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Abstract

The current study was conducted to examine the potential of fresh lush
alfalfa to induce frothy bloat in goats and to evaluate some physical,
hematological and biochemical parameters. The study was done from
September 2017 to February 2018 in the Department of Clinical Studies,
Faculty of Veterinary Science, Nyala University, South Darfur State. A
total number of 25 clinically healthy male goats (6- 12 months age and 20-
25 kg body weight) were utilized in the current investigation. 25 control
blood samples and rumen fluid samples were taken from these animals
before feeding alfalfa. The animals were feed the plant after fasting for 16
hours and the samples were taken every 2 hours for 24 hours (300
samples). Physical (pulse and respiratory rates, temperature, eye mucous
membranes, percussion and auscultation), hematological (Packed cell
volume, total red blood cell count, total white blood cell count and
differential of white blood cell count) and biochemical (Serum total
protein, albumin, urea, calcium, sodium, and potassium) parameters were
measured using standard methods. The changes of rumen fluid ( color,
odor, consistency and pH) were also recorded using standard methods. The
clinical signs of induced frothy bloat appeared after 6 hours in goats, there
were tachycardia, tachypnea and congested mucous membranes. Percussion
and auscultation revealed tympanic sound and decreased ruminal motility.
Pulse rate 40-120/min, and respiratory rate 10-68/min were significantly
increased from the normal rate in bloated goats. Rectal temperature 36.5-
41.1C° was significantly decreased from the normal rate. TRBCs 7-20x10°
were significantly increased. PCV and TWBCs were significantly
decreased. Lymphocytes, eosinophils and monocytes were significantly
decreased (P< 0.05). Neutrophils were significantly increased, but no effect

on Basophils was observed in bloated goats. Rumen fluid showed green



colour, foul odor and frothy consistency with medium to large bubbles.
Rumen PH was significantly decreased after 6 hours of induction, after 14
hours rumen pH was significantly increased. Serum total protein was
significantly increased after 4 hours, afterl2 hours total protein was
significantly decreased. Serum albumin was significantly decreased. Serum
urea, Potassium, calcium and sodium were significantly increased. In
conclusion fresh lush alfalfa has a high ability to induce a frothy bloat in
goats (6-12 months age), because of rapid severe changes of physical,
hematological and biochemical parameters and this leading to death of the

animal.
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Introduction

Ruminant animals carry an active population of micro-organisms;
bacteria, fungi, and protozoa in the forestomach of their digestive system.
Without these organisms, the animal would be unable to digest fibrous feeds,
such as grasses and legumes. In the process of digesting these materials, the
microorganisms produce large quantities of gas that must be expelled
(Majak et al., 2003). Bloat is an over distention of the rumenoreticulum with
the gases of fermentation, either in the form of a persistent foam mixed with
the ruminal contents, called primary or frothy bloat, or in the form of free
gas separated from the ingesta, called secondary or free-gas bloat (Dana et
al., 2005). Bloat is most common at the beginning of the rainy season when
animals are exposed to fast growing lush pasture after being on a diet of dry
feed. Salivary mucin is antifoaming, but saliva production is reduced with
succulent forages. Bloat-producing pastures are more rapidly digested and
may release a greater amount of small chloroplast particles that trap gas
bubbles and prevent their coalescence. The immediate effect of feeding is
probably to supply nutrients for a burst of microbial fermentation. However,
the major factor that determines whether bloat will occur is the nature of the
ruminal contents. Protein content and rates of digestion and ruminal passage
reflect the forage's potential for causing bloat. Over a 24-hr period, the bloat-
causing forage and unknown animal factors combine to maintain an
increased concentration of small feed particles and enhance the susceptibility
to bloat (Majak et al., 2003 and Dana et al., 2005). Alfalfa harvested at the
vegetative stage caused the highest incidence of bloat (Thompson et al.,
2000).



Objectives are:

1. To examine the potentiality of fresh lush alfalfa in induction of frothy

bloat in goats.
2. To manage the problems associated with frothy bloat.

3. To study the clinical signs and changes in rumen fluid associated with
frothy bloat.

4. To study haematological and biochemical changes of the diseases.



Chapter One
Literature review
1. Frothy bloat:

Ruminal tympany is abnormal distention of the rumen and reticulum caused
by excessive retention of gases of fermentation, either on the form of a persistent
foam mixed with the rumen contents or as free gas separated from the ingesta.
Normally gas bubbles produced in the rumen coalesce, separate from the rumen
contents to form pockets of free gas above the level of the contents and finally
are eliminated by eructation (Radostits et al., 2007). According to the etiology
can define different form of ruminal tympany: a primary ruminal tympany or a
secondary ruminal tympany. Secondary ruminal tympany is characterized by
physical obstruction to eructation like esophageal obstruction caused by a
foreign body, by stenosis of the esophagus, by pressure from enlargement
outside the esophagus, such as tubercuolous involvement of bronchial
lymphnodes, or by obstruction of the cardia (Radostits et al., 2007). Primary
ruminal tympany (also named frothy bloat) is caused by the production of stable
foam that traps the normal gases of fermentation in the rumen. The essential
feature is that coalescence of the small gas bubbles is inhibited and intraruminal
pressure increases because eructation cannot occur (Radostits et al., 2007). Both
types of bloat can occur simultaneously (Boda et al., 1956).

Frothy bloat is the over distension of the rumen caused by the accumulation of
fermentation gases in a stable protein foam or froth (Tanner et al., 1995).Bloat is
defined as a severe enlargement of the abdomen due to an over-accumulation of
gasses trapped within the rumenoreticulum. This condition can affect both sheep
and cattle (Dana et al., 2005).

1.1. Risk factor associated with frothy bloat:

The major factor that determines whether bloat will occur is the nature of

the ruminal contents. Protein content and rates of digestion and ruminal

passage reflect the forage’s potential for causing bloat (Dana et al., 2005).
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1.1.1. Animal species:

Based on grazing behavior, it would be expected that sheep might affected
more severely than cattle because they selectively choose to eat leaves over
stems and chew what they ingest more frequently than cattle. Furthermore,
sheep appear to select legumes over grasses because the legumes can be eaten
more rapidly (Ayre-Smith,1971; Clarke et al.,1974 and Colvin and Backus,
1988).

1.1.2. Age of the animal:

Young animals are considered more susceptible to acute and severe bloat
than older animals (Mendel and Boda, 1961 and Howarth et al., 1991)
suggested that with experience, individual animals can cope with bloat-
provoking condition. Learning of grazing skills early in life from experienced
mothers may have an impact on the off spring’s subsequent bloat
susceptibility (Ramos and Tennessen,1992).

1.1.3. Fasting:

Fasting has also been shown to predispose animals to pasture bloat
(Mendel and Boda, 1961 and Howarth et al., 1991).

1.1.4. Animal susceptibility:

Animal susceptibility to bloat is related to the clearance of small feed
particles from the rumen. Frequent bloaters have a slower clearance than non-
bloaters, which has been demonstrated in both feedlots and pastures.
Susceptibility may also be related to the mineral ion balance (the relative
concentration of minerals) in the rumen. A predisposition to bloat appears to
be associated with a low concentration of sodium together with a high
concentration of potassium in the rumen fluid; however, this finding has little
practical significance at present (Majak et al., 2003).

1.1.5. Stage of plant growth:
Stage of plant growth should be monitored since, the likelihood of bloat

decreases with advancing maturity. Plants in the pre-bud stage are the most
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bloat-prone, so grazing should be kept to a minimum at this time point
(Coulmen et al., 2000 and Majak et al., 2003). Bloat has historically been
associated with lush growth of pasture forage. Reports of grasses that cause
bloat are rare and are restricted to vegetative and lush pastures, where initial
digestion rates are high. Alfalfa’s potential for causing bloat is highest when
moisture conditions are optimal for vegetative growth. Under these
conditions, the stems become turgid and fleshy but not fibrous; the leaves are
soft and easily crushed between the fingers (Majak et al., 2003).Frost and
growth of alfalfa at low temperatures have been shown to increase bloat risk
by increasing the leaf cell constituents (soluble protein and polysaccharides)
implicated in pasture bloat (MacAdam and Whitesides, 1996).

1.1.6. Eructation:

Bloat is characterized by a ruminal dysfunction which results in the
accumulation of excessive gas within rumen and is the most common and
frequent digestive ailment affecting the ruminants. The slime extracellular
bacterial mucopolysaccharides releases and starts accumulating inside the
rumen because of rapid microbial growth rates and subsequent cell lysis and
increase in quantity of fermented carbohydrates. As a result eructation
mechanism is impaired or inhibited because of gas entrapped in high viscous
rumen liquor and also forms stable foam that leads to bloat (Cheng et al.,
1998).

1.1.7. Moisture:

The bloat potential of alfalfa is reduced when soil moisture is insufficient
because of either drought or soil salinity. The bloat potential of alfalfa is not
significantly affected by irrigation that maintains the soil moisture at 50 per
cent of field capacity. At Kamloops, alfalfa is grown under irrigation, and the
impact of seasonal rainfall patterns on the incidence of bloat cannot be
assessed (Majak et al., 2003).



1.1.8. Soil type:

Pasture bloat is more frequent in the moist areas of the parkland regions,
especially in Gray Wooded soil zones, becoming progressively less frequent
in Dark Brown to Brown soil zones. Legume bloat has been reported in 40 per
cent of the livestock farms in the Peace River region of northern Alberta.
Many attempts have been made to relate bloat to the mineral nutrition of the
plant, generally with conflicting and inconclusive results. The mineral status
of the crop is not a reliable predictive factor in the occurrence of pasture bloat
(Majak et al., 2003).

1.2. Causes of frothy bloat:

Bloat ensues as a chronic manifestation of disease, a dysfunction of the
upper digestive tract, or from the consumption of a bloat-provoking feed
(Cole et al., 1945; Johns, 1954; Cole and Boda, 1960; Howarth et al., 1978
and Garry, 1990), the cause is entrapment of the normal gases of fermentation
in a stable foam. Coalescence of the small gas bubbles is inhibited, and
intraruminal pressure increases because eructation cannot occur. Several
factors, both animal and plant, influence the formation of a stable foam.
Soluble leaf proteins, saponins, and hemicelluloses are believed to be the
primary foaming agents and to form a monomolecular layer around gas rumen
bubbles that has its greatest stability at about pH 6 (Dana et al., 2005). Bloat
results from the accumulation of gas in the rumen. Normally, gas produced
during fermentation of feed rises through the rumen contents and forms a gas
pocket in the dorsal sac. During frothy bloat the gas trapped within the liquid
and particulate contents of the rumen continues to accumulate. Continued
accumulation of gas within the rumen increases the pressure within the
rumen, eventually causing death by asphyxiation as the rumen exerts pressure

on the diaphragm and lungs (Dougherty, 1956).



1.2.1. Legumes causing frothy bloat:

Consumption of legume forages in large quantities is one of the primary
causes of frothy bloat; however, not all legumes cause frothy bloat. Legumes
can be classified as either bloat-causing, or bloat-safe. Bloat-causing legumes
include alfalfa, sweet clover, red clover, ladinoclover, white clover, and alsike
clover (Majak et al., 2003 and Dana et al., 2005). Bloat-safe legumes include
sainfoin, birdsfoot trefoil, cicer milk vetch, and lespedeza (Austin, 1981).

Corollaries to the foam hypothesis include theories that protein, saponins,
lipids, cations, polysaccharide slimes and cellular fragments of alfalfa
stabilize the gas bubbles that are generated during digestion (Johns, 1954;
Mangan,1959; Pressey et al., 1963; McArthur et al., 1964; Miltmore et al.,
1970; Clarke and Hungate,1971; Gutek et al., 1974; Cheng et al.,1976;
Howarth et al., 1977; Majak et al., 1980; Majak and Hall, 1990; MacAdam et
al., 1995 and Mathison et al., 1999).

Howarth (1975) suggested that the distribution of surface active substances
like proteins and lipids in the rumen liquor may affect their ability to stabilize
or destabilize the rumen froth. Subsequent investigations (Howarth et al.,
1978) led to the suggestion that the lipid membranes of chloroplasts
fragmented from mastication and bacterial maceration acted as nucleation
sites for bubble formation.
1.2.1.1. Legumes cell walls:

There are many hypothesized reasons why some legumes cause bloat and
others do not. It seems that a combination of factors, both plant, animal and
microbial ultimately contribute to the condition (Austin, 1981). Bloat-safe
legumes have thick cell walls which prevents mechanical disruption while
animals are chewing. This means that when bloat-safe legumes enter the
rumen it will take longer for rumen microorganisms to invade plant tissues,
and consequently are they digested very slowly (Howarth et al., 1979). In

contrast, bloat-causing legumes are more vulnerable to being broken down
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during chewing because of weaker cell walls, allowing rumen
microorganisms easier access to cellular constituents. One constituent
released upon degradation of the mesophyll cell wall is chlorophyll. It is
hypothesized that heightened chlorophyll concentrations within the rumen is
the main cause of legume-associated bloat (Majak et al., 1986). Once
chloroplasts are released into the rumen they are subject to digestion
themselves. Digestion results in disruption of the lamellar membranes of
chloroplasts releasing soluble proteins, namely fractions | and Il, which are
believed to be the major foaming agents in the rumen (Howarth, 1975).
1.2.1.2. Legumes soluble proteins:

Legume forages contain high concentrations of soluble proteins that are
surface-active foaming agents. Initially, a protein known as Fraction | or 18s
(ribulosebisphosphate carboxylase) was examined, but it was soon realized
that Fraction Il proteins also had foaming properties (Howarth et al., 1973).
Soluble proteins alone do not account for the extreme viscosity of frothy
rumen contents. Because soluble protein concentrations in rumen fluid do not
correlate with the occurrence of bloat in cattle that are fed fresh alfalfa, they
cannot be the culprits ( Majak et al., 2003).
1.2.1.3. Saponins:

Saponins are other surface active foaming agents in alfalfa that were
considered to be a potential cause of bloat (Lindahl et al., 1957). No
significant differences in the occurrence of bloat and frothy rumen contents
were found in animals fed high versus low saponin alfalfas (Majak et al.,
1980). Saponins are glycosides; that is, they are composed of carbohydrate
and noncarbohydrate, or aglycone, portions. The aglycones are often referred
to as sapogenins. The sapogenin nucleus may be either of steroid or
triterpenoid structure (Robinson, 1963 and Farnsworth, 1966): Saponins in
common forage legumes are of the triterpenoid type (Lindahl et al., 1957).

Mangan (1959) investigated the foaming properties of various legume
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saponins, a "cytoplasmic protein™ from red clover, and rumen liquor taken
from bloated cattle. The cytoplasmic protein and the rumen liquor showed
very similar in vitro relationships of foam strength to pH, leading (Magan,
1959) to conclude that the cytoplasmic protein fraction was the primary
foaming agent in bloating forages.

A correlation between calcium content of alfalfa and bloating incidence
has been observed (Miltimore et al., 1970) calcium is a constituent of saponin
foam (Mangan, 1959). A correlation between alfalfa forage zinc and bloat
incidence was also observed (Miltimore et al., 1970) it is of interest that a
relationship between soil zinc and forage saponin levels has been suggested
(Henrici,1952). Support for a possible saponin involvement in bloat comes
from the fact that administration of legume saponins to ruminants does in fact
cause bloating (Lindahl et al., 1957). However, they were unable to correlate
a bloat severity index with the level of total saponins in ladino clover forage
(Jackson et al., 1962).
1.2.1.3.1. Saponins inhibition of smooth muscle activity:

In an extensive series of studies that examined the effects of alfalfa
saponins on the motiliy of smooth muscle (Lindahl et al ., 1957). Intraruminal
administration of saponin to sheep resulted in a pronounced reduction in
rumen motility. Intravenous administration of saponin also resulted in reduced
rumen motility. In these experiments, the site of action was not identified; not
all the inhibition could be explained by direct effects on the ruminal
musculature. Alfalfa saponin was also found to inhibit eructation, with
evidence that direct effects on the central nervous system were involved . The
significance of these observations lies in their relationship to the bloat
situation, besides a possible rule in stable foam formation, saponins may

interfere with gas loss from the rumen by inhibiting eructation.



1.2.1.3.2. Saponins effects on nutrient absorption:

Some effects of ingested saponins on nutrient absorption have been
suggested by Ewart (1931) and Sollman (1957) that saponins favor the
absorption of sugars. Apparently, no definitive studies have been undertaken
to verify this. Saponins reduce the absorption of cholesterol, as has been
already discussed, by forming an insoluble addition product. It might be
anticipated that saponin would combine with other sterols of similar structure
such as those with vitamin D activity and interfere with their absorption.
Ewart (1931) stated that saponins favor the absorption of salts of calcium and
magnesium.
1.2.1.3.3. Erythrocyte hemolysis:

Saponins have pronounced hemolytic properties (Sollman, 1957). Reaction
of the saponin with cholesterol in the erythrocyte wall, resulting in
permeability changes, may be responsible for the hemolytic activity (Glanert
et al.,, 1962), although a number of hemolytic saponins do not form
cholesteroids (Jones and Elliott, 1969). For a number of species has classified
susceptibility of erythrocytes to hemolysis as follows guinea pig, horse > dog,
rat rabbit > man, pig > goat, sheep, cattle (Ewart, 1931).

The hemolytic effect of saponins is apparently not correlated with other
properties; no relationship has been noticed between foam strength
(Woodward and Alsberg,1916 and Lindahl et al., 1957), bloat producing
ability (Lindahl et al., 1957), or acute toxicity in monogastrics and the
hemolytic properties of saponins (Lindahl et al., 1957).
1.2.1.4. Tannins:

In addition to mechanical strength of cell walls, bloat-safe legumes have
large amounts of condensed tannins which inhibit frothy bloat. Condensed
tannins are plant poly phenols capable of binding soluble proteins responsible
for foam production. Condensed tannins have also been shown to reduce

digestive activity of rumen microorganisms, slowing clearance of feed
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particles from the rumen. This can be beneficial since rapid passage of
legume particles from the rumen has been linked with a higher incidence of
bloat; however, tannins are only advantageous to a certain degree. It has been
shown that if tannins reach concentrations in excess of 20 to 30 g/kg of DM
intake, digestion can be negatively affected (Coulman et al., 2000).

1.2.2. Microbial factors:

There are also microbial factors which contribute to the stability of foam
inside the rumen. In bloated animals it has been noted that rumen bacteria
produce an overabundance of mucopolysaccharides that form into a slime in
the rumen. This slime increases the viscosity of rumen contents, in addition to
stabilizing the gaseous foam (Cheng et al., 1998 and Majak et al., 2003).
According to Coulmen et al. (2000) it is the increase in viscosity which leads
to formation of gas into the characteristic bubbles.
1.2.2.1. Gas production:

In healthy cattle approximately 30 to 50 liters of gas are produced every
hour ( Bowen, 1996). Gas is produced as a result of microbial fermentation of
ingested feeds and it accumulates at the top of the rumen. Animals rid their
bodies of this gas through eructation, or belching. Eructation is initiated when
receptors in the dorsal sac of the rumen and those in the area surrounding the
cardia, the junction between the rumen and the esophagus, are exposed to free
gas. The cardia remains tightly closed if exposed to anything other than gas,
preventing liquid and particulate matter from entering the lungs. A complex
series of rumenoreticular muscle contractions then forces liquid material away
from the cardia, creating an empty space for the dorsal sac to push gas
forward (Findlay, 1998). Once surrounded by gas the cardia will relax, which
triggers the animal to breathe deeply, drawing gas upwards into the esophagus
and lungs, ultimately being expelled through the mouth. This sequence of
events should occur approximately once every minute if normal fermentation

processes are occurring inside of the rumen (Majak et al., 2003). In frothy
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bloat the eructation mechanism fails to occur because gas becomes trapped in
small bubbles. These bubbles form a frothy or foamy mass inside the rumen
(Howarth, 1975).

1.2.3. Feedlot bloat:

Frothy bloat also is seen in feedlot cattle, and less commonly in dairy
cattle, on high-grain diets. The cause of the foam in feedlot bloat is uncertain
but is thought to be either the production of insoluble slime by certain species
of rumen bacteria in cattle fed high-carbohydrate diets or the entrapment of
the gases of fermentation by the fine particle size of ground feed. Fine
particulate matter, such as in finely ground grain, can markedly affect foam
stability, as can a low roughage intake. Feedlot bloat is most common in cattle
that have been on a grain diet for 1-2 months. This timing may be due to the
increase in the level of grain feeding or to the time it takes for the slime-
producing rumen bacteria to proliferate to large enough numbers (Dana et al.,
2005). Frothy feedlot bloat has been attributed to small feed particles in grain
rations that cause slime to form in rumen contents. The slime is made up
primarily of polysaccharides secreted by rumen bacteria and released from
ruptured bacterial cells. The bacterial polysaccharides increase the viscosity
of rumen fluid and subsequently trap small gas bubbles in the rumen fluid,
leading to frothy rumen contents and bloat (Majak et al., 2003).

1.2.4. Ruminal atony:

Ruminal tympany also can be secondary to the acute onset of ruminal
atony that occurs in anaphylaxis and in grain overload; this causes a decrease
in rumen pH and possibly an esophagitis and rumenitis that can interfere with
eructation. Ruminal tympany also develops with hypocalcemia. Chronic
ruminal tympany is relatively frequent in calves up to 6 months old without

apparent cause; this form usually resolves spontaneously (Dana et al., 2005).
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1.3. Diagnosis of frothy bloat:

Diagnosis of rumen dysfunction diseases is difficult using only routine
clinical methods of examination. So, in order to establish an objective
diagnosis, can examine the rumen fluid adjacent to the blood analysis
(Hofirek et al., 1989). Animals die if fails to diagnose the bloat and not
treated (Radostitis et al., 2007).The clinical diagnosis of frothy bloat is
obvious (Dana et al., 2005). Correct diagnosis of the causes of bloat are made
with the expectation that a reliable course of action can be taken to eliminate
it (Garry, 1990).

1.3.1 Case history

Normal response after a bloat incident is to examine the animals and the
conditions they were in, including the plants they were eating, to see if
something can be learned that will help predict and prevent another
occurrence. If they can find a common factor responsible for bloat perhaps
they can diagnose the problem early, treat it before there is a death, or at least
make it occurrence more predictable (Berg, 2000).
1.3.2 Clinical signs and parameters

Bloat commonly begins within 1 hour after being turned onto a bloat
producing pasture, the rumen becomes obviously distended suddenly and the
left flank may be so distended that the contour of the para lumbar fossa
protrudes above the vertebral column; the entire abdomen is enlarged. As the
bloat progresses, the skin over the left flank becomes progressively more taut
and, in severe cases, cannot be tented. Dyspnea and grunting are marked and
are accompanied by mouth breathing, protrusion of the tongue, extension of
the head, and frequent urination. Rumen motility does not decrease until bloat
Is severe. If the tympany continues to worsen, the animal will collapse and
die. Death may occur within 1 hour after grazing began but is more common

~3-4 hour after onset of clinical signs. In a group of affected cattle, there are
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usually several with clinical bloat and some with mild to moderate abdominal
distention (Dana et al., 2005).

Distention is the first clinical symptom used to detect bloat but it is
generally insufficient to ascertain the severity of bloat or to verify the onset
of acute bloat(Lindahl et al., 1957 and Garry, 1990).

The early symptoms include standing up and lying back down repetitively,
kicking at the belly, frequent defecation and urination, grunting, and
extension of the neck and head. As bloat severity worsens animals have
difficulty breathing because of pressure that is exerted on the diaphragm by
the gas filled rumen. The animal protrudes the tongue, salivates, and extends
the head. Occasionally, projectile vomiting occurs, and the animal may expel
soft feces in a stream. Ruminal movements are usually much increased in the
early stages and may be almost continuous, but the sounds are less audible
because of the frothy nature of the ingesta. Later, when the distension is
extreme, the movements are decreased and may be completely absent. The
tympanic note or drum sound produced by percussion (tapping on the
distended rumen) is characteristic. Before severe bloat (known as clinical
tympany) occurs, a temporary increase in eructation and rumination can be
noted, but both disappear with severe bloat (Boda et al, 1956; Garry, 1990
and Majak et al., 2003).

Animals vary in their physical ability to adapt to the pressure and in their
individual response to discomfort. A change in girth is not linear with respect
to changing ruminal pressure (Waghorn, 1991). As the rumen expands, it fills
the abdominal cavity, stretching the muscles and exerting pressure on the
internal organs. Discomfort will be more severe in animals that have small
body cavities, larger internal organs, or layers of non-elastic fat, connective
tissue and muscle. Thus the only objective measure of severity is intraruminal
pressure (Waghorn, 1991) and for intact animals the recommended procedure
is palpation of the left flank (Lippke et al., 1972).
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Death may occur quickly, but usually does not take place until 2 to 4
hours after the onset of bloat. When the bloat becomes severe enough, the
animal collapses and dies quickly, almost without a struggle. Death is likely
caused by suffocation, when the distended rumen pushes against the
diaphragm and prevents inhalation (Majak et al., 2003).

Animal respiratory rate increases to up to 60 inhalation-exhalation cycles
per minute (Majak et al., 2003). Frothy bloat increases respiratory rates and
pulse rate (Baraka et al., 2000; Chakrabarti, 2001; Mohamed and Selim,
2001; Radostits et al., 2007; Anderson and Rings, 2008; Smith, 2014 and
Saber, 2016).

Respiratory rate and pulse rate increases could be explained on basis of
progressive increment of heart rate as diaphragm and lungs were compressed
due to severe distention interfering with venous return to the heart and lung
ventilation leading to elevation of pulse and respiratory rates (Anderson and
Rings, 2008).

Frothy bloat decreases rectal temperature and conjunctival mucous
membrane became congested (Saber, 2016). In severe cases cyanosis of
mucous membrane bulging of the eyes and death may occur due to respiratory
failure (Mohamed and Selim, 2001)

Frothy bloat decreases Rumen motility (Baraka et al., 2000; Mohamed
and Selim, 2001; Ismail et al., 2007; Radostits et al., 2007; Anderson and
Rings, 2008 and Saber, 2016) and this could be explained on basis of
activation of high threshold tension receptors in reticulo-rumen increasing the
inhibitory inputs to gastric center (Leek, 1969 and Leek, 1983).

1.3.3 Rumen fluid examination

Examination of rumen fluid should establish the colour, odour,
consistency, pH. The normal colour of rumen fluid is olive-green to greenish-
brown with a sweet and fermentative smell (often described as aromatic and

non-repellent). This partially resembles the composition of the diet. Cattle fed
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on maize silage or straw have yellowish to brown coloured rumen fluid.
Cattle on pasture have green coloured rumen fluid. Cattle fed on high
concentrations often have olive-brown rumen fluid (Petrovski, 2017).

The normal consistency of rumen fluid is slightly viscous, samples of
rumen fluid which contain medium to large bubbles that do not coalesce are
highly indicative of frothy bloat. Sample of rumen fluid with pasty
consistency that contain a large number of small bubbles are indicative of
vagus indigestion (Petrovski, 2017).

The physiological pH of the rumen fluid and contents varies significantly
depending on the type of diet, time between feeding and sampling, and the
portion of the rumen where the sample has been obtained from. The normal
pH of the rumen fluid collected by rumenocentesis in cattle on an exclusively
pasture diet is 6.0 to 7.2. A rumen pH of 5.0 to 6.0 may be normal in cattle on
a high, easy-digestible carbohydrate diet. A rumen pH of 6.0 to 6.8 is normal
for cattle on a diet rich in crude fibre. Rumen pH may increase and become
alkaline when microflora is inactivated. However, a high rumen pH (>8.0)
may be detected in cattle where the rumen samples mixed with a high volume
of saliva (Petrovski, 2017).

1.3.4 Palpation

Palpation of the left flank is an external diagnostic procedure to establish
whether the rumen contents are abnormally uniform, due to the presence of
foam (Garry, 1990).

1.3.5 Gastric intubation

Gastric intubation can be used to expel gas and some rumen contents to
confirm the diagnosis (Berg, 2000). The existence of frothy and free-gas bloat
can be determined by passing a stomach tube into the rumen. When the rumen
contents are frothy, the tube fills with froth and the gas cannot be relieved
(Majak et al., 2003).
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1.4 Clinical pathology
1.4.1 Haematological analysis

Packed cell volume (PCV) is used for estimation of dehydration degree
after excluding of anaemia and acute blood loss, as long as PCV increases
because of either spleenic contraction or dehydration, the use of this variable
alone as indicator of hydration status is unreliable, so PCV has to be measured
with total protein concurrently, for accurate estimation of dehydration (Blood
et al., 1989).

Frothy bloat decreases packed cell volume (Mohamed, 1984; Baraka et
al., 2000; Kamal, 2008 and Saber, 2016) and this could be referred to varied
degrees of dehydration concurrently with the disease (Saber, 2016).

Decrease of total red blood cells (TRBCs) was noticed in frothy blood
(Baraka et al., 2000 and Kamal, 2008). Total white blood cells (TWBCs) was
increased in cases of frothy bloat (Baraka et al., 2000; Ismail et al., 2007 and
Saber, 2016). Increase of Neutrophils, monocytes and decrease of
lymphocytes and Eosinophils was noticed in frothy blood (Baraka et al.,
2000; Ismail et al., 2007; Kamal, 2008 and Saber, 2016).

1.4.2 Biochemical analysis

Bloat indigestion can be attributed to a decrease in both intake and
absorption of calcium due to anorexia or gastrointestinal atony usually
associated with primary indigestion and other diseases (Parsad, 1977 and
Blood et al., 1989).

Frothy bloat decreases serum calcium levels (Mohamed, 1984; Baraka et
al., 2000 and Kamal, 2008) which could be explained on basis of anorexia
accompanied with the disease and disturbance in absorption and utilization of
calcium (Mohamed, 1984).

Frothy bloat increases serum total protein (Baraka et al., 2000; Ismail et al.,
2007; Kamal, 2008 and Saber, 2016).
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Saber (2016) noticed that frothy bloat decrease serum albumin and Kamal
(2008) in camel recorded insignificant decrease.

Serum electrolyte concentrations are influenced by the amount of secreted
saliva, the rate of sodium and potassium secretion and / or sequestration in the
abomasum and the rate of renal excretion and absorption as affected by acid-
base imbalance (Melvin, 1970 and Blood et al., 1989). This may explain the
unusual behavior of the individual electrolyte concentrations. Kamal (2008)
noticed that bloat decrease sodium and increase potassium levels.

1.5 Treatment of frothy bloat

The treatment of frothy bloat by emergency rumenotomy that using of
trocarization. Antizymotic agents are also used (Polymerized methyl
silicon, Poloxalene, Polyethylene, Sodium sulfosuncinate). Salivation and
purgative drugs are also used. All these drugs and emulsion are
administered to reduce the surface tension (Brander et al.,, 1991 and
Radostits et al., 2007).
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Chapter Two
Materials and Methods

2.1. Area of the study:

The study was conducted in south Darfur state, Nyala University,
Faculty of Veterinary Science, Department of Clinical Studies.

2.2. Experimental animals:

A total of 25 male goats (6- 12 months age and 20- 25 kg body weight)
were examined in the study. Before the start of the experiments the animals
were subjected to clinical examination.

2.3. Monitoring tools:

Stethoscope, digital thermometer, stomach tube and stop watch.
2.4. Experiments:

The animals were subjected to the use of alfalfa after 16 hours of fasting
to induce frothy bloat. Physiological parameters and samples were taken
before induction and then every 2 hours following induction for 24 hours.

2.5. Clinical examination:
2.5.1. Clinical signs:
Clinical signs were documented for each individual animal according to
Kelly (1984).
2.5.2. Physical parameters:

All animals were examined clinically for estimation of respiratory rate,
pulse rates, rectal temperature, eye mucous membrane, percussion and
auscultation according to Kelly (1984) and Radostits et al. (2000).

2.6. Blood samples collection:

Ten ml of whole blood were collected (25 samples before feeding alfalfa,
300 samples after feeding alfalfa) from Jugular vein by disposable syringe,
after following of aseptic technique procedures, 5ml was mixed with Ethylene

Di amine Tetra Acetic acid (EDTA) as an anticoagulant in plastic container
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for hematological indices. The remaining part (5 ml) was used for separations
which were needed for biochemical analysis.
2.7. Rumen fluid samples:

Ten ml of Rumen fluid samples were collected (25 samples before feeding
alfalfa, 300 samples after feeding alfalfa) using a stomach tube from the
caudo-ventral sac of the rumen. The first jets of sample were discarded to
avoid the effect of saliva according to the method described by Kleen (2004).
2.8. Haematological indices:

The whole blood was tested for the determination of red blood cell count
(RBCsx10° cell/ml), packed cell volume (PCV%), total white blood cells
(WBCsx10® cell/ml), and differential count of the white blood cells according
to Jain (1986) as follows:

2.8.1. Red blood cells (RBCs):

For counting the red blood cells (RBCs), the whole blood was diluted by
Gower’s solution (consisting of sodium sulfate 12.5 g, glacial acetic acid 33.3
ml and 200 ml distilled water) to 1:200. Haemocytometer was used for
counting the red blood cells using lens objective 40. The counted number was
multiplied by 10000 for obtaining numbers of red blood cells in micro litre of
the blood sample.

2.8.2. Packed cell volume (PCV):

Three-fourth of plain capillary tube was filled by blood using capillary
traction, the same end of capillary tube used for blood traction was sealed by
sealing material, and then blood in capillary tube was separated by
centrifugation at 1500rpm for five minutes. Packed cell volume was measured
in millimeter, which usually expressed in percentage (%).

Centrifugation separated blood in the capillary tube into three parts:
-The clear upper part was blood plasma which exceeded 50% of the whole
blood in the capillary tube.
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-In the middle under plasma directly, white to gray coloured thin layer, called
buffy coat consisting of white blood cells and thrombocyets.

-The last part under buffy coat was mass of red blood cells, called packed cell
volume (PCV).

2.8.3. Total WBCs:

For counting of the white blood cells, the blood was diluted by Turkey
solution to 1:20. Haemocytometer was used for counting the white blood cells
using objective 10. The counted number in one was multiplied by 50 for
obtaining numbers of white blood cells in micro litre of the blood.

2.8.4. Differential count of White blood cells:

One layer blood film was made on glass slide, after drying the film it was
fixed by absolute methyl alcohol and stained by Giemsa stain, then 100 of
white blood cells was counted using objective 100, percentage of each
neutrophils, basophils, acidophils, monocytes, and lymphocytes were
counted.

2.9. Blood biochemical parameters:

The following blood biochemical parameters: total protein, albumin, urea,
sodium, potassium, calcium, were measured using spectrophotometer
(Biosystem —BTS-302) in the Physiology Laboratory, Faculty of Veterinary
Science University of Nyala.

2.9.1. Total protein:

Total proteins were measured according to the method describted by King
and Wooton (1956), in alkaline media protein form intensive violate blue
complex with copper salt. This intensity was directly related to the
concentration of protein in the sample. Sample concentration of protein was
calculated by the equation:

Sample concentration of protein =sample x 7(standard concentration)

standard
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2.9.2. Albumin:

At pH 4.2 bromocresol green binds to the albumin. The intensity of the
formed colour was proportional to the concentration of the albumin in the
sample; the concentration of the albumin in the sample was calculated by the
equation according to the method described by Bartholomew and Delany
(1966) as follows:

Albumin concentration in sample = sample X 5(standard concentration)
standard
2.9.3. Urea:
Urea was converted to indophenol as following equation
Urea + H2o—urease—(NH",),+¢0;
NH", + salicylate + NaCIO— Nitroprusside— indophenols
The produced colour intensity was directly related to the concentration of urea
in the sample , and it was calculated according to the method described by
Fawcett and Scott (1960) by the equation:
Urea concentration in sample(mg/dl) = sample . 50
Standard
2.9.4. Calcium:

Calcium was measured according to manufacturer (spinreact, Girona Spain)
instructions. Colour produced following the reaction between calcium and o-
Cresolphtalein in alkaline medium, was directly related to the concentration
of calcium in the sample. The final result was calculated as following :
Concentration of calcium in the sample (mg/dl)=Samplex10(standard con).

Standard
2.9.5. Sodium:

Sodium was measured according to manufacturer (spinreact, Girona Spain)
instructions, it reacts with chromogento produce chromophore which its
colour absorption refers to the sodium concentration in the sample. The final

result was calculated as following:
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Concentration of sodium in the sample (mEg/L) = Sample x 5(standard conc).
Standard
2.9.6. Potassium:

Potassium was measured according to manufacturer ( spinreact, Girona
Spain) instruction, its concentration was measured by using tetraphenylboron
which produce turbid colloid suspension. Resulted turbidity directly refers to
the concentration of the potassium in the sample, this concentration was
calculated by equation
Sample concentration of potassium (mEg/L)= Sample x5(standard conc).

standard
2.10. Rumen fluid analysis:

The rumen fluid pH, color, odour and consistency were determined
according to (Alonso, 1979; Dirksen and Smith, 1987 and Radostits et al.,
2007).

2.10.1. Colour and odour:

The colour and odour of rumen fluid were assessed by visual inspection
and smell. The colour was assessed in a glass tube of a smaller diameter
(<1.5cm). The odour was assessed after closed the glass tube for five minutes
and then opened the tube.

2.10.2. Consistency:

Rumen fluid consistency was assessed by slowly turning a glass tube half-
filled with rumen fluid 45-60° left and right from an upright position.
2.10.3. Ruminal pH:

Ruminal pH was determined immediately after collection with a pH-meter
AP-17 (Hungary).

2.11. Statistical analysis:
Complete randomized design was used for running the experiment.

One-way analysis of variance was used to generate the analysis of variance
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table (ANOVA). Moreover, descriptive statistics in tubular form was used for

description different parameters obtained from goats.
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Chapter Three
Results
3.1. Clinical signs:

Clinical signs of experimentally induced frothy bloat in goats began to
appear after 6 hours of induction, these signs included tachypnea, tachycardia
and increase in rumination and congested mucous membranes as showed in
Figure (1). Examination of digestive tract revealed reduction in rumen
motility and left-side abdominal distention as showed in Figure (2), The
tympanic or drum sound on percussion, extension of the head and neck
(Figure 3), frequent urination, grunting, diarrhea (Figure 4).

3.2. Changes in physical parameters in bloated goats:

In comparison with control group, respiratory rate was significantly
increased after 6 to 8 hours and 22 to 24 hours (31 = 9.05) of induction, pulse
rate was significantly increased after 6 to 12 hours, 24 hours (63 + 14.66) of
induction, while rectal temperature was significantly decreased after 2 to 4
hours, 12 to 24 hours (38.95 * 0.65) of induction (Table 1).

3.3. Haematological changes in bloated goats:

From table 2 PCV was significantly decreased after4 hours, 8 to 10 hours
and 14 to 24 hours (25 = 7.17) of induction. TWBCs was significantly
decreased after 6 to 8 hours and 12 to 24 hours (11 = 2035.99) after induction,
while TRBCs was significantly increased after 2 to 8 hours, 12 to 16hours, 20
hours and 24 hours (12.6 + 1977107.91) after induction, these parameters
were compared with control group.

Lymphocytes were significantly decreased after 6 to 12 hours, 16 hours
and 20 to 24 hours (55 + 6.06) of induction, neutrophils were significantly
increased after 6 to 12 hours, 16 to 24 hours (39 £ 4.83) of induction,
eosinophils were significantly increased after 2 to 4 hours of induction, after
14, 18, 22 hours eosinophils were significantly decreased (3 = 1.30),
monocytes were significantly decreased after 2 to 24 hours (1 £ 1.23) of
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induction, no differences in basophils were found between control group and
bloated goats (Table 3).
3.4. Biochemical changes in bloated goats:

In table (4) total serum protein was significantly increased after 4 hours
(9.38 £ 3.12) of induction, but at 12 to 22 hours (6.84 £ 1.09) it was
significantly decreased. Serum albumin was significantly decreased after 6 to
22 hours (2.53 £ 0.51) of induction. Serum urea was significantly increased
after 14 to 22 hours (50.56 £ 12.89) of induction. While serum calcium was
significantly increased after 2 to 4 hours (9.35 £ 2.61) of induction. Also
sodium was significantly increased after 8 hours (124.64 + 6.10), 14 to 16
hours and potassium was significantly increased after 12 to 18 hours (6.79 +
1.56).

3.5. Rumen fluid changes in bloated goats:

The physical changes of freshly rumen fluid that the colour changed from
yellowish to green colour (Figure 5and 6), rumen fluid odor was changed
from aromatic to foul odor. The consistency of rumen fluid was changed from
slightly viscous to frothy with medium to large bubbles (Figure 5and 6).

In comparison with control group, rumen pH was significantly decreased after
6 to 10 hours of induction, after 14 to 24 hours (6.61 £ 0.24) rumen pH was

significantly increased (Table 5).
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Table 1: Physical parameters [Respiratory rate/min(meanst SD),Pulse rate/min
(means + SD) , Temperature C° (means +SD)] of experimental goats (n= 25) under

frothy bloat in South Darfur State.

Parameter Respiration Pulse Temperature
Time Means+ SD Meanst SD | Meanst SD
0 25+ 7.01 54+13.81 | 39.52+0.33
2 23+ 7.02 58+ 15.20 | 37.81+0.66
4 27+ 8.14 62+ 13.74 | 38.76+0.77
6 32+7.84 65+ 12.72° | 39.49+0.45
8 32+10.88° | 67+18.09° | 39.38+0.67
10 29+ 10.90 67+16.36 | 39.37+0.51
12 24+ 8.71 65+ 17.43" | 38.95+0.70°
14 20+ 5.28 58+ 14.84 | 37.79+0.64°
16 22+ 5.29 57+13.08 | 37.90+0.70"
18 25+ 7.29 57+11.65 | 38.24+0.76"
20 26+ 6.33 61+13.26 | 38.48+0.63
22 32+ 8.67 62+13.84 | 38.89+0.54
24 31+ 9.05 63+ 14.66 | 38.95+0.65

SD = standard Deviation

Means within the same columns carrying stars are significant at (P < 0.05)
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Table 2: Haematological indices [Packed cell volume: PCV % (meansz SD), Total
white blood cells (WBCs) 10° cell/ul(means+ SD), and red blood cell count (RBCs) 10°
cell/pl(meansz SD) ] of experimental goats (n= 25) under frothy bloat in South Darfur
State.

Parameter PCV TWBCs TRBCs
Time Means+ SD Means+ SD Means+ SD

0 30+ 5.29 12.4+ 1724.65 11+ 1922678.95

2 28+ 4,94 12.7+ 1963.62 13.4+ 1311256.01"
4 27+ 4.96 11.7+ 2178.29 14.8+ 1434192.22"
6 28+ 4.73 10.1+ 2945.04 13.1+ 1560922.48"
8 23+5.29° 9.3+ 2206.43" 14.3+ 1006581.34
10 24+ 3.04 11.8+ 1229.66 10.7+ 2542161.94
12 29+ 4.76 9.9+ 1328.38" 12.6+ 2819052.62"
14 23+ 345 10.8+ 1453.52 12.6+ 1235963.59
16 22+ 3.48 10.2+ 1041.30° 13.4+ 1870178.51
18 27+ 3.60° 10.3+ 1178.28" 10.3+ 1294833.58
20 24+1.88 8.3+ 1202.33 13.1+ 563741.37
22 24+ 1.73 11.3+ 1084.268" 11+ 2115116.47

24 25+ 7.17 11+ 2035.99° 12.6+ 1977107.91°

SD = standard Deviation

Means within the same columns carrying stars are significant at (P < 0.05).
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Table 3: Differential count of the White blood cells % (means+ SD) of experimental
goats (n=25) under frothy bloat in South Darfur State.

Parameter | lymphocytes | Neutrophils | Eosinophils | Monocytes | Basophils
Time Meanst SD | Meanst SD | Meansx SD | Meanst SD | Meansx SD
0 62+ 4.56 29+ 5.53 4+ 2.30 4+ 2.89 0+ 0.57
2 60+ 3.29 33+3.25 5+ 1.43 2+ 1.41° 0+ 0.40
4 60+ 4.61 32+ 4.48 5+1.73 2+ 1.06° 0+ 0.63
6 57+9.82 36+8.07 4+1.67 2+ 1.60° 0+ 0.69
8 57+11.16° | 36x9.51 5+ 1.62 2+ 1.41 1+ 1.11
10 57+#11.63" | 37+£11.79° | 4+1.33 2+ 1.41° 1+ 1.00
12 56+8.47 | 38+7.42 4+1.41 2+ 1.28" 1+0.98
14 63+ 4.87 32+ 4.34 2+1.70° 2+ 1.05 1+ 0.95
16 57£5.38 | 36+5.79 4+ 1.58 2+1.29° 0+0.75
18 59+ 5.45 36£4.41° | 2+1.70 2+ 147 0+0.75
20 55+9.05 | 39+7.42 4+ 1.94 2+ 1.56 0+ 0.82
22 54+6.46 | 41+592° | 3+1.30 2+ 1.05 1+0.82
24 55+ 6.06 | 39+4.83 3+ 1.25 1+1.23 0+ 0.98

SD = standard Deviation

Means within the same columns carrying stars are significant at (P < 0.05).
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Table 4: Blood biochemical parameters [ Total protein mg/dl(means+
mg/dl(meanst SD),Urea mg/di(meanst SD),Calcium mg/dl(meansx

SD),Albumin
SD),Sodium

mg/dl(meanst SD) and Potassium mg/dl(meanst SD)]of experimental goats (n=25)
under frothy bloat in South Darfur State.

Parameter | T.protein Albumin Urea Calcium Sodium Potassium
Time Meanst SD | Means+ SD Meanst SD | Meanst SD | Means+ SD Means+ SD
0 8.39+231 | 3.04+0.87 | 37.18+15.72 | 8.02£2.39 | 120.00+7.36 | 6.20+1.26

2 8.52+2.07 | 3.09+0.61 | 33.20£11.90 | 9.26+1.91" | 121.48+4.12 | 6.52+1.01

4 9.38+3.12° | 2.87+0.64 | 32.08+9.11 |9.35+2.61" | 121.44+6.71 | 6.28+0.83

6 8.37+1.87 | 2.57+0.42" | 33.12+4.89 | 8.20£2.48 | 122.88+7.75 | 6.68+0.95

8 8.31+1.88 | 2.46+0.37 | 36.73+10.15 | 9.07+2.24 | 124.64+6.10" | 6.28+1.10
10 8.18+1.65 | 2.63+0.63" | 34.34+6.47 | 8.66+1.76 | 123.76+7.32 | 6.40+1.04
12 6.45+ 1.58" | 2.64+0.55 | 39.79+10.43 | 8.21+2.60 | 120.76+6.88 | 7.32+1.18
14 5.78+0.93" | 2.53+0.53" | 44.54+881 | 7.64+1.79 | 125.21+6.90 | 7.48+1.01
16 6.49+ 1.317 | 2.60+£0.47 | 49.96+14.82" | 7.66+2.24 | 126.28+10.89" | 8.04+0.84
18 6.46x1.03" | 2.72£0.44" | 45.60+8.87 | 8.20+2.41 | 120.04+8.23 | 6.79+1.56
20 6.94+ 225 | 2.49+0.56 | 46.00+11.58" | 8.20+1.44 | 119.96+8.57 | 6.20+1.00
22 6.84+1.09" | 2.53+0.51" | 50.56+12.89" | 8.49+1.81 | 122.96+6.85 | 6.04+0.97
24 7.87+1.14 | 2.84+0.76 | 39.27+12.27 | 7.93+1.91 | 123.80+9.83 | 6.52+1.23

SD = standard Deviation

Means within the same columns carrying stars are significant at (P < 0.05).
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Table 5: Rumen pH of experimental goats (n=25) under frothy bloat in South

Darfur State.

Parameter Rumen pH
Time Meansz SD

0 6.36% 0.15

2 6.32+ 0.22

4 6.25% 0.22

6 6.12+0.21"

8 6.14+ 0.17

10 6.13+0.18"

12 6.38+ 0.31

14 6.50% 0.18"

16 6.55+ 0.16~

18 6.58+ 0.21"

20 6.52+ 0.29

22 6.57+0.22

24 6.61+ 0.24

SD = standard Deviation

Means within the same columns carrying stars are significant at (P < 0.05).
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Figurel: Conjunctival congested Figure 2: Left-side abdominal
M .membrane in goat distention in goat

SRS NS N

: Extension of the head and neck Figure 4: Diarrhea

Figure3
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Figure 5,6: Frothy rumen fluid with medium to large bubbles collected from

cases of bloat in goats

Figure 7: Normal control animals rumen fluid
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Chapter Four

Discussion

The present study revealed that the fresh lush alfalfa is highly potential to
induce frothy bloat in goats. This finding is in agreement with that reported by
Majak et al. (2003) and Saber (2016).

Different clinical signs were observed in bloated goats included:
tachypnea, tachycardia, increase in rumination, congested mucous
membranes, reduction in rumen motility, left-sided abdominal distention, the
tympanic or drum sound on percussion, extension of the head and neck,
frequent urination, grunting, diarrhea .These signs were also reported by
Majak et al. (2003) and Saber (2016). Reduction of rumen motility can be
explained on basis of activation of high threshold tension receptors in
reticulo-rumen increasing the inhibitory inputs to gastric center (Leek, 1969
and Leek, 1983).

Pulse and respiratory rates were significantly increased in bloated goats this
finding was in agreement with Baraka et al. (2000) in camel, Radostits et al.
(2007), Anderson and Rings (2008) and Smith (2014). Also these findings are
found in cattle and sheep (Chakrabarti, 2001; Mohamed and Selim, 2001 and
Saber, 2016). This could be explained on basis of progressive increment of
heart rate as diaphragm and lungs were compressed due to severe distention
interfering with venous return to the heart and lung ventilation leading to
elevation of pulse and respiratory rates. Decrease in rectal temperature
recorded in this study was similar to that recorded by Saber (2016).

Rumen fluid colour showed green colour this also was mentioned by
Radostits et al. (2007) and Saber (2016). Foul odor and frothy consistency
with medium to large bubbles of rumen fluid noticed in this study was also
recorded by Kubesy (1983). Rumen pH was significantly decreased after 6 to
10 hours of induction this finding was also recorded by Kubesy (1983) and
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Baraka et al. (2000) in camel. Also Kamal (2008) and Smith (2014) recorded
the same results of pH . This can be explained as a result of ruminal atony
affecting the rate of fermentation and/or hydrolysis and thereby the
production of acid or alkaline intermediates (Bradford, 1990 and Baraka et
al., 2000). Increasing of rumen pH in 14-24 hours is in accordance to the
finding of Saber (2016). However, the high rumen pH (>8.0) detected is due
to rumen fluid mixed with volume of saliva (Petrovski, 2017).

TRBCs was significantly increased, while Kamal (2008) in camel and
Saber (2016) in sheep recorded the decrement. PCV was significantly
decreased in cases of frothy bloat according to: Mohamed (1984), Baraka et
al. (2000) and Saber (2016). While in dehydrated animals the packed cell
volume, hemoglobin level and total erythrocyte count increase. The total
serum protein concentration increases if there is water loss from extra cellular
fluid according to Ismail et al. (2007) and Kamal (2008). TWBCs was
significantly decreased in goats affected with frothy bloat, Baraka et al.
(2000) and Saber (2016) noticed significantly increased. Lymphocytes were
significantly decreased this finding was in agreement with Saber (2016) in
sheep. Neutrophils were significantly increased this finding was in agreement
with Ismail et al. (2007), Kamal (2008) and Saber (2016). Monocytes were
significantly decreased, while Baraka et al. (2000), Kamal (2008) and Saber
(2016) noticed them to be increased. Eosinophils were significantly increased
after 2 to 4 hours and after 14, 18, 22 hours eosinophils were significantly
decreased this finding was in agreement with Baraka et al. (2000) and Saber
(2016) in sheep. In this study pathological leukocytosis is associated with
increase of segmented neutrophils granulocytes due to stress reaction. Also
alteration of the number of other cells resulted from the action of the disease

as stress factor according to Coles (1986).
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Serum albumin was significantly decreased this finding is in agreement
with Saber (2016). Serum total protein was significantly increased after 4
hours of induction of frothy bloat this finding was in agreement with Ismail
et al. (2007) in cattle and Saber (2016) in sheep. After 12 to 22 hours total
protein was significantly decreased. According to Coles (1986) alteration in
the total protein due to decrease in the quantity of albumin and this
decreasing is often accompanied by hyperglobulinemia and this cannot
usually sufficient to maintain the total protein concentration and
hypoproteinemia results. Serum urea was significantly increased this finding
was in agreement with Saber (2016) and this can be explained on basis of
reduced renal perfusion and hence decreased renal glomerular filtration
(Smith et al., 1992). Serum calcium was significantly increased, while
Mohamed (1984), Baraka et al. (2000), Kamal (2008) and Saber (2016)
reported significant decrease which could be explained on basis of anorexia
accompanied with the disease and disturbance in absorption and utilization
of calcium. Sodium was significantly increased, while Kamal (2008) in
camel reported significant decrease. Potassium was significantly increased
this finding was in agreement with Kamal (2008) in camel. Blood et al.
(1989) and Melvin (1970) recorded that increasing of sodium and potassium
as result of secreted saliva and / or sequestration in the abomasum and the

rate of renal excretion and absorption is affected by acid—base imbalance.
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Conclusion and Recommendations

Conclusion

Fresh lush alfalfa has a great ability to induced frothy bloat in goats in age
6 to 12 months. Respiratory rate, pulse rate, mucus membrane colour, rumen
percussion, rumen motility are the most important clinical parameters to
evaluate the bloated goats. Examination of the colour, odour and consistency
of rumen fluid is important in diagnosis of frothy bloat. Rumen pH should be
corrected during treatment of frothy bloat. Serum albumin levels is an
important prognostic indicator, low serum albumin levels correlate with an
increased risk of mortality rates. Calcium, sodium and potassium should not

be given to bloated goats as they were found high in them.

Recommendations

1. Further investigations are highly recommended from aspects of rumen
methane, rumen enzymes and rumen ciliates for therapeutic and productive
purposes.

2. A legume content of 50% of the grazable yield is suggested as the
maximum bloat-safe level. In this situation, the animals are able to graze or
consume grass and alfalfa at the same time.

3. Frothy bloat develops rapidly so rapid treatment is required.

4. At the beginning of autumn the movement of animals should be controlled
in order to avoid frothy bloating due to presence of fast growing legumes in

pre flowering stage.
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Appendices

Appendix 1 : Physical parameters (Means, minimum, maximum) of experimental goats (n=25) under frothy bloat in South Darfur

State.
Parameter Respiration Pulse Temperature
Time Mean | Minimum | Maximum | Mean | Minimum | Maximum | Mean | Minimum | Maximum
0 25 16 40 54 41 94 39.52 38.9 40.5
2 23 10 40 58 40 96 37.81 36.5 39.2
4 27 16 52 62 40 92 38.76 36.6 40.0
6 32 20 52 65 48 100 39.49 38.8 41.1
8 32 20 68 67 48 120 39.38 36.6 40.2
10 29 16 68 67 42 100 39.37 38.0 40.1
12 24 16 56 65 42 100 38.95 375 40.0
14 20 16 36 58 40 100 37.79 36.9 39.5
16 22 16 36 57 42 96 37.90 36.6 39.6
18 25 16 44 57 40 96 38.24 36.7 39.5
20 26 16 40 61 44 100 38.48 37.1 39.5
22 32 16 52 62 40 96 38.89 38.0 39.9
24 31 18 56 63 44 100 38.95 37.0 39.8
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Appendix 2: Haematological indices packed cell volume: PCV %, Total white blood cells (WBCs) 10° cell/pl, and red blood cell
count (RBCs) 10° cell/pl(Means, minimum, maximum) of experimental goats(n=25) under frothy bloat in South Darfur

State.

Parameter PCV TWBCs TRBCs

Time Mean | Minimum | Maximum | Mean | Minimum | Maximum | Mean | Minimum | Maximum
0 30 20 38 12.4 9 15 11 7 10
2 28 20 38 12.7 8.6 14.9 134 10 20
4 27 18 36 11.7 6.7 15 14.8 10 20
6 28 17 35 10.1 5.1 15 13.1 10 20
8 23 16 33 9.3 5.6 13.8 143 10 20
10 24 19 31 11.8 8.4 13.6 10.7 8.2 20
12 29 22 36 9.9 7.5 12.2 12.6 8.2 20
14 23 17 29 10.8 6.6 13 12.6 10 10
16 22 18 31 10.2 8.2 115 13.4 10 20
18 27 22 33 10.3 8.4 12.7 10.3 8.4 10
20 24 22 28 8.3 6.5 111 13.1 10 10
22 24 22 28 11.3 9.8 14 11 8.3 10
24 25 16 36 11 8.1 13.4 12.6 9.8 20
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Appendix 3 : Differential count of the White blood cells % lymphocytes, Neutrophils, Eosinophils(Means, minimum, maximum) of
experimental goats(n=25) under frothy bloat in South Darfur State.

Parameter lymphocytes Neutrophils Eosinophils
Time Mean | Minimum | Maximum | Mean | Minimum | Maximum | Mean | Minimum | Maximum

0 62 95 72 29 18 38 4 0 8
2 60 94 66 33 28 38 5 2

4 60 52 68 32 26 42 ) 2 8
6 o7 42 72 36 24 50 4 2 8
8 57 36 70 36 24 54 5 2 8
10 57 40 80 37 18 56 4 0 6
12 56 38 74 38 24 58 4 2 6
14 63 56 74 32 24 40 2 0 6
16 57 48 68 36 26 50 4 2 6
18 59 50 70 36 28 42 2 0 6
20 55 42 72 39 26 50 4 0 6
22 54 44 68 41 28 50 3 0 6
24 55 44 66 39 30 48 3 2 6
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Appendix 4: Differential count of the White blood cells % Monocytes, Basophils (Means, minimum, maximum) of experimental
goats(n=25) under frothy bloat in South Darfur State.

Parameter Monocytes Basophils
Time Mean Minimum | Maximum Mean Minimum | Maximum
0 4 0 10 0 0 2
2 2 0 4 0 0 2
4 2 0 4 0 0 2
6 2 0 6 0 0 2
8 2 0 4 1 0 4
10 2 0 4 1 0 2
12 2 0 4 1 0 2
14 2 0 4 1 0 2
16 2 0 4 0 0 2
18 2 0 4 0 0 2
20 2 0 6 0 0 2
22 2 0 4 1 0 2
24 1 0 4 0 0 2
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Appendix 5: Blood biochemical parameters : Total protein mg/dl, Aloumin mg/dl, Urea mg/dl, (Means, minimum, maximum) of
experimental goats(n=25) under frothy bloat in South Darfur State.

Parameter T.protein Albumin Urea
Time Mean | Minimum | Maximum | Mean | Minimum | Maximum | Mean | Minimum | Maximum
0 8.39 3.9 13.8 3.04 1.7 5.1 37.18 15.6 72.4
2 8.52 3.6 11.5 3.09 2.2 4.4 33.20 15.6 61.2
4 9.38 3.6 16.6 2.87 1.5 3.7 32.08 17.2 55.2
6 8.37 4.5 12.1 2.57 1.9 3.5 33.12 25.2 43.6
8 8.31 4.8 12.4 2.46 1.5 3.3 36.73 16.4 56.4
10 8.18 5.6 12.4 2.63 1.5 4.2 34.34 25.2 45.6
12 6.45 4.6 9.8 2.64 1.7 4.2 39.79 12.3 63.3
14 5.78 3.6 7.3 2.53 1.5 3.5 44.54 25.2 62.3
16 6.49 5.0 11.0 2.60 1.7 3.5 49.96 24.2 79.2
18 6.46 4.8 8.7 2.72 1.9 3.7 45.60 24.7 63.8
20 6.94 0.9 15.5 2.49 1.5 4.2 46.00 14.8 66.8
22 6.84 51 9.1 2.53 1.9 3.9 50.56 26.7 69.8
24 7.87 4.8 9.8 2.84 1.7 5.1 39.27 28.2 65.3
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Appendix 6: Blood biochemical parameters : Calcium mg/dl, Sodium mg/di
experimental goats(n=25) under frothy bloat in South Darfur State.

and Potassium mg/dl (Means, minimum, maximum) of

Parameter Calcium Sodium Potassium
Time Mean | Minimum | Maximum | Mean Minimum | Maximum | Mean | Minimum | Maximum
0 8.02 4.1 12.5 120.00 | 103 133 6.20 5 9
2 9.26 5.0 12.5 121.48 | 115 130 6.52 5 8
4 9.35 4.1 16.6 121.44 | 105 134 6.28 4 8
6 8.20 3.3 16.6 122.88 | 110 138 6.68 5 8
8 9.07 5.0 14.0 124.64 | 110 136 6.28 4 8
10 8.66 5.8 12.5 123.76 | 112 137 6.40 5 8
12 8.21 4.1 13.3 120.76 | 109 139 7.32 5 10
14 7.64 5.0 10.8 125.21 | 112 139 7.48 5 10
16 7.66 4.1 11.6 126.28 | 109 159 8.04 7 10
18 8.20 4.1 12.5 120.04 | 106 138 6.79 5 10
20 8.20 5.0 11.6 119.96 | 103 140 6.20 5 8
22 8.49 5.0 11.6 122.96 | 111 139 6.04 4 7
24 7.93 5.0 12.5 123.80 | 95 145 6.52 4 9
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Appendix 7: Rumen pH (means, minimum, maximum) of experimental goats(n=25) under frothy bloat in South Darfur State.

Parameter PH
Time Mean Minimum Maximum
0 6.36 6.1 6.6
2 6.32 6.0 6.8
4 6.25 5.9 6.7
6 6.12 5.7 6.7
8 6.14 5.6 6.4
10 6.13 5.8 6.4
12 6.38 5.9 7.4
14 6.50 6.0 6.8
16 6.55 6.3 6.8
18 6.58 6.1 6.9
20 6.52 6.0 7.0
22 6.57 6.1 6.9
24 6.61 6.1 7.1
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