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M.V.Sc. THESIS#CLINICO-BIOCHEMICAL & THERAPEUTIC STUDIES OF EXPERIMENTAL RUMINAL ACIDOSIS IN GOATS.

INTRODUCTION]

lndia is predominantly an agricultural country where animal

husbandry practices contribute significant role in the survival and betterment
of the people in general and rural population in particular. In pastoral and
agricultural subsistence society in India, goats are kept as a source of
additional income and as an insurance against disaster.

- The goat keeping is an enterprise, which have been practiced by a
large section of population in rural areas. It plays a significant role in the
economy and nutrition of landless, small and marginal farmers in the
country. Its multipurpose utility in producing meat, milk, fiber, skin and
manure make this animal admirably suited in the mixed farming system of
small and marginal farmers. Because of its ability to serve the mankind even
under very harsh eculogical and economical conditions, the species has
earned the names as “poor man’s cow”, “kitchen cow”, “cottage industry”
and “gandhian animal”. Not only that, goat has been also termed as walking
refrigerator for the storage of milk and can be milked number of times in a
day. With a total population of 115.278 million goats, Indian ranks first in
the world and with a total of 17461 thousand goats, Bihar stands first among
the states in our country (Livestock census, 1992, Govt. of India). The goat
contributes about 2.20 million tonnes of milk, 0.47 million tonnes of meat
and 0.109 million tonnes of skin. The slaughter rate of goat is also at the
level of 39.7% as compared to 31.8% and 11% for sheep and buffaloes
respectively (FAO production year book, 1992). Looking to these
economical importance it becomes imperative that proper attention will have

to be paid for the maintenance of their health.
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Goats, like other ruminants have well defined compartments namely
rumen, reticulum, omasum and abomasum. Functionaly, rumen is the ‘most
momentus organ which takes major work of gastro-intestinal tract. The
function of rumen is mainly fermentive and digestive. The fermentation of
rumen is maintained by numerous micro-organisms, these microflora of
rumen includes cilliates, polymastigates, oscillospires, flagellates,
selenomonads, small bacteria mainly gram negative and fungi predominating
the rumen culture (Hungate, 1966). Besides these for distinct fermentive
digestion in ruminants, optimal rumen motility, concentration of living
micro-organism, anaerobiasis, correct pH of rumen liquor, fluidity of rumen
mass and balanced substrate contributions are essential for normal digestion
(Randhawa, 1979). Optimal microbial activities can be achieved, when
buffering capacity of the rumen works satisfactory because pH is the
determining point, change in which causes destruction of ruminal microbial
population and impedes the digestive and fermentive phenomenon.

Normally goat utilizes grasses, forage and leaves better than cattle and
buffalo and able to maintain their normal digestive physiology with forage.
However, many a times farmers use to give more feeds or make sudden
changes in various feeds and fodder constituents for obtaining more benefit
in terms of meat, milk and other products. Such incidence are very
frequently occurring in stall fed goats under intensive managemental system,
which are gaining popularity due to non-availability of adequate grazing
pastures. In fact, for distinct fermentative digestion in ruminants any
accidental change in feed, fodder and management leads to alteration of
physio-chemical condition of rumen reSulting to numerous rumen

dysfunctions. This dysfunction sometimes are severe enough to cause death
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of the animals. One of the most importa'nt dysfunctions of rumen is “lactic
acidosis”, other wise known as ruminal acidosis, toxic indigestion, acute
carbohydrate engorgement, acute impaction, over eating disease, grain over
load or founder disease etc. (Chakarborti, 1988).

Ruminal lactic acidosis is an accidental problem which occurs when
ruminants consume excessive amount of readily fermentable carbohydrate
‘rich feed. After ingestion the ruminal environment get altered and gram
positive bacteria like Streptococcus bovis, Lactobacillus proliferate which
leads to the production of large quantities of lactic acid in the rumen (Blood
et al., 1983). As the lactic acid as well as other acids accumulates in the
rumen, the pH get decline ultimately causing a shift in the ruminal microbial
population. The accumulation of excessive amount of acid in the rumen
results into absorption of acid into blood (Ahrens, 1967) which provides a
tremendous changes to the buffering capacity of rumen & other body fluid,
leading to systemic and metabolic acidosis or lactacedemia.

Lactic acidosis damages almost all the vital organ of the body and this
damage is beyond repair if not treated well in time which renders significant
economic loss in terms of wasted feed, delayed marketing, condemnation of
rumen, liver or entire carcass, lowered nutritional value, reduced water
binding capacity of meat and several organoleptic deficiencies (Blood and
Radostits, 1989). Rumen acidosis also hampers the growth rate, production
and reproductive performance of the affected animals.

The management of acidosis is a challenging task to the clinicians due
to its high fatality rate and it may extend upto 90% in untreated and 30 to
40% in treated animals (Blood and Radostits, 1989). Many workers tried

different combination of therapy to combat the problem of lactic acidosis
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and used Sodium bicarbonate (Kesari and Naylor, 1984, Okhrimenko er al.,
1989), Magnesium carbonate (Tanwar et al., 1983) and Calcium carbonate
(Amstel, 1983) as alkalizing agents both orally and parentraly. Besides these
antibiotics viz. Oxytetracycline (Schukken et al., 1985) & Benzyl penicillin
(Tanwar & Mathur, 1983b) were used to kill gram positive organisms.
B-complex with liver extract and anti-histaminic preparations were used as
supportive therapy (Flachowsky et al, 1974) and for the restoration of
ruminal microflora, cud transplantations (Hoflund, 1967) were tried.

Rumen dysfunction syndrome has been extensively studied in details
for its bio-chemical aspects in bovine (Prasad e al., 1972, Vihan, 1978) and
in sheep (Juhas'z and Szegedi, 1968a). However, there is paucity of
information regarding the bio-chemical changes in experimentally induced
acidosis in goats & their proper treatment. Hence, keeping in view the above
facts into the consideration & its economic importance panicularly for the
people living below the poverty line, its contribution to the nations economy,
paucity of information regarding the clinico-biochemical changes & proper
treatment to ailing animals, the work has been undertaken with following
objectives :-

(1) To induce experimental ruminal acidosis in goats by oral feeding with
whole wheat grains.

(2) To study the course of ruminal acidosis thus produced (clinical aspects).

(3) To study some of the various bio-chemical alterations in rumen fluid,
blood and serum of acidotic goats.

(4) To evolve a suitable therapeutic management for acidotic goats.

*hdkhhx
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EVIEW OF LITERATURE]

Ruminal acidosis is the principal manifestation of ruminal pH

alteration in the farm animals where ruminal digestion occurs. When
ruminents consume excessive amount of readily fermentable carbohydrate
rich diet, the rate of lactic acid production may exceed the rate of its
metabolism to volatile fatty acid. As the lactic acid as well as other acids
accumulate in the rumen, the rumen pH decline, causing a shift in the
ruminal microbial population. Bacteria capable of decarboxylating the
amino-acids, proliferate at lower pH leading to the acidosis. The disease is
characterised by anorexia, ruminal atony, dullness, diarrhoea, sluggish eye
reflexes, staggering gait, dehydration, increased pulse and respiration rates.
The literature on acidosis has been reviewed under the heads given
below :-
(1) Production and occurrence of acidosis with toxic feeds and compound.
(2) Clinical manifestations.
(3) Physical examination of rumen liquor.
(4) Biochemical changes in rumen liquor.
(5) Biochemical changes in blood and serum.
(6) Therapeutic management.
2.1. Production and occurrence of acidosis with toxic feeds and
.compound : '
Shinosaki (1959) dosed 0.2 moles of lactic acid in goats which

developed ruminal acidosis.

" Gnanaprakasam (1970) reported 47 clinical cases of rumen acidosis in

goats caused by accidental over eating of paddy rice.
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Dunlop (1972) reviewed clinical cases of acid indigestion attributable
to ingestion of wheat, barley, oats, bakery products, apple, mixed
concentrate feeds & unripe green corn standing in the field. He mentioned
rye, sorghum, potatoes, fodder beets, sugar beets, pears, whey, molasses and
brewer grains as being responsible for causing acidosis.

Allison et al. (1975) induced rumen acidosis in sheep (weighing 40 to
50 kg) by administering 1.36 kg of crushed wheat suspended in 1 litre of
water into rumen for two successive days.

Terashima et al. (1978) produced lactic acidosis in hay fed sheep by
injecting lactic acid intravenously or intra ruminally.

Kezar and Church (1979b) induced rumen acidosis in sheep by
feeding wheat at the dose rate of 50gm/75kg body weight.

Muir et al. (1980) reported wheat induced acidosis m lamb @
40gm/kg body weight following starvation.

Sen (1982) induced rumen acidosis in goat by administering crushed
rice at the dose rate of 80gm/kg body weight through rumen fistual after 36
hours of fasting.

Vihan et al. (1982) produced experimental rumen acidosis in goats by
three treatments viz. administration of 1.00 kg crushed barley, 1.0 kg
crushed grain (barley 50% and wheat 50%) and 500.00 gms sugar cane
through rumen fistula.

Tanwar et al. (1983) were able to produce rumen acidosis in three
groups of goats by administering whole wheat grain directly in to the rumen

through rumen canula at the dose rates of 80, 100 and 120gm/kg body

weight respectively.
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Sen et al. (1984) induced acute ruminal acidosis in goats using
crushed rice @ 80 gm/kg body weight.

Sobhanan and Aleyas (1986) noted that goats suffering with
convulsive seizures in Kerala was due to excess feeding of cooked rice. The
cases were attributed to ruminal acidosis associated with encephalomalacia.

Cao et al. (1987) fed sucrose at the dose rate of 18 gm/kg body weight
to goat to induce lactic acidosis.

Crichlow (1989) produced acidosis in sheep by intraruminal
administration of finely ground wheat @ 50gm/kg body weight.

Lal et al. (1989) experimentally induced ruminal acidosis in six goats
by intraruminal adminstration of whole wheat grains @ of 100gm/kg body
weight following fasting for 24 hours.

Das and Misra (1991) produced rumen acidosis experimentally in
Black Bengal goat by intraruminal administration of crushed rice @
80gm/kg body weight.

Patra (1991) produced acute ruminal acidosis in adult sheep by
feeding crushed wheat @ 90gm/kg body weight.

Das et al. (1992) induced experimental acidosis by intra-ruminal
administration of crushed rice @ 80gm/kg body weight after 36 hours of
fasting in Black Bengal goats.

Lal et al. (1992) induced ruminal acidosis infistulated goat by giving
whole wheat grains lintraruminally @ 100gm/kg body weight after 24 hours
of fasting with adlib water.

Tripathy and Mishra (1992) induced acid indigestion in 3 goats by

giving flour and water via a stomach tube after overnight fasting.
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Lal et al. (1993) induced acute rumen lactic acidosis in goats by intra
ruminal administration of whole wheat grain @ 100gm/kg body weight.

Patra et al. (1993) induced ruminal acidosis in 6 adult sheep by oral
feeding of wheat grain @ 90gm/kg body weight.

Sen et al. (1993) induced acute ruminal acidosis in 6 female Barbari
goats by the intraruminal administration of 80gm/kg body weight of crushed
rice, after 36 hours fasting.

Angelov et al. (19952) induced acute rumen acidosis in 8 adult goats
by a single oral administration of beet molasses @ 20ml/kg of body weight.

Aslan et al. (1995) induced ruminal acidosis in 10 month old west
African dwarf goats by feeding a suspension of 80gm wheat flour/kg body
weight through a stomach tube.

Angelov et al. (1996) induced acute acidosis with oral administration
of a single dose of beet molasses, 20ml/kg body weight, through a stomach
tube, immediately after the morning feeding.

Patra et al. (1996) induced acidosis in 6 ewes by feeding soaked wheat
@ 90gm/kg body wel:ght after 24 hours of starvation.

Patra et al. (1997) induced lactic acidosis in healthy female sheep by
feeding with soaked wheat grain @ 90g/kg body weight after a 24 hours
fasting.

Nour et al. (1998) successfully produced experimental lactic acidosis
in Nubian goats using sorghum .ﬂour at a dose rate of 50gm/kg body weight .
given intraruminally through a fixed rumen cannula.

Shukla et al. (1999) induced experimental lactic acidosis in 16 calves

by feeding wheat flour after 24 hours fasting.
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Dwivedi ef al. (2000) induced rumen dysfunction by oral feeding of
crushed wheat grain @ 40gm/kg body weight in 12 male calves, aged 8-12
months and weighing between 40-70 kg, after 12 hours of fasting.

Gupta et al. (2000) experimentally induced acidosis in 6 calves by
administering crushed wheat @ 50gm/kg body weight.

Chand et al. (2001) experimentally induced ruminal acidosis by
administering crushed wheat grains @ 50gm/kg body weight orally in 6
calves.

Hawa Singh et al. (2001) reported 24 clinical cases of indigestion in
goats due to ingestion of either excessive whole wheat grains or wheat flour

or stale bread or rice or molasses.
2.2. Clinical manifestation :

Joshi (1969) reported that a goat ingested accidentally wheat grains
exhibited the clinical signs such as anorcxia, distended abdomen, tympanic
sound on auscultation of left flank, pasty faeces, dyspnoea, weak pulse
disinclined to move & lateral recumbencey etc.

Gnanaprakasam (1970) reported the clinical manifestations in goats
engorged accidentally with grains within 24 hours & classified the symptoms
in to mild, moderate and severe forms. In mild form, the important
symptoms observed were inappetance, enlarged abdomen, constipation, firm
and doughy rumen on palpation, dull sound on percussion and sluggish or
absence of rumen motility on auscultation. Moderate cases were
characterised by anorexia with either constipation or diarrhoea, dyspnoea,
tachycardia, oliguria, absence of rumen motility and gurgling sound on

auscultation. Severely affected goats were manifested with dull appearance,

ABHISHEK KUMAR 9



M.V.Sc. THESISACLINICO-BIOCHEMICAL & THERAPEUTIC STUDIES OF EXPERIMENTAL RUMINAL ACIDOSIS IN GOATS.

inability to stand for a long time, grinding of teeth, yawning, increased heart
rate (120-160/min.) and prominent costal type of respiration.

Das ef al. (1972) observed rumen acidosis in Indian cattle due to
abrupt change in diet from normal to decomposed starchy food and found
ruminal pH ranged from 5.0 to 5.7. The animals had mild tympany,
abdominal pain and dehydration. The pulse and respiration rates were
increased.

Kelly (1974) recorded the puise, respiration & temp. in normal healthy
goats as 70-90/min., 20-30/min. & 102.9°F respectively. The healthy goats &
cattle were found to be alert & active in appearance, had glossy skin coat
normal posture & gait, pink to rosy conjunctival mucous membrane and
good appetite. The normal cattle and goats were found to ruminate during
resting period both in standing and lying down position. The frequency of
urination was observed to be | to 3 times per day.

Vestweber et al. (1974) recorded signs and symptoms of rumen
overload in sheep which indicated depression, tachycardia, increased
respiration rates, ruminal atony, congested mucus membranes, increased
rectal temperature, diarrthoea and death.

Allison et al. (1975) observed diarrhoea, anorexia, wekness and death
in sheep suffering from rumen acidosis.

Rai and Pandey (1980b) reported that total rumination time, frequency
of urination and frequency of defaecation in healthy goats as 400.00
minutes,11 & 9.0/day respectively.

Sen (1982) observed symptoms as rise in body temperature, rapid
pulse, heart and respiration rates, complete ruminal atony, pasty faeces and

diarthoea, fullness of rumen with water, inappetance, dullness, occasional
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grinding of teeth, dyspnoea, dehydration, nasal discharge and death in goats
induced rumen acidosis experimentally.

Sen et al. (1982) observed the clinical manifestations, like anorexia,
rumen stasis, dullness, diarrhoea, constipation, abdominal pain head pressing
and grinding of teeth etc. in rumen acidosis of goats.

Tanwar and Mathur (1983a) recorded clinical signs of wheat induced
acid indigestion in goats as dullness, depression, anorexia, lack of
rumination, atony of rumen, grinding of teeth, increased respiration,
increased pulse, anuria, tachycardia, dehydration, sunken eyes, diarrhoea
followed by constipation, unsteady gait, lameness, purulent nasal discharge
and subnormal temp.

Sen et al. (1984) observed the symptoms of acute ruminal acidosis in
goats as ruminal stasis, inappetance, dullness, depression, severe
dehydration, polydipsia, oliguria.. increased pulse and respiration rates,
sunken eyes, roughened body coat and death between 25 and 106 hours post
inducement with crushed rice.

Cao et al. (1987) observed the signs of weakness, lieing in sternal
recumbency from 12 to 48 hours after experimentally induced lactic acidosis
in goats. Both mean heart rate and respiration rates gradually rose from 98
and 12/minute respectively at ‘0> hour to 174 and 17/minute respectively at
24 hours. The rectal temp. remained 38°C to 39°C throughout the
experiment. All goats exhibited abdominal distension w@th passage of soft
pasty faeces in small quantity.

Chakrabarti (1988) reported that healthy goat have bright eyes, alert
and glossy, responding ears, skin with hairs lying evenly over the body coat.

They had normal posture and gait. The goats were passing pellety faeces
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with dark green colour. The urine had a clear straw colour appearance. He
also reported that the normal range of body temp., pulse and respiration rate
in healthy goats as 101.5-103.5"F, 60-70/min. & 18-30/min. respectively.

Lal et al. (1989) observed symptoms of experimental rumen acidosis
in goats which suffered from various degree of anorexia and ruminal stasis
following induction of acidosis, as dullness, diarrhoea, constipation,
abdominal pain, nasal discharge, head pressing and grinding of teeth etc.
There was gradual fall of body temperature associated with marked increase
in pulse and respiration rates with significant decrease in ruminal movement.

Das (1990) experimentally induced rumen acidosis in goats &
observed the symptoms as rapid pulse & respiration rates, rise in body temp.,
complete rumen atony, pastey faeces and diarrhoea, inappetence, distended
abdomen, dehydration and death. |

Hanumanthaiah et al. (1990) induced ruminal acidosis in Buffalo
calves by drenching ragi slurry and observed general depression, anorexia,
whitish to blackish diarrhoea, laboured breathing, suspended rumination
increased body temperature, pulse and respirations rates but decreased in
ruminal pH, motility and concentration of protozoa, which were returned to
normal by 48 to 72 hours.

Patra (1991) reported anorexia, nasal discharges, severe diarrhoea,
staggering gait, convulsion and death in acute ruminal acidosis in sheep fed
with wheat @ 90 grx}/kg'body weight orally. '

Aslan et al. (1995) induced ruminal acidosis in goats and noted the

clinical signs as loss of rumination and appetite, trembling gait and watery

diarrhoea during the first 24 hours.

-
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Bhikane et al. (1996) clinically observed the case of ruminal lactic
acidosis 1n buffalo and recorded the symptoms of depression, milk fever like
posture, subnormal temp., tachycardia, dyspnoea, dry muzzle, cold
extremities, suspended defaecation and frequent micturition. Rumen was
impacted and atonic. Per-rectal examination revealed blackish and foul
smelling faeces containing sorghum grain.

Dwivedi et al. (2000) experimentally induced rumen dysfunction in
calves and found the symptoms of inappetence, dullness and depression by
12 hours post feeding. Dirthoea and nasal discharge were noted in both the
control and treated groups by 36 hours. Both heart and respiration rates were
increased moderately.

Nikolov (2000) noted decreased temperature and increased heart and
respiration rates with a weak, soft, barely detectable pulse. The mucous
membrane became cyanotic. The refusal of food intake, suspended
rumination, grinding of teeth and polydypsia were also observed. All sheep
suffered with profuse diarrhoea upto 6 hours. Prior to death they were in a
comatose state with no reactions to light or sound. The rate and intensity of
rumen movement was 2 + 1/5 minutes at 6 hours and 0/5 minutes at 10
hours.

Chand et al. (2001) noticed ruminal atony, loss of appetite, dullness,
sluggish eye reflexes, diarthoea, staggering gait in ruminal acidosis in
calves. ' | .

Hawa Singh et al. (2001) observed symptoms as dullness, depression,
anorexia, suspended rumination, decreased in milk yield and constipation or
diarrhoea in goats suffering from indigestion.

2.3. Physical examination of rumen liquor :
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2.3.1. Macroscopic Examination :
2.3.1.1. Smell/odour :

Gnanaprakasam (1970) observed, putrid smell in cases of moderate
and severe rumen acidosis, but not in mild acidosis cases.

Telle and Preston (1971) reported that the content became vile
smelling in experimental lactic acidosis in ewes.

Misra et al. (1972) observed rumen fluid of animals suffering from
indigestion caused by feeding of poor to good quality foods and noted
greenish yellow colour with liquid consistency emiting faint sour odour. The
infusarial concentration varied from (+) low to (++) moderate. The motility
was (+) slow. In case of animals suffering from indigestion caused by
feeding good to poor quality foods, rumen fluid emitted faint putrefied
(ammoniacal) smell, the colour was brown and consistency was thin watery.
The protzoal concentration and motility were same as in indigestion ceused
by poor to good quality foods.

Wilson et al. (1975) observed that the odour of rumen fluid in cattle
became progressively sourer as lactic acidosis developed.

Jenkins (1982) described that the rumen fluid emitted a sour odour in
ruminal acidosis.

Sen (1982) observed in grain overload goat, that the rumen content
became sour at 20™ hours.

Sen et al. (1982) reported that the increased sourness in smell of

rumen liquor was due to increased lactic acid content in acute ruminal

acidosis in goats.
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Chakrabarti (1988) mentioned that in healthy animals the odour of
rumen liquor was aromatic, vinegar like, while in acid indigestion it was

pungent and sour.

Pradhan et al. (1988) noted that the smell of rumen liquor in healthy
Black Bengal goats was aromatic.

Lal et al. (1989) reported that the odour of rumen liquor was aromatic
at “0" hour and sourness smell increased gradually upto 48 hours showing
significant rise in the acid content of rumen liquor which declined from 72
hours in goats wich recovered from rumen acidosis.

Bhikane er al. (1996) reported that rumen fluid was greyish white,

thick, & sour smelling with pH 4.0 in a case of ruminal lactic acidosis in

buffalo.
2.3.1.2. Consistency :

Telle and Preston (1971) reported that the rumen liquor became very
fluid and frothy in experimental rumen acidosis in ewes.

Das et al. (1972) stated that in acute indigestion, the consistency of
rumen liquid became watery.

Misra and Singh (1974) reported thicky consistency of rumen liquor in
healthy cattle which became watery in acid indigestion.

Rosenberger et al. (1979) observed the consistency of rumen liquor
changed from slight viscous to watery in rumen acidosis in cattle.

Sen (1982) reported that the consistency of rumen liquor changed
from viscous to watery liquid at 20" hours onward in experimental acid

indigestion of goat.

Pradhan et al. (1988) observed semi liquid consistency of rumen

liquid in healthy Black Bengal goats.
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Lal et al. (1989) observed that there was change in consistency of
rumen liquor from thick to thin upto 72 hours followed by improvement
from 96 hours 1n experimental acidosis in goats.

Randhawa et al. (1989a) observed that in lactic acidosis of buffalo
calves the consistency of rumen liquor changed to watery by 12 and 6 hours
in sub-acute and acute conditions respectively.

Das (1990) observed watery consistency of rumen liquor in
experimental rumen acidosis in goats.

Kemal Irmak et al. (20002) observed the colour, consistency and
odour of rumen fluid samples in cattle manifested with simple indigestion &
noted as yellow, very viscous, watery and devoid of the normal aromatic
odour.

Kemal Irmak et al. (2000b) observed the ruminal fluid samples of
calves clinically reported with forestomach flora and motility insufficiency
and noted dark yellow colour, mostly putrid odour, very viscous and watery
in consistency and contained undigested plant fibres.
2.3.1.3. Colour :

Gnanaprakasam (1970) observed cases of rumen acidosis in goats &
found that the rumen liquor became dark green or grey in colour and had no
gas bubbles.

Das et al. (1972) stated that in acute indigestion, the colour of rumen
fluid changed, and varied from golden yellow to grey colour.

Misra and Singh (1974) observed yellowish brown colour of rumen

fluid in healthy cattle which became yellowish in acid indigestion.
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Sethuraman and Rathor (1979a) found that the colour of rumen fluid
changed from a normal of green, in to brown at 24 hours and creamy at 48
hours & to white at 96 hours post engorgement in cattle and buffaloes.

Jenkins (1982) found milky grey colour of rumen liquor in ruminal
acidosis.

Sen (1982) recorded that the colour of rumen liquor changed from
dark green or greenish brown to light brown at 4™ hours of rumen acidosis in
goats and subsequently changed to creamish white.

Sen et al. (1982) reported that in acute ruminal acidosis in goats the
colour of rumen liquor changed from greenish brown to light grey at 12
hours and greyish at 24 hours.

Chakrabarti (1988) stated that the colour of rumen liquor varied
according to types of food and types of indigestion. In green fodder/grass,
fodder beat, straw, acid indigestion, alkaline indigestion and impaction the
colours of rumen liquor were pure green to greenish olive, grey, yellowish
brown, milk grey, dark brown and greenish black respectively.

Pradhan er al. (1988) observed green to greenish brown colour of
rumen liquor in healthy Black Bengal goats.

Lal er al. (1989) observed that the colour of rumen liquor became
greyish from 24 hours onwards in experimental rumen acidosis of goats. The
normal colour of greenish brown was restored by 120 hours of experiment.

Randhawa et al. (1989a) noted that in lactic acidosis of buffalo calves,
the colour of rumen liquor changed in to brownish yellow to greyish-yellow
between 6™ and 12" hours but became normal after 12 hours of the induction

of subacute lactic acidosis. However, in acute lactic acidosis, the colour of

ABHISHEK KUMAR 17



M.V.Sc. THESIS#CLINICO.Z[OCHEMICAL & THERAPEUTIC STUDIES OF EXPERIMENTAL RUMINAL ACIDOSIS IN GOATS.

rumen liquor changed to greyish-yellow at 60 hours which persisted
throughout the experimental period.

Dwivedi et al. (2000) observed that the rumen liquor became
brownish in colour, after induction of ruminal dysfunction in calves.

2.3.2. Microscopic examination :
2.3.2.1. Motility of ruminal microflora :

Allison et al. (1964) reported that feeding of 450gm of cracked wheat
through the ruminal fistula in lambs made the protozoa immotile.

Joshi (1969) found that in a case of acid indigestion i bullock, large
infusoria were dead and others were feebly motile in a drop of fresh rumen
liquor.

Gnanaprakasam (1970) did not find any motile protozoa in rumen
liquor of moderate and severe cases of clinical acidosis in goats.

Das et al. (1972) reported that in acute indigestion in cattie, all
protozoa were non-motile. No living protozoa could be found from rumen
fluid having ruminal pH below 5.5.

Misra et al. (1972) examined fresh rumen fluid samples from healthy
Indian cattle under the microscope and graded protozoal motility from
moderate (++) to vigorous (+++). But in case of acute carbohydrate
engorged cattle the motility of protozoa changed to absent (-).

Misra and Singh (1974) reported that motility of rumen protozoa of
_healthy cattle was moderate (++) to high (+++), whereas in acid indigestion
it was low (+).

Nauriyal and Baxi (1978) observed that within 48 hours of induction

of ruminal acidosis in crossbred cattle and buffalo, all rumen protozoa had
died.
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Randhawa (1979) noted complete disappearance of ruminal protozoa
in rumen fluid in acidotic buffalo calves.

Sandha (1980) produced acidosis in buffalo calves and found vigorous
(+++) motility of protozoa at ‘0’ hours. At 12 hours post induction, sluggish
(+) motility was observed with no living protozoa in the rumen liquor after
18-72 hours. Only a few protozoa started appearing slowly and gradually in
surviving animals.

Sen (1982) found that the protozoal motility was moderate to vigorous
at ‘0’ hour and moderate at 4™ hours and absent at 8" hours onwards of grain
overload in goats.

Sen et al. (1982) found complete absence of protozoa by 12 hours and
their re-appearance after 64-72 hours of post treatment. However, vigorous
motility of protozoa was only noted after 80 hours of treatment.

Li et al. (1984) induced experimental acidosis in sheep and found loss
of protozoal motility.

Sinha et al. (1985) reported a complete disappearance of protozoal
activity by 24 hours after engorging buffalo calves with wheat.

Pradhan er al. (1988) stated that moderate (++) to vigorous (+++)
motility and moderate (++) to high (+++) concentration of rumen protozoa in
healthy Black Bengal goats.

Lal et al. (1989) observed that there was complete disappearance of
ruminal protozoa from 12 to 72 hours in experimental rumen acidosis in
goats.

Randhawa ef al. (1989a) observed that in sub acute acidosis of buffalo
calves, the protozoal motility gradually became sluggish at 6 hours and

diminished to nil by 12 hours. The motility of the reestablished rumen

ABHISHEK KUMAR 19




M.V.Sc. THESIS#CLINICO-BIOCHEMICAL & THERAPEUTIC STUDIES OF EXPERIMENTAL RUMINAL ACIDOSIS IN GOATS

protozoa was sluggish at 120 hours and moderate at 144 hours. In acute
acidosis complete absence of protozoal motility was observed at 6 hours.

Das (1990) observed that the concentration, motility and iodophilic
nature of rumen protozoa in healthy goats were ++/+++ (moderate to high),
++/+++ (moderate to vigoruous) and ++/+++ (moderate to high)
respectively. But these were all nil or absent in rumen acidosis.

Mukherjee and Sinha (1990) observed that the total protozoal count in
Black Bengal goats varied from 0.25 to 2.83 million/ml with an average of
0.96 million/m] of rumen fluid.

Basak er al. (1993a) stated absence of rumen protozoal motility from
12 to 84™ hours of experimentally induced lactic acidosis in goats.

Bhikane er al. (1996) reported that the microscopic examination of
ruminal fluid revealed absence of the live ruminal protozoa.

Shukla et al. (1999) found complete absence of protozoal motility and
rumen movement at 36 hours post induction of acidosis.

Dwivedi et al. (2000) reported that there was decreased ruminal
motility with respect to frequency and amplitude by 36 hours post feeding.

Chand ef al. (2001) reported that following induction of ruminal
acidosis in calves, bacterial and protozoal count were significantly (P<0.01)
decreased to 12.53 £ 0.25 and 0.00 + 0.00 respectively at 48 hours of
observation.

Hawa Singh et al. (2001} noticed that the total protozoal count was
significantly low (25.0 = 1.30 X 10%ml of RL) in indigestion in goats,
whereas in healthy goats the values was 42.09 +2.13 X 10*ml of RL.

2.4. Biochemical chahges in rumen liquor :

2.4.1. pH of rumen liquor :
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Brandly and Jungher (1955) noted that pH of normal ruminal ingesta
ranged from 5.9 to 7.4.

Ahrens (1967) reported that engorgement with wheat reduced the pH
of raminal ingesta to 4.0, while engorgement with pears reduced the pH to
4.28.

Hoflund (1967) stated that a ruminant was said to be suffering from
acid indigestion if its ruminal pH was found in the range 0f 4.0 to 5.5.

Joshi (1969) reported a case of accidentally access of wheat during
thrashing operation, in which the ruminal fluid pH was 5.5.

Eadie er al. (1970) fed concentrate diets adlibitum to cattle and
observed that the rumen pH drooped from 6.4 to 5.2.

Gnanaprakasam (1970) recorded rumen pH value (4.6 to 5.2) in severe
cases and (5.2 to 5.5) in moderate cases and no marked change in mild cases
of ruminal acidosis in goats.

Reddy and Nair (1971) observed that the pH of rumen liquor at ™
4% 6" and 8" hours had 6.05 + 0.04, 5.70 + 0.04, 6.00 + 0.04 and 6.35 +
0.03 respectively in healthy Jamunapari-Malabari cross-bred female goats.

Allison et al. (1972) fed wheat grains to 3 adult sheep on two
successive days. They found that both the ruminal and caecal pH dropped
below 5.0 within 48 hours of the first rumen overload. Caecal pH returned
to more than 7.0 within 48 hours of the second dosage with wheat but
ruminal pH remained low for extended periods. '

Das et al. (1972) reported that acute indigestion in cattle due to sudden

changes in feed was accompanied by a drop in the ruminal pH to 6.3 after

consumption of whole wheat.
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Chaplin and Jones (1973) observed that the pH of rumen liquor
decreased to 4.4 after 12 hours of induction of rumen acidosis with barley in
sheep.

Shinosaki and Nakabayashi (1974) noted fall in rumen pH to 4.64 and
that of blood to 7.3 in sheep suffering from acidosis.

Vestweber et al. (1974) reported that there was fall of pH of rumen
liquor to 4.52 £ 0.52 in experimental rumen acidosis in sheep.

~ Wilson et al. (1975) engorged 2 rumen fistulated cattle with sorghum-
wheat molasses mixture. Rumen pH was found to drop from 7.1 pre-
engorgement to 3.8 at 30 hours and 3.6 at 48 hours post-engorgement.

Koer et al. (1976) observed that the mean pH of rumen liquor dropped
from 6.77 to 4.74 at 4™ hours of comn engorgement in sheep and remained
low untill about 60™ hours and then rose gradually to 5.90 by 99" hours of
post-engorgement.

Beede and Farlin (1977) induced acidosis in sheep by engorging
ground wheat @ of 34.5gm/kg body wt. and reported that ruminal pH
decreased steadily from 6.22 to 5.22 in the first 8 hours.

Prasad (1977) observed positive correlation between pH and TVFA in
sugar induced ruminal acidosis in cattle.

Irwin et al. (1979) noted fall of the pH of rumen liquor from 6.97 to
4.70 in glucose induced acidotic sheep.

Kezar and Church (1979a) observed that in sucrose induced acidosis
in sheep the pH of rumen liquor was within 4.13 and 4.53.

Rai and Pandey (1980a) reported that the pH of rumen liquor in three

groups of goats maintained on free range, range supplemented with
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concentrate and concentrate mixture. The mean pH values of rumen liquor
was 5.313 £ 0.038, 6.155 £ 0.045 and 6.29 + 0.059 respectively.

Sen (1982) observed, fall in mean pH of rumen liquor from 6.86 +
0.17 to lowest mean value 4.37 £ 0.12 at 12 hours in grains overload goats.

Vihan ef al. (1982) observed lowest pH values as 5.5, 4.5 and 4.0 at
12" hours of barley, 42™ hours of grain, and 12" hours cane sugar induced
rumen acidosis respectively in goats.

Tanwar and Mathur (1983a) reported that the pH of rumen liquor
changed from 7.33 % 0.04 to 4.96 + 0.03 at 12™ hours, from 7.38 + 0.03 to
4.85 + 0.02 at 12" hours and from 7.18 + 0.07 to 4.29 + 1.12 at 72 hours of
wheat grain induced acidosis in three groups of goats with the dose rate of
80, 100 and 120 gm/kg body weight respectively.

Huber et al. (1984) reported that the pH of rumen liquor decreased to
4.15 + 0.34 in glucose induced acidosis in sheep.

Sen et al. (1984) induced acute ruminal acidosis in goats and noted
minimal pH of 4.37 + 0.12 within 12 hours of engorgement with rice.

Sinha et al. (1985) reported fall in ruminal pH from 6.83 to 4.45 and
in blood from 7.41 to 7.15 at 36 hours of experimental acidosis in buffalo
calves.

Vihan and Rai (1985) reported that pH of rumen liquor varied between
7.2't0 4.5 in clinical cases of rumen acidosis in sheep and goats.

Cao et al. .(1987) reported that rumen pH changed from 7.35 £ 0.302
to 4.54 + 0.119 at 24™ hours of sucrose induced acidosis in goats at the dose

rate of 16g/kg body weight.

Pradhan et al. (1988) reported that the pH of rumen liquor varied from
6.4 to 7.4 with an average of 6.8 + 0.15 in healthy Black Bengal goats.
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Randhawa et al. (1988) observed fall in rumen pH from 6.78 to 4.78 at
24 hours in subacute from in buffalo calves.

Lal et al. (1989) reported significant drop in rumen pH at 12 hours
(4.7 £ 0.045) with a further drop at 24 hours (4.54 + 0.023) after

experimentally induced ruminal acidosis in goats by feeding whole wheat
grains (@ 100gm/kg body weight.

Patra et al. (1993) observed that the decrease in rumen pH was
associated with decreased pH in blood, CSF and urine and increased tota]
lactic acid conc. in rumen liquor, blood, CSF, and urine.

Angelov et al. (1995a) observed the lowest pH of rumen liquor 3.68 at
12 hours after induction of acute rumen acidosis in goats.

Angelov et al. (1995b) reported that the rumen pH decreased rapidly
and fell below normal limits in the period between 2 hours to 4 hours after
the administration of molasses.

Angelov et al. (1996) noted that the rumen pH decreased rapidly after
the molasses administration in half-marino sheep. The mean values recorded
at 12 hours after the treatment was (3.24 + 0.20).

Patra et al. (1996) induced acidosis in sheep by feeding soaked wheat
@ 90g/kg body weight and recorded decreased pH of rumen liquor, blood,
and urine within 12 hours.

Gokce and Imren (1998) observed marked decrease in rumen pH at 4‘
hours after feeding crushed wheat straw in sheep. '

Nikol'ov (1998a) determined the rumen pH (6.1 + 0.1) at 4 hours and

(3.0 £ 0.3) at 8 hours after induction of acute ruminal acidosis in buffalo-

calves. They returned to initial value at 72 hours.
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Nikolov (1998b) noted the normal pH or rumen content (7.1 £ 0.2)
prior to experiment. However, pH of rumen liquor decreased significantly as
early as post-treatment at 4 hours; reaching 4.8 + 0.3 and 5.0 + 0.2
respectively between 8 and 24 hours.

Shukla et al. (1999) reported that following feeding of wheat flour,
there was a significant reduction in pH of rumen liquor after 36 hours in
bovine calves.

Dwivedi ef al. (2000) observed that after induction of ruminal
dysfuction, the pH of rumen liquor decreased and the mean value recorded
was 5.75 + 0.281 at 12 hours of post induction.

Chand et al. (2001) observed that the lowest rumen pH was 4.75 +
0.19 at 36 hours post induction of ruminal acidosis by administering crushed
wheat grains @ 50gm/kg body weight orally.

Hawa Singh ef al. (2001) recorded a slightly low pH of rumen liquor

(6.59 +£.0.08) in simple digestion cases as compared to healthy goats (6.83 +
0.09).

2.4.2. Total volatile fatty acid :

Stone (1949) found the ingesta from inactive bovine rumen to produce
less gas and volatile acid than the normal rumen.

Phillipson (1952) reported low VFA production in rumen of lamb fed
on flaked maize ration leading to acidosis.

Scarisbrick (1954) reported low level of VFA production which
maintained almost positive correlation with decreasing value of rumen pH in
sheep.

Reid et al. (1957) studied the effect of high starch diet viz. wheatish

starch, oats and cracked maize on VFA content in the rumen of sheep and
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noticed that there was an increased level of propionic acid in animals kept on
different kinds of diet. However, the level of butyric acid changed with
variation in diet.

Eadie et al. (1970) fed a barley ration adlib to some heifers, and found
decreased level of TVFA from 125 to 197 mM/L in one heifer.

Joshi and Ludri (1970) recorded the normal level of TVFA
concentration between 64 to 83 mEq/L and in a clinical case of acid
indigestion, a level of 145mEq/L was recorded in buffaloes.

Reddy and Nair (1971) estimated that the mean TVFA content in
rumen liquor of Jamunapari-Malabari crossbred goats at 2™, 4™ 6" and 8"
hours of feeding to 106.60 + 1.92, 12795+ 1.17, 114.55 + 1.52 and 96.40 +
1.75 mEq/L respectively.

Prasad et al. (1972) found high level of TVFA (136.03 £ 16.50 mEq/L
in buffaloes and 149.20 + 13.05 mEq/L in cattle) in clinical cases of acid
indigestion.

Rai et al. (1972) estimated the mean TVFA value in rumen liquor of
Barbari goats on maintenance ration and observed as 72.08 + 1.89 mEq/L.

Chaplin and Jones (1973) reported that the concentration on of TVFA
in rumen liquor decreased to 20 mEq/L after 24 hours of ground barley
overload in sheep.

Prasad et al. (1973) observed that the TVFA concentrations increased
up to 2 hours and then declined. This was probably due to change in the
microbial population brought about by the low pH.

Svendsen (1973) observed marked inhibition of ovine ruminal motility

when the concentration of undissociated VFA exceeded SmM/L. Butyric
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acid was found to be the most potent inhibitor of the 3 individual VFA, but
the lactic acid showed no inhibitory effect on motility.

Joshi and Mishra (1975) estimated the TVFA concentration in clinical
cases of acid indigestion and found 141.6 + 9.47 mEq/L and 139.0 + 12.44
mEqg/L in Zebu cattle & buffaloes, respectively.

Verma er al. (1975) estimated the mean TVFA values in rumen liquor
of Barbari bucks at ‘0’ hour, 2™, 4" and 6™ hours of concentrate mixture
feeding which were 67.84 + 4.66, 90.89 + 7.44, 62.72 + 5.00 and 81.70 £
6.47 mEq/L respectively.

Wilson et al. (1975) found that TVFA concentration increased from
67 mM/L pre-engorgement to 105 mM/L at 12 hours and then decreased to
15 mM/L at 36 hours.

Mullen (1976) stated that the decrease in ruminal pH during the first 8
hours of over fecding was not caused by increase in lactic acid concentration,
but by the increased proportions of VFA.

Prasad (1977) found a negative correlation between ruminal pH and
TVFA in clinical cases of ruminal acidosis in both cattle and buffaloes.

Sethuramen and Rathor (1979¢) noted inverse relationship between
ruminal pH and VFA level in both cattle and buffalo suffering from acute
acid indigestion.

Sethuraman and Rathor (1979c) observed that the mean value of
TVFA in rumen liquor of control group was 66.73 + 2.04 mEq/L.which
gradually increased to 85.3 £ 5.6, 1282 £52,159.3 + 6.2 and 1624 + 6.2
mEq/L at 24 hours, 48 hours, 72 hours and 96 hours respectively in

experimental rumen acidosis in calves.
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Muir et al. (1980) reported that, there was an increase in concentration
of TVFA in 1nitial stage followed by gradual decrease in experimental rumen
acidosis in sheep.

Rai and Pandey (1980a) observed that mean values of TVFA of rumen
liquor were 76.060 * 3.228 mEq/L, in range group, 98.246 + 2.829 mEq/L in
range supplemented with concentrate group and 96.180 + 2.698 mEq/L in
concentrate mixture in stall-fed group of adult goats.

Nagaraja et al. (1982) found decreased concentration of TVFA in
rumen fluid in rumen acidosis.

Sen (1982) noted the mean value of TVFA in rumen liquor changed
from 50.0 + 9.49 mEg/L at ‘0> hour to 30.00 + 1.79 mEq/L at 4™ hours of
grain engorgement in goats. There after in subsequent hours the TVFA
decreased to a minimum of 7.00 £ 2.11 mEq/L by 32 hours of grain
overload.

Sinha et al. (1983) found that ruminal TVFA increased from 62.3 +
7.34 mEq/L to a maximum of 119.66 £ 10.3 mEq/L at 12 hours and then
decreased to 22.5 £ 3.53 mEq/L by 48 hours.

Tanwar and Mathur (1983b) concluded that the increase in the total
volatile fatty acid concentration in early stage of rumen acidosis was due to
fermentation of carbohydrates by rumen micro-organisms. Later on it
decreased due to changed microbial population of rumen due to low pH.

Li et al. (1984) drenched maize flour @ 30g/kg body weight with
water to sheep and noted that with the onset of acidosis the pH & volatile

fatty acids in the rumen declined suddenly.
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Sinha er al. (1985) reported initial rise in TVFA level at 12 hours and
then declined from 36 hours onward in rumen liquor of buffalo calves during
ruminal acidosis induced experimentally.

Lal (1988) reported a significant rise in TVFA concentration at 12
hours and followed by decline in the concentration throughout the
experiment in acid indigestion in goats.

Pradhan et al. (1988) recorded the mean concentration of TVFA in
rumen liquor as 78.5 + 3.86 mEq/L in healthy Black Bengal goats after
feeding.

Lal er al. (1989) observed that, at 12 hours the mean TVFA level in
the rumen liquor increased significantly from 64.83 + 2.891 to 148.33 +
15.47 mEq/L which later on decreased to 44.00 £ 2.251 mEq/L at 24 hours
and 31.66 £ 1.839 mEq/L at 48 hours of experimental rumen acidosis in
goats.

Randhawa ef al. (1989a) noted that in subacute cases of lactic acidosis
the TVFA level gradually increased during 6 to 96 hours while in acute cases
there was a sudden fall in TVFA level at 24 hours in buffalo calves.

Ahuja et al. (1990) recorded gradual decrease in TVFA value in
buffalo calves suffering from subacute lactic acidosis.

Das (1990) observed significantly low concentration of TVFA upto 36
hours and there after it gradually increased in experimental rumen acidosis in

_goats.

Patra (1991) showed an increase in TVFA concentration at 12 hours
followed by decrease in the value in acute ruminal acidosis in sheep.

Krehbeel et al. (1995) recorded decreased TVFA following intra-

ruminal administration of glucose at different dose levels.
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Patra et al. (1996) recorded the total VFA concentration in strained
rumen liquor, increased between ‘0” hours (44.2 mmol/L) and 12 hours (83.0
mmol/L), but decreased there after.

Dwivedi ef al. (2000) reported that there was an initial increase in
TVFA concentration after induction of acidosis in calves. The mean values
recorded at 12 hours post-induction was (5.53 + 0.27 mEq/L).

Chand et al. (2001) reported initial increase in TVFA concentration
(122.40 £ 6.59) upto 12 hours which decreased in later period of experiment.

Gurumoorthy et al. (2002) recorded, a significant increase in
concentration of TVFA to 120 + 3.24 mmol/L as compared to healthy
amimals (102.7 + 4.36 mmol/L) in case of acid indigestion.

2.4.3. Rumen lactic acid :

Phillipson (1952) observed high lactate production (7.25mM/L) after
seven hours of flaked maize feeding in the rumen of Lambs.

Scarisbrick (1954) reported elevated lactic acid (9CmM/L) in the
rumen of sheep, following ingestion of 15 Ib. of mangold.

Broberg (1960) noted high amount of lactate (1000 mg) and pyruvic
acid in cases of acute rumen overload in sheep.

Ahrens (1967) estimated increased level of ruminal lactate (17.3
mM/L at 24 hours in wheat fed, 130.5 mM/L at 21.33 hours in pear fed) in
cattle in ruminal acidosis.

Eadie et al. (1970) reported that lactic acid concentration remained
below 5 mg% when cattle were offered barley adlibitum.

Chaplin and Jones (1973) observed that in barley induced rumen
acidosis in sheep, rumen lactate increaéed from 1.0 mM/L to 100 mM/L

from ‘0’ hour to 18 hours respectively.
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Vihan et al. (1973b) found the lactic acid concentration of 21.97 +
10.3 mg% in Zebu cattle and 10.53 £ 4.17 mg% in buffaloes suffering from

acute indigestion.

Cakala et al. (1974) found appearance of lactic acid in the rumen as
earlier sign of acidosis in sheep.

Shinosaki and Nakabayashi (1974) recorded the highest concentration
of lactic acid in rumen liquor as 115 mM/L at 12 hours in glucose induced
acidosis in sheep.

Verma et al. (1975) estimated the mean lactic acid concentration of
rumen liquor in Barbari bucks at ‘0’ hour, 2™ hours, 4™ hours and 6™ hours
of concentrate mixture feeding as 3.80 + 0.40, 19.62 + 1.10, 3.50 + 0.30 and
390 + 0.10 mg/100 m! respectively.

Wilson et al. (1975) found no lactic acid prior to engorgement while
increased lactate to 6.2 mg/ml at 24 hours and 10.7 mg/m] at 48 hours post
engorgement were noted.

Koer et al. (1976) noted one peak concentration of ruminal lactate at 4
to 6 hours of post engorgement and the second at 60 hours.

Elam (1976) reported high level of lactic acid in rumen and blood in
feedlot cattle suffering from ruminal acidosis.

Mullen (1976) stated that in protracted cases of ruminal acidosis,
lactic acid concentration reached to a peak at 24 hours after overload and
declined thgreaﬁer. If not treated after 24 hours of rumen acidosis, the lactic
acid concentration declined and there was reversion to volatile fatty acid
fermentation.

Beede and Farlin (1977) found one peak level of ruminal lactate at 3

hours and the another at 7 hours.
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Sethuraman and Rathor (1979a) induced acute indigestion in cattle
and buffalo and noted that the rumen lactic acid levels increased from 1.99
mg% in control animals to 24.4 mg% at 24 hours then to 36.3 mg% at 36
hours and finally 60.8 mg% at 96 hours of post engorgement.

Muir et al. (1980) noted that the peak concentration of rumen lactate
was 130 M/ml by 12 hours and decreased to normal level of less than |
M/ml by 30 hours of experimental acidosis in lambs.

Randhawa et al. (1981b) induced acidosis in 12 buffalo calves out of
which 4 calves died and the mean lactic acid concentration before death, was
122 mg%.

Nagaraja et al. (1982) produced acidosis in cattle by intraruminal
administration of glucose and reported that total lactate increased from 17.0
mg% to 46.6 mg% in 12 hours.

Sen et al. (1982).reported higher lactic acid in rumen liquor and bleod
of goats at 4 hours after induction of ruminal acidosis.

Bide (1983) collected a large number of rumen fluid samples during a
course of feeding trial from 15 hay and 15 grain fed cattle, and found that the
rumen fluid of grain fed animals contained significantly higher (P<0.01)
levels of lactate (17.6 + 2.9 mg% against 8.5 + 8.0 mg%) than those of hay
fed animals.

Tanwar and Mathur (1983b) recorded the peak concentration of lactic
acid in rumen liquor, 74821 * 22.86 mg% at 72" hours in wheat grain
induced acidotic goat.

Huber et al. (1984) observed higher concentration of lactic acid in

rumen liquor as 1048.0 -+ 368 mg/100ml in glucose induced acidosis in

sheep.
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Sen et al. (1984) induced ruminal acidosis in goats and found
maximum value of lactic acid (521.59 + 39.5mg%) at 12 hours.

Sinha et al. (1985) found that the mean level of lactic acid in rumen
fluid in buffalo calves rose from 2.05 + 1.29 mg% before engorgement with
crushed wheat to a maximum of 128.0 + 16.7 mg% at 36 hours post-
engorgement.

Vihan and Rai (1985) noted that the mean lactic acid concentrations of
rumen liquor to 49.9 + 3.83 mg% in clinical cases of acidosis in goats.

Lal et al. (1989) found that mean concentration of lactic acid in rumen
liquor rose from 4.08 + 0.313 mg/dl at “0” hour to 295.13 + 16.876 mg/dl at
12 hours and then gradually declined in experimental ruminal acidosis in

goats.

Randhawa et al. (1989b) noted increased lactic acid concentration in
rumen liquor of buffalo calves in subacute cases.

Ahuja et al. (1990) observed an increased lactic acid concentration
(13.55 mM/L) at 12 hours in subacute cases in buffalo calves.

Patra (1991) reported a higher lactic acid content in rumen liquor of
sheep suffering from acute acid indigestion.

Lal et al. (1992) reported that the level of lactic acid in rumen
increased significantly at 12 hours and then declined at 24 hours, but
remained many fold higher than the normal values even upto 96 hours.

Lal e al. (1993) reported an incregsed rumen lactic acid concentration
in acute ruminal lactic acidotic goats.

Patra er al. (1993) found an increased lactic acid concentration in
rumen liquor following induction of ruminal acidosis in sheep by oral

feeding of wheat grain at 90 gm/kg body weight.
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Shukla et al. (1999) reported increased level of lactic acid in rumen
liquor at 36 hour after feeding of wheat flour and it remained high upto 12
hours post therapy.

Dwivedi er al. (2000) found increased lactic acid concentration 163.2
+ 15.61 mg/dl at 12 hours & 206.7 + 17.14 mg/dl at 36 hours after induction
of rumen dysfunction in calves.

Chand er al. (2001) noted increased rumen lactic acid concentration
(131.88 £ 5.82 mg/dl) at 36 hours of post-induction of rumen lactic acid and
remained higher till the termination of experiments.

2.5. Biochemical changes in blood and serum :
2.5.1. Blood urea nitrogen :

Dirksen (1967) reported normal blood urea level in peracute cases of
experimental ruminal acidosis in cattle but the level was found to be elevated
in protracted cases.

Rai et al. (1972) recorded the average value of blood urea nitrogen in
Barbari goats to 18.96 + 0.69 mg/dl, maintained on 300 gm concentrate
mixture (gram, ground nut cake, barley and bran 25 parts) and on grazing.

Coles (1974) reported that dehydration, haemoconcentration, anuria,
& catabolism with body toxaemia, raised the blood urea nitrogen.

Mullen (1976) observed increased concentrations of blood urea in
carbohydrate overfeeding in cattle and this led to the metabolic disturbance.

Jagos et al. (1977) observed increased concentration of plasma urea in

chronic metabolic acidosis in dairy cows.

Melvin (1977) reported that the normal concentration of blood urea

nitrogen of goat were 13-28 mg/dl.
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Nauriyal and Baxi (1978) observed a significant rise of blood urea
nitrogen in experimentally induced ruminal lactic acidosis in cattle and
buffaloes.

Sethuraman and Rathor (1979¢) observed an increase in mean blood
urea nitrogen from 21.4 + 2.1 mg% at ‘0" hour to 65.1 + 2.4 mg% at 96
hours in cattle and from 21.4 £ 3.4 mg% at 0’ hour to 62.4 + 2.2 mg% at 96
hours in ruminal acidosis of buffaloes.

Anderson (1980) reported prerenal azotemia with the increase in BUN
upto 150 mg/dl in acid indigestion of ruminent.

Nauriyal and Baxi (1981) observed, raised level of blood urea nitrogen
in cross-bred cattle and buffalo following molasses and grain induced
ruminal acidosis.

Randhawa et al. (1981a) reported increase in blood urea nitrogen in
peracute lactic acidosis in crossbred calves.

Sastry (1983) reported that blood urea nitrogen level in normal goat
were 13-28 mg/100ml of blood.

Sandha and Choudhary (1985) noted higher blood urea nitrogen level
from 18 hours in buffalo calves following induced ruminal acidosis. The
level returned to normal at 96 hours.

Cao et al. (1987) observed that mean plasma urea concentrations
remained within normal ranges upto 48 hours of study in experimentally
induced lactic acidosis in goat. '

Singh et al. (1989) reported that normal mean blood urea
concentration in buffaloes varied between 24.40 + 0.97 and 40.30 + 2.23

mg/dl in different seasons while in indigestion cases, the values always

remained beyond 41 mg/dl.
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Smith (1990) reported that, decreased renal function is reflected by
elevated blood urea nitrogen concentration in ruminal acidosis.

Lal et al. (1992) reported an increase in blood urea nitrogen level
which remained significant upto 24 hours and thereafter almost constant
value was observed.

Patra et al. (1996) recorded higher concentration of serum urea, 14.0
mmol/L at 48 hours than all other times in experimental acidosis in sheep.

Nikolov (1998b) reported that the amount of urea nitrogen in buffaloes
before the experiment was normal (6.3 + 0.2 mmol/L) and after the treatment
of experimental animals with 20 ml/kg body wt. of molasses the values
increased reaching to 12.1 £ 0.8 mmol/L at about 24 hours.

2.5.2. Blood lactic acid :

Dunlop and Hammond (1965) reported abnormal amount of lactate
accumulation in blood in lactic acidosis in ruminents.

Juhas’z and Szegedi (1968a) observed an increase in blood lactate
concentration in sheep suffering from ruminal acidosis.

Walker (1968) noted that blood lactate values rose to above
200mg/100ml after sheep were forcibly engorged with wheat.

Huber (1969) noted that in ruminal lactic acidosis of sheep, the blood
lactic acid level increased to 17.7 mM/L or greater.

Vihan et al. (1973a) estimated the lactic acid concentration in the
serum of cattle and buffaloes suffering from acid .indigestion, and found 24.3
+ 6.88mg% in Zebu cattle and 6.8 + 0.93 mg% in buffaloes.

| Shinosaki and Nakabayashi (1974) induced ruminal acidosis in sheep

and recorded increased lactic acid concentration in rumen (115mM/L) and

blood (4.1 mEq/L).
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Vestweber et al. (1974) observed that the mean concentration of blood
lactic acid was inversely proportional to the rumen pH. The mean
concentration of blood lactate were 1.84 + 0.95 mM/L and 3.02 + |77
mM/L at rumen pH of 6 or above and 5.99 or less respectively in maize
sugar induced acidosis in sheep.

Dougherty et al. (1975) observed that blood lactic acid concentration
increased from 4 to 79.5 mg/100ml in grain overload sheep.

Verma et al. (1975) estimated the lactic acid concentration in blood of
Barbari buks at ‘0’ hour, nd hours, 4™ hours and 6™ hours of concentrate
mixture feeding, which were 9.53 £ 0.45, 28.51 + 0.90, 8.35 + 0.30 and 8.55
+ 0.25 mg/100ml respectively.

Elam (1976) reported higher level of lactic acid in rumen and blood of
feedlot cattle suffering from ruminal acidosis.

Stangassinger .and Giesecke (1978) reported that when blood -lactic
acid level exceeded 1.9 mmol/L in goat and 4.25 mmol/L in sheep and cow,
the excretion rate increased greatly. Above this threshold concentration the
maximum backtransport rate of the kidney is exceeded, and lactic acid
excretion became proportional to the glomerular filtration rate.

Sethuraman and Rathor (1979¢) induced acute indigestion in bovine
and found that blood lactate values increased from 14.5 + 2.2 mg% and 18.6
+ 2.16 mg% in cattle and buffaloes respectively at 0’ hour, through 42.4 +
3.5 mg% and 42.2 + 2.0 mg% at 48 hours to 61.1+ 1.7 mg% and 60.2 £ 2.7
mg% at 96 hours.

Nauriyal and Baxi (1981) induced lactic acidosis in cross-bred cattle

and buffaloes and recorded high ruminal and blood lactate level.
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Randhawa et al. (1981b) produced ruminal acidosis in 12 buffalo
calves, out of which 2 animals died after 60 hours and another 2 after 96
hours. The mean lactic acid concentration prior to death was 86 mg/100 m]
of blood.

Sen et al. (1982) recorded increased lactic acid level in rumen liquor
and blood of goats at 4 hours after induction of acidosis.

Tanwar et al. (1983) found increased mean blood lactic acid
concentration from 9.45 + 0.54 mg% pre-engorgement to 27.30 + 1.32 mg%
at 12 hours and further increased to 40.57 £ 5.20 mg% at 72 hours post-
engorgement.

Sen et al. (1984) produced acute ruminal acidosis in goats by feeding
rice and found that the highest lactic acid concentration (41.37 + 2.42 mg%)
occurred at 32 hours.

Sandha and Chaudhary (1985) noticed elevated bloedi lactic acid level
at 12 hours of induced acidosis in buffalo calves. The value remained
elevated throughout the acidotic phase.

Sinha ef al. (1985) induced experimental acidosis in buffalo calves
and observed that the mean concentration of lactic acid increased from 17.38
+ 1.93 mg% pre-engorgment to a maximum of 60.00 + 8.94 mg% at 36
hours post- engorgement.

Tanwar and Mathur (1985) found a marked rise in the rumen and
blood lactic acid level in goats following experimgntal acidosis.

Vihan and Rai (1985) recorded that the lactic acid level of blood in
acidotic goats increased to 30.8 + 2.30 mg%.

Cao et al. (1987) noted that the mean concentration of blood lactate

was increased from 1.78 + 0.737 mmol/L to 2.72 + 0.363 mmol/L at 12
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hours, then declined and again elevated to 2.79 + 1.223 mmol/L at 48 hours
of experimentally induced lactic acidosis in goaté.

Randhawa er al. (1988) observed increased blood lactic acid
concentration in subacute cases of lactic acidosis in buffalo calves.

Lal et al. (1989) noted rise in blood lactic acid level in experimentally
induced acidosis in goats.

Das (1990) observed a significant increase in blood lactic acid in
experimental rumen acidosis in goats. Highest blood lactic acid
concentration of 38.06 +4.11 mg/100ml was observed at 36" hours.

Patra (1991) found increased blood and ruminal lactic acid levels in
acidotic sheep.

Lal er al. (1992) observed that the lactic acid level in blood
significantly rose from 12 to 48 hours & decrease towards normalcy by 72
hours.

Lal et al. (1993) observed decreased blood pH and an increase in
blood lactic acid concentration in acidotic goats.

Patra et al. (1993) noted an increased lactic acid concentration in
blood after 12 hours of oral feeding of wheat grain in sheep.

Sen et al. (1993) reported, increased lactic acid 21.3 + 4.5 mg% from
normal of 13.0 + 2.9 mg% by 8 hours of induction and the peak blood lactic
acid concentration (41.4 £+ 12.4 mg%) was recorded at 32 hour of acidosis.

Angelov et al. (1995a) noted increased blood lactate 5.2 mmol/L at 12
hours following administration of 20 ml/kg of body weight beet molasses in

goats.
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Angelov et al. (1996) recorded the mean values of blood lactate 8.1 +
0.9 mmol/L at 12 hours after treatment in experimental acute rumen acidosis

in sheep.

Patra et al. (1996) found an increased blood lactic acid concentration

at 12 hours after feeding of soaked wheat in sheep.

Shukla et al. (1999) reported increased blood lactic acid level in calves
after 36 hours of feeding of wheat flour.
Dwivedi et al. (2000) estimated increased concentration of blood

lactic acid following grain feeding. It showed a rising trend till 36 hours of

the observation.

2.5.3. Blood bicarbonate :

Shinosaki and Nakabayashi (1974) produced a slight acidosis in sheep
by intraruminal administration of glucose @ 6.75 gm/kg body wt. The effect
on rumen fluid indicated a fall in rumen pH to 4.64, increase in
concentration of lactic acid to 115 mM/L, increase in concentration of
calcium and magnesium ions and a decrease in sodium and carbonate
concentrations. The plasma changes included, a fall in pH to 7.3, an increase
in lactic acid concentration to 4.1 mEq/L, an increase in concentration of
sodium and phosphate ions and decrease in concentration of potassium,
chloride and carbonate ions.

Dougherty et al. (1975) engorged grains mixture (75% shelled com

‘and 25% oats) @ 70 gm/kg body weight and found a marked changes in
rumen pH (from 7.2 to 4.2), blood pH (from 7.52 to 7.01) and HCO; (from

20.1 to 3.6 mmol/L) at 53 hours of experimental induction in sheep.
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Heijlasz et al. (1984) studied experimental acute metabolic acidosis in
cow and observed reduction in blood pH and bicarbonate level after 24 hours
of induction.

Li et al. (1984) observed that the CO, combing power of the plasma
and the pH of the urine fell rapidly when maize flour @ 30 gm/kg body wt.
with added water was given by drench to sheep.

Sen et al. (1993) reported that serum bicarbonate levels decreased
significantly from normal 24.6 + 2.2 mEq/L to 22 + 1.2 mEq/L after 4 hours
of induction of acidosis and the lowest value (9.01 + 3.13 mEq/L) was
observed at 44 hours of grain overload.

Angelov et al. (1995a) induced acute ruminal acidosis in goats and
noted the lowest value of blood pH (7.19), bicarbonate (14.5 mmol/L), ABE
(-16.8 mmol/L) and rumen pH (3.68) after 12 hours of administration of beet
molasses.

Angelov et al. (1995b) measured the blood pH and bicarbonate level
7.23 and 15.40 mmol/L respectively in buffalo calves at 12 hours, 7.18 and

13.3 mmol/L at 24 hours, 7.19 and 14.5 mmol/L in goats at 24 hours, 7.20
and 12.6 mmol/L in sheep at 12 hours after the administration of beet
molasses @ 20 mlkg body wt.

Angelov et al. (1996) induced ruminal acidosis in sheep and observed
a decreased values of blood pH, blood bicarbonate, ABE and rumen fluid pH

_rapidly. After 12 hours of molasses administration, the mean value recorded
were, blood pH 7.201 + 0.028, blood bicarbonate 12.6 + 1.8 mmol/L, blood
ABE - 16.3 + 1.8 mmol/L and rumen pH 3.24 + 0.20.
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Shukla et al. (1999) reported that the bicarbonate level in blood (19.45
mmol/L) showed a significant (1%) fall at 36 hours post induction of lactic
acidosis and remained low throughout the study period in calves.

2.5.4. Serum transaminase activity (ALT / AST) :

Jagos et al. (1973) reported fall in dehydrogenase activity of ruminal
fluid in cattle during acidosis which was parallel with fall in pH.

Mullen (1973) noted an increased activities of enzymes viz. aspartate
amino transferase, alanine amino transferase , alkaline phosphatase and
glutamate dehydrogenase in calves fed on barley.

Vihan et al. (1973a) recorded a moderate rise in alanine amino
transferase activity in cattle and buffalo while, aspartate amino transferase
activity remained constant in clinical cases of acid indigestion.

Cakala et al. (1974) recorded higher AST value in the various forms
of ruminal acidosis in sheep following sucrose administration.

Slyter (1976) observed the influence of acidosis on rumen function in
ruminants and suggested that the amylase activity was reciprocal to pH, in
the range of 6.5-5.0 while the activity decreased below pH 5.

Vihan (1978) recorded a significant positive correlation between the
serum alkaline phosphatase activity and ruminal pH in buffalo, while non
significant change in lactic dehydrogenase activity was noted.

Sethuraman and Rathor (1979b) recorded increased levels of
~ transaminases (SGPT and SGOT) and icterus index in both the cases of
experimentally produced acute ruminal acidosis and alkalosis in bovines

Nauriyal and Baxi (1981) reported a significant rise in the SGOT and
SGPT activity in cross-bred cattle and buffalo, while no change was

observed in alkaline phosphatase activity in rumen acidosis.
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Bieniek (1982) recorded increased serum aspartate aminotransferase
activity in cattle following ruminal acidosis.

Randhawa et al. (1988) noted, rise in ALT, AST, arginase and GDH
activities in subacute lactic acidosis in buffalo calves.

Lal et al. (1989) reported a significant rise in AST, GGTP, LDH,
amylase and CPK values in serum of acidotic goats, following intraruminal
administration of wheat.

Lal et al. (1991) found significantly higher activities of amylase (at 12
hours), lactate dehydrogenase (12 to 48 hours), creatine phosphokinase (12
to 48 hours), aspartate aminotransferase (12 to 24 hours) and gamma-
glutamyl transferase (12 to 96 hours) in serum samples of goats with
acidosis.

Das and Misra (1992) reported that GOT and GPT increased markedly
from 24 hours onward till death or recovery and highest value (60.36 + 5.20
ng of pyruvic acid/ml) was recorded at 72 hours following engorgement with
crushed rice @ 80 g/kg body wt. after 36 hours of fasting in goats.

Lal et al. (1992) reported increased AST, and GGTP activity in
acidotic goats to 117.33 £ 8.143 RFU/ml and 59.00 + 1.238 pg/L at 12 hours
after the induction.

Gaikward et al. (1993) reported, increased level of SGOT to 59.56 +
1.19 from normal level of 30.05 + 0.69 in buffaloes suffering from anorexia.

Patra et al (1996) recorded thp maximum Serum creatinine
phosphokinase (54.0 IU/L), GGTP (68.3 IU/L), AST (60.8 IU/L) and serum
amylase (159.5 TU/L) activities at 96, 24, and 24 hours respectively in

acidotic sheep.

ABHISHEK KUMAR 43



M.V.Sc. THESIS#CLINICO-BIOCHEMICAL & THERAPEUTIC STUDIES OF EXPERIMENTAL RUMINAL ACIDOSIS IN GOATS.

Nikolov (1998b) recorded the concentration of pyruvate (95.5 to 104.5
mmol/L) before the experiment, which increased maximum to (162.3 + 8.4
mmol/L) at 24 hours of development of acute rumen acidosis in buffalo;

Dwivedi (2000) reported that there was non-significant increase in

AST level in acidotic calves where as the activity of ALT remained almost

unaltered.

Hawa Singh et al. (2001) reported significant increase in ALT and
AST level from 16.83 £ 2.15 and 56.75 + 4.56 of healthy goats to 21.95 +
1.04 and 66.54 + 2.72 in simple in digestion cases.

2.5.6. Total serum protein :

Gorczyca et al. (1960) reported that mean normal value of total serum
protein in goat (both male and female) aged 7-9 months was 6.25 + 0.35
gm/dl.

Altman and Dittmer (1961) reported that normal levels of total serum .
protein in goat to be 6.67 gm/100ml, but total plasma protein was 7.27
gm/100ml.

Juhas’z and Szegedi (1968b) reported that plasma protein value
increased in acid indigestion of sheep produced by ground wheat and barley.

Jonson and Liberg (1974) found decrease in the level of total protein
in intensively fed calves.

Mullen (1976) reported that the concentration of total plasma protein
varied with the degree of dehydration present in carbohydrate overfeeding in
cattle.

Nauriyal and Baxi (1978) observed that total plasma proteins showed

no change in experimentally induced ruminal lactic acidosis of cross bred

cattle and buffaloes.
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