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Abstract:
The effects of feeding different levels and sources of ergot to the same group of heifers in two trials
were evaluated. In trial I, which was 119 days, the effects on feedlot performance and blood levels for
carotene, vitamin A, calcium, phosphorus, hematocrits, white blood cells, neutrophils, lymphocytes,
monocytes, eosinophils and basophils were evaluated. Twenty-eight heifers, averaging 207.87 kg, were
stratified by weight into seven lots of four head each. Each lot was individually fed a wintering ration
with barley containing either 0, 0.1, 0.2, 0.4, 0.8, 1.6 or 3.2% ergot; each group of two heifers within a
lot were fed ergot from a different source. The 3.2% ergot level could not be fed because of a
palatability problem; those heifers were fed the 1.6% ergot level.

Average daily feed (ADF) of heifers fed 0.1, 0.2, 0.4, 0.8 and 1.6%. ergot levels provided an average
daily intake of 1.14, 2.04, 4.99, 8.17 and 12.70 g ergot, respectively. Heifers fed ergot source I at the
1.6% level had a significantly lower (P<.05) ADF and average daily gain (ADG) than heifers fed ergot
source 2. Heifers fed 1.6% ergot level had a significantly lower (P <.05) ADF and ADG than heifers
fed the 0, 0.1, 0.2, 0.4 and 0.8% levels.. This difference indicated that these particular ergot sources
were unpalatable at the 1.6% level. There were significant differences (P< .05) among ergot levels for
vitamin A, phosphorus, white blood cells, lymphocytes and monocytes, but results were variable.
Heifers fed the 1.6% ergot level developed rough hair coats, two walked stiffly on their hind legs and
two heifers lost parts of their tails from gangrene.

In trial II, heifers were individually fed barley containing ergot levels of 0, 0.2, 0.4 and 0.8% in a
fattening ration for 135 days. These levels of ergot provided an average daily intake of. 0, 3.63, 7.25
and 12.26 g ergot, respectively. Each of the two lots within a certain ergot level was fed a different
ergot source. Heifers fed ergot were off and on.feed throughout the trial due to digestive disturbances,
as evidenced by their foul breath and putrid, watery feces. There were no significant differences
between the heifers fed the two ergot sources for ADG, ADF and feed per kg gain. There was a
significant difference (P <.05) between heifers fed no ergot and those fed ergot for ADF and ADG.
Ergot levels had no effect on levels of the different blood components.

During high ambient temperatures, heifers fed the 0.8% ergot level had increased body temperatures,
respiration rates and salivation. Most of the heifers were observed to cycle normally (17 of 27) and
there was no effect on development of the uterus. No ergot alkaloids were found in muscle or liver
tissue by chemical analysis and a rat feeding trial. Histological slides of liver and kidney tissue showed
lesions in the kidney from past glomerulonephritis in 16 of 19 heifers fed ergot.- Nine of the 19 heifers
had small foci of necrosis and inflammation in the liver tissue.
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ABSTRACT

Thd effects of feeding different levels and sources of ergot to the 
same group of heifers in two trials were evaluated. In trial I, which 
was 119 days, the effects ofi feedlot performance and blood levels for 
carotene, vitamin A, calcium, phosphorus, hematocrits. White blood cells, 
neutrophils, lymphocytes, monocytes, eosinophils and basophils were eval
uated. Twenty-eight heifers, averaging 207.87 kg, were stratified by 
weight into seven lots of four head each. Each lot was individually fed 
a wintering ration with barley containing either 0, 0.1, 0.2, 0.4, 0.8,
1.6 or 3.2% ergot; each group of two heifers within a lot were fed ergot 
from a different source. The 3.2% ergot level could not be fed because 
of a palatability problem; those heifers were fed the 1.6% ergot level. 
Average daily feed (ADF) of heifers fed 0.1, 0.2, 0.4, 0.8 and 1.6%. ergot 
levels provided an average daily intake of 1.14, 2.04, 4.99, 8.17 and 
12.70 g ergot, respectively. Heifers fed ergot source I at the 1.6% level 
had a significantly lower (P-c.05) ADF and average daily gain (ADG) than 
heifers fed, ergot source 2. Heifers fed 1.6% ergot level had a signif
icantly lower (P <.05) ADF' and ADG than heifers fed the 0, 0.1, 0.2, 0.4 
and 0.8% levels.. This difference indicated that these particular ergot 
sources were unpalatable at the 1.6% level. There were significant dif
ferences (P^ .05) among ergot levels for vitamin A, phosphorus, white 
blood cells, lymphocytes and monocytes, but results were variable.
Heifers fed the 1.6% ergot level developed rough hair coats, two walked 
stiffly on their hind legs and two heifers lost parts of their tails from 
gangrene.

In trial II, heifers were individually fed barley containing ergot 
levels of 0, 0.2, 0.4 and 0.8% in a fattening ration for 135 days. These 
levels of ergot provided an average daily intake of. 0, 3.63, 7.25 and 
12.26 g ergot, respectively. Each of the two lots within a certain ergot 
level was fed a different ergot source. Heifers fed ergot were off and 
on.feed throughout the trial due to digestive disturbances, as evidenced 
by their foul breath and putrid, watery feces. There were no significant 
differences between the heifers fed the two ergot sources for ADG, ADF 
and feed per kg gain. There was a significant difference (P <.05) be
tween heifers fed no ergot and those fed ergot for ADF and ADG. Ergot 
levels had no effect on levels of the different blood components.
During high ambient temperatures, heifers fed the 0.8% ergot level had 
increased body temperatures, respiration rates and salivation. Most of the 
heifers were observed to cycle normally (17 of 27) and there was no effect 
on development of the uterus. No ergot alkaloids were found in muscle or 
liver tissue by chemical analysis and a rat feeding trial. Histological 
slides of liver and kidney tissue showed lesions in the kidney from past 
glomerulonephritis in 16 of 19 heifers fed ergot.- Nine of the 19 heifers 
had small foci of necrosis and inflammation in the liver tissue.



INTRODUCTION

Ergot can infect barley and other cereal grains. The severity of 

infestation varies with weather conditions, area, and variety and type 

of grain. Ergot is a purplish-black ̂ dormant fungus mass that replaces 

the grain kernel when infected by the fungus genus Claviceps purpurea.

Ergot decreases the yield of grain crops and for centuries has 

caused a disease called "ergotism" which has resulted in considerable 

loss of human and animal life. The primary action of ergot is the con

striction of the blood vessels flowing to body extremities, causing a 

shortage of blood* this constriction results in tissue death, with 

sloughing off of the damaged appendages. The toxic properties of ergot 

are due to a large group of basic nitrogen containing natural products 

called alkaloids (alkali-like).

Barley is the principal grain used in formulating rations for feed

ing cattle, and thus, the danger of ergotism is of considerable importance. 

There have been many questions raised as to whether or not ergot can be 

fed to cattle and if it can, at what level? Because of the lack of in

formation on feeding ergoty barley to cattle, no recommendations can be 

made.

The purpose of this experiment was to study the effects from feeding 

different levels of ergot upon certain blood components and feedlot 

performance of beef heifers.



LITERATURE REVIEW

History of Ergot

Ergot is the common name given to the fungus genus Claviceps and is 

also generally applied to the sclerotium formed by the fungus. The 

sclerotium is. the dormant fungus mass that replaces the seed or kernel 

of a plant and may'have somewhat the Same general configuration. Ergot 

is hard with a purplish-black color.

Species of the genus Claviceps are Ascomycetous fungi of a complex 

life cycle which parasitize the seeds of various cultivated and wild 

grasses. Losses from CL purpurea have occurred froirf the northeastern 

and eastern states to the Rocky Mountains and California. Losses have 

also occurred from CL paspali in many of the southern states and from 

C. cinerea in Texas. The species Claviceps purpurea which is important 

in this area can infect rye, barley, wheat, oats, and wild grasses such 

as wheatgrass, quackgras.s, smooth bromegrass, wild rye, and bluegrasses.

Claviceps parasitizes the ovary of the developing grass flower. 

Infection takes place at the time the grass flower opens. The fungus 

filaments ramify throughout all or part of the grass ovarial tissue, 

obtaining, nutriepts from it and preventing development of the seed. 

Asexual spores (conidiai) are formed in chains at the tips of filaments 

which reach the surface of the host tissue and are shed in a drop of 

sticky exudate, CheVhoney dew" secreted by the host. Infection of 

additional grass heads takes place by insect transfer of conidia. No
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toxic substances are produced by the fungus up to this point in its life 

cycle. Simultaneously with the production of conidia, the continuously 

developing mass of filaments in the host tissue begins to become compact, 

to harden, and eventually to transform into a hard, pink or purplish 

structure which gradually replaces the grass grain. This grain-shaped 

mass may be the same size or three or four times larger than the grain 

it replaces, depending mainly upon the species of grass. This mass 

designated the sclerotium or ergot proper, constitutes the poisonous 

stage of the life cycle. The sclerotium is shed with the grain heads 

if, not harvested and overwinters. In the spring when the weather becomes 

warm and moist, the sclerotium pro'duces a pexual type of spore (ascospore) 

which is spread to the flowers by wind currents (Kingsbury, 1964).

In dry seasons, there is usually very little infection by ergot, 

but durirjg a wet season, infection develops abundantly (Weniger, 19.24). 

Dry weather during the time of blossoming does not favor infection, 

because flowering takes place rapidly. Sudden heat on moist ground 

causes prompt germination of the ergot bodies and.the formation of the 

stalks and spores. Moist weather conditions about the time of blossom

ing prolongs the flowering period and the time the glumes remain open, 

as well as favoring the growth of the fungus in the grain. Brown (1915) 

states that warm dry weather for dissemination of the spores, as well 

as for blossom infection, is favorable for development of the ergot 

disease in epidemic form..
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The contamination of an edible grain by a poisonous, parasitic 

fungus has spread death and destruction for centuries. As early as 

600 BoC., an Assyrian tablet alluded to a "noxious pustule in the ear 

of grain" (Brazeau, 1965).

There is substantial evidence that ergotism existed in humans 

during the Greek and Roman times.

Ergotism proved to be fatal in Europe ahd Russia, to thousands 

of peasants who ingested ergotized grains during the 10th, Ilth and 12th 

centuries.

During the middle ages, there were great Argot plagues known as 

"Holy Fire", "St. Anthony's Fire" or "St. Martial's Fire" and all were 

associated with ergotized rye (Youngken, 1947).

The characteristic symptoms described in these epidemics were gan

grene of the feet, legs, hands and arms. In severe cases, the tissue 

became dry and black and the mummified limbs separated without loss 

of blood. In addition, a frequent complication of ergot poisoning was 

abortion (Brazeau, 1965).

It was not until 1670 tjiat ergot was proved to be the cause of the 

destructive epidemics that for centuries had raged uncontrolled; yet 

as late as 1765, there were reports from Sweden of epidemics from 

ergotized barley and oats (Youngken, 1947).

In the United States, there were reports of ergotism in the states 

of New York, Ohio, Iowa and Kansas from 1820 to 1885. There has been
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outbreaks of ergot poisoning in humans in the present century, epideijiics 

having'been reported in Russia in 1926, in Ireland in 1929 and in France 

in 1951.

Before 1884, there were serious outbreaks of ergotism in cattle in 

Kansas, Missouri and Illinois (Brown and Ranck, 1915). Ergotism in 

cattle fed hay containing ergot infected rye grass was reported in 

Kansas in 1932 (Lumb, 1932). There have also been reports of ergotism 

in young cattle grazing ergot infested rye pastures (Jones, 1953;

Edwards 1953; Dillon, 1955).

In 1970, there was a case of ergotism in cows fed ergot infected 

silage (McKeon and Egan, 1971) and in 1966, ergotism was reported in 

England (Woods, Jones and Mangle, 1966).

Ergot was known as an obstetrical herb before it was identified as 

being the cause of "St. Anthony's Fire". For years, it was used, by mid

wives to hasten childbirth before it was recognized by the medical 

profession.

The use of ergot in the United States spread rapidly after an article 

was published in the Medical Repository in 1807, describing how ergot 

extracts quicken--, childbirth. The dangers attending the use of the drug, 

however, were soon recognized. In 1824, a doctor wrote that the number 

of stillborn children had increased so greatly since the introduction 

of ergot that the Medical Society of New York instituted an inquiry.
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Chemical Composition

Ergot owes its therapeutic and toxic properties to alkaloids. The 

term alkaloid is applied to the large group of basic nitrogen contain

ing natural products of vegetable origin which may be byproducts of 

the fungus Claviceps metabolism (Cunningham, 1941).

Besides a number of alkaloids, ergot contains a variety of other 

compounds. Three coloring matters have been isolated from ergot; a 

yellow pigment, erochrysin; a lemon yellow crystalline compound; and 

sclererythrin, a violet or crimson substance. Inorganic salts make 

up the 2.5 to 770 of ash found in different samples of ergot. Oils 

comprise up to 40% of the weight of the sclerotia, whereas vitamin D 

and ergosterol occur among the. sterols. Several of the organic bases,
i

such as choline and acetylcholine, possess, important physiological 

properties. Histamine and tyramine are present among the amines. In 

addition, there are organic acids, carbohydrates and amino acids present 

(Cunningham, 1941).

Detailed analytical investigations of samples of ergot by Stoll 

and Hofmann (1965), Bradley and Jones (1965), and Cunningham, McIntosh 

and Swan (1944a) showed that samples from different localities varied 

in alkaloid content from 0.00 to 0.857%.

The source of the ergot strongly influences the type of alkaloid 

present. Bradley and Jones (1965) found a rye ergot sample containing 

0.244% total alkaloids consisting almost entirely of ergotamine, and
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Friend-arid .MacIntyxe (1970) reported ar sample containing 0.292% total 

alkaloids with 70% of it ergocristine.

Rowe.'(1937.) and Christensen (1939) showed that ergot loses much of 

its activity upon aging and that rapidity of deterioration was largely 

determined by the degree of moisture. If moisture content is less than 

8%, the loss of potency in 18: months is too slight to be measurable.

According to McDonald (1965), crude ground ergot deteriorates 

rapidly when exposed to the air; some ergot is physiologically inactive 

if more than a year old.

Approximately 40 itidividual alkaloids have been isolated from 

Claviceps (Ramstad, 1968). All these alkaloids are formed from the 

same tetracyclic ring system that Jacobs and Craig (1938) named ergoline, 

which today is called lysergic acid. It is believed that lysergic acid 

is derived from tryptophan (Bentley, 1957).

On the basis of their structural difference, the ergot alkaloids 

may be divided into two main groups: one group includes all lysergic 

acid derivatives of the acid amide type and the other includes the so- 

called clavine alkaloids. Clavine alkaloids differ-from the classical 

lysergic acid alkaloids in that the carboxyl group of the lysergic acid 

has been reduced to the hydroxymethyl or methyl group. The lysergic 

acid derivatives of the acid amide type have been studied for many years. 

The structural element common to these alkaloids is lysergic acid or 

its Stereoisomer, isolysergic acid. Fresh ergot almost exclusively
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contains the pharmacologically highly active, lysergic acid alkaloids 

(Stoll and Hofmann, 1965). By using old ergot or unsuitable methods of 

isolation, however, considerable quantities of the isomeric alkaloid 

forms are obtained. Isolysergic acid is the characteristic component 

of these alkaloids which have only a weak physiological activity and 

are strongly dextrorotatory. The names of the alkaloids of lysergic 

acid derivatives end in "ine" while isolysergic acid derivatives end 

in "inine" (Stoll, 1950). Lysergic acid and isolysergic acid, as well 

as the alkaloids derived therefrom, are readily reversibly intercon

vertible (Smith and Timmis, 1936).

The most common pharmacologically potent alkaloids in ergot are 

ergonovine (ergometrine), ergotamine, ergosine, ergocristine, ergo- 

cryptine, and ergocornine. The alkaloid called ergotoxine in earlier 

literature was found by Stoll and Hofmann in 1943 to be, not a single 

alkaloid but a complex of ergocristine, ergocryptine and ergocornine. 

Ergonovine is the simplest alkaloid of ergot, upon alkaline hydrosIysis, 

it yields lysergic acid and aminopropanol. The majority of alkaloids 

produced from ergot fungi are peptides of lysergic acid. Cleavage 

products resulting from hydrolytic degradation of ergot alkaloids of 

the peptide types are given in the scheme below (Stoll and Hofmann,

1965).
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Pyruvic
Acid

L-Phenylalanine Ergotamine
(Ergotaminine)*

Lysergic
Acid

L-Leucine . Ergosine 
(Ergosinine)

Ergocristine 
(Ergocristinine)Proline L-Phenylalanine

Isolysergic
Acid (D- or L-) Dimethyl

Pyruvic L-Leucine 
Acid

_ Ergocryptine 
(Ergocryptinine)

L-Valine Ergocornine
(Ergocorninine)

*Compounds in parenthesis are inactive isomers.

All of the ergot alkaloids are soluble in organic solvents, such as 

chloroform, with the exception of ergonovine (ergometrine) which is water 

soluble. In addition., to the above problem in case of extraction of 

alkaloids, an equilibrium of the isomeric forms is reached very quickly 

in an alkaline medium (Stoll et al.,1954).

The assay most widely used to determine the ergot alkaloid content 

requires the use of p-dimethylaminobenzaldehyde and the indole structure 

of lysergic acid which produces a blue color (Smith, 1930). The alkaloid 

content of ergot is usually reported as total ergot alkaloids and/or 

water soluble alkaloids. These results do not indicate the quantities of 

individual alkaloids or the potency of the alkaloids.

Physiological Actions

General

According to Stoll and Hofmann (1943), all natural ergot alkaloids

possess pharmacodynamic properties to a greater or lesser degree.
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Present Iy, two ergot alkaloids derivatives, ergonovine maleate and 

ergotamine tartrate, are used for therapeutic purposes in humans. 

Ergotamine is used in the treatment of migrane headaches and ergonovine 

is used in obstetrics for .management of postpartum hemorrhage in women, 

(Nickerson, 1965).

Absorption, Fate, Elimination

Little is known of the fate and excretion of the ergot alkaloids. 

Ergot alkaloids of high molecular weight such as ergotamine and ergo- 

toxine group are poorly and irregularly absorbed from the gastro

intestinal tract. Ergonovine, on the other hand, is rapidly and adequate

ly absorbed after oral administration (Brazeau, 1965).

Kopet and Dille (1942), Rothlin (1947), and Kisch (1966) found that 

the alkaloids disappear very rapidly from the blood but no active form 

could be found excreted in the urine. Kopet and Dille (1942) believed 

the liver detoxified the alkaloids because none could be found in the 

muscle or urine. Rothlin (1947), on the other hand, recovered relative

ly great quantities in the liver, kidney, spleen, and muscles. They 

have also been found in the aqueous humor and in the cerebrospinal 

fluid but not in the brain. Clegg, in 1959, reported minute quantities 

of ergotamine in the liver of a ergotized lamb. Kisch (1966) found small 

quantities in the liver after the alkaloid had disappeared from all other 

organs one hour after intravenous injection. Cunningham at al. (1944a) 

and Wood at al. (1966) could not find any alkaloids present in milk
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from ergotized cows.

Direct Peripheral Effects

According to Rothlin (1947), all ergot alkaloids have the ability 

to stimulate the smooth muscle organs, especially the blood vessels, 

uterus, iris, and the amnion. Rothlin (1947) also found that alkaloids 

constrict isolated arteries, blood vessels in the rabbit ear and extrem

ities of the frog, causing a rise in blood pressure.

‘ According to Brazeau (1965), the ergot alkaloids that produce peri

pheral vasoconstriction damage the capillary endothelium. The mechanism 

of this toxic action is not clearly understood but was found by Yater and 

Cahill (1936) to result, from a persistent spasm of the arteries. The 

result is to shut off the blood supply to the distal parts of the body 

where the circulation is weakest and to produce mummification of the 

extremities.

Ergonovine produces less of this vascular damage than do the other 

ergot alkaloids (McDonald, 1965). Ergotamine, and probably all the 

other ergot alkaloids, can produce coronary vasoconstriction (Nickerson, 

1965).

When ergotamine induces relief of migraine headaches, there is a 

parallel decline in the amplitude of arterial pulsation, which is caused 

by constriction of the cranial arteries by the drug (Wolff, 1948).

All the natural alkaloids of ergot markedly increase the motor 

activity of the uterus. The mechanism of action is one of direct
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muscular stimulation, as the isolated uterus responds equally as well as 

the uterus in situ (Thompson, 1935). After small doses are administered, 

contractions are increased in force or frequency, or both, but are fol

lowed by a normal degree of relaxation. Very high doses can cause 

sustained contracture (Brazeau, 1965). The sensitivity of the uterus 

to ergot alkaloids varies, especially with the degree of maturity and 

stage of gestation, but even an immature uterus is stimulated. The 

gravid uterus, however, is very sensitive and small doses of ergot 

alkaloids will produce a marked uterine response (Brown and Dale, 1935).

Ergonovine possess a more specific action upon the human uterus 

than do the other alkaloids of ergot. Ergonovine differs from ergota- 

mine and ergotoxine groups in greater ease of absorption from the■ 

intestinal tract and in the increased speed of action upon the uterus 

(Smith, 1938).

Indirect Peripheral Effects

Natural ergot alkaloids block or reverse the pressor effects of 

epinephrine, other sympathomimetic amines, and sympathetic nerve stimu

lation, except ergonovine lacks ^-adrenergic blocking activity (Nickerson, 

1965). In addition to the direct peripheral effect on the smooth muscle 

of the arteries and vessels, there is also present a latent sympathicoly- 

tic action. All alkaloids, with the exception of ergonovine, inhibit or. 

reverse the action of epinephrine. The effect, therefore, on the blood 

vessels is a double or bivalent one (RothIin, 1947).
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Rothliri (1947) demonstrated the inhibition of the excitatory epi

nephrine effect of ergot alkaloids on both the isolated urerus and uterus 

in situ of the rabbit.

Rothlin (1954) showed that in addition to inhibitory functions 

subject to the excitatory effects of epinephrine, ergot alkaloids can 

inhibit the inhibitory effect of epinephrine upon the small and large 

intestine in vitro and in vivo of the rabbit.

Ergotamine increases peristaltic activity and rate of passage of 

solid material along,the gastrointestinal tract, in both anesthetized 

and unanesthetized animals and in man (Brazeau, 1965).

Rothlin (1947) and Sutherland and Rail (1960) found that natural 

ergot alkaloids all inhibit epinephrine-induced hyperglycemia more 

effectively than did other cX-adrenergic blocking agents. Even ergono- 

vine, which lacks o<-adrenergic blocking activity, inhibits epinephrine- 

induced hyperglycemia (Harvey, Wang and Nickerson, 1952). The alka

loids also antagonize the stimulation of cyclic 3'5' AMP formation 

induced by epinephrine in liver cell particulates; stimulation by 

glucagon is unaffected (Sutherland and Rail, 1960).

Central Nervous !System Effects

The effects of the ergot alkaloids on the central nervous system 

are very diverse as sites of action are situated in the vasomotor center 

and the cardiac inhibitory center,in the medulla oblongata as well as 

in the sympathetic structures of the diencephalon, particularly the
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hypothalamus. Both depression and stimulation are involved (Stoll and 

Hofmann, 1965) .

Rothlin (1947) found a generalized impairment of body temperature 

regulation, presumably by action on the hypothalamus. Small doses of 

ergotamine in the rabbit decreased body temperature, whereas large doses 

and the other alkaloids caused an increase in body temperature. Ergono- 

vine lowered body tempearature of the mouse and increased the tempera

ture of the cat and rabbit.

Ergot alkaloids cause depression of the vasomotor center which 

reduces peripheral sympathetic tone, causes vasodilation, fall in blood 

pressure, postural hypotension, and decreased reflex vasomotor responses 

in cats and rabbits. Ergotamine produced an increase in blood pressure 

and so did ergosine in small doses, whereas at high doses it decreased 

blood pressure the same as the other alkaloids (Rothlin, 1947). Brown 

and Dale (1935) believe the depressor effect of ergonovine was due to 

depression of some vasomotor controlling center in the forebrain.

Respiratory rate and volume were depressed in anesthetized laborer 

tory animals and in unanesthetized man (Davis, 1935).

The effects of carbon dioxide on blood pressure and respiration 

were readily inhibited, apparently due to decreased responsiveness of 

medullary- centers. Cardiovascular responses to carotid baroreceptor 

and chemoreceptor stimulation were also inhibited by doses that did 

not produce significant peripheral adrenergic blockade (Brazeau, 1965) .
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Toxicology

General

Although'ergot and its preparation, properly employed, possess 

valuable medical properties, severe toxic effects may follow ingestion 

of comparatively large amounts.

Cattle, sheep, horses, swine, rats, mice, and fowl are affected 

by ergot but the effects of ergot seem to vary considerably with the 

class of livestock or animal. Although it is difficult to produce 

vascular damage in the rat, the chicken is susceptible and the human is 

very sensitive.

The disease caused from ingesting ergot or ergot alkaloids is called 

"ergotism". Through the years, there have £>een two distinct types of 

ergotism that have been recorded for humans and animals, a gangrenous 

and a convulsive type.

■Convulsive Ergotism

In convulsive ergotism in.humans, the earliest symptom is severe 

pruritis, and this is followed by convulsive clonic muscular twitchings 

and spasms. When the disease is fully developed, general convulsions 

attack the whole body and there is often a fatal termination (Cunningham, 

1941).

Barger (1931) has been able to quote the amounts of ergot which were 

responsible for some cases of convulsive ergotism. In one case, a family 

of nine suffered from convulsive ergotism after eating 1,200 g of ergot

o
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in three days from rye bread. Epidemics of both convulsive and gangren

ous origins have occurred in people from eating bread which contained 

4 to 30% of ergot.

Guilbon (1956) states that ergotism of carnivora, horses and sheep 

is nearly always convulsive, but that the form is rare in cattle. He 

states that in animals dying from the convulsive form, rigor mortis is 

never complete; the muscles remaining flaccid, while the arteries are 

empty. The first sign of convulsive ergotism is vertigo, the animal 

staggering as if intoxicated; this is interrupted by convulsions of the 

limbs or of the whole body followed by a temporary paralysis of the 

hind quarters and drowsiness appearance.

Clegg (1959) recorded convulsive symptoms in sheep as exceptionally 

violet muscular spasms, followed by periods of quietness with sharp 

retractions of the head. Latour (1956) fed contaminated rye bred to 

domestic animals; they became drowsy and showed muscular spasms.

Dillon (1955) found signs of convulsive ergotism in calves on 

pasture. When first examined, the calves were trembling violently; and 

after being moved, one of the calves showed a stilted gait before leaping 

in the air and then falling exhausted. Pulse and respiration rates were 

rapid, the temperature 38.4°C, and the mucous membranes appeared pale.

Guilbon (1956) describing the pathology of the convulsive form of 

ergotism states there were hyperemia of the meninges and indication of 

anemia in sections of the brain. Clegg (1959) found degeration and
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lesions in the brain of sheep.

Mellanby, as reported by Clegg (1959)3 suggested that in convulsive 

ergotism, a vitamin A deficiency is superimposed on ergot intoxication. 

Mellanby also described the striking improvement in the clinical con

dition of animals affected with severe convulsive ergotism when vitamin 

A or carotene was fed. Barger (1937) maintained that ergot alkaloids 

themselves would not produce severe convulsive symptoms in man and 

that some other factor was necessary.

Clegg (1959) found only 6.5 I.U. of vitamin A per g of liver in a 

lamb that had died from convulsive ergotism. This amount was low, 

compared to 400 to 600 I.U. for a normal lamb grazing on pasture. Low 

body levels of vitamin A have been reported more than once in cases of 

ergotism (Kingsbury, 1964).

Gangrenous Ergotism

Gangrenous ergotism in humans first affects the extremities, legs 

being more susceptible than arms. Local swelling occurs, with pain and 

partial loss of function. The blood supply to the part is reduced and 

sensation is lost. Eventually, a portion of the affected member may be 

sloughed, the extent of the loss depending on the severity of the attack. 

Barger (1931) has recorded cases in which toenails, portions of limbs, 

and even whole limbs have been sloughed.

The cause of gangrene has been studied by Custer (1938), in experi

mental animals and was found to result from.a persistent spasm of the
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arteries with congestion, anoxaemia and endothelial degeneration in the 

capillary beds. The result is a lessening of the blood supply to the 

terminal parts of the body where circulation is weakest, resulting in 

mummification of the extremities.

Cunningham jit aJL. (1944b) found that ergot poisoning in sheep pro

duced symptoms of elevated body temperature, nausea, salivation, diarrhea, 

depression and loss of appetite. Typical gangrene of the extremities 

did not occur even at levels of ergot ingestion which produced'death. 

Necrosis of the tip of the tongue was observed in a couple animals, 

but ulceration of various portions of the digestive tract and severe 

inflammation were the most charactertistic lesion observed upon post

mortem. Extent of lesions did not seem closely dependent upon level 

of sclerotia intake (between .0046 and .0196% animal weight daily) or 

total intake (.022% produced death in two days in one case, whereas 

3.0% fed over 238 days did not). Production of lesions in the digestive 

tract appeared to be due to direct contact with the ergot, as the puri

fied alkaloid extracts did not cause lesions. Some livers showed 

evidence of fatty infiltration or congestion with blood.

In an experiment involving two cows, Cunningham ej: al. (1944a) 

fed ergot from rye until the animals showed symptoms of lameness in 

the hind legs. One animal ate over twice the amount of ergot (con

taining 0.24% total alkaloids) than the other animal ate (containing 

0.31% total alkaloids), before it developed lameness. A high body
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temperature and increased pulse and respiration rate accompanied the 

lameness. On post-mortem examination, lesions were found in the terminal 

2 inches of the tail and from the fetlocks on down the hind legs. In the 

liver, small hemorrhages were found throughout the organ, and extensive 

yellow patches occurred over most of the left lobe and all of the papil

lary lobe.

Woods et_ al. (1966) reported ap outbreak of gangrenous ergotism in 

Friesian milking cows grazing on rye grass. Most of the animals showed 

swelling and lameness, particularly in the hind limbs from the coronet 

to the mid-cannon region. Appetites were normal, and there was no 

gangrene of the tips of the ears and ends of tails. Milk production was 

reduced to about 25% and the animals were finally slaughtered due to 

the severity of the lesions. The alkaloids content of the sclerotia 

was 0.24% which w#s mostly ergotamine.

In another case, Lumb (1932) stated cows fed ergot-infested rye 

grass hay developed signs of nervousness, slight lameness and soreness 

of the hind feet. All had lost their tail switch and one or both claws 

of the hind feet. The same hay was fed to some other cows; after one 

week, the cattle showed signs of nervousness and stamping of their feet.

Silage containing 0.1% .ergot with 0.132% total alkaloids (ergota

mine being the major alkaloid), produced lameness in cows about fourteen 

days afterwards (McKeon and Egan, 1971). Gangrene developed, the cows 

stopped eating and would not move. Extremities of the ears and tails
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were not affected or any nervousness observed.

Young cattle seem to be. more susceptible to ergot poisoning than 

older cattle (Jones, 1953; Edwards, 1953) when grazing ergot-infested 

rye grass. These young cattle developed gangrene of the hind legs, 

running eyes, a dullness associated with pain, tucked up abdomen 

suggesting constriction of the splanchnic arterioles, and disinclina

tion to move. In contrast, McKeon and Egan (1971) found that older cattle 

were more susceptible to ergot poisoning than younger cattle.

There were no symptoms of ergotism in pigs fed massive doses of 

ergot (Cunningham et'al., 1944a) There was a slight tenderness observed 

in their feet for a few days. Post-mortem and histological examination 

revealed no abnormalities.

The retardation of growth in growing pigs appeared to be due to the 

decreased consumption of unpalatable ergotized feed (Johnson, 1935).

Nordskog and Clark (1945) found that levels of 0.1, 0.5 and 1.0% 

ergot in rations fed to pregnant sows did not seem to affect their daily 

gains after the sows became accustomed to the ergot feed. Most were in 

good condition at farrowing time.

Friend and MacIntyre (1970) found that severe reduction in feed 

intake and growth rate accompanied the inclusion of either 1.0 or 2.0% 

ergot in swine fattening rations. . Levels of 0.10 and.0.05% ergot allowed 

moderate feed intake and weight gain but not equal to the pigs fed the 

ergot-free ration. This was substantiated by a nitrogen balance
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experiment in which control pigs retained- 1.54 g more nitrogen daily than 

pigs fed 0.10% ergot. The total alkaloid content of the ergot used in 

these experiments was 0.292%.

Post-mortem examination revealed no abnormalities which could be 

related to the level of ergot in the ration.

Many feeding experiments have been conducted showing that certain 

dietary levels of ergot tnay have adverse effects on many kinds of fowl 

including chickens. Experiments carried out by O'Neil and Roe (1965) 

suggest that chicks can tolerate 0.3% dietary ergot without! showing- 

any adverse effects. Ergot levels from 0.4 to 9.0% resulted in a 

depression of growth and an increase in chick mortality. Their work 

also indicated that egg-laying hens can tolerate up to 9% dietary ergot 

levels without ill effects but that their egg production is lower at' the 

higher ergot levels.

Bragg, Salem and Devlin (1970) more recently supplemented these 

investigations by studying the effects of ergot-infected triticale on the 

performance and survival of broiler chicks. After 28 days, chicks fed 

0.2, 0.4 and 0.8% dietary ergot showed no effect; however, dietary 

levels of 1.6, 3.2, 6.4 and 12.8% showed a decrease in weight gain 

and voluntary feed restriction. The same general growth pattern was 

observed after chicks had been fed the same ergot levels for 56 days. 

Ergot toxicity is characterized by a depression in growth, poor feather

ing, nervousness, loss of coordination, and finally lack of ability to



"22-

stand. The beak, toenails, and toes gradually became darker until these 

tissues turned black and the chick died. During the first 28 days, 

mortality was not significant whe%i dietary ergot levels were 3.2% or 

less; however, at 6.4% ergot level 60% of the chicks died and at 

12.8% ergot level there was a 93% mortality rate. By 48 days, all the 

chicks fed 3.2% ergot had died; by 56 days the 1.6% ergot group had 

suffered a 23% mortality rate. These results indicate that the toxic 

ergot alkaloids may have a cumulative effect on these chicks.

Effects on Reproduction

Rosenfeld and Beath (1950) reported that a single feeding of 5.0% 

crude ergot ration to pregnant mice in the 18th or 19th day of gestation 

had no effect on the mothers or the young. Feeding the same ration for 

3 days, starting on the 16th and 17th day of gestation, had no effect on 

the dams; the litters were born alive but all died in 2 or 3 days after 

littering. As the concentration of ergot was increased and the number 

of feeding days was increased, there was a direct increase in the loss 

of litters.

In an experiment by Nordskog and Clark (1945), pregnant sows fed 

levels of 1.0 and 0.5% ergot had no mammary development and no milk 

secretion. There were no pigs alive 21 days after farrowing. The 

researchers concluded that percentage of live pigs born and birth weight 

were inversely related to number of days of ergot fed. The gestation 

period was significantly shorter for those sows fed etgoty barley than
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those fed ergot-free barley.

Cupps and Asdell (1944) reported that ergotamine tartrate may cause 

contraction of the bovine uterine muscle at 8 days postestrum. The drug 

had no effept on uterine muscle contraction at any other time during 

estrous.

In a ergotism outbreak, Woods £t al. (1966) found that four cows 

pregnant 6 months did not abort and calved normally. These findings 

agree with research done by Ainsworth and Austwick (1959), who state 

that abortion is seldom a feature of ergot poisoning.in livestock.

Mantle and Gunner (1965) reported a case where several abortions occurred 

in a dairy herd.grazing ergot infested ryegrass. The abortions occurred 

in cows 5 to 8 months pregnant. Alkaloid content was 0.30%, mostly 

ergotamine but the authors did not think the cows could eat enough to ■ 

cause abortion.

Rankin (1965) attempted to cause abortions in heifers with ergot 

rye. He inseminated three heifers • and after 5 months gestation, the 

heifers were fed 2 g, 5 g, and 10 g of ergot, respectively, twice weekly 

until calving. None showed any signs of nervous derangement or other 

abnormalities; all calved normal, healthy, full-term calves.

Three other heifers were inseminated, and.at 4 monthsAgestation, 

they were fed 15 g, 25 g, and 40 g ergot twice weekly until about 8 

months gestation. None showed any abnormalities, and all three calved 

normally.



In contrast, Lloyd et, al. (1971) stated that experimentally,. 0.5 to 

1.0% ergot in the feed will cause cattle to abort.

Five cows from seven survivors of ergotism had not conceived durigg 

the disease after seven artificial inseminations (Woods et al., 1966). 

The two that conceived did so during the early stage of the disease and 

both calved normally. Woods et' al. (1966) reported research done by 

Bring, who found that of 30 cows and heifers involved in.an outbreak of 

ergotism only one cow returned to service.
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METHODS AND PROCEDURE

Trial I - Effects of Crude Ergot on Wintering Heifers

Twenty-eight weaned heifer calves produced at the Red Bluff Research 

Ranch were used in Trial I which lasted 119 days. The heifers were . 

stratified by weight into seven groups of four head each. These groups 

were then randomly assigned to a level of ergot', in one of seven lots in 

an open fronted shed with a southern exposure. The experiment was de

signed to feed barley that contained 0, 0.1, 0.2, 0.4, 0.8, 1.6, and 3.2% 

ergot (table I). The four heifers within each lot receiving ergot were 

subdivided into two groups and each group was fed ergot grown at differ

ent locations in Gallatin County. One source of ergotized barley, Amy 

TABLE I. EXPERIMENTAL DESIGN FOR ERGOT STUDY. TRIAL I__________________
Level® . 0 0.1 0.2 0.4' 0.8 1.6 3.2

Lot No. 33 32 34 35 36 37 38

Source^ I 2 I 2 I 2 I 2 I 2 I .2

No animals 3 2 2 2 2 2 .2 .2 2 2 .2 .2 .2.

aPercent of ergot in barley fed. 
^Produced at two different locations:

1- Barley containing 6.2% ergot diluted to the experimental levels.
2- Barley containing 14.0% ergot diluted to the experimental levels.

variety, contained 6.2% ergot and the other contained 14.0% ergot. The 

latter source of ergot was obtained by screening ergotized barley through 

a gravity mill. These two sources of barley were then ground and diluted 

with clean rolled barley to obtain the different experimental levels of 

ergot.

a
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One week prior to the start of the trial; blood samples were obtained 

by jugular veni-puncture from each heifer into a 10 ml heparinized tube 

and a clean 40 ml centrifuge tube. The heparinized blood was used for 

determining hematocrits, white cell count and differential counts for 

neutrophils, lymphocytes, monocytes, eosinophils, and basophils 

(Stufflebeam et: al. , 1964) . Hematocrits were determined by filling non- 

heparinized capillary tubes,about three-fourths full with well mixed 

whole blood. One end was sealed with wax and then placed in an Inter

national Micro-Capillary centrifuge and spun for 5 minutes at 11,500 rpm. 

The height of the packed column of cells was expressed as a percent of 

the total height of cells plus plasma. Total white cell count was de

termined by diluting whole blood 1:19 in a standard white cell diluting 

pipette with diluting fluid prepared by mixing 2.0 ml of glacial acetic 

acid with 100 ml of distilled water. Counts were made on a standard 

hemacytometer with counting chambers 0.1 mm deep. An estimate of the 

number of white cells per cmm of whole blood was determined by. multi

plying the number of cells counted in four large squares by 50. Differ

ential counts for neutrophils, lymphocytes, monocytes, eosinophils and 

basophils were made from,dry blood smears stained with modified Wright's 

stain. The dry smears were flooded with the modified stain for 15 

seconds, diluted with water for 15 seconds and washed with distilled 

water and allowed to dry. One hundred cells were counted on each smear 

to determine the percentage of each kind of cell present. .
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The blood in the centrifuge tube was allowed to coagulate, centri

fuged, and the serum was then removed for analysis of carotene and 

vitamin A by Kimble's (1938) procedure, of calcium according to Delory 

(1949), and of phosphorus by the method developed by Fiske and Subbarow 

(1925). Blood collections were made at various intervals, 14 to 28 days 

during the trial, and levels of the different blood components determined, 

These values were compared against the values determined before the 

start of the trial. Results were statistically analyzed by least 

squares analysis (Harvey, 1960). Duncan's (1955) multiple range test 

was used to determine significant differences between treatment means.

The heifers were fed a ration (table 2) balanced according to NRC 

(1970) requirements; the ration consisted of 50% grass hay, 40% ground 

barley, 4% dried molasses and 6% soybean oil meal. The ration was fed 

to provide a daily intake equal to 2.6% of the heifer's body weight.

The heifers were individualIy fed twice a day and allowed access to their 

feed for two hours; salt was given free-choice. A shrunk weight on the 

heifers was obtained at 14-day intervals and adjustments were then made 

in their daily feed intake.

TABLE 2. RATION FOR WINTERING HEIFERS. TRIAL Ia______ ______
Percent

Hay, grass 50 
Barley, ground 40 
Soybean meal 6 
Molasses, dried 4

aFed to provide a daily intake equal to 2.6% of the heifer's body weight.



X

Heifers fed the 0.8 to 3.2% ergot levels were started at the 0.4% 

ergot level and as they became accustomed to it the level was raised 

to the next experimental level; this procedure was followed until 

heifers reached their assigned ergot level.

Heifers were placed on their respective rations on January .4, 1971; 

the trial was terminated May 3, 1971.

Trial II - Effects of Crude Ergot on Fattening Heifers

The heifers from the wintering trial were used in the fattening 

trial. They were kept in the same lots with the control lot in the 

wintering trial serving as the control lot for the fattening trial. The 

remaining six lots were assigned to a level of ergot, where the barley 

fed contained 0.2, 0.4 or 0.8% ergot with two lots of four heifers being 

fed each level (table 3). Each of the two lots within each ergot level 

were fed one of the two ergot sources that had been previously fed in 

the wintering trial. In order to see the effects of ergoty barley on 

feed intake and gain, more clearly, the heifers fed the 0.1 and 0.2% 

ergot levels, the 0.4 and 0.8% ergot levels and the 1.6% ergot level 

for the wintering trial were assigned to the 0.2, 0.4, and 0.8% ergot 

levels, respectively, for the fattening ttial (table 4).

- 28 -



-29-

TABLE 3. EXPERIMENTAL DESIGN FOR ERGOT STUDY. TRIAL II 
Levela 0 0.2 0.4 0.8

Lot No. 33 32 34 35 36 37 38
Source^ I 2 I 2 I 2
No. animals 2 3 4 4 4 4 4

aPercent of ergot in barley fed.
^Produced at two different locations.

1- Barley containing 6.2% ergot diluted to the experimental levels.
2- Barley containing 14.0% ergot diluted to the experimental levels.

TABLE 4. ASSIGNMENT OF LOTS FROM TRIAL I TO EXPERIMENTAL DESIGN FOR 
TRIAL II

___________ Ergot Levela________________
Lot No. Wintering Fattening

33 

32

34

35

36

37

38
aPercent of ergot in barley fed.

The composition of the daily ration .is shown in table 5. It con

sisted of 1.0 kg of a 20% crude protein supplement, 1.5 kg grass hay, 

0.06 kg mineral supplement and as much ground barley containing 5% 

molasses as heifers could consume in three - 2-hour feedings each day. 

The composition of the 20% protein supplement is shown in table 6.

0.8%
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Salt was fed free-choice and there was fresh water before them at all 

times.

Barley -Mo lasses mixture3. 
Supplement (20% C.P.). 
Hay, grass 
Mineral supplement^

Daily Ration, kg

1.00
1.50
.06

aHeifers were fed as much of the ground barley containing 5% molasses
as they would consume in three - 2-hour feedings.
“Contained 19.0% calcium and 8.5% phosphorus.

TABLE 6. COMPOSITION OF 20 :PERCENT PROTEIN SUPPLEMENT3
Ingredients Percent of

Ration

Soybean meal- 15.0
Linseed meal 5.0
Alfalfa, dehydrated 20.0
Wheat, mi IIrun 50.0
Molasses, dry 8.0
Calcium carbonate 1.0
Salt, T.M. 1.0
Vitamins A and D° ■ X

aProtein supplement is MSU Formula No. 685.
^Vitamin A to furnish 44,000 IU per kg. Vitamin D to furnish 8,800 IU 
per kg.

The heifers were started on a ration which consisted of 65% con

centrate and 35% grass hay and this ration provided a daily intake equal 

to 2.6% of the heifer's body weight at the start of the trial. The 

barley-molasses mixture.was increased .25 kg every other day and. the 

■grass hay decreased by the same amount until it reached a level of 1.5 kg
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where it remained constant; the barley-molasses mixture was then in

creased in .25 kg increments according to appetite.

Records were kept of daily feed consumption and gains every two 

weeks. Data for average daily feed consumption, average daily gain, 

and feed conversion wete statistically analyzed by analysis of covariance 

(Crampton, 1934).

Blood values for carotene, vitamin .A, calcium, phosphorus, hemato

crit, white blood cell count, differential counts for neutrophils, 

lymphocytes, monocytes, eosinophils and basophils were determined by the 

methods previously described for the wintering trial. The intervals 

between blood collections ranged from 28 to 49 days and the method of 

collecting was the same as in the wintering trial. Data was analyzed 

by least squares analysis' (Harvey,. 1.960).

The heifers were started on their respective rations May 24, 1971 

and the trial terminated October 6, 1971.

Presence of Ergot .Alkaloids in Tissue

At the termination of the fattening trial, all heifers except two 

were placed on the control ration. These two heifers were slaughtered 

and their tissue chemically analyzed and fed to rats to determine if 

ergot alkaloids were present which could be harmful to people consuming 

the meat. Both heifers had been on the 0.8% ergot level and had gained 

poorly during the fattening trial. One had lost its tail ,in the winter

ing trial.and each heifer had been fed a different ergot source throughout
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both trials.

Muscle tissue was sampled from various parts of the carcass and 

liver samples were also taken. The muscle and liver were ground 

separately in a meat grinder, cooked in an oven at 121.1°C for two 

hours, pulverized in a blender, placed in flat pans and dried over

night by fans circulating warm air past the pans. The same procedure 

was used on muscle and liver tissue taken from a steer on a ergot-free 

ration. Other samples of fresh muscle and liver were frozen for future 

chemical analysis for ergot alkaloids.

Rat Trial. Chemical analysis was conducted on the dried muscle and 

liver for incorporation, into the rat rations.

. The composition of rations fed rats,. shown in table 7 were all 20% 
" . ’ 

protein a,nd were balanced according to NRC (1966) requirements. The

liver tissue madd up 25% of two of the rations.and the muscle tissue,

20% of the other two. The protein was brought up to the • 20% .level

by adding casein.

Forty female rats averaging 60 g, were stratified by weight.into 

four treatments of 10 rats each in a randomized complete block design. 

The four treatments were rations containing ergot suspect liver, clean 

liver, ergot suspect.muscle and clean muscle. Water and feed were fed 

ad libitum. The tats were fed for three weeks and a record of weight 

gains.and feed consumed was kept. Average total gains, average total 

feed and feed conversion was statistically analyzed by least squares
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analysis .(Harvey, I960).

TABLE 7. COMPOSITION OF RAT RATIONS
Treatment Ia 2° 3C 4d

% % % %
Liver 25.0 25.0 —  — —  —

Muscle — — 20.0 20.0
Casein 6.1 6.3 8.6 8.4
Starch ■52.7 52.5 55.2 55.4
Alphacel 5.0 5.0 5.0 5.0
Corn oil 5.0 5.0 — - -

Meat oil — — 5.0 5.0
Vitamin mixture6 2.2 2.2 ' 2.2 2.2
Salt mixture^ 4.0 4.0- 4.0 4.0

a "Ration containing dried liver from steer not fed ergot, 
b Ration containing dried liver from a heifer fed ergot. 
c Ration containing dried muscle from a steer not fed ergot.
^ Ration containing dried muscle from a heifer fed ergot. 
e Nutritional Biochemical Company vitamin fortification mixture, 
f Nutritional Biochemical Company salt mixture USP XIV.

Chemical Assay. The Alexander and Banes (1961) procedure employing 

para-dimethylaminobenzaldehyde was used to chemically analyze dried and 

freshly thawed muscle and liver,from heifers fed ergot and a steer not 

fed ergot, for presence of ergot alkaloids. Duplicate samples of 500 g 

of freshly thawed tissue and 20 g of dried tissue were analyzed. This 

procedure is sensitive enough to pick up .005 mg of alkaloids.

Uterus Development

The uterus was also removed to determine what effect, if any, the 

ergot alkaloids had on its development. The vagina, ovaries and 

fallopian tubes, were removed leaving the uterus and cervix which were 

weighed. The weight of the uterus and cervix is known to be positively
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correlated with the animal's body weight (Davis and'Dudzinski, 1965). 

Comparisons were made by adjusting the uterus weight according to body 

weight and statistically analyzing the logarithm of the adjusted uterus 

weight (Bennett and Dudzinski, 1966).

Estrous Cycle

The day a heifer was observed to be in heat was recorded. At 

slaughter, the.presence of follicles and corpora lutea on the ovaries 

as described by Zemjanis (1970) were recorded to verify that the heifers 

had been cycling.

Histological- Study

Liver and kidney slices from each heifer were obtained at slaughter 

and preserved in formalin for histological examination.



RESULTS AND DISCUSSION

Feedlot Performance - Trial I. Most heifers fed a level of ergot 

higher than 0.1% developed a strong dislike for it from the start of the 

trial. They sorted out what ground ergot they could from the rolled 

barley and would not eat it as indicated by residuals. To overcome this 

problem, ground barley was used instead to mix with the ground ergotized 

barley and the level of dried molasses was increased to 8.0% to improve 

palatability. Heifers fed the ratiorte containing no ergot and the 0.1% 

ergot level, ate their daily rations tapidly, whereas the other lots were 

slow about eating and did not start to consume all their daily ration 

until about two weeks after the start of the trial. It usually took 

about two weeks for the heifers to become accustomed to the level of 

ergot they were fed. They were then raised to the next experimental 

level if they were not already receiving their assigned level of ergot.

It took about six weeks to get the heifers up to the highest assigned 

level of 3.2% ergot. At this level, the heifers ate very little of the 

grain portion but always ate the hay. The normal procedure was to feed 

the grain portion first and then put the hay on top. When the hay and 

grain were mixed together in a small mixer and fed that way, the heifers 

ate very little of the ration. Because the 3.2% ergot level appeared to 

be extremely unpalatable to the heifers after 5 days of feeding, they 

were fed the 1.6% ergot level for the remainder of the wintering trial.

Table 8 shows the percent total alkaloids and water soluble alka'r 

loids of pure samples of ergot handpicked from the original samples of
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ergoty barley and also shows the percent total alkaloids for the original 

samples of ergoty barley as determined by Alexander and Banes method 

(1961). There was only a slight difference of .04% between the total 

alkaloid content for the two ergot sources.

TABLE 8. ALKALOID CONTENT OF ERGOT ____
Total alkaloids 

%
Water soluble alkaloids 

% •

Pure ergota
I 0.274 0.019
2 0,235 0.011

Ergotized barley*3
I 0.016
2 0.030

^ Handpicked from samples of ergotized barley.
1- Ergoty barley containing 6.2% ergot.
2- Ergoty barley containing 14.0% ergot.

Two ergot sources produced at different locations, were used to 

show that there can be differences in percent total alkaloids because 

of numerous nutritional and environmental factors as reported by Tyler 

(1961). The percent total alkaloids were about the same for the two 

ergot sources fed in this experiment which indicated that ergot grown at 

different localities can also have the same percent total alkaloids. Many 

researchers, Cunningham et al. (1944a), Bradley and Jones (1965) have 

found differences in the alkaloid content of ergot when grown at 

different localities.

The data for initial and final weights,. average daily gains, average
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daily feed consumption, daily ergot intakes, feed conversion and feed 

cost for the heifers fed the two ergot sources are presented 'In;table 9. 

TABLE 9. SUMMARY OF INITIAL WEIGHTS, AVERAGE DAILY GAINS, AVERAGE
DAILY FEED, AVERAGE DAILY ERGOT INTAKES, FEED EFFICIENCY " 
AND FEED COST OF GAIN FOR HEIFERS FED THE TWO ERGOT SOURCES. 
TRIAL I - January 4, 1971 to May 3, 1971 - 119 Days________

Ergot Source3- Ib 2C

No. hiefers 12 12

Average weights, kg
Initial 206.79 206.34
Final 283.76 293.72
. Gain 7 6 .97 87.00
Daily gain . 65 .73

Avg. daily ergot intake, g 5.45 6.35
Avg. daily etgot intake % body wt. .0050 .0056
Avg. daily feed, kg 5.72 6.09
Feed/kg gain, kg 9.35 8 . 3 6
Feed cost/kg gain, $ .45 .41

aGrown at two different locations.
3̂Barley containing 6.2% ergot diluted to the different experimental 
levels of ergot by adding clean ground barley. 

cBarley containing 14.0% ergot diluted to the different experimental 
levels of ergot by adding clean ground barley.

The average daily feed, average daily gain (kg/day) and feed con

version (kg fee4/kg gain) for the heifers fed ergot source I and ergot 

source 2 were 5.72, 0.65, 9.35; 6C09, 0.73 and 8.36, respectively. This 

daily feed intake provided a daily ergot intake of 5.45 and 6.35 g, 

respectively. There were no significant differences between any of 

the pooledr data.. However, ergot source I appeared to be slightly more 

unpalatable than ergot source 2 as evidenced by the daily feed intake,
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5.72 VSy 6.09 kg.

The heifers fed ergot source I consumed less feed than heifers fed 

ergot source 2 at 0.2% ergot level and higher. Most of the difference 

between the two ergot sources occurred at the 1.6% ergot level. The 

heifers fed ergot source I had a significantly lower (P̂ . .05) daily 

feed intake and daily gain than heifers fed ergot source 2, 5.00, 0.46; 

5.87 and 0.64 kg per day, respectively. This indicated a difference in 

composition, of the alkaloids besides the small difference in percent 

total alkaloids, making ergot source I more toxic.

Table 10 presents the data for initial and final weights, average 

daily gain, average daily feed consumption, daily ergot intake, feed 

conversion and feed cost for the heifers fed the different ergot levels. 

The average daily feed consumption for the heifers fed the 0, 0.1, 0.2, 

0.4, 0.8, and 1.6% ergot levels were 6.36, 6.50, 6.25, 6.13, 5.91, and 

5.31 kg, respectively. This daily feed intake provided a daily ergot 

intake of 0, 1.14, 2,14, 4.99, 8.17, and 12.7 g, respectively. There 

was a significant difference (Pz. .05) for daily feed consumption between 

the heifers fed the 1.6% ergot level and the heifers fed the 0, 0.1, and 

0.2% ergot levels. The significant decrease (Pz .05) in average daily 

feed consumption for heifers fed the 1.6% ergot level (12.7 g ergot 

daily) indicated that these particular ergot sources may have been un

palatable at this level. The 0.1% ergot level (1.14 g ergot daily) 

consumed slightly more than the control. Above the 0.1% ergot level,
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there was a noticeable decline in average daily feed a.'s the level of 

ergot in the barley increased from the 0,2% ergot level (2.04 g ergot 

daily) to the 1,6%. ergot level (12.7 g ergot daily). The unpala’tability 

of the ergot was probably the main and the most obvious cause of the 

decreased feed intake.

TABLE 10. SUMMARY OF INITIAL WEIGHTS, AVERAGE DAILY GAINS, AVERAGE DAILY
FEED, AVERAGE DAILY ERGOT INTAKES, FEED EFFICIENCY AND FEED 
COST OF GAIN FOR HEIFERS FED THE DIFFERENT ERGOT LEVELS. 
TRIAL I - January 4, 1971 to May 3, 1971 - 119 Days________

Ergot level!./' 0 0.1 0.2 0.4 0.8 1.6

No. heifers 3 4 4 4 4
Average weights, kg

Initial 209.52 212.70 208.62 209.98 204.07 202.71
Final 308.15 314.51 297.24 298.15 287.70 267.70
Gain 98.63 101.81 88.62 88.17 83.63 64.99
Daily gain . 83b .85b . 74b . 73b .7 Ob . 55a

Avg. daily ergot
intake, g 1.14 2.04 4.99 8.17 12.70

Avg. daily ergot
intake % body wt. .0010 . 0018 .0044 .0120

Avg. daily feed, kg 6.36b 6.50b 6.25b 6.13ab 5.91ab 5.31a
Feed/kg gain, kg 7.70 7.71 8.40 8.31 8.48 10.12
Feed cost/kg gain, $ .38 .38 .41 .41 .42 OO

I/ Percent of ergot in barley fed.
2/ The 3.2% ergot level could not be fed so those heifers assigned that

level were fed the 1.6% ergot level,
a)̂3Means bearing a different superscript in the same line differ 

significantly (P <.05).
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Cattle are very sensitive to taste, they prefer sweets and sours 

(acid), but reject bitter tasting things (Church ej: al., 1971). The 

alkaloids which are usually present in ergot have an alkali taste which 

is bitter. Cunningham et. al. (1944) found that when they fed ergot 

containing no alkaloids and ergot containing 0.31% total alkaloids to 

cows, that the ergot containing no alkaloids was readily consumed.

Ergot containing alkaloids was refused after two feedings and had to be 

fed by stomach tube. There were also some slight digestive disturbances 

as the heifers fed the 0.8 and 1.6% ergot levels would develop diarrhea 

and go off feed intermittently.

Another factor which could have caused a decrease in feed intake 

would be if the alkaloids affected the "appetite center" in the hypothal- 

mus. There are two areas within the hypothalmus that mediate feeding 

activities and satiety, that is, the sensation of being full (Larsson, 

1954). If the satiety center was stimulated or destructive lesions 

occurred in the anterior part of the lateral nucleus, this could have 

decreased the appetite of the animal (Swenson, 1970).

The average daily gains of the heifers fed the 0, 0.1, 0.2, 0.4,

0.8, and 1.6% ergot levels were 0.83, 0.85,'0.74, 0.73, 0.70, and 0.55 kg 

per day, respectively. There were significant differences (P< .05) be

tween the gains of heifers fed 1.6% ergot level and heifers fed 0, 0.1, 

0.2, 0.4,and 0.8% ergot levels and also between the heifers fed 0.1% 

.ergot level and 0.8%.ergot level. The significant decrease (P< .05)
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in daily feed intake caused a significant decrease (P<.05) in daily gain. 

For some unexplainable reason, the heifers fed the 0.2,.0.4, and 0.8% 

ergot level gained about the same, even though the heifers fed the 0.4% 

level (4.99 g ergot daily) consumed more than twice as much ergot as 

the heifers.fed the 0.2% level (2.04 g ergot daily) while the heifers 

fed thfe 0.8% level (8L17 g ergot daily) consumed four times as much.

The feed conversion of the heifers fed the 0, 0.1,.0.2, 0.4, 0.8, 

and 1.6% ergot levels were 7.70, 7.71, 8,40, 8.31, 8.48, and 10.12 kg 

per kg of gain, respectively. There were no significant differences for 

feed conversion due to treatment.

Physiological.Effects - Trial I. All heifers fed the 1.6% ergot

level developed rough hair coats and two appeared to walk rather stiffly

on their hind legs, but no swelling or necrosis was apparent on their

legs or feet. Kingsbury (1964) described symptoms of gangrenous ergotism

in the hind legs as lameness accompanied by swelling and' tenderness,

followed by coldness and insensitivity of the affected areas with an

eventual appearance of a distinct, constricted band encircling the

affected limb at the juncture between gangrenous and healthy tissues.

About three months after the start of the trial, two heifers, each fed 
.

a different ergot source, developed a constricted dark band around their
:

tails. On one heifer, the band was about three inches and on the other 

heifer, the band was 10 inches from the end of the tail. Dry gangrene 

-developed in the areas below the band and the ends of the tails were
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sloughed about a month later. The two heifers were the two smallest 

animals on the trial.

Lumb (1932) and Cunningham et al. (1944a) both observed loss of 

the terminal part of the tail in cases of ergotism while Woods et al. 

(1966) and McKeon and Egan (1971) did not, but all observed development 

of lameness in the hind legs with the appearance of a dark indented 

line around the hind fetlocks with the areas below the band develop

ing into dry gangrene.

Gangrene is thought to result-from a persistent spasm of the 

arteries with congestion, anoxia, and endothelical degeneration in the 

capillary beds (Custer, 1938). The result is to shut off the blood 

supply to the distant parts of the body.

Two heifers who had lost parts of their tails weighed 214 and 242 

kg and had consumed 1800 g (0-23% total alkaloids) and 1360 g (0.27% 

total alkaloids) of crude ergot, respectively, up to the time the 

lesions were noted. The amount of crude ergot it actually took to 

initiate the chain of events leading to the visible symptom of gangrene 

is not known.

Table 11 is a summary of cases of ergotism that have been reported 

fdr cattle where the percentage of total alkaloid content was known. It 

can be seen that it is difficult to correlate the alkaloid content with 

the symptoms produced.and the. rapidity with which they were produced. 

More likely the composition of the total alkaloids have something to
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do with the symptoms produced and the rapidity with which they are pro

duced. Rothlin (1947) found the relative toxicity of the alkaloids in 

rabbits to vary. In order of decreasing toxicity, they were ergocryptine, 

ergocornine, ergocristine, ergosine, and ergotamine. Ergonovine produces 

less of vascular damage than do the other ergot alkaloids (McDonald,

1965). Many researchers have found differences in the composition of 

the total alkaloids (Cdnningham at al. , 1944a;; Bradley and Jones, 1965; 

Friend and MacIntyre, 1970). The compositions of the total alkaloids of 

the two ergot sources (ised in this experiment were not known, so it was 

not possible to compare the effects from each ergot source in relation to 

the composition of the alkaloids.

TABLE 11. SUMMARY OF REPORTED CASES OF ERGOTISM WITH KNOW PERCENT OF
TOTAL ALKALOIDS

Researchers
Total

Animal Alkaloids
(%)

Amount
Consumed
(g)

No. days 
for symptoms 
tq appear Symptoms

Skarland Beef 0.27 1,360 87 Loss of terminal
and Thomas heifers 0.23 1,800 87 end of tails

Cunningham Milk cows 0.24 3,415 102 Increased temperature
et al. 0.31 1,326 .24 loss of terminal ends

Cunningham Milk cows 0.00 4,700 132

of tails, lameness in 
hind legs with dry 
gangrene 
None

et al.

McKeon 
and Egan Milk cows 0,13 14

Lameness in hind.legs 
with dry gangrene

Wpods 
et al. Milk cows 0.24 - " 30

Lameness in hind legs 
with dry gangrene
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Blood Components Trial I. Table 12 shows the average blood levels 

of the different blood collection periods for carotene, vitamin A, cal

cium and phosphorus for the heifers fed the different ergot levels. 

Results that Clegg (1959) found suggest ergot alkaloids may interfere 

with the conversion of carotene to vitamin A or with the storage of 

vitamin A in the liver. Interference with the conversion of carotene 

to vitamin A should cause a significantly higher, carotene blood level 

and a significantly lower vitamin A blood level.

There were no significant (P/> .05) changes in carotene blood levels 

from the first blood collection period to the different blood collection 

periods among the heifers fed the different ergot levels. There were 

changes in carotene blood, levels for all the heifers from one blood 

collection period to another whenever a different source of grass hay 

with a different carotene content was fed (Hibbs, 1946). Table 13 shows 

the carotene content of the hay fed during the different blood collection 

periods.

There were significant differences (P-^ .05) for vitamin A during 

the third, fifth, and sixth blood collection periods but the results 

were variable. In most cases the heifers fed the lower levels of ergot 

had a larger decrease in vitamin A blood levels than the heifers fed the 

higher levels of ergot. The vitamin A blood levels did not appear to 

follow closely the carotene blood levels.
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TABLE 12. EFFECT OF ERGOT LEVELS UPON VARIOUS BLOOD SERUM COMPONENTS 
_________FOR WINTERING HEIFERS. TRIAL ll/

Ergot IevelZ/ 0 0.1 0.2 0.4 0.8 1.6

Period^/ Carotene (meg per 100 ml)
I 190 210 194 202 176 2 3 6
2 265 2 6 6 231 234 256 2 9 2
3 349 330. 331 314 2 9 6 406
4 114 109 118 111 122 153
5 235 233 234 240 225 258
6 221 214 237 238 207 269

Vitamin A (meg per 100 ml)
I 55 57 53 46 41 44
2 38 38 37 38 32 40
3 47b 42b 45b 54a 40ab 44 ab
4 "50ab '.40a .45ab 51b ,43b 4 3b
5 43 40 44 46 40 42
6 38ab 28a 42bc 44bc 44 c 40bc

- Calcium (mg per 100 ml)
I 10.5 10.6 11.1 11.3 1 0 . 9 11.0
2 9.6 9,7 9.9 10.1 9.5 9.0
3 9.7 9 . 6 9 . 8 10.1 10.0 10.0
4 12.4 12.0 12.4 11.3 11.2 11.4
5 10.4 10.4 10.5 9 . 9 10.2 10.1
6 11.4 11.0 11.4 11.0 10.8 10.8

Phosphorus (mg per 100 ml)
I 8.4 8.7 8 . 3 8.0 8.2 8 . 4
2 9.9 9 . 7 9 . 0 8.5 8.6 8 . 9
3 9.6 9.4 9.4 8.9 8 . 6 9.1
4 7 . 9 8 . 6 8.0 8 . 6 8.0 7.8
. 5 7.2a 7.8ab 8.Oabc 9. Od 8.2cd 8.4bd
6 7.0 7.3 7.1 7.2 7.8 8.0

I/ Each 
for

figure is the 
the control,and

average of 
eight for

four heifers, except 
1.6% ergot .level.

there were three

TlI Percent ergot in bafley fed.
3̂/ Blood collection periods.

Period I to Period 2 - 1 4  days.
Period 2 to Period 3 - 21.days.
Period 3 to 4; 4 to 5; 5 to 6 - 28 days. 

a,b,c,d Means bearing a different superscript in the same line differ 
significantly (P<..05).
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TABLE 13. CHEMICAL ANALYSIS OF 
COLLECTION PERIODS.

GRASS HAY 
TRIAL Ia

FED DURING DIFFERENT BLOOD

Period^ Moisture Protein Calcium Phosphorus Carotene
% % % % mg/kg

I 8.1 7.4 .28 .09 16.72
2 8 . 9 9 . 6 .31 .17 45.93
3 8.9 9.6 • 31 .17 45.93
4 8 . 2 5.3 .38 .11 6 . 9 9
5 8.4 7.0 .40 .10 11.99
6 8.4 7.0 .40 .10 11.99

a Analyses were conducted at Nutrition Center Laboratory, except for 
carotene which was.determined at Chemistry Station Analytical
Laboratory, Montana State University.
Blood 'collection periods.

There were no significant differences among the calcium blood levels 

of the heifers fed the different ergot levels.

There were significant differences (P <.05) among.the heifers fed 

the different ergot levels for phosphorus blood levels during the fifth 

blood collection period. The significant differences occurred between 

the heifers fed no ergot and 0.4, 0.8, and 1.6% ergot levels, also between 

the 0.2 and 0.4% ergot levels.

From the results, it appears that the ergot alkaloids.do not have 

any effect on the phosphorus blood levels even though there is an unex

plainable ■significant difference for one period where the phosphorus 

blood levels of the heifers fed the 0.4 to 1.6% ergot levels had increas

ed from the first blood collection period while they had decreased for 

the heifers fed the 0 to 0.4% ergot.levels. The average phosphorus blood 

levels for all the heifers, 8.4 mg/100 ml blood were higher than the
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7.0 mg/100 ml determined by Stufflebeam et al. (1969) for heifers fed a 

high energy ration.

There:were no significant differences among the ergot levels for 

hematocrits shown in table 14.

TABLE 14. EFFECT OF ESGOT LEVELS UPON VARIOUS BLOOD COMPONENTS FOR 
___________WINTERING HEIFERS. TRIAL ij/___________________________

Ergot level2/ 0 0.1 0.2 0.4 0 . 8 1.6

Period^/ Hematocrit (Vol. H
I 40.0 40.3 40.2 38.1 3 9 . 6 3 8 . 6
2 43.0 3 9 . 6 41.2 4 0 . 4 42.0 40.8
-3 .4 3 . 2 .39.7 43.4 43.7 3 9 . 9 4 2 . 4
4 44.2 . 40.6 44.1 .42.8 ■ 4.0.8 41.6
5 44.5 41.8 46.2 4 3 . 2 .42.3 4 3 . 8
6 44.7 42.8 .45.9 41.4 41.2 41.2

White Blood Cells
I 11330 11280 11320 9020 11400 . 8220
2 ,8650bc 10120b 8420^b 10840* IlllOab ■ 9950a

. 3 .9560 10790 9740 9400 11260 9960
4 11100 10800 8B00 10250 10200 10500
5 11530 12220 10050 9680 10500 10110
6 10570 11550 11550 21050 12280 10280

l/ Each figure is the average of fouf heifers except there were three 
for the control and eight for 1.6% ergot level.

2 1 Percent ergot in barley fed.
3/ Blood collection period.

Period I to 2 - 14 days.
Period 2 to 3 - 21 days.
Period 3 to 4; 4 to 5; 5 to 6 - 28 days.
cleans bearing a different.superscript in the same line differ . 
significantly (Pa .05).

There were significant differences (Pa .05) between heifers fed no 

ergot.and ergot levels 0.4 and 1.6% for white blood cells and also
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between the 0.2% ergot level and 0.4 and 1.6% ergot levels during the 

second blood collection period, but the results were variable.

Normally, the white blood cells will increase following an infection, 

intoxication, or acute hemorrhage (Wintrobe, 1967). The white blood 

cell count for heifers fed ergot levels 0.4 and 1.6% increased while 

for heifers fed ergot levels 0.1, 0.2, and 0.8%, they decreased. .Since 

there were only significant differences at the second blood collection 

period,and these results were inconsistent, it appeared that the ergot 

alkaloids did pot affect the white blood cell count.

The differential counts for white blood cells of heifers fed the 

different ergot levels are shown in table 15. There were significant 

differences (Pz.05) between some of the heifers fed the different.ergot 

levels for lymphocytes during the fourth blood collection period. The 

heifers fed the 0.4% ergot level had a significantly lower (Pz. .05) 

level of lymphocytes than heifers fed ergot levels 0, 0.1, 0.2, and 

0.8%. There was also a significant difference (P^.05) between the 0.1% 

ergot level and the 1.6% ergot level. The results however, were variable.

At the second blood collection period, the level of monocytes for 

heifers fed no ergot and 0.1% ergot level were significantly lower 

(P .05) than ergot levels 0.4 and 1.6%, also the 0.2% ergot level was 

significantly lower than the,0.8%.ergot level.

At the fourth blood collection period, the heifers fed ergot levels 

0, 0.1,and 0.2% had a significantly lower (P<t.05) level of monocytes
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TABLE 15. EFFECT OF ERGOT LEVELS UPON VARIOUS BLOOD COMPONENTS FOR 
WINTERING HEIFERS. TRIAL ll/

Ergot level—/ 0 0.1 0.2 0.4 0.8 1.6

Period—/ Neutrophils (%)
I 18 16 14 9.5 11 9.8
2 19 8 12 8 12 16
3 19 23 25 25 17 2 2
4 16 24 18 26.5 16 15
5 15 22 11 17 7 15
6 24 2 8 15 16 14 22

Lymphocytes (%)
I 74 76 77 8 8 85 8 6
2 74 8 6 8 2 8 8 84 77
3 74 73 6 8 70 78 72
4 Sibd ■ 84cd 7 6 ^ 4 68a 81bd 77ab
5 8 3 84 8 5 79 91 8 2
6 72 70 8 2 8 2 81 74

Monocytes (%)
I 6 6 6 2 3 2
2 2ac Ia 1.5ab 1.5b ^bc Ib
3 3ac 2a 1.5ac 1.5bc 2bc 1.5b
4 . 3 I ■ 2 4 2 . 8.5
5. Ia Ia ^ab ^ab iab 3.5b
6 3 I I 0.5. 1.5 2.5

Eosinophils (%)
I 2 I 4 ' I I 2
2 6 5 6 2 3 5
3 ’ 4 1.5 5 2 . 5 4 4
4 I I 4 3 I 4
5 I 1.5 2.5 3 I 1.5
6 ■ I I 2 I 4 1.5

Basophils (%)—/
I/ Each figure is the average of four heifers except there were three for 

the control and eight for 1.6% ergot level. 
l_l Percent ergot in barley fed.
3/ Period I to 2 - 14 days; period 2 to 3 - 21 days; period 3 to 4;

4 to 5; 5 to 6 - 28 days.
4/ Basophils were absent.
.a)b,c,d;Means bearing a different superscript in the same line differ 

significantly (P^.,05).
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than heifers fed ergot level 1.6%, also the 0.1% ergot level was signifi

cantly lower than ergot levels 0.4 and 0.8%.

During the fifth blood collection period, the heifers fed no ergot 

and 0.1% ergot level had a significantly lower (P^t.05) level of 

monocytes than heifers fed the 1.6% ergot level. In all cases of 

significance, the level of monocytes had decreased from the first blood 

collection period except in the fourth blood collection period where the 

level of monocytes increased for heifers fed the 0.4 and 1,6% ergot 

levels. Results were difficult to interpret.

There were no significant differences among the heifers fed the

different ergot levels for levels of neutrophils, eosinophils or
i

basophils.

There were no significant differences between the heifers on the two 

ergot.sources fop the various blood components shown in table 16.
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TABLE 16. EFFECT OF ERGOT SOURCES UPON DIFFERENT BLOOD COMPONENTS FOR
WINTERING, HEIFERS. TRIAL Ia

Periods^ I 2 3 4 5 6
Source Carotene (meg per 100 ml)

211.1 279.8 356.3 126.8 239.0 2 3 9 . 8
2d 207.5 248.3 330.6 128,6 243.1 238.0

Vitamin A (mag. per 100 ml)
I 46.8 .39.3 44.9 45.4 44.2 40.6
2 48.0 36.7 44.4 42.9 40.4 3 8 . 6

Calcium (mg per 100 ml)
I 11.0 9.4 10.0 11.6 10.3 11.1
2 11.2 9.5 9.8 11.7 no . 2 11.1

Phosphorus (mg per 100 ml)
I 7.8 8 . 9 9.2 8.3 8 . 2 7.6
2 8.7 9 . 2 9.2 8.0 8 . 6 7.3

Hematocrit (Vol. %)
I 39.8 40.4 42.6 41.4 4 3 . 8 41.8
2 .38.8 40.4 41.2 41.6

White Blood Cells
43.2 4 2 . 8

I 10617 10804 10625 10917 10808 12125
2 8958 9329 9985 9433 10083 10533

I 11.9 13.4
Neutrophils (%) 
,24.2 17.0 14.9 19.4

2 10.8 11.5 20.1 18.0 11.1 1 9 . 8

I 81.4 81.0
Lymphocytes (%) 
70.6 76.5 81.5 77.2

2 84.5 8 3 . 6 73.7 7 7 . 6  - 8 6 . 2 7 6 . 8

I 3.3 1.2
Monocytes (%) 

1.3 2.9 1.5 1.8
2 2.3 1.6 2.2 2 . 7

Eosinophils (%)
1.0 1.3

I .2.2 4.4 3.8 3 . 5 2.1 1.6
2 1.5 4.2 3 . 2  1.8

Basophils (%)
1.8 1.8

I 0 0 0 0 0 0
2 0 0 0 0 . 0 0

aEach figure is the average of twelve heifers.
bperiod I to period 2 - 1 4  days; period 2 to period 3 - 21 days; period 
3 to 4; 4 to 5; 5 to 6 ,- 28 days.
Barley containing 6.2%.ergot diluted to the experimental levels of ergot 
Barley containing 14.0% ergot diluted to the experimental levels of ergot
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Feedlot Performance-, - Trial II. None of the heifers ate well 

throughout the trial and many kept going off feed. The control heifers 

ate better than heifers fed ergot and did not go off feed as often 

(figure I). After the second weigh period (28 days after start of 

trial), heifers fed ergot were off ahd on feed the remainder of the 

trial. Their foul breath and putrid, watery feces were indicative of 

digestive disturbances. This difficulty in keeping cattle on feed agrees 

with Dinnusson et_ al. (1971) who observed digestive disturbances and 

difficulty in keeping cattle fed ergot on full feed. Kingsbury (1964) 

stated that the effect of ergot on the smooth■musculature of the diges

tive system caused nausea, constipation or diarrhea and abdominal pain.

For some unexplainable reason, heifers fed no ergot went off feed 

after the fifth weigh period (70 days after start of trial) and it took 

over a month to get them eating good agaih.

After the sixth weigh period, the daily amopnt of feed was 

reduced and the number of feedings per day changed to two in an 

attempt to keep the heifers on feed. • This seemed to help the problem 

but it did not completely eliminate it.

The proximate analyses of the feed ingredients fed in this trial 

are given in table 17.

Table 18 presents the data for ihtial and final weights, average 

daily gains,average daily feed consumption, average daily ergot intake, 

feed conversion and feed cost for heifers fed the various ergot levels.



Control —  
.2% ergot -- 
.47= ergot 
.87= ergot O O O

H-H H

Weigh period

Figure I. Cumulative daily gains for heifers fed different ergot levels. Trial II
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TABLE 17. PROXIMATE ANALYSIS OF FEED FED IN TRIAL II

Ingredient Moisture
Crude

Protein
Ether

Extract Phosphorus Calcium
7o %' % . % %

Grass haya 8.1 7.8 1.80 .13 .36
Barley, ground 10.1 10 6 1.90 . 2 8 .06
Molasses, dried 6.0 6.0 .10 .04 . 8 9
Supplement #685 8.5 20.8 2.90 .71 .75
Mineral supplement -- — — 8.50 20.00
aAverage carotene content was 38.6 mg per kg.

TABLE 18. SUMMARY OF INITIAL WEIGHTS, AVERAGE DAILY ISAINS AVERAGE DAILY
FEED, AVERAGE DAILY ERGOT INTAKE, FEED EFFICIENCY AND FEED
COST OF GAIN FOR HEIFERS FED THE DIFFERENT ERGOT LEVELS.
TRIAL II- May 24, 1971 to October 6, !1971 - 135 Days

Ergot IevelJV 0 0.2 0.4 ..0 ..8
No. heifers 2 7 8 8
Average weights, kg

Initial 311.33 308 93 302.81 277.47
Final 419.05 396.84 3 9 6 . 2 6 356.90
Gain 107.72 87.91 ' 93.45 79.43
Daily gain . 80a .65b . 69b . 59b

Average daily ration, kg
Supplement, 20% C.P. .71 . 6 6 .70 .63
Barley 4.42 3.72 3.91 3.24
Hay, grass 1.44 1.42 1.42 1.41
Mineral .012 .011 .012 .011
Molasses .23 .20 .21 .17

Average daily feed, kg 6 .9 2 & 6.Ilb 6.36b 5.57b
Average daily ergot intake, g 3.63 7.26 12.26
Percent body weight, % , .022 .046 .086
Feed per kg gain, kg 8.71 9 . 4 8 9.30 ' 9.61
Feed cost per kg gain, $ .51 .55 .54 .56

I /  Percent of ergot in the barley fed.
a,b ,cleans.bearing a different superscript in the same line differ

significantly (P <.05).
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The average daily feed consumption for the heifers fed the 0, 0.2,

0.4 and 0.8% ergot levels were 6.92, 6.11, 6.36, and 5.57 kg per day, 

respectively. This daily feed intake provided a daily ergot intake of 

0, 3.63, 7.26, and 12.26 g, respectively. The heifers fed the control 

(no ergot) had a significantly higher (P ̂ .05) daily feed intake than 

heifers fed the 0.2, 0.4, and 0.8% ergot levels.

The unpalatability of the ergot sources and the digestive distur

bances caused from them, were probably the two factors that contributed 

to the significant decrease (P z..05) in daily feed intake for the heifers 

fed the 0.2% ergot level (3.63 g ergot daily) and higher levels. Another 

factor that could be involved in limiting feed intake is the effect ergot 

alkaloids could have had on the "appetite center" in the hypothalmus as 

discussed in the wintering trial. For some unexplainable reason, the 

heifers on the 0.4% ergot level (7.26 g ergot daily) consumed more feed 

than heifers on the 0.2% level (3.63 g ergot daily) even though they had 

consumed twice the daily amount of ergot.

The average daily gains of heifers fed the 0, 0.2, 0.4, and 0.8% 

ergot levels were 0.80, 0.65, 0.69, and 0.59 kg per day, respectively. 

Heifers fed the 0.2, 0.4, and 0.8% ergot levels had significantly lower 

(?■£..05) daily gains than heifers fed no ergot. The significant decrease 

in daily feed intake caused a significant decrease (P-c .05) in daily gain.
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The feed conversion of heifers fed 0, 0.2, 0.4, and 0.8% ergot 
levels were 8.71, 9.48, 9.30, and 9.61 kg per kg gain, respectively. 

There were no significant differences in feed conversion among heifers 

fed different ergot levels.

TABLE 19. SUMMARY OF INTlAL WEIGHTS, AVERAGE DAILY GAINS, AVERAGE DAILY
FEED, AVERAGE DAILY ERGOT INTAKE, FEED EFFICIENCY AND FEED 
COST OF GAIN FOR HEIFERS FED THE TWO ERGOT SOURCES. TRIAL II 
May 24, 1971 to October 5, 1971 - 135 Days__________________

Ergot source3- lb;- 2C
No. heifers 11 12
Average weights, kg

Initial 298.85 293.11
Final 384.13 381.48 .
Gain 85.28 88.37
Daily gain . 63 .65

Average daily ration, kg
Supplement, 20% C.P. .68 .70
Barley 3.57 3 . 6 6
Hay, grass 1.42 1.42
Mineral .012 .012
Molasses .19 .19

Average daily feed, kg 5.98 6.09
Average daily ergot intake, g CMr̂. 7.72
Percent -body weight, % .051 .052
Feed per kg gain, kg 9:54 9.39
Feed cost per kg gain, $ .55 .54

^Produced at two different locations.
bBarley containing 6.2% ergot diluted with clean ground barley to the 
different experimental levels of ergot. 
cBarley containing 14.0% ergot diluted with clean ground barley to the 
different experimental levels of ergot.

The data for initial and final weights, average daily gains, aver

age daily feed consumption, daily ergot intake, feed conversion and feed 

cost for hdifers fed the two ergot sources are presented in table 19.
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The average daily feed, average daily gain (kg/day) and feed con

version (kg feed/kg gain) for heifers fed ergot source I and ergot 

source 2 were 5.98, 0.63, 9.54; 6.09, 0.65, and 9.39, respectively.

This daily feed intake provided a daily ergot intake of 7.72 and 7.72 g, 

respectively. There were no significant differences (P /•.05) between 

any measurement. From these results, it would appear that the two ergot 

sources are similar in alkaloid composition and figure 2 shows that the 

heifers responded to two ergot sources as if they were similar.

Blood Components - Trial II. Tables 20 and 21 shows the effect of 

ergot levels and table 22 shows the effect of ergot sources on various 

blood components for fattening heifers. There were no significant 

differences (P^ .05) among any of them.

Physiological Effects - Trial II. Heifers fed the 0.8% ergot level 

had rough hair coats and did not appear to shed their heavy winter coats 

as the heifers on the other levels did. Dinnusson et̂  al. (1971) observ

ed the same results with steers fed 0.15% level of triticale ergot.

Two of the heifers appeared listless and did not walk normally on 

their hind legs, but no lameness or other visible symptoms developed.



6.2% ergot source 

- 14.0% ergot source
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Figure 2. Cumulative daily gains for heifers fed the two ergot sources. Trial II
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TABLE 20. BLOOD DATA OF FATTENING HEIFERS FED DIFFERENT LEVELS OF
____________ERGOT. TRIAL IIa________________________  ______
Period13 I 2 3 4 5
Ergot Ievelc 

0 206.5 89.0
Carotene (meg 

82.0
per 100 ml) 

150.5 107.5
0.2 221.5 6 4 . 8 102.3 204.8 164.5
0.4 222.5 • 65.0 8 9 . 4 159.4 120.0
0.8 2 6 8 . 5 84.9 130.3 260.5 220.0

0 39.8 44.3
Vitamin A (meg 

55.8
per 100 ml) 

69.5 73.4
0.2 35.4 46.3 54.1 51.3 64.2
0.4 44.2 4 7 . 6 57.0 59.7 71.7
0.8 39.6 53-5 65.3 56.2 6 9 . 6

0 11.4 10.4
Calcium (mg 

10.4
per 100 ml) 

11.2 10.6
0.2 11.4 10.4 10.5 11.3 11.0
0.4 11.2 10.4 10.2 11.0 10.9
0.8 10.9 10.4 10.1 10.5 10.8

0 6.6 9 . 6  .
Phosphorus

7.8
(mg per 100 ml) 

7.4 7.2
0.2 7.0 9 . 8 8.3 7.8 7.7
0.4 7.2 9.7 8 . 6 8.5 8 . 2
0.8 ■ 8.0 9 . 2 8 . 8 7.6 8.1

0 45.5 44.5
Hematocrit

4 2 . 8
(VoL %)

42.2 46.5
0.2 44.9 44.7 43.3 44.2 4 6 . 8
0.4 ' 41.3 42.0 42.1 3 8 . 6 4 7 . 4
0.8 41.1 43.1 43.2 43.2 45.0

0 10500 10350
White blood 

9300
cells

8050 7950
0.2 11928 10485 10142 10328 10014
0.4 12162 11425 9612 10025 9412
0.8 10275 8237 8300 8 8 3 8 8700

aEach figure is the average of eight heifers except there were two for 
the control and seven for 0.2% ergot level.
I3Blood collection periods: Period I to 2 -’35 days; period 2 to 3 - 28 
days; period 3 to 4 - 28 days; period 4 to 5 - 49 days. 
c Percent of ergot in barley fed.
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TABLE 21. BLOOD DATA OF FATTENING HEIFERS FED DIFFERENT LEVELS OF ERGOT.
TRIAL IIa

Period*3 I 2 . 3 4 5 '
Ergot Ievelc 

O 18.0 14.0
Neutrophils (%) 

19.0 13,5 19.5
0.2 21.6 25.1 21.4 2 1 . 6 20.6
0.4 15.5 28.2 22.8 22.1 21.6
0.8 22.0 21.2 21.8 18.6 26.2

0 75.5 80.0
Lymphocytes (%) 

79.0 ■ 79.5 75.5
0.2 75.8 70.3 74.7 75.3 7 6 . 6  ’
0.4 8 1 . 4 6 7 . 2 72.8 72.5 74.0
0.8 . 73,8 69.8 72.0 7 4 . 6 69.1

0 3.5 4.0
Monocytes (7„) 

2.0 5.0 5 . 0
0.2 1 . 0 1.4 1.0 2.4 ■ 1.8
0 . 4 1.0 3.5 1.6 2 . 6 2 . 8
0.8 2.5 5.8 3 . 8 3 . 5 2 . 8

0 1.5 1.5
Eosinophils(%) 

0.0 2.0 0.0
0.2 1.4 2.7 2 . 8 0.6 0.8
0.4 2.0 0.8 2.9 2 . 8 1.6
0.8 1.8 3.0 2.2 3,2 1 . 8

0 0.5 0.0
Basophils (%) 

0.0 0.0 0.0
0.2 0.0 0.0 0.0 .0.0 0.0
0.4 0.0 0.0 0.25 0,0 0.0
0.8 0.0 0 . 0 0 . 2 5 0 . 0 0.0

aEach figure is the average of eight heifers except there were two for
the control and seven for 0.2% ergot level.

^Blood collection period: period I to 2 - 35 days; period 2 to 3 - 28 
days; period 3 to A - 28 days; period 4 to 5 - 49 days. 
cPercent of ergot in barley fed.
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TABLE 22. BLOOD DATA OF FATTENING HEIFERS FED DIFFERENT SOURCES OF ERGOT.
_____________TRIAL IIa ,___________________________________________________
Periodsb V I 2 3 4 5

No.
Source Heifers Carotene (meg per ml)

Ic 11 239.9 64.3 103.9 196.3 161.1
2d 12 236.9 78.8 110.8 219.5 175.3

Vitamin A (meg per 100 ml)
I 11 37.7 45.7 56.9 51.3 63.9
2 12 41.9 52.5 60.9 60.2 7 3 . 2

Calcium (mg per 100 ml)
I 11 10.9 10.4 10.2 10.8 10.8
2 12 11.2 10.4 10.3 10.9 11.0

Phosphorus (mg per 100 ml)
I 11 7.4 9.7 8 . 5 7.9 7.8
2 12 7.5 9.5 8 . 6 8.1 8 . 2

Hematocrit, (VoI. %)
I ■ 11 41.4 41.6 42.3 3 9 . 2 44.6
2 12 43.2 44.6 43.4 44.4 48.0

White Blood Cells
I 11 11582 10464 9673 10300 8581
.2 12 11300 9633 8991 9158 10050.

Neutrophils (%)
I 11 21.7 26.7 21.4 21.9 21.5
2 12 17.6 23.2 22.5 19.6 24.2

I 11 75.7 67.1
Lymphocytes

74,0
(%) 73.6 75.3

2 12 78.2 70.8 72.2 74.5 71.1

I 11 1.3 3 : 5  '
Monocytes (%)

2.1 2.6 2.1
2 12 1.7 3.8 2.2 3.1 2 . 8

Eosinophils (%)
I 11 1.2 2.2 2.4 1.8 1.1
2 12 2.2 2.2 2.9 2.7 1.8

I 11 0.0 0.0
Basophils (%)

0.0 0.0 0.0
2 12 0.0 0.0 0.0 0.0 0.0

aEach figure is the .average of eleven heifers for ergot source I and 
twelve heifers for ergot source 2.

^Blood collection periods: period I to 2 - 35 days; period 2 to 3 - 28
days; period 3 to 4 - 28 days; period 4 to 5 - 49 days.
cBarley containing 6.2% ergot diluted to the experimental levels of ergot.
^Barley containing 14.0% ergot diluted .to the .experimental levels of ergot.
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During the hot weather when the ambient temperature was about 

32.2°G, increased temperature, respiration rate and salivation occurred 

in all the heifers fed the 0.8% ergot level. The body temperature and 

respiration rate were taken for two days of all heifers on the 0.8% 

ergot level and some of the heifers on the other ergot levels. The 

normal temperature is 38.6°C but can elevate with high environmental 

humidity and temperature and exercise (Blood and Henderson, 1963).

The body temperature for heifers fed 0.8% ergot level ranged from 39.5 

to 40.19C, whi,le for heifers picked at random on the other ergot levels, 

body temperature ranged from 39.1 to 39.55°C.

The normal respiration rate is 10 to 30 times per minute for cattle 

(Blood and Henderson, 1963) but may double with a significant rise in 

environmental temperature or humidity. The respiration rate for heifers 

fed 0.8% ergot level ranged from 65 to 77, while for the other heifers 

picked at random the respiration rate was 34 to 48 times per minute.

This agrees with Hansen (1928) and Cunningham ej: al. (1944a) who found 

an increase in body temperature and respiration rate and salivation in 

milk cows; which had developed lameness from ergoty rye.

In general, it appears that the heifers fed the 0.8% ergot level 

(12.3 g ergot daily) were not able to adjust to the heat stress as heifers 

fed the other ergot levels were able to do. This is in agreement with 

Dinnusson £t al. (1971) who observed heat stress in steers fed triticale 

ergot but at the 0.15% level.
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For heifers fed the 0.8% ergot Level, part of the increase in' temper

ature may have been due to the heavier hair coat and not being able to 

dissipate the heat as they normally would.

Also the increase in body temperature may have been due to the 

effect of the ergot alkaloids on the hypothalmus. One of the hypothalmus 

functions is the regulation of body temperature (Tiez, 1970). When heat 

needs to be dissipated from the animal's body, the hypothalmus dilates 

the cutaneous vessels and this serves to bring deep body heat to the 

surface with increased efficiency and the hypothalmus also causes 

hedt to be removed through evaporation of yater. If the effect of the 

ergot alkaloids oh the hypothalmus was to stop these processes, then the 

body temperature could rise. Rosenfeld and Beath (1950) reported losses 

in rats fed crude ergot when the temperature dropped to 13°C and postu

lated that it may have been due to either vascular damage or the effect 

on the hypothalmus which made the rats unable to regulate their body 

temperature.

Chemical Assay. When the dried and freshly thawed muscle and liver 

were chemically analyzed by the method of Alexander and Banes (1961), no 

presence of ergot .alkaloids could be detected. This lack of ergot alka

loids in tissue is in agreement with findings of Cunningham et al.(1944a) 

who were unable to detect any. alkaloids in muscle and viscera from cows 

with ergotism,, using a chemical analysis employing p-dimethylamino- 

benzaldehyde and cocks comb biological assay. Rothlin (1947) found that
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the alkaloids were not excreted in the urine of rabbits but that the 

alkaloids could be recovered in relatively great quantities in the liver, 

kidney, spleen, and muscle. He did not state how long after the adminis

tration of the alkaloids, they were recovered.

Rat Trial. Table 23 shows the chemical analysis of the heifer 

tissue before incorporation into the rat rations and table 24 shows the 

approximate analysis of the rat rations. Rats.are fairly sensitive to 

the effects of ergot alkaloids. As little as 0.1% of ergot in the ration 

caused a decrease in growth (Cunningham et'al».1944a).

Table 25 shows the least square means for average total gain, 

average total feed and feed conversion for the rats fed the four rations. 

Average total gain, average total fe'ed (g/day) and feed conversion 

(g feed/.g gain) for the rats fed the clean liver and ergot suspect liver 

rations were 60.39, 192.39, 4.35; and 68.99, 208.89, and 3.91, respective

ly. For rats fed the clean muscle and ergot suspect muscle rations, they 

were 84.39, 253.19, 3.00; 75.39, 237.69,: and 3.23, respectively. There 

were no significant differences between any of the values. This confirms 

the result’s from thd chemical analysis of the tissues which indicated the 

absence of alkaloids in the muscle and liver.
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TABLE 23. CHEMICAL ANALYSIS OF HEIFER TISSUE, PERCENTa
Tissue Moisture Protein Ether Extract Phosphorus

Clean liver 7.1 58.1 3.9 .21
Ergot suspect liver 7.0 57.5 4.1 .24
Clean muscle 6.7 61.4 27,3 .21
Ergot suspect muscle 6.5 62.2 2 6 .9 . .20

aAnalyses by Nutrition Center Laboratory, Montana State University.

TABLE 24. APPROXIMATE ANALYSIS OF RAT RATIONS, PERCENT

Tissue Moisture Protein
Ether
Extract Ca .

Phos
phorus

Gross energy 
cal/g

Clean Iivera 6.8 20.04 6.5 .41 .24 4385
Ergot Iiver^ 6.5 19.84 6.3 .41 .26 4352
Clean muscle0 7,3 . 20.13 6.2 .43 .31 4182
Ergot muscle^ 6 . 9 10.94 5.7 . 4 3 .30 4140

aLiver from steer not fed ergot. 
^Liver from heifer fed ergot. 
cMuscle from steer not fed ergot. ■ 
^Muscle from heifer fed ergot.

TABLE 25. LEAST SQUARES MEANS FOR AVERAGE TOTAL GAIN, AVERAGE TOTAL 
___________FEED, FEED PER GAIN FOR RATS FED TISSUE IN THEIR RATIONS

Treatment No. • rats
Average (total 
■gain (g)

Average total 
feed (g)

F'eed/gaina
(s)

Clean Iiver^ 10 . 60.39 192.39 4.35
Ergot liver0 10 68.99 208.89 3.91
Clean muscle0 10 . 84.39 253.19 3.00
Ergot muscle0 10 75.39 237.69 3.23

aGrams of feed per gram of gain. 
^Tissue from steer not fed ergot. 
cTissue from heifer fed ergot.
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Uterus Development. It is known that ergot alkaloids will cause 

rapid muscle contractions in the uterus of humans and experimental 

animals but it is not known what effect they have on the cow's uterus 

(McDonald, 1965). In vitro experiments with isolated strips of 

uterine muscle from the cow revealed little or no response of the 

uterine musculature to treatment with ergotamine tartrate (Cupps and 

Asdell, 1944). Table 26 dhows the least squares means and standard 

errors of the logarithmscof the adjusted uteri weights of heifers fed 

the various ergot levels.

TABLE 26. LEAST SQUARES MEANS AND STANDARD ERRORS OF THE LOGARITHM

-66-

OF ADJUSTED UTERI WEIGHTS.FOR HEIFERS FED THE DIFFERENT 
ERGOT LEVELS_____ _______

Ergot level No. animals Least square means Standard error

0 2 2.3498 .0495
0.2 6 2.3960 .0269
0.4 8 2 . 3 8 8 8 .0243
0.8 7 2.3658 .0307

.aPercent of ergot in barley fed.

The least squares means of the uteri weights for the heifers fed 

the 0, 0.2, 0.4 and 0.8% ergot levels were 2.3498,.2.3950, 2.3888, and 

2.3658 grams, respectively. There were no significant differences 

(P> .05) between any of the means. This indicates that ergot alkaloids 

do not.affect development of the uterus.

Estrous Cycle. Most of the heifers were observed to have normal 

estrus cycles. In all, 17 out of 27 heifers were observed to cycle
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close to the average of 21 days. Of the ten that weren't, observed to 

cycle normally, four were observed to come into heat once but they 

were not observed to come into heat the second time. This does not 

mean that they did not cycle.again or that the other six did not cycle 

normally, because if they did not show visible signs such as being 

mounted by other heifers or mounting other heifers, they could have 

been easily missed. When the ovaries of each heifer were examined 

after slaughter according to Zeitijanis' (1970) description, all showed 

various stages of follicular development and different stages of 

corpora lutea development except two. This indicates that all but 

two of them had been cycling. Both of .these heifers that had no corpora 

lutea had been fed the 0.2% ergot level.

Carcass Grade. Carcass grades for 21 heifers were obtained. Seven 

of the heifers graded good while the remaining 14 graded choice; Four 

of the five heifers fed the 0.8% ergot level graded good while two fed 

the 0.2% and one fed the 0.4% ergot levels graded good. All but one 

of the heifers fed 0.8% ergot level were lighter than the rest of the 

heifers in the trial except two which graded choice and had been fed 

0.2 and 0.4% ergot levels.

Head Profile. Six of the eight heifers fed the 0.8% ergot level 

appeared to have a different type head than the other heifers. Their 

heads appeared to be shorter in length with a straight forehead instead 

of a slightly dished forehead. This condition become more noticeable
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as the trial progressed.

Histological Observations. The most common lesion in the kidney 

(table 27), found in 16 out of 19 heifers fed ergot, appeared to have 

resulted from past glomerulonephritis, and consisted of thickening of 

the parietal layer of Bowman's capsule and atrophy of affected glomeruli. 

In some animals affected, glomeruli were still surrounded by mononuclear 

inflammatory cells and this indicated that glomerular damage was the 

result of an earlier inflammatory process rather than a strictly degen

erative one. Another consistent lesion was the finding of cellular 

casts in kidney tubules, but no correlation could be found with the 

extent of glomerular damage. Six of the 19 had a very mild arterial 

intimal proliferation in the kidney.

Of the 19 heifers fed ergot, nine had small foci of necrosis and 

inflammation in the liver tissue. Four of the five heifers fed the 0.8% 

ergot level did not show any necrosis in their liver nor did the two 

control animals.

The heifers could have replaced some of the damaged tissue, as 

they were fed an ergot-free ration for five weeks and then slaughtered, 

so this may not be a true indication of extent of tissue damage.

When the brain from a heifer fed the 0.8% ergot level was examined, 

two days after the termination of trial II, marked proliferation of 

capillaries were fbun,d in one area of the cerebellum. This occurred only 

in the molecular layer.
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TABLE 27. .HISTOLOGICAL' STUDY OF KIDNEY AND LIVER SLICES 
Animal Ergot Liver Kidney
No.____ level :____ _________ observation__________ observation

45 0 I. Necrosis 0 . I. Lesions in glomeruli 0
2. Inflarqmation + 2. Cellular casts 0
3. Other 0 3. Focal mononucleosis +

4. Arterial intimal
proliferation +

86 0 0 0
+ 0
0 ■++

.0

58 . 0.2 + 4-+
H-H- +
0 0

H-

85 0.2 0 -H-
0

0 0
H-

89 0.2 . + +
-H- . H-H-
0 0

0

156 0.2 0 HH-
H-H- -H-H-
0 0

0

164 0.2 + H-
I I I 0
0 -H-

H-

943 0.2 0 HH-
-H- -H-H
0 H-

. 0
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TABLE 27. (CONTINUED)
Animal Ergot Liver Kidney
No. level observation observation

36 0.4 0 -H-H-
0 0
0 0

+
37 0.4 0 IH-J-

4+ +
0 -H-

0
48 0.4 + -H-

4++ +
Focal proliferation +
of bile ducts 0

54 0.4 0
0 to +

H-
-H-H-

0 0
+, two 
arteries

82 0.4 + +
++ 0
0 0

0
141 0.4 + H-Hl

+++ +
Q +-H-

0, (few arter
ies on slide)

153 0.4 + 0
H-I- ++
0 -H-

0
167 0.4 + 0

+ . 0
0 0

0
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TABLE 27. (CONTINUED)
Animal Ergot Liver' Kidney
No. level" observation observation

35 0.8 . 0 0
+ Portal 444-
0 +

0
44 0.8 + 11 I I

++ 44-
Mild, diffuse +
neutrophilic
hepatitis.
Focal bile duct 
proliferation

0 ■

50 0.8 0 0 to 4-
-H- 4- (albumin-

ous)
Areas containing 0
cells with clear or 
foamy cytoplasm

0

155 0.8 0 444-
0 4-
0 +

+

198 0.8 0 0 to 4-
0 44-44-
0 0

0

O - none present.
+ to I I I-H - varying degree of abnormal tissue found, trace to most.



SUMMARY

Two trials were conducted with the same group of Hereford heifers to 

learn more about the effects from feeding different levels and sources 

of ergot. The effects of ergot on feedlot performance and blood levels 

for carotepe, vitamin A, calcium, phosphorus, hematocrits, white blood 
cells, neutrophils, lymphocytes, monocytes, eosinophils and basophils 

were evalutated.

In trial I, 27 weaned, Hereford heifers, allotted to six pens of 

four head each and one pen with three head, were individually fed a 

wintering ration for 119 days. The ration contained barley with either 

0, 0.1, 0.2, 0.4, 0.8 or 1.6% ergot from two different ergot sources.

Each group of two heifers within a lot fed ergot was fed from a differ

ent ergot source. The daily feed intake of the heifers fed 0.1, 0.2,

0.4, 0.8 and 1.6% ergot levels provided an average daily intake of 1.14, 

2.04, 4.99, 8.17 and 12.70 g ergot, respectively.

There appeared to be a steady decrease in average daily feed and 

average daily gain as the level of ergot in the barley increased above 

the 0.1% ergot level. The significant decrease (P .05) in average daily 

feed for heifers fed the 1.6% ergot level (12.7 g ergot daily) was due 

mainly to the unpalatability of the ergot; there were also some digestive 

disturbances, as heifers went off feed intermittently. There may have 

also been some effect on the "appetite center" in the hypothalmus. The 

significant decrease (P% .05) in daily feed intake caused a significant 

decrease in daily gain. Ergot source I contained slightly more total
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alkaloids than ergot source 2 and appeared to be slightly more unpala

table (5.72 vs. 6,09 kg daily feed) when the pooled data for heifers 

fed each source were compared, although the difference was not signifi

cant. However, the heifers fed ergot source I at the 1.6% ergot level 

had a significantly lower (P̂ . .05) average daily feed intake and average 

daily gain than the heifers fed ergot source 2. This indicated that 

there may have been a difference in the compositions of the alkaloids, 

besides the slight difference in percent total alkaloids, making ergot 

source I more toxic. The similar total alkaloid content demonstrates 

that ergot produced at different locations may have similar total alka

loid contents as well as different total alkaloid,- contents, reported by 

other researchers.

There were significant differences (P ̂ .05) between the first 

blood collection period and some of the other blood collection periods 

for vitamin A, phosphorus, white cell count, lymphocytes and moncytes 

blood levels, but the results were variable.

■ When the wintering trial ended, heifers were placed on the fatten

ing phase (trial II) of the study which lasted 135 days. The control 

lot in the wintering trial served as the control lot in the fattening 

trial. The heifers fed 0.1 and 0.2% ergot levels, 0.4 and 0.8% ergot 

levels and 1.6% ergot level in the wintering trail were assigned to 

the 0.2, 0.4, and 0.8% ergot levels, respectively. Daily feed intake of 

heifers fed 0.2, 0.4 and 0.8% ergot levels provided an average daily
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intake of 3.63, 7.26 and 12.26 g ergot, respectively. Each of the two 

lots wfthin a certain ergot level was fed one of the two ergot sources 

in trial I .

None of the heifers ate well throughout the trial. Heifers fed 

ergot were off and on feed throughout the trial, because of digestive 

disturbances as evidenced by their foul breath and putrid, watery 

feces. For some unexplainable reason, the heifers fed the control 

ration were off feed for over a month midway through the trial.

There was a significant decrease (P jL .05) in average daily feed 
for heifers fed 0.2, 0.4, and 0.8% ergot levels. Both the unpalata- 

bility of the ergot and the digestive disturbances caused from it 

probably contributed equally to the decrease in daily feed intake.

There was no significant differences for the levels of the various 

blood components between the heifers fed the two ergot sources and the 

different ergot levels.

Heifers fed 1.6% ergot level (12.7 g ergot daily) in trial I and 

0.8% ergot level (12.3 g ergot daily) in trial II had rough hair coats 

and two in each trial did not walk normally on their hind legs; however, 

no other visible symptoms developed on their legs or feet.

Two heifers fed the I.6%.ergot level in trial I lost 3 to 10 

inches of their tails, whereas in trial II, heifers fed the 0.8% ergot 

level did not shed their heavy winter coats normally.
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During high ambient temperatures, the heifers fed the 0.8% ergot 

level in trial II had increased body temperature, respiration rate, and 

salivation. The high body temperature may have been due to the heavy 

hair coat and effect of ergot alkaloids on the heat regulator center 

in the hypothalmus.

When dried and freshly thawed muscle and liver tissue from heifers 

fed ergot were chemically analyzed for ergot alkaloids, the results 

were negative; the same result occurred when the dried muscle and liver 

tissue were fed to rats in a balanced ration. These results indicate 

that ergot alkaloids, as such, are not stored in muscle or liver tissue.

When comparisons were made by adjusting the uterus weight accord

ing to body weight and statistically analyzing the logarithm of the 

adjusted uterus weight, there were no statistical differences (P /•.05) 

due to the level of ergot fed.

Most of the heifers were observed to cycle normally (17 of 27); and 

when the ovaries were examined at slaughter, various stages of corpora 

lutea development were found in all but two. This . development indicat

ed that all heifers had been cycling except two which had been fed the 

0.2% ergot level.

When slaughtered, four of five heifers fed the 0.8% ergot level 

graded good, whereas two fed the 0.2% and one fed the 0.4% ergot level 

graded good. The other 14 heifers graded choice.

The most common lesion in the kidney, found in 16 of 19 heifers



fed ergot appeared to have resulted from past glomerulonephrits. Another 

consistent lesion was cellular casts in kidney tubules.

Nine of the heifers fed ergot had small foci of necrosis and inflam

mation in the liver tissues. Four of the five heifers fed the 0.8% ergot 

level did not show any necrosis in their liver nor did the two control 

animals.

Evidence of marked proliferation of capillaries was found in the 

cerebellum part of the brain of one heifer which had been fed the 0.8% 

ergot level in trial II. This was the only brain examined.
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APPENDIX TABLE I. INDIVIDUAL, INITIAL AND FINAL WEIGHTS, WEIGHT GAIN
AND AVERAGE DAILY GAIN. TRIAL I

Wintering Trial (119 days) 
1-4-71 to 5-2-71

Lot 
no.

Ergot
level

Eartag 
no.

Initial
Wt .

Final
W t .

Gain,
total

Avg.daily 
gain

% lbs lbs lbs lbs

32 0.1 39 456 722 266 2.23
58 474 6 8 6 212 1.78
85 4 5 6 6 6 2 206 1.73
199 4 8 8 6 9 6 208 1.75

33 0 45 432 656 224 1.88
52 456 ' 679 223 1.87
8 6 494 6 9 8 204 1.71

34 0.2 8 9 484 684 200 1.68
156 4 6 2 673 211 1.77
164 412 587 175 1.47
943 478 6 7 2 194 1.63

35 0.4 36 442 654 212 1.78
37 484 649 165 1.39
8 2 384 566 182 1.53
167 536 754 218 1.83

36 0.8 48 4 4 6 635 189 1.59
54 414 591 177 1.49
141 474 659 185 1,55
153 446 646 200 1.68

37 1.6 35 420 578 158 1.33
43 464 6 3 7 173 1.45
67 4 6 6 548 8 2 . 6 9
155 4 8 8 645 157 1.32

3 8 1.6 44 456 576 120 1.01
50 478 6 4 4 166 1.39
198 356 524 168 1.41
918 4 3 8 559 121 1.02
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APPENDIX TABLE II. INDIVIDUAL, INTITIAL AND FINAL WEIGHTS, WEIGHT GAIN
AND AVERAGE DAILY GAIN. TRIAL II

Fattening Trial (135 days) 
5-24-71 to 10-6-71

Lot 
no.

Ergot
level

Ergot
source

Eartag 
no.

Initial
Wt .

Final 
.. wt.

Gain,
total.

Avg.daily 
gain

% lbs lbs

32 0.2 ' i 58 694 8 5 8 164 1.21
85 666 880 214 1.58
199 705 8 9 8 193 1.43 .

33 0 45 6 6 8 8 8 8 220 1.63
8 6 702 956 254 1.88

34 0.2 2 89 700 916 216 1.60
156 695 906 211 1.56
164 594 7 4 6 152 1.12
943 704 908 204 1.51

35 - 0.4 I 3 6 670 8 6 2 192 1.42
37 663 856 193 1.43
8 2 577 786 209 1.55
167 . 768 1008 240 1.78

36 0.4 2 48 6 6 8 878 210 1.55
54 625 824 199 1.47
141 681 918 237 1.75
153 678 8 9 6 218 1.61

37 0.8 I 35 597 772 175 1.30
43 651 818 167 1.24
67 574 746 172 1.27
155 6 6 8 844 176 1 . 3 0

3 8 0.8 2 44 591 758 167 1.24
50 672 844 17 2 1.27
198 551 752 201 1.49
918 *' 580 748 ■ 168 1.24
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APPENDIX TABLE III. LEAST-SQUARES ANALYSIS OF 
HEIFERS IN TRIAL I

AVERAGE DAILY GAINS OF

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
square

F
Value

Treatments 5 1.668 .333 7 .5 7 2 *

Error 21 .925 .044

Total 26 2.593
* (P* .05)

APPENDIX TABLE IV. LEAST-SQUARES ANALYSIS OF 
IN TRIAL I

FEED CONVERSION OF HEIFERS

Source of 
variation

Degrees of . 
freedom

Sum of 
squares

Mean
s-quare

F
Value

Treatments 5 242675.687 48535.136 2.143

Error 21. 475626.000 22648.855

Total '26 718301.687

APPENDIX TABLE V. LEAST-SQUARES ANALYSIS OF TOTAL FEED INTAKE OF HEIFERS 
IN TRIAL I

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
square

F
Value

Treatments 5 3 7 3 3 8 0 . 6 2 5 74676.125 3 .4 5 4 *

Error 21 454007.062 21619.383

Total 26 827387.687
* (P* .05)
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APPENDIX TABLE VI. ANALYSIS OF COVARIANCE OF AVERAGE DAILY GAIN OF
HEIFERS IN TRIAL II

Source of 
variation

Degrees of 
freedom

Sum o f . 
squares

Mean 
square'

F
Value

Treatments 3 .2957 .0986 3.306*

Regression. I .0003 .0003

Error 20 .5963 .0298

Total 24 .8923

* (P .05)

APPENDIX TABLE VII. ANALYSIS OF COVARIANCE OF 
HEIFERS IN TRIAL II

TOTAL FEED INTAKE OF

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
square

F
Value

Treatments 3 127007.125 42335.71 4.961*

Regression I 122154.875 122154.87 14.315

Error 20 170671.437 8533.57

Total 24 419833.437

* (P .05)

APPENDIX TABLE VIII. ANALYSIS OF 
HEIFERS IN

1 COVARIANCE OF 
TRIAL II

FEED CONVERSION OF

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
square

F
Value

Treatments 3 1.3034 .4345 .487

Regression I .0049 .0049 .006

Error 20 17.8608 .8930

Total 24 19.1691
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