophoresis. The numbering system was from the
cathode to anode, band 11 being the fastest moving protein region. Individual
band regions were quantified by densitometry (McIntosh et al., 1982).
INTERRELATIONSHIPS OF SALIVARY PROTEINS, SALIVA FLOW AND BLOAT
The interrelationship of salivary proteins, saliva flow and bloat were
consistent for all groups of animals. Band 4 was positively correlated with
bloat grade as was band 6. Band 6 was positively correlated with band 4 and
negatively correlated with saliva flow. Band 7 was positively correlated with
saliva flow and negatively correlated with band 4. Bloat grade and saliva flow
were negatively correlated (McIntosh & Cockrem, 1977).
When cows were grazed on bloat-potent pasture, band 4 was shown to increase
(P<0.01) irrespective of the HS or LS characteristic of the animals and whether
the pasture was grass or clover dominant (Cockrem § McIntosh, 1978).
Band 7 was postively related to saliva flow and this saliva flow could be
stimulated by placing 5 ml of pH 2 acetic acid on the animal's tongue. HS cows
increased their saliva flow five fold and LS cows had a two fold increase. The
only protein increased as a result of this stimulus was band 7, or band 8 when
saliva was collected through an oesophageal fistula (McIntosh § Cockrem, 1977;
McIntosh et al., 1982).
COLLECTION OF SALIVA FROM OESOPHAGEAL FISTULATED COWS AND SECRETIONS FROM
CANNULATED SALIVARY GLANDS.
The four proteins shown to have some relationship with bloat are bands 4,6,
7 and 8. Using cows fitted with temporary salivary gland cannulae it was shown
that bands 4 and 6 are secreted by the parotid gland. Band 6 is also secreted
by the mandibular gland as are bands 7 and 8 (Cockrem et al., unpublished).
Using oesophageal fistulated animals it was possible to check on the
relationships between salivary secretions obtained from the mouth bit and the
secretions actually entering the rumen. The results showed that the mouth bit
stimulated salivation and therefore all oesophageal collections were done with
the bit in the animal's mouth. There was a positive correlation between both
methods of collection (p<0.01). Hay was shown to stimulate saliva .flow
compared with clover, and this was demonstrated by both methods of collection
(Cockrem et. al., unpublished). This finding is in line with published
observations (Church; 1975).
However, the most important finding is that the ratio of band 4/7 + 8
in most animals gave a good indication of an animals bloat status. When cows
were grazed on different pastures, clover or grass, or fed hay, both methods of
collection gave similar results. On clover and grass there was a clear differ
ence between HS and LS cows but there was no difference when the animals were
fed hay (Fig. 1).
DISCUSSION
The single gene hypothesis is not exclusive, but is the simplest
explanation of the present data and it is now open to further independent
genetic tests. However, the immediate aim is to investigate any pleiotropic and
correlated effects of the 'bloat'gene on the physiology of the cow. The basic
action of the gene may be through the salivary proteins and rates of saliva
production. The ratio of bands 4/7 + 8 may reflect directly or indirectly the
effect of the gene, or at least, a ratio of parotid/mandibular secretions.
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The original statistical relationship between bloat, salivary proteins and
saliva flow were verified by data from specific salivary stimuli; bloat-potent
pasture specifically increased band 4 protein and acetic acid, which increases
saliva flow, exclusively increased the concentration of band 7 protein.
Semipurified hand 7 § 8 preparations were shown to have
a kallikreinlike
enzymic activity, which if verified, could be important in explaining tissue
permeability and saliva flow differences between HS and LS cattle (McIntosh,
1978). McIntosh also demonstrated that there was a significant positive
correlation between average bloat grade and the serum albumin/packed cell volume
ratios, and this is currently being investigated in more detail in this
laboratory. A more recent observation, using two HS and two LS rumen fistulated
cows, was that after 12 hours starvation the LS animals had only half the rumen
fill of the HS animals (Cockrem 8 McLaren, unpublished).
Current indications are that bloat is inherited on the basis of a single
gene with two alleles. The salivary proteins and saliva flow appear central to
the' physiological differences between HS and LS animals and these effectsmay
have a wider implication with respect to the passage of food through the rumen
and ruminant metabolism.
PROPORTIONS OF BAND 4/BANDS 7 &8
FOR BIT COLLECTIONS
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Fig. 1 The proportion of band 4/bands 7 and 8 for oesophageal and bit saliva
plotted against saliva samples collected from the bit only, for cows fed clover,
grass and hay. HS means are labelled with the feed type. LS means are the
corresponding unlabelled symbol.
SUMMARY
Bloat is a metabolic disorder in ruminants resulting from eating lush
pasture. The severity of bloat can be graded on a 0 - 4 scale. A breeding
programme selecting for extremes in susceptibility has shown that the progeny
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fall into three groups. On the basis of the genetic data, cows with a mean
bloat grade of 0.75 or less were classified aa, those with a mean grade of 1.75
or more were classified bb, while heterozygous ab animals had grades between
0.75 and 1.75.
Saliva samples were collected from cows using a mouth bit and the proteins
were separated and quantified by electrophoresis. Band 4 and band 6 proteins
were positively correlated with bloat. Band 7 and band 8 proteins were
negatively related to bloat. A ratio of bands 4/7 + 8 gave a good indication of
the bloat status of most animals.
The present data supports the hypothesis that salivary proteins are
involved in the aetiology of bloat and that the susceptibility in cattle is
inherited on the basis of two alleles at a single locus.
RESUMEN
El timpanismo ocurre en los ruminates como resultado de la ingestion de
pastura fresca. El grado de severidad del timpanismo puede establecerse de
0 hasta 4. Un programa de cruzamiento para seleccionar animales en base a la
susceptibilidad al timpanismo, ha mostrado que la descendencia forma 3 grupos.
Las vacas con grado promedio de timpanismo de 0.75 o menos fueron clasificadas
como aa, con un grado promedio de 1.75 o mas fueron clasificadas como bb y los
animales heterozigotes ab tuvieron grados entre 0.75 y 1.75.
Se tomaron muestras de saliva de las vacas y las proteinas fueron separadas
y cuantificadas por medio de electroforesis. Se encontro que las proteinas de
la banda 4 y la banda 6 estuvieron asociadas positivamente con timpanismo
mientras que las protiepas de la banda 7 y 8 estuvieron asociadas en forma
negativa. La proporcion de bandas 4/7 + 8 dio una buena indicacion del grado de
susceptibilidad de los animales.
Los datos que aqui se presentan apoyan la hipotesis que las proteinas
salivares estan envueltas en la etiologia del timpanismo y que la susceptibilidad
en vacas se hereda en base a dos alelos en un solo locus.
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