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Three in vivo and 3 in vitro studies were conducted. A seven week study on the

effect of feeding ammoniated endophyte-infected tall fescue (E+) straw to steers showed
a reduction in digestibility (P<0.05) with no influence (P>.005) on the feed intake (FI)

,

average daily gain (ADG) or rectal temperature (RT) (P>.05); however, marginally low
serum prolactin (PRL) was observed. A study on wethers using E+ seed with dietary
levels of the major ergopeptide alkaloid, ergovaline (EV), ranging from 0 to 2000 ppb
showed reduced FI, ADG and, serum PRL and was accompanied by increased RT
(P<0.05). Feeding of wethers with ammoniated seed screenings, however, did not

improve wether performance or serum PRL; this was hypothesized to be because the feed
was not ground, thus reducing exposure of alkaloids within the seed to the ammonia.
Another study evaluated the interaction of ergot alkaloids (EA) in E+ TF seed and
pyrrolizidine alkaloids (PA) in tansy ragwort in influencing liver function in sheep which

are resistant to PA toxicity. It was hypothesized that EV-induced low serum PRL would

increase susceptibility to hepatotoxic PA because PRL has hepatogenic properties. No
interaction between the two alkaloids was detected as assessed by gammaglutamyl
transferase activity and by bromsulfophthalein clearance tests. This indicates that the
target organs of the two types of alkaloids are different.
The in vitro studies focused on alkaloid reduction methods through acid or alkali

treatment, ammoniation, and ensiling after grinding. Quadratic regression models best
predicted the association of the levels of EV in E+ TF seed with pH and mechanical

treatment. Ammoniation improved the detoxification rate of E+ TF products and TR and
grinding assisted the toxin reduction process. Ensiling tended to reduce the alkaloids in
E+ TF and TR but its effects were not consistent; there appeared to be no interaction
between ensiling and grinding. The fact that serum PRL of wethers was reduced at dietary
intake levels of as low as 50 ppb or 6.5 ug/kg BW75 and production at this EV intake was
reduced to 75% of control deserves cautionary measures when feeding E+ TF in Oregon.
Reduced performance is due to lowered FI and digestibility; while reduction in serum PRL

is due to the effects of EA on dopamine and its receptors which antagonize PRL secretion.
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Evaluation of Endophyte-Infected Tall Fescue Products, their Interaction
with Senecio jacobaea in Ruminants, and Detoxification of Alkaloids
by Ammoniation or Ensiling after Grinding

1. INTRODUCTION
The cool season grass, tall fescue (TF) (Festuca arundinacea Schreb) is an important

forage species. In the US alone there is an estimated 15 million hectares of TF pasture
(Bacon et al., 1986). Oregon is the major producer of TF seed with an annual production of
51,600 metric tons. The total acreage in Oregon of TF harvested in 1993 was 79,400 acres.

In terms of both yield and acreage it is only exceeded by annual and perennial ryegrasses
(USDA and ODA, 1994). Most of the grass seed produced is concentrated in the Willamette

Valley of western Oregon.

There are also large amounts of straw and seed screenings

produced as by-products of the grass seed industry; other by-products produced in Oregon
include cull onions, corn juice, broiler litter, and shrimp and crab wastes. Livestock feeding
of a combination of such cheap byproducts when coupled with ammoniation and/or ensiling

can be beneficial as was found by Hussain and Cheeke (1996) and Hussain et al. (1996).

Despite tall fescue's wide adaptation and utilization by livestock, performance
reduction or toxicosis problems associated with consumption of tall fescue infected with the
endophytic fungus, Acremonium coenophialum have been widespread. This is because the
fungus which lives in the tall fescue plant in a mutualistic association is capable of producing

a number of alkaloids. Among the different ergot alkaloids the ergopeptide alkaloids, the

major one of which is ergovaline (Rottinghaus et al., 1991), have been implicated in tall
fescue toxicosis in animals. The symptoms of tall fescue toxicosis include: reduced body

weight gains, increased body temperature, rough hair coat, reduced reproductive
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performance, fescue foot

,

excessive salivation, lower milk production and lower serum

prolactin levels (Hemken et al.

,

1984; Stuedemann and Hove land, 1988; Osborn et al., 1992).

The disease conditions are commonly grouped into four major categories: fescue foot, fat
necrosis, reproductive effects, and summer fescue toxicosis. Both extremely high and low
environmental temperatures have been observed to impose severe toxicosis conditions.
TF toxicosis results in reduced productivity due to one or a combination of reduced
feed intake, reduced digestibility, alterations in nutrient metabolism, reduced blood flow, and

reduced serum prolactin. Many of the effects of the ergot alkaloids in tall fescue have been
implicated to be exerted in animals due to their intricate interaction with the biogenic amine
dopamine and its receptors (Cross et al., 1995). The TF endophyte and its livestock toxicosis

problems are not localized to specific regions of the world but are global in distribution
wherever TF is grown as a forage.
Tansy ragwort (TR) (Senecio jacobaea) is a poisonous plant that occurs widely in the

Pacific Northwest. This weed contains pyrrolizidine alkaloids which cause irreversible liver

damage when ingested by animals (Cheeke, 1988). It was estimated in 1987 that in the 17
western Oregon counties, over 300,000 km2 were infested with tansy ragwort (Coombs et al.,

1991). Among livestock species sheep and goats are resistant while cattle and horses are
susceptible to tansy ragwort poisoning.

Susceptibility of animals to liver damage may be

monitored by assessing plasma enzymes associated with liver function or organic dye
clearance methods such as sulfobromophthalein (BSP) clearance.

3

Ammoniation and ensiling are two of the many feed processing methods employed for

increasing the nutritive value and conserving of feeds. Besides being used for nutritive
improvements and conservation purposes, these two methods have been used for reduction

of toxicity (Caswell et al., 1978; Chestnut et al., 1991a; Kerr et al., 1990) by inducing an
alkaline condition in which many alkaloids are unstable. It has also been reported that feed
processing methods such as grinding appear to improve the digestibility (Theurer, 1986) by
increasing the energy availability and nitrogen solubility of grains fed to ruminants.

This study was undertaken with the following major objectives:
1. To evaluate the performance and serum prolactin of steers fed on ammoniated or untreated

endophyte-free (E-) or endophyte-infected (E+) tall fescue straw, to determine if TF straw,
a by-product of seed production is potentially toxic to livestock.
2. a) To evaluate the performance and serum prolactin levels of lambs fed on different levels
of ergovaline containing TF seeds, to establish EV levels which may be of concern in reducing

animal performance.

b) To evaluate the performance and serum prolactin levels of lambs fed on E+ ammoniated
TF seed screenings.
3. To assess the interaction of ergot alkaloids (EA) in E+ TF and pyrrolizidine alkaloids (PA)
in tansy ragwort (TR) through assessment of sheep liver function by enzymatic and B SP test.

4. Through in vitro trials:

a) To evaluate the effect of the exposure of intact and ground E+ TF seed to different pH

regimes on its ergovaline content.
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b) To assess if ammoniation and grinding have any influence on the contents of ergovaline

in E+ TF seed and on the PA of TR.
c) To determine if ensiling and grinding have detoxification effects on ergot and pyrrolizidine

alkaloids of E+ TF seed and TR respectively; and to test if ensiled broiler litter has any effect

on the alkaloids of E+ seed and TR.
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2. LITERATURE REVIEW

Tall fescue feeding and livestock production: a brief background
Tall fescue (Festuca arundinacea Schreb.) is a cool season perennial grass. It is a
dense, sod-forming, vigorous and drought-resistant grass widely grown in the Southeast and

Southern parts of the United States (Cheeke, 1997). It's origin is believed to be northern
Europe (Bacon et al 1986). It is the most important cool season grass in the U.S. Apart
from animal feed it is widely used as a turf grass for lawns, athletic fields, revegetation of
roadsides and disturbed areas, for golf fields and soil conservation purposes (Fribourg et al.,
1988). Tall fescue is also widely grown in many other parts of the world, and is an important

forage grass in New Zealand, Australia, and Argentina.

The nutrient composition of tall fescue forage is fairly good. However, animals fed

on tall fescue did not show performance as would be predictable based on its nutrient
composition. As early as 1941, Neill in New Zealand reported problems in animals grazing

on tall fescue. The problems observed included constriction of the hoof area and other
extremities which are similar to the symptoms of ergotism. At this time it was also noted that

there was an endophytic fungus inhabiting the tall fescue on which Neill's cattle grazed.
"Endo" means within and "phyte" plant; endophyte is therefore a plant (fungus) living within

another plant (tall fescue). The next early reports on tall fescue and its maladies were
concentrated in New Zealand (Cunningham, 1949), Australia (Pulsford, 1950) and the US
-in Colorado (Goodman, 1952) and in Kentucky (Stearns, 1953).
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A few years later, also in the US, further description of the ergot-like problems were given
by Maag and Tobiska (1956) on the tall fescue plant and by Jensen et al. (1956) on symptoms

of cattle consuming tall fescue. Maag and Tobiska (1956) suspected the problem was due
to ergot bodies (sclerotia) in tall fescue. However, they later ruled out this theory because
the season on which the ergot-like animal problems were observed was in winter and fall
months when ergot bodies were not prevalent. Moreover, even though ergot alkaloids were
detected in tall fescue, tall fescue is not susceptible to infection with Claviceps fungi which

produce ergot bodies in the seed head.
Tall fescue grass was propagated and dispersed by agronomists at the University of

Kentucky. After agronomic evaluations, the cultivar Kentucky-31 (Ky-31) was released in

1943. The 31 indicates the year (1931) when the seed of this cultivar was first collected.
Ky-31 was very aggressive and fairly good in terms of its nutrient content and through active

extension work it was spread and grown in much of the Southeast US. Cattle grazing on Ky31, however, exhibited erratic performance unlike what would be expected by looking at the

nutrient composition of the grass.

Cattle grazing on tall fescue were heat intolerant,

wallowed in water or mud and sought shade to cool themselves. These problems were
especially apparent during summer months, hence the problem was known as summer "fescue
toxicosis," "summer slump," "summer fescue syndrome

(Stuedemann and Hoveland, 1988).

Despite the many attempts to identify the causes for low animal productivity
associated with tall fescue grazing, the tall fescue anomaly continued without clarification for

many years. In 1977, Bacon et al. identified in tall fescue an endophytic fungus, Epichoe
typhina, which was later renamed Acrenionium coenophiaiuni by Morgan-Jones and Gams
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(1982). Bacon et al. (1977) also first hypothesized that the syndromes in tall fescue toxicosis
were associated with the endophytic fungus which has a mutualistic relationship with the TF

plant. Subsequently, the hypothesis of Bacon et al. (1977) was first conclusively confirmed
by steer feeding trials of Hoveland et al. (1983). Their results showed reduced body weights
in steers grazed on E+ TF as compared to those fed E" TF.

Once this evidence supporting the association of the endophyte in TF to lowered
livestock productivity was known, studies intensified to identify and/or characterize the
causative agents. Ef TF has been one of the most widely studied areas of animal nutrition

and toxicological research in the last 2 decades.

Endophyte in tall fescue and toxic compounds associated with its presence
The endophyte is transmitted only through infected seeds; wind, rain , and pollen do

not serve as means of transmission (Siegel et al., 1984). The presence of the endophyte in
tall fescue or endophyte infection of the tall fescue plant is not harmful to the TF plant, but
is in fact beneficial. Endophyte infection of the TF plant confers it with hardiness, vigor, and

tolerance to drought and herbivory (Read and Camp, 1986; Bush and Burrus, 1988;
Arechavaleta et al., 1989).

Studies by Cheplick and Clay (1988) and Cheplick et al. (1989) have, however,
indicated that the agronomic advantages of the presence of the endophyte in the tall fescue
are only apparent in the presence of excess nutrients. If there is nutrient limitation especially
during germination of the plant the benefits of the presence of the endophyte may be reversed
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There are many toxic compounds in E+ TF which have been proposed to be

causes of tall fescue toxicosis. The most important of the toxic constituents of E+ TF,
however, are the ergot alkaloids. Alkaloids are basic compounds, containing nitrogen in a

ring form; they are usually bitter in taste and most are toxic (Cheeke, 1997). The ergot
alkaloids are conveniently subdivided into: clavine alkaloids, lysergic acid amides and
ergopeptide alkaloids (Berde and Schild, 1978).

The ergot alkaloids share structural similarities with the biogenic amines
(neurotransmitters), dopamine, norepinephrine and serotonin (Berde and Schild, 1978).
Their common ergoline ring structure and that of the 3 biogenic amines are presented in
appendices Al and A3, respectively.. The concentration of ergot alkaloids in plants may vary

from 0.01 to 3.0 ug/kg. Out of the 3 divisions of the ergot alkaloids, the clavine alkaloids

and lysergic acid amides play minor roles such as contributing to vasoconstriction of
extremities (Oliver et al., 1993; Browning and Leite-Browning, 1997).

The current literature seems to agree that the ergopeptide alkaloids are the most
important single group of alkaloids contributing to the TF toxicosis syndrome. Out of the
ergot alkaloids about 50% are ergopeptide alkaloids; and ergovaline (EV) constitutes 84-97%

of the ergopeptide alkaloids (Lyons et al., 1986). EV % in E' TF has been reported as 5773% by others (Yates et al., 1985; Bacon et al., 1986). It is one of the most toxic alkaloids
known. EV is synthesized by the fungus; and its concentration in the seed heads is highest

with as much as 5 times that of the leaves (Paterson and Kerley, 1991). EV concentration
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tends to show some seasonality (Belesky et al., 1988; Rottinghaus et al., 1991). The
concentration of EV in E+ TF seeds and forages ranges from 100 to 6000 ppb (Belesky et

al., 1988; Hill et al., 1993; Porter, 1995). Both nitrogen fertilization (Arechavaleta et al.,
1989; Lyons et al., 1990b) or low soil moisture status (Arechavaleta et al., 1992) result in
increased ergot alkaloid concentration.

The ergopeptide alkaloids consist of

-proline, Q-a-hydroxy-alanine and a variable

amino acid; for example, for ergovaline, it is valine as its name indicates (Rutschmann and
Stadler, 1978). (Appendix A2).
The main tall fescue toxicosis syndromes can be grouped into four major categories:

fescue foot; fat necrosis, reproductive problems, and summer toxicosis.

Fescue foot
Fescue foot is an acute form of E+ tall fescue syndrome usually observed during colder

months, characterized by the necrosis and sloughing of extremities, particularly the hooves.
It starts with reduction in weight gain and diarrhea may occur 5 days to several months after

cattle are exposed to E+ TF pasture (William et al., 1975). Animals with the disease also
exhibit rough hair coat, arched back and soreness in one or both hind limbs.
It is caused mainly due to inadequate blood flow to the core body and the extremities

and due to vasoconstriction (Walls and Jocobson, 1970; Wallner et al., 1983) Its effects are
very visible at the hoof, ear areas, and end of the tail. These extremities may be sloughed off
when animals continue to graze on E+ pastures especially in cold temperatures (Jensen et al

1956; Bush et al., 1979; Hempken and Bush, 1989).
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Fat necrosis
This is a chronic form of toxicosis and is characterized by hard fat masses around the

internal organs in the abdominal cavity (Stuedemann et al., 1975; Wallner et al., 1983).
Elevated body temperature, rough hair coat, lameness and seeking of shade or water by cattle

are its other symptoms (Hempken et al., 1984). The hard masses of fat within the abdominal

cavity may interfere with normal movement of ingesta and also interfere with calving and
renal function (Bush et al., 1979; Schmidt and Osborn 1993; Thompson and Stuedemann,
1993). The hard fat deposits surrounding the intestines and reproductive tract may -pinch off

" these tissues.

Earlier studies associated fat necrosis with feeding of E+ TF fertilized with high
amounts of broiler litter (Williams et al., 1969) and with high N fertilization ( Stuedemann et

al., 1975). The etiology of fat necrosis is not well understood, but it appears to be of least
economic significance of the major E+ TF toxicosis syndromes.

Reproductive problems
This syndrome is especially apparent in mares grazing on E+ TF. It is characterized

by dystocia, stillbirth, retained placenta, and agalactic mares (Monroe et al., 1988; Putman

et al., 1990; Cross et al., 1995). The etiology of reproductive problems of livestock
consuming E+ TF is not well understood. However, alterations in: gonadotropin secretion,

uterine contractile activity, blood flow, or a combination of these have been suggested
(Mizinga et al., 1992).
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Fescue toxicosis
Summer toxicosis or summer syndrome or tall fescue toxicosis is a chronic form of

the syndrome. This syndrome is the most important in terms of economic significance
(Wallner et al., 1983; Hove land, 1993). It is characterized by low weight gains, low
reproductive performance, low milk yield, high rectal temperature, high respiration rate,

rough hair coat, heat intolerance and seeking of shade and water, low serum prolactin,
excessive salivation, and listlessness (Hempken et al., 1984; Beers and Piper, 1987; Paterson

and Kerley, 1991). Hempken et al. (1981) showed that poor performance of cattle grazing

E+ TF was related to environmental temperature in excess of 32.2 °C. Signs of fescue
toxicosis such as susceptibility to heat stress may be due to impaired blood flow to the
peripheral tissues (Rhodes et al., 1991; Osborn et al., 1992; Thompson and Stuedemann,
1993).

Effects of tall fescue toxicosis in animals
The chronic and economically most important syndrome, fescue toxicosis, presents

itself in many forms. This title is therefore treated under the topics of effects of fescue
toxicosis on: reproduction; feed intake, digestibility, and body weight gain; milk production

and agalactia problems; thermoregulation; and hormonal profiles. Finally a brief review on
how to minimize the effects of tall fescue toxicosis is presented.
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Effects on reproduction
Reduced reproductive efficiency of livestock is another phenomenon caused by
ingestion of E+ TF. Lowered conception rate, reduced calving rate, and low birth weights are

some symptoms seen in cattle and sheep (Beers and Piper, 1987; Bond et al., 1988). In a
three-year study by Gay et al. (1988), the calving rates were 94.6 and 55.4% for cows grazing

E- and E+ TF, respectively. Mizinga et al. (1992) suggested that ergot alkaloids present in

E+ TF may impair reproductive function by altering gonadotropin secretion, uterine
contractile activity, blood flow, or a combination of these.

Among cattle and sheep, cattle appear to be more susceptible to reproductive
problems. The reasons for the differences have not been studied. Females also appear to be
more susceptible to the reproductive effects than are males (Strickland et al., 1993).
Reproductive problems are more severe in horses than in cattle and sheep. In mares,

dystocia, foal mortality, prolonged gestation, thickened placenta, and foal and sometimes
mare deaths are observed (Taylor et al., 1985; Earle et al., 1990; Thompson and Stuedemann,
1993). In a study involving 11 mares per group fed on E+ and E- TF by Putman et al. (1990),

10 out of 11 mares on the E+ TF showed severe dystocia, lacked udder development, and

were agalactic. Gestation length was increased by 20 days by the endophyte, resulting in
increased foal and placental weights. Putman et al. (1990) further reported the death of seven

of eleven total foals during parturition, and of three foals born alive only one survived the
natal period.
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Effects on feed intake, digestibility and weight gains
The endophyte does not have a pronounced effect on nutrient composition of tall
fescue. Digestibility studies on the other hand tend to agree on a lower digestibility of E+ TF

fed to livestock ( Goetsch et al., 1987a; Hannah et al., 1990; Fiorito et al., 1991; Redmond

et al., 1991). Most studies have reported feed intake reduction of animals fed on E± TF
(Schmidt et al., 1982; Jackson et al., 1984; Strahan et al., 1987). A few studies, including
that by Beconi et al. (1995) reported no difference in feed intake of animal fed on E- and E+

TF diets. Such studies, however, have reported reductions in performances. As the feed

intakes were similar a reason for reduced performance has been proposed as metabolic

dysfunction or alterations in nutrient metabolism resulting in energy expenditures for
nonproductive functions as heat (Zanzalari et al., 1989; Peters et al., 1992). Ergopeptide
alkaloids agonize (stimulate) dopamineregic mechanisms which result in alterations in gut
motility (Sorrang et al., 1984; Stafford and Leek, 1988) and PRL reduction may contribute
to lowered feed intake. Feed intake reduction have been reported in rats (Neal and Schmidt,

1985; Zavos et al., 1986), rabbits (Daniels et al., 1984), Canada geese (Conover and
Messmer, 1996), cattle (Schmidt et al., 1982; Bond and Bolt, 1986), sheep (Debessai et al

1992) and horses (Redmond et al., 1991).
Based on the study by Lyons et al. (1986), Hannah et al. (1990) on sheep and Rhodes

et al. (1991) on sheep and cattle were the first investigators who utilized EV level as the
indicator of the extent of tall fescue toxicosis. Then many more studies followed implicating

EV as the major culprit in E' TF toxicosis. These include studies on sheep (Debessai et al.,
1992; Aldrich et al., 1993a) and cattle (Mizinga et al., 1992; Aldrich et al., 1993b; Stamm et
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al., 1994). Regarding the utilization of EV by sheep, Westendorf et al. (1993) reported that

EV disappeared to a large extent in the rumen and that 47 to 62% of the original alkaloid

reached the abomasum. Furthermore, less than 10% of the ergopeptide alkaloid was
recovered in feces, indicating large post-rumen absorption.
As the literature indicates, the low weight gains achieved by feeding of E+ TF could
probably be due to one or a combination of the following reasons: bitter taste of the alkaloids
in E+ TF leading to low feed intake, low digestibility, alterations in nutrient metabolism, and

metabolic effects because of reduction in circulating serum PRL. Table 1.1 shows some
literature values of serum PRL in cattle and sheep in relation to EV from E+ or E- (control)
TF diets.

Effects on milk production and agalactia problems
The effect of feeding E+ TF on animals varies from severe agalactia to slight reduction

in milk production. Agalactia means complete absence of milk from the udder following

parturition. Studies have shown that horses (Monroe et al 1988; Cross et al., 1995) and
rabbits (Daniels et al., 1984) exhibit agalactia , while cattle (Hempken et al., 1979; Porter and

Thompson, 1992; Schmidt and Osborn, 1993) and sheep (Stidham et al., 1982) show
reduction in milk yield.

Reduction in milk production due to E+ TF consumption is brought about due to
reduced nutrient intake, vasoconstriction, and decreased serum prolactin (Strickland et al.,
1993; Cross et al., 1995). Prolactin plays a major role in the initiation and maintenance of
lactation by controlling milk secretion (Ben-Jonathan et al

1989).
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Effects on thermoregulation
Animals fed on E+ TF tend to exhibit inability of cooling themselves and maintaining

the body temperature. After ingestion of E' TF, the ergopeptide alkaloids stimulate the

dopaminergic mechanism whereby norepinephrine's regulation of blood flow functions

(Paterson et al., 1995). During this situation the animals' homeostatic mechanism is
disturbed, and rectal temperature increased.

The disturbance of the thermoregulatory

mechanism is further exacerbated by high ambient temperature. Aldrich et al.(1993b)
conducted several studies to determine if steers' ability to dissipate heat through sweating or
respiration was altered. They found that steers housed at 22 °C had similar skin vaporizations

regardless of endophyte infection. However, when exposure to heat stress (32 °C) was
added, steers consuming the E- TF diet were able to increase skin vaporization while steers

fed on E+ diet did not. Therefore, when cattle are under environmental heat stress and
consuming the endophyte, their body is unable to dissipate heat normally. Consequently,
increased rectal temperatures have been observed ( Paterson and Kerley, 1991; Osborn et al.,

1992).

Reasons for both lack of adequately cooling themselves and increased rectal

temperature are probably due to reduced blood flow to the body surface as was proposed by

Rhodes et al. (1991) for cattle and sheep.
Horses, unlike cattle and sheep do not exhibit rise in rectal temperatures when fed on

E+ TF. This may be attributable to their better sweating abilities which aids them cool
themselves (Monroe et al., 1988; Putman et al., 1991).
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Effects on hormonal profiles
The most consistent symptom of E+ TF toxicosis is reduction in serum prolactin
(PRL). In all mammal species tested E+ TF feeding has resulted in reduced serum PRL. PRL

reduction occurs because of the inhibitory effects of dopamine and its receptors on PRL
secretion. The ergopeptide alkaloids in E+ TF result in higher concentration of dopamine

which reduces secretion of PRL. PRL is produced in the anterior pituitary gland whereas
dopamine arises in the hypothalamus or posterior pituitary gland. With ingestion of the
ergopeptides, dopamine concentration is increased and is transported to the anterior pituitary

gland thereby inhibiting PRL secretion. Other contributory causes to PRL reduction could

be feed intake reduction, lowered digestibility of E+ TF, reduction in gut motility (BenJonathan et al., 1989; Cross et al., 1995).
PRL has also been suggested to be involved in liver regeneration after injury (Buckley

et al., 1991). Moreover, PRL has been proposed to act as an immunomodulator (O'Neal and
Yu-Lee, 1991).
Apart from PRL,

TF consumption also results in reduction in the concentration of

the enzyme alkaline phosphatase and also insulin-like growth factor I (IGF-I). These two

compounds cause reduction in the concentration of circulating growth hormone which
subsequently results in reduced growth rate (Davenport et al., 1993).
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Table 2.

1

Literature values for prolactin levels (ng/ml) in sheep and cattle fed on control
(E- TF) and endophyte-infected tall fescue (E+ TF) with varying ergovaline
(EV) intake

PRL, ng/ml

F+ IF as %

li.V

EV intake,

Livestock

Control

F+ 'IT

of control

source

i g/kg BW '

species

Authors

135.0

4.1

3.0

Seed

89.0

Sheep

Aldrich et al 1993a

& hay
24.1

4.7

19.5

Hay

Sheep

Fiorito et al 1991

3.0

u.6

20.0

Hay

Cattle

Goetsch et al 1987a

1.8

0.1

5.6

[lay

Cattle

Goetseh et al .1987a

25.4

8.9

35.0

Seed

34.3

Cattle

Mizinga et al 1992

15.4

5.5

35.7

Straw

35.0

Cattle

Stamm et al 1994

37.0

17.0

49.0

Seed

37.0

Cattle

Aldrich et al., 1993h

8.0

19.0

Seed

28.0

Cattle

Aldrich et a] 1993h

58.0

Seed

50.0

Cattle

Aldrich et al 1993b

44.0
91 4

53.0

-EV not reported;

Conducted at 22 "C;

Conducted at 32 °C.
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Another hormone which may be associated with E+ TF consumption and

photoperiod is melatonin. Melatonin is produced by the pineal gland. Both PRL and
melatonin are involved in growth and maturation (Martin et al., 1983; Tucker et al.,
1984). Melatonin has also been implicated with animals' retention of winter hair coats
during the summer months which may contribute to animals' inability to dissipate excess

heat (Porter and Thompson, 1992).

Ways of minimizing the effects of r TF toxicosis in livestock
There are several methods of minimizing the effects of EE TF toxicosis on

livestock. These include: replacing by E- TF, diluting the E+ TF stands with for example
legumes, managing to control seed formation by close grazing and/or clipping, using
synthetic dopamine antagonist compounds, using anabolic implants, ammoniation and
ensiling.

In areas where there are no E+ stands any one of the many commercially produced

E- TF cultivars can be planted. However, if there are already existing E+ stands, their
harmful effects can be minimized by over sowing for example with legume species like

clover (McMurphy et al., 1990; Chestnut et al., 1991b; Joost, 1995). An alternative to
the diluting method is to manage the E± TF to not set seeds by close grazing or clipping.
Low stocking rate on E+ pastures results on animals selectively grazing on the seed heads
whereas heavy grazing minimizes seed head production (Schmidt and Osborn, 1993).

This minimizes the toxic effects because the seed heads contain up to 5 times more EV

than the vegetative parts (Paterson and Kerley, 1991, Rottinghaus et al., 1991).
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Synthetic compounds with dopamine antagonist activity have been effective in

minimizing the toxic effects. For example, intravenous administration of spiperone to
sheep (Henson et al., 1987), oral administration of metoclopramide to cattle (Lipham et

al., 1989), and domperidone in horses (Cross et al., 1995; Campbell et al., 1996) have
been successfully utilized. These drugs have generally resulted in normal PRL secretion,

improved animal performance and alleviation of the signs of fescue toxicosis.
Implanting anabolic agents has also been used to minimize the effects of tall fescue

toxicosis. Some improvements in ADG and grazing performance have been reported with
steers implanted with anabolic agents like progesterone and estradiol (Coffey et al., 1992;
Davenport et al., 1993; Beconi et al., 1995). The mechanism of action is not completely

understood. However, it has been hypothesized that the mechanism of partial reduction in
toxicosis achieved by such a method involves increase in the concentration of IGF-I
which is highly correlated with growth rate (Breir et al., 1988; Bass et al., 1989).
Ammoniation and ensiling as means of reducing E+ TF toxicosis are reviewed later in this
chapter.
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Pyrrolizidine alkaloids (PA)
In terms of their adverse effects to humans and animals plus the financial burden

needed to control them, the PA are one of the most significant of the alkaloids(Huxtable,

1989; Seawright, 1995). About 3% of all the flowering plants contain PA (Smith and
Culvenor, 1981); and a total of 160 types of PA have been recognized from 63 genera and
13 families of plants (Huxtable, 1989).

The PA primarily exert their effects by damaging the liver. They contain a
pyrrolizidine nucleus (appendix 4a) For liver damage or hepatotoxicity to occur there
.

must be 1, 2 double bonds in their ring structure and a branch in an esterfied side chain.
Closed or cyclic PA with diesters are the most toxic, followed by closed PA with

monoesters; the open PA are the least toxic (Mattocks, 1986; Cheeke, 1997) It is not the
parent PA that are toxic to animals and humans but their metabolites.
Three metabolic pathways of PA have been recognized in laboratory animals.

These are: dehydrogenation to pyrroles, conversion to N-oxides, and hydrolysis. The first
2 have been identified to take place by the mixed function oxidase (MFO) enzymes.

However, it is only the formation of pyrroles that results in toxicity (Mattocks, 1986).
Appendix Figure 4b shows the metabolism of senecionine, one of the common PA in tansy

ragwort.
Some common symptoms of PA toxicosis in livestock include liver jaundice and

ascites and horses may exhibit pressing of the head against objects. Death may occur due
to irreversible liver damage.
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Species differences to PA toxicity
Liver damage due to ingestion of PA-containing feeds has been reported in all
animals tested. However, there is a large variation in terms of susceptibility to PA effects.

Sheep (White et al., 1984) and goats (Goeger et al., 1982) are resistant whereas cattle

(Cheeke et al., 1985) and horses (Garrett et al., 1984) are very susceptible to PA
toxicity The former group of animals can tolerate a large cumulative PA intake, while the
latter are damaged by small amount of cumulative PA intake relative to their body weight

(Cheeke, 1997). The susceptibility of different animal species to intake of a lethal dose of
Senecio jacobaea as percent of body weight and the in vitro hepatic pyrrole production is
presented in table 2. 2.
Animal species whose metabolism of PA favors high pyrrole production are

susceptible to PA effects, while low pyrrole production is an indication of resistance to

PA; the rabbit has been reported as exception to this general rule (Table 2. 2).

A study

on guinea pigs (Winter et al., 1988) indicated that it is not the low amount of pyrroles
produced that make them resistant but their ability to resist the effects of the pyrroles.
The susceptibility of animals to the effects of PA may be highly influenced by the specific

type of PA. For example, Swick et al. (1982) injected different PA to guinea pigs. They
noted that monocrotoline ( a PA from Crotalaria spp.), was nontoxic at doses up to 1000
mg/kg body weight, whereas jacobine and mixed alkaloids from S. jacobaea were lethal at
much lower dose levels. Similarly, Chung and Buhler (1995) reported a high in vitro
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pyrrole production rate and hence high susceptibility of the guinea pig to the PA, jacobine.
Such differences in the resistance of animals to specific type of PA may be due to
differences in metabolic pathways (Cheeke and Pierson-Goeger, 1983).

Cheeke (1988) and Huan (1995) also indicated that the susceptibility of PA to
livestock depends on the balance of the three metabolic pathways of PA earlier mentioned.
Smith (1992) emphasized that the index of susceptibility or resistance should not be
determined by just the amount of alkaloid ingested but also the extent of effect on the
different target tissues should also be considered.
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Table 2. 2. Characterization of animal species by susceptibility to pyrrolizidine
alkaloid toxicity and in vitro hepatic pyrrole production rate

Susceptibility to

In vitro pyrrole

Lethal dose (as %

PA toxicosis

production rate

of body weight)

Cow

High

High

3.6

Horse

High

High

7.3

Sheep

Low

Low

302

Goat

Low

Rat

High

High

Mouse

Intermediate

High

Rabbit

Low

High

113

Guinea pig

Low

Low

119

Hamster

Low

High

338

Gerbil

Low

?

3640

Chicken

High

Low

39

Low

2450

Species

Low
Japanese quail
'Chronic lethal dose of Senecio jacobaea
Source: Cheeke (1997).
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Rumen microorganisms may enable resistance to some toxicants for example,

mimosine but in others they may also trigger the toxicity as for example, for the
cyanogenic glycosides (Cheeke, 1997). Moreover, in many instances sheep and goats
appear to be more resistant to different toxins than are cattle. This difference is probably a
result of the feeding strategy and the evolution of hepatic detoxification enzymes rather
than the effect of rumen microbes (Cheeke, 1994). Sheep and goats have evolved as
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browsers; while cattle are mainly grazers (Van Soest, 1987). Moreover, browse species
are more defended with chemical toxins. On the other hand grasses are less chemically
defended and heavily depend on growth habit, physical forms and periodicity of grazing

for their defense from herbivory (Cheeke, 1994). These evolutionary processes could
contribute to sheep's resistance to TR toxicity.
An interesting feature of the PA is that once an animal has ingested some PA-

containing feed to cause a mild liver insult and stopped feeding on it, no recovery takes
place and the hepatotoxic effects are not avoided. Liver failure and subsequently death
may occur several months or even years after exposure to PA (Molyneux et al., 1988;
Cheeke, 1997).

Tansy ragwort distribution and control
Most PA-induced livestock poisoning have occurred due to consumption of

plants from the genera Senecio, Crotalaria, Heliotropium, and Echium. TR (Senecio
jacobaea) is a biennial or short-lived perennial weed which originated in Europe. In
Oregon it was first collected in 1922 (Isaacson, 1973).

All vegetative parts of the plant are toxic. The stems are low in toxicity while the

flowers contain about 4 times the PA concentration as the leaves (Cheeke, 1997). TR
causes chronic toxicity in cattle, horses and swine when PA are converted to pyrroles in

the liver and results in hepatic dysfunction or failure (Mattocks, 1986). TR is now a
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widespread noxious weed in the Pacific Northwest. Because of the high expense involved
in herbicide control, biological control by using the natural TR enemies: cinnabar moth,

ragwort flea beetles, and ragwort seedfly were tried in the 1960's in Oregon. The cinnabar
moth in combination with the flea beetle has been a particularly effective control method
(Coombs et al., 1991).

Sharrow and Mosher (1982) utilized sheep as biological control agents. They
reported that intensive grazing of TR by sheep reduced its ability to flower and produce

seeds which may help control spreading of the weed. They further indicated TR to have
fair nutritional value when other feeds were not available.

Liver function tests

Enzymes
One of the commonly employed methods of monitoring liver function is assessing
the activity of enzymes associated with liver function. Out of the many such enzymes is
gamma glutamyl transferase (GGT, sometimes referred to as gamma
glutamyltranspeptidase GGTP). GGT activity is especially helpful in assessing early

hepatic malfunctioning in animals and humans (Cornelius, 1989). Szczklik et al. (1961)
have indicated that GGT is elevated in humans because higher amounts of the enzyme are

synthesized by the liver as an adaptive response to pathologic changes and an overflow
into the general circulation occurs.
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Bromosulnhonhthalein (BSP) test
Another commonly utilized method to assess liver function is the BSP method.

BSP is an anionic dye which is injected to subjects at timed intervals. BSP is primarily
cleared by the liver and the concentration of the dye in plasma at two time intervals
indicates the rate of its clearance. BSP half time (BSP t112) can also be computed from this

method; the concentration of BSP at 2 times after the BSP injection is plotted in a
logarithmic paper and the time required to half the BSP concentration is referred to as t112

(Lanigan and Peterson, 1979; Cornelius, 1989).
The BSP clearance technique is sensitive to early liver damage (Cornelius et al.,
1958). BSP t112 in most domestic livestock is about 3 minutes and the variation in the

quantity of BSP injected between 1.5 to 6.3 mg/kg does not alter the clearance (Cornelius
and Wheat, 1957). The average BSP t11, in hydrated camels is 5.9 minutes whereas ten
days deprivation of water to camels resulted in almost doubling of the BSP t,,, (Ben-zvi et

al., 1989). Dye clearance test methods to monitor liver function such as the BSP has been
in use since early in this century (Rosenthal and White, 1925; Shaw, 1933).

Ammoniation as a means of detoxification
Ammoniation as a method of feed improvement has been in use for more than two

decades. Sundstol and Coxworth (1984) reviewed the benefits of ammoniation.
Ammoniation results in increase of CP, higher digestibility and higher animal performance.

Various mechanisms may be in play during the ammoniation process which aid nutritive

improvements. These include: increase in cell wall digestibility due to breaking of the
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ester linkages between the carbohydrates and phenolic linkages (Mason et al., 1990),
swelling of the cellulose moiety (Saenger et al., 1982), solubilization of hemicellulose

(Buettener et al., 1982; Van Soest et al., 1984), decrease in neutral detergent fiber (NDF)
and increase in CP (Horton et al., 1991), and becoming easily accessible for microbial

attack (Grenet and Barry, 1990). The beneficial effects of ammoniation are primarily
obtained through increased feed intake and higher digestibility of ammoniated feedstuffs;

these have been observed in cattle (Lufandeju et al., 1987; DelCurto et al., 1991), sheep
(Brown and Adjei, 1995) and also buffaloes (Tiwari et al., 1990).
Ammoniation of feeds usually at 3% may be done by using anhydrous ammonia or

by using urea as ammonia source. When the latter is used, however, a source of urease,
the enzyme that splits urea into ammonia, is needed. Higher nutritive benefits are obtained
when lower quality forages such as straw are ammoniated (Sundstol and Coxworth, 1984;

Schneider and Flachowsky, 1990) Ammoniation using anhydrous ammonia is also
sometimes employed for use as a preservative of high quality forages such as good quality
alfalfa hay. When it is used for preservation of high quality hay which may contain upto

35% moisture, less amount of ammonia (1 to 2% of DM) ammonia is needed (Knapp et
al., 1975; Mir et al., 1991; Lines et al., 1996). This method also improves the nutritive
value of the high quality forages but have been sometimes associated with a problem
called "bovine bonkers." This nervous syndrome is characterized by sudden galloping is

probably due to the formation of imidazole (Perdock and Leng, 1987). The toxic entity in
milk from such ammoniated high quality hay fed animals is resistant to pasteurization.
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Combining ammoniation and ensiling has been reported beneficial for nutritive

improvement of feeds and subsequent livestock performance.. Using corn juice, a canning
industry by-product and grass straw, Hussein and Cheeke (1996) and Hussain et al.
(1996) have reported good animal performances.
Apart from nutritive and preservative purposes, ammoniation of toxin containing

feeds also results in toxin reduction or detoxification. Aflatoxin reduction in corn due to
ammoniation has been reported by Norred and Morrissey (1983) and sweet clover
poisoning was prevented by ammoniation (Sanderson et al., 1985). Tor-Agbidye (1993)
used urea as source of ammonia and ammoniated various toxin containing feeds. He also
reported improvement of broiler performance fed on a diet containing 2.5% ammoniated
TR.

A rat growth inhibitor in tall fescue seed was detoxified by treatment with dilute

alkali (Bell et al., 1957). Tall fescue hay toxicity was reduced in cattle (Kerr et al., 1990)
and sheep (Chestnut et al., 1991a) fed on ammoniated hay. Chestnut et al. (1991a) further
reported that ergopeptide alkaloids are degradable under alkaline conditions. Thus
ammoniation of TF products such as straw and seed screenings may have promise as a
means of degrading ergot alkaloids in E+ TF products.
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Ensiling as a means of detoxification
Silage making is a feed preservation method where high moisture feeds are

allowed to ferment and produce organic acids until a stable pH of about 4 is achieved.
The optimum amount of DM for ensiling has been suggested to be from 24 to 42%; this
results in good fermentation and faster pH reduction. Another ensiling consideration

which has gained acceptance in recent years is the addition of homofermentative lactic
acid producing inoculants (Weinburg et a., 1993; Yan et al., 1996).

Inoculant addition

results in fast and higher lactic acid production resulting in low pH and stabilization of the

silage (Bolsen et al., 1992; Hunt et al., 1993; Charmley et al., 1996).
Environmental concerns such as disposal of animal wastes like broiler litter have

also brought ensiling as an option. A lot of broiler litter is produced both globally and in

the US. Broiler litter is high in nitrogen, energy and mineral contents (Bhattachrya and

Fontenot, 1966; El-Sabban et al., 1970; Oltjen and Dinus, 1976) but it needs to be
processed before being fed. Ensiling of broiler litter kills harmful pathogens. As a good
non-protein-nitrogen source it may serve as an ammoniating agent to feeds ensiled in
mixture with it. Broiler litter has been successfully included as a third of the nitrogen
source fed to ruminants including sheep (Khamis et al., 1992).

30

Turner et al. (1993) studied tall fescue forage by ensiling it at different stages of
harvest with the addition of inoculants and broiler litter. Apart from simple dilution, they

reported no effect of broiler litter ensiling on the ergot alkaloid content of the silage. They

further reported ergovaline to be stable during the ensiling process. McCaskey and
Anthony (1979) concluded that broiler litter ensiling results in silage whereby pathogens

were of no health risk to animals and humans; they reported the silage pH to range from
3.9 to 4.2.

Grinding
Physical treatment (eg. grinding) tends to improve the nutritive value of feeds and

consequently animal performance. This is due to the animals' ability to better masticate
ground feeds, better microbial attack, better access by digestive enzymes and hence higher

available energy (Bondi, 1987; Goetsch et al., 1987b). Nordin and Campling (1976) fed
cattle a ration containing whole wheat. They noted that 54% of the grain was excreted
intact, while rolling of wheat led to marked digestibility improvement. Similarly, Theurer

(1986) reported better animal performance of cattle fed on ground milo grain; the better
results attained were attributed to be because of the disruption of the protein matrix after
grinding. It has been noted that grinding of grains appears to be more beneficial in cattle
than sheep or goats as the latter two can effectively utilize intact grains (Hale, 1973;
Orskov, 1976).
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Debessai et al. (1992) fed ammoniated E+ tall fescue seed screenings to lambs, but
did not observe improvement in daily weight gain. They hypothesized that ammoniation
did not result in lamb performance improvement because the seed screenings fed were not

ground. Recently, Owens et al. (1997) reviewed the effect of grain source and grain
processing on performance of feedlot cattle.

With the above literature as a background, three in vivo and three in vitro studies
were undertaken and are presented in the following chapters. The first study dealt with the
effect of ammoniated E+ TF straw on the performance, serum PRL and rectal temperature

of beef steers. The next study dealt with the effect of E+ TF seed on the performace,
serum PRL of wether lambs by utilizing a wide range of EV-containing diets; it also

evaluated the effect of ammoniated E+ TF seed screenings fed to lambs. One of the trials
in this study also assessed the effect of low intake of EV on the serum melatonin levels of

wethers. The third in vivo study investigated the interaction of ergot alkaloids in E+ TF
and the PA in tansy ragwort in sheep by employing the liver function tests: GGTP activity
and BSP.

Based on the in vivo studies the first of the in vitro studies monitored the effect of
exposure of intact and ground E+ TF seeds to different acidic and alkaline pHs on their

EV content; it also analyzed the effect of storage and storage temperatures on the EV
content of E+ TF products. Another study involved the effect of ammoniation and
grinding of E+ TF products and TR on their EV and PA levels, respectively. The final in
vitro study dealt with the influence of ensiling and grinding on the EV and PA levels of E+

TF products and TR, respectively.

32

References
Aldrich, C. G. M. T.Rhodes, J. L. Miner, M. S. Kerley, and J. A Paterson. 1993a. The
effects of endophyte-infected tall fescue consumption and use of a dopamine
antagonist on intake, digestibility, body temperature, and blood constituents in
sheep. J. Anim. Sci. 71:158-163.
Aldrich, C. G. , J. A. Paterson, J. L. Tate, and M. S. Kerley. 1993b. The effects of
endophyte-infected tall fescue consumption on diet utilization and thermal
regulation in cattle. J. Anim. Sci. 71:164-170.
.

Arechavaleta, M. , C. W. Bacon, C. S. Hoveland, and D. E. Radcliffe. 1989. Effect of the
tall fescue endophyte on plant response to environmental stress. Agron. J. 81:8390.

Arechavaleta, M. , C. W. Bacon, R. D. Plattner, C. S. Hoveland, and D. E. Radcliffe.
1992. Accumulation of ergopeptide alkaloids in endophyte-infected tall fescue
grown under deficits of soil water and nitrogen fertilizer. Appl. Environ.
Microbiol. 58:857-861.

Bacon, C. W. , J. K. Porter, J. D. Robbins, and E. S. Luttrell. 1977. Epichloe typhina
from toxic tall fescue grasses. Appl. Environ. Micro. 34:576-581.
Bacon, C. W. , P. C. Lyons, J. K. Porter. 1986. Ergot toxicity from endophyte-infected
grasses: A review. Agron. J. 78:106-116.
Bass, J. J. , W. D. Carter, D. M. Duganzich, A. H. Kirton, B. H. Breir, and P. D.
Gluckman. 1989. Effects of oestradio1-17P on growth and insulin-like growth
factor-I of steers on different pasture allowances. Livest. Prod. Sci. 21:303-308.

Battacharya, A. N. and J. P. Fontenot. 1966. Protein and energy value of peanut hull and
wood shaving poultry litters. J. Anim. Sci. 25:367-371.

Beconi, M. G. M. D. Howord, T. D. A. Forbes, R. B. Muntifering, N. W. Bradley, and
M. J. Ford. 1995. Growth and subsequent feedlot performance of estradiolimplanted vs nonimplanted steers grazing fall-accumulated endophyte-infested or
low-endophyte tall fescue. J. Anim. Sci. 73:1576-1584.
Belesky, D. P. J. A. Stuedemann, S. R. Wilkinson. 1988. Ergopeptine alkaloids in grazed
tall fescue. Agron. J. 79:217-220.

33

Beers, K. W. and E. L. Piper. 1987. Effect of grazing endophyte infected fescue on heifers
growth, calving rate and calf birth weight of first calf heifers, Arkansas Farm Res.
Sep.-Oct. p7.

Bell, M.C., C.S. Ma, G.M. Merriman, and J.K. Underwood. 1957. The effects of fescue
forage and seed on laboratory animals. J. Anim. Sci. 16:1083 (Abstract).
Ben-Jonathan, N. L. A. Arbogast, and J. F. Hyde. 1989. Neuroendocrine regulation of
prolactin release. Prog.Neuro. 33:399-447.
Ben-zvi, Z. C. van Creveld, and R. Yagil. 1989. Liver function and protein binding in
camels. Comp. Biochem. Physiol. 93A:349-352.

Berde, B. and 0. Schild. 1978. Ergot Alkaloids and Related Compounds. SpringerVerlag, Berlin.
Bolsen, K. K. C. Lin, B. E. Brent, A. M. Feyerherm, J. E. Urban, and W. R. Aimutis.
1992. Effects of silage additives on the microbial succession and fermentation
process of alfalfa and corn silage. J. Dairy Sci. 75:3066-3083.

Bond, J. and D. J. Bolt. 1986. Growth, plasma prolactin and ovarian activity in heifers
grazing fungus-infected tall fescue. Nutr. Reports Int. 34:93-102.
Bond, J. G. B. Lynch, D. J. Bolt ,H. W. Hawk, C. Jackson, Jr. and R. J. Wall. 1988.
Reproductive performance and lamb weight gains for ewes grazing fungus-infected
tall fescue. Nutr. Reports Int. 37:1099-1115.

Bondi, A. A. 1987. Animal Nutrition. John Wiley & Sons. New York pp. 295-296.

Breir, B. H., P. D. Gluckman, and J. J. Bass. 1988. Influence of nutritional status and
oestradio1-1713 on plasma growth hormone, indulin-like growth factor-I and -II and
the response to exogenous growth hormone in young steers. J. Endocrinol.
118:243-250.
Brown, W.F. and M.B. Adjei. 1995. Urea ammoniation effects on the feeding value of
guineagrass (Panicum maximum) hay. J. Anim. Sci. 73:3085-3093.
Browning, R., Jr. and M.A. Leite-Browning. 1997. Effect of ergotamine and ergonovine
on thermal regulation and cardiovascular function in cattle. J. Anim. Sci. 75:176181.

34

Buckley, A. R. P. D. Crowe, P. A. Bauman, L. A. Neumayer, H. E. Laird, D. H. Russell,
and C. W. Putman. 1991. Prolactin-provoked alterations of cytosolic, membrane,
and nuclear protein kinase C following partial hepatectomy. Digest. Dis. Sci.
36:1313-1319.

Buettner, M.R. V.L. Lechtenberg, K.S. Hendrix, J.M. Hertel. 1982. Composition and
digestion of ammoniated tall fescue (Festuca arundinacea Schreb.) hay. J. Anim.
Sci. 54:173-178.
Bush, L. P. , J. Boling, and S. Yates. 1979. Animal disorders. In R. C. Buckner and L. P.
Bush (ed.) Tall Fescue. Agronomy 20:247-292.

Bush, L. P. and P. B. Burrus Jr. 1988. Tall fescue forage and agronomic performance as
affected by the endophyte. J. Prod. Agric. 1:55-60.
Campbell, C. E. D. L. Cross, T. Gimenez, L. W. Hudson, W. C. Bridges, Jr. D. M.
Henricks, and S. W. Kennedy. 1996. Efficacy of three domperidone dose levels for
treatment of fescue toxicosis in horses. J. Anim. Sci. 74(Suppl. 1):209 (Abstr. ).
Caswell, L. F. , J. P. Fontenot, and K. E. Webb Jr. 1978. Fermentation and utilization of
broiler litter ensiled at different moisture levels. J. Anim. Sci. 45:547-561.
Charmley, E. K. A. Winter, K. B. McRae, and S. A. E. Fillmore. 1996. Effects of
inoculation on silage quality and performance of steers fed grass and cereal silages
either alone or in combination. Can. J. Anim. Sci. 76:571-577.

Charmley, E., D. M. Veira, R. Bethiaume, and R. E. McQueen. 1995. Effect of a mixture
of salts of carboxylic acids on silage conservation, voluntary intake and growth
rate of cattle fed grass silages. Can. J. Anim. Sci. 75:397-404.
Cheeke, P. R. 1994. The Role of the Liver in the Detoxification of Poisonous Plants. In S.
M. Colegate and P. R. Dorling (Eds.). Plant -Associated Toxins: Agricultural,
Phytochemical & Ecological Aspects. CAB International, Wallingford, UK. Pp.
281-286.

Cheeke, P.R. 1997. Natural Toxicants in Feeds, Forages, and Poisonous Plants. Interstate
Publishers, Danville, IL.
Cheeke, P.R., J.A. Schmitz, E.D. Lassen, and E.G. Pearson. 1985. Effects of dietary
supplementation with ethoxyquin, magnesium oxide, methionine hydroxy analog
and B vitamins on tansy ragwort (Senecio jacobaea) toxicosis in beef cattle. Am.
J. Vet. Res. 46:2179-2183.

35

Cheeke, P.R. and M.L. Pierson-Goeger. 1983. Toxicity of Senecio jacobaea and
pyrrolizidine alkaloids in various laboratory animals and avian species. Toxicol.
Lett. 18:343-349.
Cheplick, G.P. and K. Clay. 1988. Acquired chemical defenses in grasses: the role of
fungal endophytes. Oikos 52 309-318.
Cheplick, G.P., K. Clay, and S. Marks. 1989. Interactions between infection by endophytic
fungi and nutrient limitations in grasses Loh= perenne and Festuca aundinacea.
New Phytol. 111:89-97.

Chestnut, A.B., H.A. Fribourg, K.D. Gwinn, P.D. Anderson, and M.A. Cochran. 1991a.
Effect of ammoniation on toxicity of Acremonium coenophialum infested tall
fescue. Anim. Feed Sci. Technol. 35:227-236.
Chestnut, A. B. H. A. Fribourg, J. B. MacLaren, D. G. Keltner, B. B. Reddick, R. J.
Carlisle, and M. C. Smith. 1991b. Effects of Acremonium coenophialum
infestation, bermudagrass, and nitrogen fertilizer or clover on steers grazing tall
fescue pastures. J. Prod. Agric. 4:208-213.

Chung, W.G. and D.R. Buhler. 1995. Major factors for the susceptibility of guinea pig to
the pyrrolizidine alkaloid jacobine. Drug Metabol. and Dispos. 23:1263-1267.
Coffey, K.P., J.L. Moyer, L.W. Lomas, J.E. Smith, D.C. La Rue, and F.K. Brazle. 1992.
Implant and copper oxide needles for steers grazing Acremonium coenophialuminfected tall fescue pastures: effects on grazing and subsequent feedlot
performance and serum constituents. J. Anim. Sci. 70:3203-3214.

Conover, M. R. and T. A. Messmer. 1996. Feeding preferences and changes in mass of
Canada geese grazing endophyte-infected tall fescue. The Condor 98:859-862.
Coombs, E. M. T. E. Bedell, and P. B. McEvoy. 1991. Tansy ragwort (Senecio
jacobaea): Importance, Distribution, and Control in Oregon. In Noxious Range
Weeds. pp. 419-428. L. F. James, J. 0. Evans, M. H. Ralphs, and R. D. Child.
(Eds. ), Westview Press, Boulder, CO.
Cornelius, C. E. 1989. Liver Function. In Clinical Biochemistry of Domestic Animals. J. J.
Keneko (Ed.). Fourth Edition. Academic Press, Inc. San Diego.

Cornelius, C.E. and J.D. Wheat. 1957. Bromsulphalein clearance in the horse a
quantitative liver function test. Am. J. Vet. Res. 18:369-374.

36

Cornelius, C. E. G. S. Theilen, and E. A. Rhode. 1958. Quantitative assessment of
bovine liver function, using sulfobromophthalein sodium clearance technique. Am.
J. Vet. Res. 19:560-566.
Cross, D. L. , L. M. Redmond, J. R. Strickland. 1995. Equine fescue toxicosis:signs and
solutions. J. Anim. Sci. 73:899-908.

Cunningham, I. J. 1949. A note on the cause of tall fescue lameness in cattle. Aust. Vet. J.
25:27-28.
Daniels, L. B. A. Ahmed, T. S. Nelson, E. L. Piper, and J. N. Beasley. 1984.
Physiological responses in pregnant white rabbits given a chemical extract of toxic
tall fescue. Nutr. Reports Int. 29:505-510..

Davenport, G. M. J. A. Boling, and C. H. Rabe. 1993. Growth and endocrine responses
of cattle to implantation of estradio1-17B during continuous or discontinuous
grazing of high- and low-endophyte-infected tall fescue. J. Anim. Sci. 71:757-764.
Debessai, W., B. R. Luick, and P. R. Cheeke. 1992. Effects of feeding endophyte-infected
tall fescue seed on lamb performance and serum prolactin. Proc. Second Int.
Symp. on Acrenionium1Grass Interactions, Palmerston North, New Zealand. Pp.
111-113.

DelCurto, T., R.K. Barton, P.R. Cheeke, and H.A. Turner. 1991. Urea-ammoniation and
(or) supplementation strategies to improve the nutritive value of tall fescue straw
for beef cattle production. Proc. West. Sec. Am. Soc. Anim. Sci. 42:241-244.
Dryden, G. and R. A. Leng. 1988. Effects of ammonia and sulphur dioxide gases on the
composition and digestion of barley straw. Anim. Feed Sci. Technol. 19:121-133.
El-Sabban, F. F. J. W. Bratzler, T. A. Long, D. E. H. Frear, and R. F. Gentry. 1970.
Value of processed poultry waste as a feed for ruminants. J. Anim. Sci. 31:107111.

Earle, W. E. D. L. Cross, L. W. Hudson. 1990.Effeet of energy supplementation on
gravid mares grazing endophyte-infected fescue. Eq. Vet. Sci. 10:126-130.
Fiorito, I. M. L. D. Bunting, G. M. Davenport, and J. A. Boling. 1991. Metabolic and
endocrine responses of lambs fed Acremonium coenophialum-infected or
noninfected tall fescue hay at equivalent nutrient intake. J. Anim. Sci. 69:21082114.

37

Fribourg, H. A. S. R. Wilkinson, and G. N. Rhodes Jr., 1988. Switching from fungusinfected to fungus-free tall fescue. J. Prod. Agr. 1:122-127.
Garrett,B. J. , D. W. Holtan, P. R. Cheeke, J. A. Schmitz, and Q. R. Rogers.1984. Effects
of dietary supplementation with butylated hydroxyanisol, cysteine, and vitamins B
on tansy ragwort (Senecio jacobaea) toxicosis in ponies. Am. J. Vet. Res. 45:459464.
Gay, N. , J. A. Boling, D. E. Miksch, and R. Dew. 1988. Effects of endophyte infected tall
fescue on beef cow-calf performance. Appl. Agric. Res. 3:182-186.

Geoger, D.E., P.R. Cheeke, J.A. Schmitz, and D.R.Buhler. 1982. Toxicity of tansy
ragwort (Senecio jacobaea) to goats. Am. J. Vet, Res. 43:252-254.
Goetsch, A. L. A. L. Jones, S. R. Stokes, K. W. Beers, and E. L. Piper. 1987a. Intake,
digestion, passage rate and serum prolactin in growing dairy steers fed endophyteinfected fescue with noninfected fescue, clover or wheat straw. J. Anim. Sci.
64:1759-1768.

Goetsch, A.L., F.N. Owen, M.A. Funk, and B.E. Doran. 1987b. Effects of whole or
ground corn with different forms of hay in 85% concentrate diets on digestion and
passage rate in beef heifers. Animal Feed Sci. Technol. 18:151-164.
Goodman, A. A. 1952. Fescue foot in Colorado. J. Am. Vet. Med. Assoc. 121:289-290.
Grenet, E. and P. Barry. 1990. Microbial degradation in the rumen of wheat straw and
anhydrous ammonia treated wheat straw observed by electron microscope.
Reprod. Nutr. Devel. 30:533-540..
Hale, W.H. 1973. Influence of processing on the utilization of grains (starch) by
ruminants. J. Anim. Sci. 37:1075-1080.
Hannah, S. M. , J. A. Paterson, J. E. Williams, and J. L. Miner. 1990. Effects of increasing
dietary levels of endophyte infected tall fescue seed on diet digestibility and
ruminal kinetics in sheep. J. Anim. Sci. 68:1693-1701.

Hemken, R. W. and L. P. Bush. 1989. Toxic alkaloids associated with tall fescue
toxicosis. In:P. R. Cheeke (Ed.) Toxicants of Plant Origin. Vol. 1: Alkaloids. Boca
Raton, Fl. , CRC Press. Pp.282.

Hemken, R. W. L. S. Ball, J. A. Boling, E. Kane, L. P. Bush, and R.C. Buckner. 1979.
Summer fescue toxicosis in lactating dairy cows and sheep fed experimental strains
of ryegrass-tall fescue hybrids. J. Anim. Sci. 49:641 -646.

38

Hemken, R. W. J. A. Boling, L. S. Bull, R. H. Hatton, R. C. Buckner and L. P. Bush.
1981. Interaction of environmental temperature and anti-quality factors on the
severity of summer fescue toxicosis. J. Anim. Sci. 52:710-714.
Hemken, R. W. , J. A. Jackson and J. A. Boling. 1984. Toxic factors in tall fescue. J.
Anim. Sci. 58:1011-1016.

Henson, M. C. E. L. Piper, and L. B. Daniels. 1987. Effects of induced fescue toxicosis
on plasm and tissue catecholamine concentrations in sheep. Domest. Anim.
Endocr. 4:7-15.
.

Hill, N.S., G.E. Rottinghaus, C.S. Agee, and R.M. Schulz. 1993. Simplified sample
preparation for HPLC analysis of ergovaline in tall fescue. Crop Sci. 33:331-333.

Horton, G.M.J., W.D. Pitman, E.M. Hodges, and F.M. Pate. 1991. Ammoniation of
tropical hays and its effects on digestibility and feeding value. J. Prod. Agric.
4:472-476.
Hoveland, C. S. S. P. Schmidt, C. C. King, J. W. Odom, E. M. Clark, J. A. MeGuire, L.
A. Smith, H. W. Grimes and J. L. Holliman. 1983. Steer performance and
association ofAcremonium coenophialum fungal endophyte on tall fescue pasture.
Agron. J. 75:821-824.

Hoveland, C. S. 1993. Importance and economic significance of the Acremonium
endophytes to performance of animals and grass plants. Agric. Ecosys. Environ.
44:3-12.
Huan, J. 1995. Species differences in bioactivation and detoxification of pyrrolizidine
(senecionine) alkaloids. Ph. D. Thesis, Oregon State University, Corvallis, OR.

Hunt, C. W. , W. Kezar, D. D. Hinman, J. J. Combs, J. A. Loesche, and T. Moen. 1993.
Effects of hybrid and ensiling with and without a microbial inoculant on the
nutritional characteristics of whole-plant corn. J. Anim. Sci. 71:38-43.
Hussain, I. and P. R. Cheeke. 1996. Evaluation of annual ryegrass straw:corn juice silage
with cattle and water buffalo:digestibility in cattle vs. buffalo, and growth
performance and subsequent lactational performance of Holstein heifers. Anim.
Feed Sci. Technol. 57:195-202.
Hussain, I. , P. R. Cheeke, and D. E. Johnson. 1996. Evaluation of grass straw:corn juice
silage as a ruminant feedstuff: digestibility, straw ammoniation and
supplementation with by-pass protein. Anim. Feed Sci. Technol. 57:1-13.

39

Huxtable, R. J. 1989. Human health implications of pyrrolizidine alkaloids and herbs
containing them. In Toxicants of Plant Origin. Vol. I. pp.41-86. Cheeke, P. R.
(Ed.), CRC Press, Boca Raton, FL.

Isaacson, D.L. 1973. Population Dynamics of Cinnabar Moth, Tyria jacobaea
(Lepidoptera:Arctiidai). M.S. Thesis, Oregon State University, Corvallis.
Jackson, J. A. Jr., R. W. Hemken, J. A. Boling, R. J. Harmon, R. C. Buckner, and L. P.
Bush. 1984. Summer fescue toxicity in dairy steers fed tall fescue seed. J. Anim.
Sci. 58:1057-1061.
Jensen, R., A.W. Deem, and D. Knaus. 1956. Fescue lameness in cattle I. Experimental
production of the disease. Am. J. Vet. Res. 63:196-201.
Joost, R.E. 1995. Acremonium in fescue and ryegrass:boon or bane? A review. J. Anim.
Sci. 73:881-888.
Kerr, L. A. , C. P. McCoy, C. R. Boyle, and H. W. Essig. 1990. Effects of ammoniation of
endophyte fungus-infested fescue hay on serum prolactin concentration and rectal
temperature in beef cattle. Am. J. Vet. Res. 51:76-78.
Khamis, H. S. H.M. El Shaer, and 0. A. Salem. 1992. Fattening sheep on diets of broiler
litter with green berseem (Trifolium alexandrium L. ). 1. Nutritional evaluation of
the fattening sheep diets. Egypt. J. Anim. Prod. 29:75-85.

Knapp, W.R., D.A. Holt, and V.L. Lechtenberg. 1975. Hay preservation and quality
improvement by anhydrous ammonia treatment. Agron. J. 67:766-769.
Lanigan, G.W. and J.E. Peterson. 1979. Bromsulphophthalein clearance rates in sheep
with pyrrolizidine liver damage. Aust. Vet. J. 55:220-224.
Lines, L.W., M.E. Koch, and W.P. Weiss. 1996. Effects of ammoniation on the chemical
composition of alfalfa hay baled with varying concentrations of moisture. J. Dairy
Sci. 79:2000-2004.
Lipham, L. B. F. N. Thompson, J. A. Stuedemann and J. L. Sartin. 1989. Effects of
metoclopramide on steers grazing endophyte- infected tall fescue. J. Anim. Sci.
67:1090-1097.

Lufandeju, E.A., M.B. Olayiwole, and N.N. Umunna. 1987. Intake and digestibility of
urea-treated gamba (Andropogon gayanus) hay by cattle. In D.A. Little and A.N.
Said (Ed.). Utilization of Agricultural By-Products as Livestock Feeds in Africa,
Proceeding of a Workshop, Blantyre, Malawi.

40

Lyons, P. C. R. D. Plattner, and C. W. Bacon. 1986. Occurrence of peptide and clavine
ergot alkaloids in tall fescue. Science 232:487-489.

Maag, D. D. and J. W. Tobiska. 1956. Fescue lameness in cattle. II. Ergot alkaloids in tall
fescue grass. Am. J. Vet. Res. 17:202-204.
Martin, T.C., N.F. Cunningham, and N. Saba. 1983. Estimation of melatonin in bovine
plasma: patterns in Jersey heifers treated with cloprosterol at two times of day. J.
Endocronol. 98:189-196.

Mason, V.G., J.E. Cook, M.S. Dhanoa, A.S. Keene, C.J. Hoadley, and R.D. Hartley.
1990. Chemical composition, digestibility, in-vitro biodegradability of grass hays
oven treated with different amounts of ammonia. Anim. Feed Sci. Technol.
29:23 7 -249.

Mattocks, A. R. 1986. Chemistry and Toxicology of Pyrrolizidine Alkaloids. Academic
Press, Orlando, FL.
McCaskey, T. A. and W. B. Anthony. 1979. Human and animal health aspects of feeding
livestock excreta. J. Anim. Sci.48:163-177.

McMurphy, W.E., K.S. Lusby, S.C. Smith, S.H. Munz, and C.A. Strasia. 1990, Steer
performance on tall fescue pasture. J. Prod. Agric. 3:100-102.

Mir, Z., E.Z. Jan, J.A. Robertson, D.H. McCartney, and P.S. Mir. 1991. Effects of
ammoniation of brome-alfalfa hay, stored as large round bales on preservation and
feed quality. Can. J. Anim. Sci. 71:755-765.
Mizinga, K. M. F. N. Thompson, J. A. Stuedemann, and T.E. Kiser. 1992. Effects of
feeding diets containing endophyte-infected fescue seed on luteinizing hormone
secretion in postpartum beef cows and in cyclic heifers and cows. J. Anim. Sci. 70:
3483-3489.
Molyneux, R. J. A. E. Johnson, and L. D. Stuart. 1988. Delayed manifestation of
Senecio-induced pyrrolizidine alkaloidosis in cattle: case reports. Vet. Hum.
Toxicol. 30:201-205.

Monroe, J. L. D. L. Cross, and L. W. Hudson. 1988. Effect of selenium and endophytecontaminated fescue on performance and reproduction in mares. Eq. Vet. Sci.
8:148-153.

41

Morgan-Jones, G. and W. Gams. 1982. Notes on Hyphomycetes. XLI. An endophyte of
Festuca arundinacea and the anamorph of Epichloe typhina, new taxa in one of
two new sections of Acremonium. Mycotaxan. 15:311-318
Neal, W.D. and S.P. Schmidt. 1985. Effects of feeding Kentucky 31 tall fescue seed
infected with Acremonium coenophialum to laboratory rats. J. Anim. Sci. 61:603611.

Neill, J. C. 1941. The endophytes of Lohum and Festuca. N.Z. J. Sci. Technol. 23A:185193.

Nordin, M. and R. C. Campling. 1976. Digestibility studies with cows given whole and
rolled cereal grains. Anim. Prod. 23:305-315.

Norred, W. P. and R. E. Morrissey. 1983. Effect of long-term feeding of ammoniated,
aflatoxin-contaminated corn to Fischer 344 rats. Toxic. and Appl. Pharm. 70:96104..

Oliver, J. W., L. K. Abney, J.R. Strickland, and R. D. Linnabary. 1992. Vasoconstriction
in bovine vasculature induced by the tall fescue alkaloid lysergamide. J. Anim. Sci.
71:2708-2713.
Oltjen, R. R. and D. A. Dinius. 1976. Processed poultry waste compared with uric acid,
sodium urate, urea and biuret as nitrogen supplements for beef cattle fed forage
diets. J. Anim. Sci. 43201-208.
O'Neal, K. D. and L. Y. Yu-Lee. 1991. Multiple prolactin receptor forms in T-cells. The
FASEB Journal 5:A980.
Orskov, E.R. 1976. The effect of processing on digestion and utilization of cereals by
ruminants. Proc. Nutr. 35:245.
Osborn, T. G. , S. P. Schmidt, D. N. Marple, C. H. Rahe, and J. R. Steenstra. 1992. Effect
of consuming fungus-infected and fungus free tall fescue and ergotamine tartarate
on selected physiological variables of cattle in environmentally controlled
conditions. J. Anim. Sci. 70:2501-2509.

Owens, F.N., D.S. Secrist, W.J. Hill, and D.R. Gill. 1997. The effect of grain source and
grain processing on performance of feedlot cattle: a review. J. Anim. Sci. 75:868879.

Paterson, J. , C. Forcherio, B. Larson, M. Samford, and M. Kerley. 1995. The effects of
fescue toxicosis on beef cattle productivity. J. Anim. Sci. 73:889-898.

42

Paterson, J. and M. Kerley. 1991. The impact of the endophyte fungus in tall fescue on
beef cattle productivity. Official Proceedings, twenty-sixth annual. Pacific
Northwest Animal Nutrition Conference. Beaverton, OR. Pp.181-201.
Perdock, H.B. and R.A. Leng. 1987. Hyperexcitability in cattle fed ammoniated
roughages. Anim. Feed Sci. Technol. 17:121-143.

Peters, C.W., K.N. Grigsby, C.G. Aldrich, J.A. Paterson, R.J. Lipsey, M.S. Kerley, and
G.B. Garner. 1992. Performance, forage utilization, and ergovaline consumption
by beef cows grazing endophyte fungus-infected tall fescue, endophyte fungus-free
tall fescue, or orchardgrass pastures. J. Anim. Sci. 70:1550-1561.
Porter, J. K. 1995. Analysis of endophyte toxins: fescue and other grasses toxic to
livestock. J. Anim. Sci. 73:871-880.
Porter, J. K. and F. N. Thompson, Jr. 1992. Effects of fescue toxicosis on reproduction in
livestock. Symp. Reprod. Toxicol. Am. Soc. Anim. Sci. 70:1594-1603.
Pulsford, M. F. 1950. A note on lameness in cattle grazing on tall meadow fescue
(Festuca arundinacea) in South Australia. Aust. Vet. J. 26:87-88.
Putman, M. R. J. P. Brendemuehl, T. R. Boosinger, D. I. Bransby, D. D. Kee, J.
Schumacher, and R. A. Shelby. 1990. The effect of short term exposure to and
removal from fescue endophyte Acremonium coenophialum on pregnant mares
and foal viability. Proceed. Int. Symp. Acremonium /Grass Interactions. Pp. 255257.

Putman, M.R., D.I. Bransby, J. Schumacher, T.R. Boosinger, L.Bush, R.A. Shelby, J.T.
Vaughan, D. Ball, and J.P. Brendemuehl. 1991. Effects of fungal endophyte
Acremonium coenophialum in fescue on pregnant mares and foal viability. Am. J.
Vet. Res. 52:2071.
Ralphs, M. H. and D. N. Ueckert. 1991. Other Toxic Pyrrolizidine Alkaloid-containing
Plants: Importance, Distribution, and Control. In Noxious Range Weeds. James,L.
F. , J. 0. Evans, M. H. Ralphs, and R. D. Child. (Eds. ), Westview Press, Boulder,
CO.

Read, J. C. and B. J. Camp. 1986. The effect of endophyte Acremonium coenophialum in
tall fescue on animal performance, toxicity, and stand maintenance. Agron. J.
78:848-850..

43

Redmond, L. M. D. L. Cross, T. C. Jenkins. 1991. The effect of Acremonium
coenophialum on intake and digestibility of tall fescue hay in horses. Eq. Vet. Sci.
11:215-219.
Rhodes, M. T. J. A. Paterson, M. S. Kerley, H. E. Garner and M. H. Laughlin. 1991.
Reduced blood flow to peripheral and core body tissues in sheep and cattle
induced by endophyte-infested tall fescue. J. Anim. Sci. 69:2033-2043.
Rosenthal, S.M. and E.C. White. 1925. Clinical application of bromsulphthalein test for
hepatic function. J. Am. Med. Assoc. 84:1112-1114.

Rottinghaus, G. E. , C. N. Cornell, and J. A. Ellis. 1991. HPLC method for quantitating
ergovaline in endophyte-infested tall fescue: seasonal variation of ergovaline levels
in stems with leaf sheaths, leaf blades and seed heads. J. Agric. Food Chem.
39:112-115.
Rutschmann, J. and P.A. Stadler. 1978. Chemical Background. In B. Berde and H.O.
Schild (Ed.). Ergot Alkaloids and Related Compounds. Springer-Verlag, Berlin.

Saenger, P.F., R.P. Lemenager, K.S. Hendrix. 1982. Anhydrous ammonia treatment of
corn stover and its effects on digestibility, intake and performance of beef cattle. J.
Anim. Sci. 54:419-425.
Sanderson, M. A. D. W. Meyer, and H. Casper. 1985. Dicoumerol concentrations and
forage quality of sweet clover forage treated with propionic acid or anhydrous
ammonia. J. Anim. Sci. 61:1243-1252.

Schmidt, S. P. and T. G. Osborn. 1993. Effect of endophyte-infected tall fescue on animal
performance. Agric. Ecosy. Environ. 44:233-262.
Schmidt, S. P. , C. S. Hoveland, E. M. Clark. 1982. Association of an endophytic fungus
with fescue toxicity in steers fed Kentucky 31 tall fescue seed or hay. J. Anim. Sci.
55:1259-1263.

Schneider, M. and G. Flachowsky. 1990. Studies on ammonia treatment of wheat straw:
effects of level of ammonia, moisture content, treatment time and temperature on
straw composition and degradation in the rumen of sheep. Anim. Feed Sci.
Techno1.29: 251-264

.

Seawright, A. A. 1995. Directly toxic effects of plant chemicals which may occur in
human and animal foods. Natural Toxins 3:227-232.

44

Sharrow, S. H. and W. D. Mosher. 1982. Sheep as a biological control agent for tansy
ragwort. J. Range Mgmt. 35:480-482.
Shaw, J.N. 1933. A liver function test in sheep. J. Am. Vet. Med. Assoc.82:199-204.
Siegel M. R. ,M. C. Johnson, D. R. Varney, W. C. Nesmith, R. C. Buckner, L. P. Bush, P.
B. Burrus, II, T. A Jones, and J. A. Boling. 1984. A fungal endophyte in tall
fescue: incidence and dissemination. Phytopathology 74:932-941.
Smith, G. S. 1992. Toxification and detoxification of plant compounds by ruminants: an
overview. J. Range Mgmt. 45:25-30.
Smith,L. S. and C. C. J. Culvenor. 1981. Plant sources of hepatotoxic pyrrolizidine
alkaloids. J. Natl. Prod. 44:129-152.
Sorraing, J. M. J. Fioramonti, and L. Bueno. 1984. Effect of Dopamine and serotonin on
eructation rate and ruminal motility in sheep. Am. J. Vet. Res. 45:942-947.

Stafford, K. J. and B. F. Leek. 1988. Dopamine-sensitive receptors that evoke rumination
and modify reticulo-rumen activity in sheep. J. Vet. Pharmacol. Therap. 11:171176.

Stamm, M.M., T. DelCurto, M.R. Homey, S.D. Brandyberry, and R.K. Barton. 1994.
Influence of alkaloid concentration of tall fescue straw on nutrition, physiology,
and subsequent performance of beef steers. J. Anim. Sci. 72:1068-1075.
Stidham, W. D. , C. J. Daniels, L. B. Piper, and H D.Featherstone. 1982. Toxic fescue
linked to reduced milk output in ewes. Ark. Farm Res. 31:9.
.

Strahan, S.R., R.W. Hemken, J.A. Jackson, R.C. Buckner, L.P. Bush, and M.R. Siegel.
1987. Performance of lactating dairy cows fed tall fescue forage. J. Dairy Sci.
70:1228-1234.
Strickland, M. S. , J. W. Oliver, and D. L. Cross. 1993. Fescue toxicosis and its impact on
animal agriculture. Vet. Hum. Toxicol. 35:454-464.

Stuedemann, J. A. and C. S. Hoveland. 1988. Fescue endophyte: History and impact on
animal agriculture. J. Prod. Agric. 1:39-44.
Stuedemann, J. A. , S. R. Wilkinson, D. J. Williams, H. Ciordia, J. W. Ernst, W. A.
Jackson and J. B. Jones, Jr. 1975. Long-term broiler litter fertilization of tall fescue

pastures and health performance of beef cows. Proc. 3rd Int. Symp. Livestock
Wastes. April 21-25, 1975. University of Illinois, Campaign, IL. Pp. 264.

45

Sundstol, F. and E. M. Coxworth. 1984. Ammonia Treatment. In: (Eds.) E. Sundstol and
E. Owen. Straw and other Fibrous By-products as Feed. Elsevier Science
Publishers, Amsterdam. The Netherlands.
Swick, R. A. P. R. Cheeke, D.E. Goeger, and D. R. Buhler. 1982. Effect of dietary
Senecio jacobaea and injected Senecio alkaloids and monocrotaline on guinea
pigs. J. Anim. Sci. 55:1411-1416.

Szczklik, E. M. M. Orlowski, and A. Szewczuk. 1961. Serum y-glutamyl transpeptidase
activity in liver disease. Gasteroenterology 41:353-359.
Taylor, M. C. , W. F. Loch, and M. Ellersieck. 1985. Toxicity in pregnant pony mares
grazing Kentucky-31 fescue pastures. Nutr. Rep. Int. 31:787-795.

Theurer, C. B. 1986. Grain processing effects on starch utilization by ruminants. J. Anim.
Sci. 63:1649-1662.
Thompson, F.N. and J.A. Stuedemann. 1993. Pathophysiology of fescue toxicosis. Agric.
Ecosy. Environ. 44:263-281.
Tiwari, S. P. U. B. Singh, and U. R. Mehra. 1990. Urea molasses mineral blocks as feed
supplement: Effect on growth and nutrient utilization in buffalo calves. Anim. Feed
Sci. Technol. 29:333-341.

Tor-Agbidye, Y. 1993. Non-conventional feedstuffs in rabbits and poultry nutrition:
utilization and effects of feed processing methods. Ph. D. Thesis, Oregon State
University, Corvallis.

Tucker, H.A., D. Petitclerc, and S.A. Zinn. 1984. The influence of photoperiod on body
weight gain, body composition, nutrient intake, and hormone secretion. J. Anim.
Sci. 59:1610-1620.
Turner, K. E. , C. P. West, E. L. Piper, S. A. Mashburn, and A. S. Moubarak. 1993.
Quality and ergovaline content of tall fescue silage as affected by harvest stage and
addition of poultry litter and inoculum. J. Prod. Agric. 6:423-427.

United States Department of Agriculture (USDA) and Oregon Department of Agriculture
(ODA).1994. 1993-1994 Oregon Agriculture and Fisheries Statistics. Portland,
OR.

Van Soest, P. J. 1987. Nutritional Ecology of the Ruminant, Cornell University Press,
Ithaca, New York.

46

Van Soest, P. J. F. A. Mascaenhas, and R. D. Hartley. 1984. Chemical properties of fiber
in relation to nutritive quality of ammoniated forages. Anim. Feed Sci. Technol.
10:155-164.
Wallner, B. M. , N. H. Booth, J. D. Robbins, C. W. Bacon, J. K. Porter, T. Kiser, R. W.
Wilson, and B. B. Johnson. 1983. Effect of an endophytic fungus isolated from
toxic pasture grass on serum prolactin concentrations in the lactating cow. Am.J.
Vet. Res. 44:1317-1322.

Walls, J. R. and D.R. Jacobson. 1970. Skin temperature and blood flow in the tail of dairy
heifers administered extracts of toxic tall fescue. J. Anim. Sci. 30:420.
Weinburg, Z.G., G. Ashbell, A. Azrieli, and I. Brukental. 1993. Ensiling peas, ryegrass
and wheat with additives of lactic acid bacteria (LAB) and cell-wall degrading
enzymes. Grass Forage Sci.48:70-78.
Westendorf, M. L. G. E. Mitchell, Jr. R. E. Tucker, L. P. Bush, R. J. Petroski, and R.
G. Powell. 1993. In vitro and in vivo ruminal and physiological responses to
endophyte-infected tall fescue. J. Dairy Sci. 76:555 -563.

White, R.D., R.A. Swick, and P.R. Cheeke. 1984. Effect of dietary copper and
molybdenum on tansy ragwort (Senecio jacobacci) toxicity in sheep. Am. J. Vet.
Res. 45:159-161.
William, M. , S. R. Shaffer, G. B. Garner, S. G. Yates, H. L. Tookey, L. D. Kintner, S. L.
Nelson, and J. T. McGinity. 1975. Induction of fescue foot syndrome in cattle by
fractionated extracts of toxic fescue hay. Am. J. Vet. Res. 36:1353-1357.

Williams, D. J. D. E. Tyler, and E. Papp. 1969. Abdominal fat necrosis as herd problem

in Georgia cattle. J. Am. Vet. Med. Assoc. 154:1017-1026.
Winter, C. K. and H. J. Segall. 1989. Metabolism of pyrrolizidine alkaloids. p23-40. In P.
R. Cheeke (ed.) Toxicants of Plant Origin. Alkaloids. Vol. 1. CRC Press, Boca
Raton, FL.
Winter, C.K., H.J. Segall, and A.D. Jones. 1988. Species differences in the hepatic
microsomal metabolism of the pyrrolizidine alkaloid senecionine. Comp. Biochem.
Physiol. 90C:429-433.
Yan, T. D. C. Patterson, F. J. Gordon, and M. G. Porter. 1996. The effects of wilting
grass prior to ensiling on the response to bacterial inoculation. 1. Silage
fermentation and nutrient utilization over three harvests. Anim. Sci. 62:405-417.

47

Yates, S. G. , R. D. Plattner, and G. B. Garner. 1985. Detection of ergopeptine alkaloids
in endophyte infected, toxic Ky-31 tall fescue by mass spectrometry. J. Agric.
Food Chem. 33:719-722.

Zanzalari, K.P., R.N. Heitmann, J.B. McLaren, and H.A. Fribourg. 1989. Effects of
endophyte-infected fescue and cimetidine on respiration rates, rectal temperatures
and mixed function oxidase activity as measured by hepatic antiprine metabolism in
sheep. J. Anim. Sci. 67:3370-3378.
Zavos, P. M. , B. Salim, J. A. Jackson, Jr. D. R. Varney, M. Siegel, and R. W. Hemken.
1986. Effect of feeding tall fescue seed infected by endophyte fungus
(Acremonium coenophialum) on reproductive performance in male rats.
Theriogenology 25:281-290.

48

3. EFFECTS OF FEEDING AMMONIATED ENDOPHYTE-INFECTED TALL
FESCUE STRAW ON THE PERFORMANCE, SERUM PROLACTIN
AND RECTAL TEMPERATURE OF BEEF STEERS
W.T. Debessai', B.R. Luick' and P.R. Cheeke'

'Department of Animal Sciences, Oregon State University, Corvallis, OR 97331

49

Abstract
A feeding experiment was undertaken using ammoniated or non-ammoniated

endophyte-infected (E+) or endophyte-free (E-) tall fescue straw-based diets. Diets were
composed of 50% E+ or E- tall fescue straw. Forty crossbred beef steers were randomly
assigned to 4 treatments of 2 replications each with 5 steers per replication. The
ergopeptide alkaloid, ergovaline (EV) content of the straws used in this experiment was

164, 139, 4, and 21 ppb for the untreated Titan (E+) straw, ammoniated E+ straw,
untreated Fawn (E-) straw, and for the ammoniated E- straw, respectively. We evaluated
the voluntary feed intake (FI), average daily gain (ADG), rectal temperature (RT), and

serum prolactin (PRL) of steers at the end of a 7-week experimental period. Dry matter
digestibility of the straw-based diets was also estimated by using chromic oxide as a

marker. There were no significant differences (P>0.05) in the FL ADG, or RT of steers
fed on tall fescue straw-based diets. Despite the high variability of serum PRL within

treatments, there was no significant difference among the four treatments either. The dry

matter digestibility (DMD) of the untreated E+ straw-based diet was lower (P<0.05) than
for the other treatments. Ammoniation of straw using anhydrous ammonia did not
influence the performance of animals neither did it cause consistent detoxification effects

in the two straw varieties used. The mild environmental temperature conditions during the
study period coupled with low EV ingestion from the straw probably explain the lack of

fescue toxicoses symptoms or reduction of performance in steers. However, low levels of
serum PRL observed in the untreated Titan straw-based treatment suggests the potential
for fescue toxicosis with straw residue from tall fescue seed production in Oregon.
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Introduction
In a survey of species composition of grass seed straws in western Oregon made

by Stamm (1993), tall fescue (Fesnica arundinacea) was second (41.5%) in importance
behind perennial ryegrass (Lolium perenne) (46.3%). She also did a survey of ergovaline
(EV) concentrations for turf-type tall fescue straws. Of the fescue fields sampled, 14 %
had EV levels greater than 200 ppb; the mean for all samples was 86 ppb. It was also
noted by Stamm (1993) that there was a high variation of EV concentration within
varieties. For example, Titan tall fescue straw had a range of 105 to 945 ppb EV.
Similarly, Welty et al. (1994) have provided evidence that among E+ genotypes of tall
fescue grown under commercial conditions in western Oregon there was considerable
variation in ergovaline contents and percent endophyte-infected seed. They further

reported that ergovaline in straw from E+ genotypes varies from one year to another.
Despite the large amount of tall fescue straw produced in Oregon not much
experimental work has been done to improve its utilization as ruminant feed. No data is
available on the effect of anhydrous ammonia treatment of endophyte-infected Oregon-

grown tall fescue straw fed to cattle. This study was therefore undertaken to determine
the performance, serum prolactin and rectal temperatures of beef steers fed on
ammoniated or non-ammoniated endophyte-infected and endophyte-free tall fescue strawbased diets and to estimate the digestibility of the steer diets using chromic oxide as a
marker.
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Materials and Methods
A feeding experiment was conducted with beef steers fed on tall fescue straw.
Endophyte-infected tall fescue (E+) (cultivar Titan) and endophyte-free (E-) (cultivar
Fawn) straws were used. Half of the straw used in the experiment was ammoniated.
Ammoniation was done by covering the straw with black plastic and injecting 3% (w/w)

anhydrous ammonia into the straw. The stacks were kept tightly sealed for 30 days and
then left uncovered for a week to allow dissipation of ammonia. The EV content of the

straws by 'PLC analysis (Rottinghaus et al., 1991) was 164, 139, 4 and 21 ppb for
untreated E+, ammoniated E+, untreated E- and, ammoniated E- respectively. Feed
samples were ground to pass through a 1 mm Wiley mill screen and were analyzed for

DM, ash, and Kjeldahl N (AOAC, 1984), ADF and NDF (Goering and Van Soest, 1970).

Tall fescue straw (E+ or E-) constituted 50% of each of the diets used in this study. The
composition of the diets used is presented in Table 3. 1.
There were 10 beef calves per treatment, with 2 replicates (pens) of 5 calves per

treatment. Crossbred steers (primarily Angus and Hereford) were used. Initial body
weights ranged from 222.7 to 295.5 kg with a mean of 257.7+17.8 kg. Body weights were
measured weekly. The experiment started after a one-week adaptation period and lasted 7
weeks. On the last day of the experiment, blood samples were obtained from each animal

for prolactin (PRL) analyses; rectal temperatures (RT) were also recorded at this time.
The PRL analysis was performed using a radioimmunoassay technique (Spoon and

Hallford, 1989). Chromic oxide was used to estimate the digestibility of the four
treatments. Chromic oxide at a rate of 0.5% was mixed with each of the four diets for
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digestibility estimation. At the middle of the experiment, the steers were fed their
respective diets but containing chromic oxide for two weeks; fecal collection period was
during the last 5 days of the second week. Grab samples of fresh feces were taken from
each pen (and pooled to make the days' sample for each pen) each morning at 7:00.
Digestibility was estimated following the method of Suzuki and Early (1991). Fecal
samples for each day were run in duplicates and the dry matter digestibility (DMD) was
finally computed as the treatment mean of the 5 fecal collection days.

General linear model procedure was used to statistically analyze the data on the

performance, DMD and RT; PRL analysis was performed using the nonparametric
Wilcoxon rank sum test (SAS, 1990). The models included FI, ADG, DMD, RT and
PRL; whenever significant difference (13 05) was detected, Tukey's studentized range

test was used to seperate the means at a =.05 level.

Table 3.1. Composition of the diets used in the experiment

Ingredient
Tall fescue straw

50.0

Alfalfa, hay

20.0

Barley, grain

12.0

Soybean meal

12.0

Molasses, cane

5.0

Trace mineralized salt

0.5

Dicalcium phosphate

0.5
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Results and Discussion
The E- Fawn straw used in this experiment was greener than the Titan in
appearance; however, there was little difference in the chemical composition (Table 3. 2).

The CP content of both the tall fescue straw varieties used here was increased by more
than two times after ammoniation (Table 3. 2).
Ammoniation of endophyte-infected tall fescue hay with anhydrous ammonia is

effective in eliminating its toxicity to cattle (Kerr et al., 1990) and sheep (Chestnut et al.,

1991). In contrast Turner et al. (1992) have found that ammoniation of tall fescue straw
with urea-urease treatment did not improve its nutritive value and was not as effective in
producing weight gains as providing cottonseed meal supplement to untreated straw. They
have indicated, however, that ammonia could have escaped during the treatment period as
holes were found in a few of the ammoniation bags and there was no compositional (CP)

change in the treated straw. There was evidence that conversion of urea to ammonia was
low in this study.

Dry matter digestibility of both the Titan and Fawn straw-based diets was
improved by ammoniation. There was an increase of 7.6 and 2.5 units of % digestibility

due to ammoniation for the Titan and Fawn straw-based diets respectively. The
digestibility of the untreated Titan straw diet was markedly lower (P<0.05) than for the
other three treatments (Table 3. 3); there was no difference in dry matter digestibility

among the other three treatments (P>0.05). Numerically, the two ammoniated treatment
groups had higher ADG than the untreated ones, however, there was no difference in feed
intake and ADG (P>0.05) between the four treatments.
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Table 3. 2 Chemical composition of experimental feed ingredients and diets
.

% on DM basis
Feed Type

% DM

NDF

ADF

CP

Ash

EV, ppb

Titan straw, untreated

91.6

70.6

42.5

6.0

6.2

164

Titan straw, ammoniated

90.6

69.1

41.7

14.9

6.2

139

Fawn straw, untreated

91.6

69.8

42.6

7.1

5.2

4

Fawn straw. ammoniated

90.5

68.0

41.7

17.2

5.1

21

Untreated Titan-based

90.4

70.5

39.4

13.0

6.9

Ammoniated Titan-based

90.0

62.2

38.4

16.6

7.1

Untreated Fawn-based

90.4

68.6

42.9

13.3

6.5

Ammoniated Fawn-based

90.4

63.0

34.3

17.3

6.4

Straw-based steer diets
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Other investigators have evaluated digestibility and performance effects of E+ fed

animals under different conditions. Some of the results reported are conflicting. Peters et
al. (1988) compared the effect of E+ tall fescue seed on intake and digestibility by Angus
bulls placed in environmentally controlled (33 °C, 60% humidity) chambers. Tall fescue

seed (E+ or E-) constituted 60% of the diet and the E+ and E- seeds contained 1200 and 0
ppb ergovaline respectively. They found that E+ seed reduced DM intake and total
quantity of nutrients digested but increased water intake relative to dry matter
consumption. In digestibility studies where endophyte-infected seeds were fed to rats,

greater amounts of crude fiber, nitrogen-free extract and DM were digested when diets
contained infected seeds rather than noninfected seeds (Neal and Schmidt, 1985). In vitro
DM digestibilities were also greater for infected seed and hay (Schmidt et al., 1982).

Goetsch et al. (1987) reported decreased intake but increased OM and NDF
digestibilities when increasing levels of infected tall fescue hay were fed to steers. In

contrast, Jones et al. (1986) reported higher feed intake of E+ than E- hay in growing
dairy steers when supplemented with different levels of corn. Hannah et al. (1990) fed tall

fescue seed containing 6000 ppb EV to sheep, at 50% of the diet. At dietary EV levels of
1500 and 3000 ppb, organic matter and fiber digestibilities were reduced. The animals

were limit-fed to the same feed intake, so performance data were not obtained. Fiorito et
al. (1991) also reported that nutrient digestibilities were reduced in lambs fed endophyteinfected tall fescue hay. The lambs were fed with high and low Ammonium

coenophialum-infected hay. The dietary EV was not determined.
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Table 3. 3. Feed intake, average daily gain (ADG), and dry matter digestibility (DMD) of
dry matter in beef steers fed on tall fescue straw-based diets

ADG

Feed intake
Treatment

DMD

kglani. /day

g/kg BW

kg

Titan-based

7.310

27.3a

0.586a

64.3a

Ammoniated Titan-based

7.549

27.4'

0.721a

71.9b

Fawn-based

7.269

26.4'

0.720'

70.4b

Ammoniated Fawn-based

7.496

27.5'

0.452'

72.9b

-

.6

.158

2.6

SEM*

ad) in columns statistically differ (P<0.05).
SEM* =Pooled standard error of means

There was no statistical difference (P>0.05) in rectal temperature of steers in the
four treatments; they ranged from 38.8 to 39.0 ±0.2 °C (Figure 3. 1). The mean minimum
and maximum ambient temperatures during this period (Nov.1 to Dec.20, 1991) in
Corvallis (at the Hyslop meteorological station, 3 miles from the beef barn) were 3.8 and
10.3 °C respectively.

57
Steen et al. (1979) compared four tall fescue forages (Ky-31, G1-306 having high
perloline but low in toxicity, G1-307 having low perloline but highly toxic and Kenhy with

medium perloline content) by feeding to yearling steers. They stated that in addition to
higher respiration rates and lower ADG, steers grazing the G1-307 were emaciated and

had long, rough, dull haircoats. Feed intake was not measured. Steen et al. (1979) further
noted that the steers grazing G1-307 spent most of the day under shades while steers
grazing the remaining varieties spent more time grazing and seemed less sensitive to heat
stress.
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39.3

39.2

39.1

39

U
38.9

g
E

38.8

g
38.7

38.6

38.5

38.4

38.3
Untreated Titanbased

Ammoniated Titanbased

Untreated Fawnbased

Ammoniated Fawnbased

Figure 3. 1. Rectal temperatures of steers fed on E+ TF straw-based diets
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Hemken et al. (1981) undertook 2 experiments on the interaction of environmental
temperature and anti-quality factors on the severity of summer fescue toxicosis. In their
first experiment they found that dry matter intake of GI-306 (less toxic) and GI-307 (more
toxic) tall fescues by Holstein calves was about the same at low (10 to 13 °C) and medium
(21 to 23 °C) temperatures, but differed at the high (34 to 35 °C) temperature. The high

temperature treatment groups had greater rectal temperatures and respiration rates than
the medium and low temperature groups. In their second experiment rectal temperature
was affected in the trial conducted in May; in the July trial, dry matter intake, rectal
temperature and respiration rate were affected by ambient temperature (33 to 35 °C vs 16

to 18 °C). Hemken et al. (1981) further concluded that both high environmental
temperature and the presence of the toxic substance are necessary to produce the summer
toxicosis syndrome. This observation was also reported by Hurley et al. (1980) earlier.
Similarly, Porter et al. (1990) have indicated that the ergot alkaloids are responsible for

reduced PRL secretion and that heat stress then exacerbates the effects of these and other
compounds in E+ tall fescue. In their study endophyte infection rates but not alkaloids
were determined.

Hannah et al. (1990) have observed greater rectal temperature in lambs fed
ergovaline and ergotamine diets than in lambs fed the control diet at 27°C ambient
temperature. They also noted an effect of temperature; the higher environmental
temperature (34 °C) caused lambs to exhibit elevated rectal temperature. Osborn et al.
(1992) undertook two experiments on the effect of environmental temperature (21 °C,
control and 32 'V, stressed) on selected physiological variables including rectal
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temperature in Holstein steers fed on E+ hay and seed vs E- diets and E- vs E- plus
ergotamine tartrate (ET) diets. Their E+ vs E- experiment showed a diet by environment
interaction at the 32 °C but not at the 21 °C i.e. the rectal temperature was markedly higher

for the E+ fed steers at the 32 but not at the 21 °C environment. On their E- vs E- plus ET
experiment there was a diet by environment interaction at both environmental
temperatures. Smith et al. (1985) fed infected tall fescue hay to cattle and found that
intake decreased and rectal temperature increased (38.7 to 40.4 °C) when environmental
temperature was increased from a thermoneutral 20 °C to a stressful 32.2 °C. In our study
there was similar and moderate ambient temperature exposure to all treatments and was
probably not stressful enough to elicit a significant rise in rectal temperature. Moreover,
the EV intake might not be high enough to result in rectal temperature increase.
There was a large individual variation in serum PRL of the steers in the four

treatments. There were also two animals (one in the untreated-Fawn and the other in the
ammoniated Fawn-based diets) with extremely high levels of PRL. The absence of equal

variance assumption (for normal distribution) and the presence of outliers dictated the use
of the nonparametric, rank-sum test to compare the means. Despite the large variation and

the low levels of PRL obtained for steers fed on the untreated Titan straw-based treatment

there was no difference (P>0.05) among the four treatments (Table 3. 4). However, the
p-value was =0.1039 indicating that at oc=.10 the effect of Tiatan straw feeding on serum
PRL levels had a marginally significant effect. The greatest difference in serum PRL was

between the untreated Titan and the untreated Fawn straw-based treatments.
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The reasons for the increase of EV after ammoniation of Fawn straw which
resulted in numerically lower PRL value for ammoniated Fawn group than the untreated

Fawn are not clear ; some contamination by E+ straw seems likely. Moreover, despite the
fact that the ammoniated Fawn group had a high digestibility estimate, it resulted in the
lowest ADG, another indication that the ammoniated Fawn straw might have been
contaminated with E+ straw or some animals in this group might have had subclinical
illness.

Table 3. 4. Serum PRL* of steers fed on tall fescue straw-based diets

Treatment

PRL, ng/ml

Untreated Titan-based

7.3a

Ammoniated Titan-based

12.9a

Untreated Fawn-based

37.7'

Ammoniated Fawn-based
22.6'
a, in columns do not statistically differ (P>0.05).
* ANOVA was performed on the ranks of the PRL values.

Stamm et al. (1994) undertook a study on beef steers where they used three levels
of Titan straw (E+) with up to 475 ppb EV and a control fed on Bonanza (E -). The results

showed that both dry matter intake and straw intake had a linear response across
treatments; intakes increased with decreased alkaloid levels. They found no significant

difference in weight gain and prolactin levels among treatments. However, there was a
large decline of serum PRL on steers fed with Titan straw only but gain as per cent of
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control was greatest for the steers on Titan straw only. Goetsch et al. (1987) reported a
linear decrease in serum PRL levels when feeding increasing levels of endophyte-infected

fescue hay to growing dairy steers. Even though the EV content was not reported, at
100% infected fescue hay feeding no circulatory PRL was detected while the control had
15 ng/ml. In another experiment of the same study, Goetsch et al. (1987) investigated the
supplementation of clover hay (0.73% of BW) to endophyte-infected hay (C:E+) or wheat
straw feeding (ad libitum) plus endophyte-infected hay (WS:E+) compared to control diets
based on non-infected (E-) fescue hay fed to growing dairy steers. The serum PRL levels

they obtained were 20 and 6% for C:E+ and WS:E+ respectively as compared to the
control (E-) diets. In grazing situations, Schillo et al. (1988) reported a marked reduction
in serum PRL of steers grazing on high-endophyte (>90 % infection) Kentucky 31 tall
fescue as compared to those grazed on low endophyte (<1 %) infected Kenhy tall fescue.
Mizinga et al. (1992) investigated the effects of feeding endophyte-infected tall

fescue seed to cows and heifers. A significant reduction of ADG and serum PRL

concentrations in treatment cows as compared to the control ones was noted. In heifers
fed higher amounts of EV than cows, however, significant reduction was obtained in ADG

but not in PRL secretion. Kerr et al. (1990) reported a significant correlation between low
prolactin concentrations and a high rectal temperature in cattle eating endophyte-infested

fescue hay. They further stated, however, that as the PRL concentrations approached
normal (of control animals) concentrations, this relationship between serum PRL and

rectal temperature was not observed. Aldrich et al. (1993) undertook experiments using
Angus heifers and Holstein steers by feeding them with E+ or E- tall fescue diets. The
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heifer experiment resulted in 58% plasma PRL in the E+ (381 ppb) groups as compared to

the E- (<50 ppb EV) ones (Table 2. 1). Plasma PRL of steers fed on E+ diets decreased
(P<0.05) within 48 hours. By day 34, steers on the E+ diet (285 ppb EV) had less than
50% of PRL at 22 °C regime and less than 20% of the E- at 32 °C. Moreover, at 32 °C,
feed intake was reduced by 22%, and water consumption increased by 62% compared to
steers housed at 22 °C.
Ghorbani et al. (1989) investigated the effects of feeding increasing levels of E+

tall fescue hay (0, 7.5 and 15% endophyte infection) to Holstein calves housed in
environmentally controlled (31-32 °C, 50% humidity) chambers. They reported no marked

difference in feed intake, ADG, rectal temperature, respiration rate and serum PRL.
Despite the trend toward serum PRL depression with increase in E+ hay they attributed
the lack of significant difference in serum PRL to high variation within treatment. By

assuming an EV level of 55 ppb for the 15% infection treatment Ghorbani et al. (1989)
concluded that this may be insufficient to cause summer toxicosis symptoms. On the other
hand, Strahan et al. (1987) showed that a level of 8.1% endophyte infection may be too
high for lactating dairy cows especially during times of high environmental temperature.

The EV level was not reported.
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There were no signs of fescue toxicoses on any of the steers used in our
experiment. Stamm et al. (1994) have concluded that the endophyte-produced alkaloids
associated with tall fescue straw did not cause health problems or reductions in animal
performance. In our study an EV intake of 9.0 µg /kg BW.75 has resulted in low serum
PRL in steers. In our lamb trials (Debessai et al. unpublished) EV intake of 6.5 µg/kg
BW.75 has resulted in reduced PRL of wethers.

Implications
Ammoniation of tall fescue straw did not appear to influence the performance of
steers. Ammoniation improved digestibility but it did not cause consistent detoxification

effects on the two straw varieties used. The EV in the straws used in this study did not
influence feed intake, ADG or rectal temperature of steers. Despite the low EV intake
(maximum of 9 µg /kg BW75), however, low levels of serum PRL observed in the

untreated Titan straw-based group may signal the need for some cautionary measures
when using endophyte-infected tall fescue straw as a feedstuff.
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Abstract
Four feeding experiments were conducted with lambs fed endophyte (Acremonium

coenophialum)-infected (E+) tall fescue (TF) seed, containing 5200 ppb ergovaline (EV).

The dietary levels of EV ranged from 0 to 2000 ppb. Diets contained 6 to 40% TF seed;
EV concentrations were achieved by different ratios of E+ and E- (endophyte-free) seed.
In Trial 4 ammoniated seed screening was compared with non-ammoniated seed
screening. There were 15 crossbred wether lambs per treatment with 3 replications of 5
lambs per pen except for Trial 1 which had 4 lambs per pen. Average initial body weights

were 34, 37, 31, and 37 kg for Trials 1, 2, 3, and 4 for which the experimental periods
were 28, 42, 36 and 29 days respectively. Trial 1 was followed by a two-week recovery

period where lambs were fed on a TF-free diet and their feed intake (FI) and average
daily gain (ADG) measured. On the last day of each trial blood samples were taken for
serum prolactin (PRL) analysis. In trial 3 serum melatonin was also analyzed. In Trial 1

blood samples were taken for PRL analysis on days 0 and 14; rectal temperatures were

also recorded on these dates and on day 28. In Trial 1, all levels of EV reduced Fl and
ADG (P<0.05). On day 14, serum PRL of the treatment group animals were only 2.9 to
11.3% of the control values (P<0.05). Serum PRL levels for 0, 500, 1000,1500, and 2000

ppb EV on day 28 were: 103.8, 7.4 5.1, 5.0, and 2.2 ng/ml respectively. After removal of
EV from the diet, rapid recovery of the animals, assessed by feed intake and weight gain,
occurred. In Trials 2 and 3, all levels of EV reduced ADG to about 75% of control values.

PRL values for Trial 2 for 0, 150, 300, and 600 ppb EV were:44.6, 2.9, 2.3, and 0.9

ng/ml. PRL values for Trial 3 for 0, 50, 100, and 150 ppb EV were: 64.3, 19.8, 16.1, and
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9.2 ng/ml respectively. In both Trials 2 and 3 the serum PRL of treatment group animals

were significantly lower (P<0.05) than the controls. Serum melatonin values of treatment
groups were not different from the controls (P>0.05) in Trial 3. In Trial 4, there were no
significant differences in FI, ADG or PRL of lambs fed on ammoniated vs. nonammoniated E+ seed screenings. In summary, these results suggest that lambs exhibit

reduced FI and growth rate at dietary EV levels of 500 ppb equivalent to a daily intake of
63.5 ug/kg BW75 per day. Despite the low ambient temperature the EV intake was high
enough to result in an increased (P<0.05) rectal temperature. Serum PRL was markedly
reduced at dietary EV intake of 50 ppb or 6.5 ug/kg BW.7) per day. At this EV level,

growth rate is lowered to about 75% of control.

Introduction
Western Oregon is one of the principal turf and forage grass seed producing areas
in the world. Endophyte-infected turf varieties of tall fescue and perennial ryegrass are
increasingly dominating the Oregon seed industry. Various by-products of seed production
are used in livestock feeding, including the vegetative stage of grass in the winter (sheep

grazing), the straw and grass regrowth clippings after seed harvest (cattle feed) and grass
seed screenings (sheep, cattle and horse feed). Because the endophyte-infected turf-type

grasses contain fungal toxins, the potential for toxicosis or reduced performance of
livestock in western Oregon is becoming a matter of major concern.
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Tall fescue (Festuca arundinacea) infected with the endophyte fungus
Acremonium coenophialum contains toxic ergopeptide alkaloids, with ergovaline (EV) the
major one (Rottinghaus et al., 1991). The major objective of this study was to determine
the dietary levels of EV which influence lamb growth and serum prolactin (PRL), to aid in
assessing the likelihood of performance reduction in lambs grazing tall fescue winter

pasture or being fed tall fescue seed screenings. Another objective was to determine if
ammoniation of EV-containing tall fescue seed screenings reduced or eliminated its

toxicity to lambs. Ergopeptide alkaloids are unstable under alkaline conditions, and
Chestnut et al. (1991) have reported that ammoniation of EV-containing tall fescue hay
reduced its toxicity to sheep. Moreover, it was intended to evaluate if ergovaline has any
impact on serum melatonin.

Materials and Methods
Four feeding trials were conducted with lambs fed diets containing tall fescue seed.
Combinations of endophyte-infected (cultivar Titan) and endophyte-free (cultivar Fawn)

seed were used to obtain various dietary levels of EV. The Titan seed contained 5200 ppb
EV by HPLC analysis (Rottinghaus et al 1991). The EV levels used were: trial 1: 0, 500,

1000, 1500 and 2000 ppb; trial 2: 0, 150, 300 and 600; trial 3: 0, 50, 100 and 150 ppb.
EV concentrations of treatments were achieved by mixing different ratios of E+ and E- TF

seed. In trial 4 ammoniated Titan seed screenings (842 ppb EV) were compared with
untreated Titan seed screenings (927 ppb EV). The ammoniated seed was prepared by
placing the seed in large plastic bags and injecting 3% (w/w) anhydrous ammonia into the
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seed. The bags were kept tightly sealed for 30 days. In all trials, whole seed was used; the
diets were not pelleted. Feed samples were ground to pass through a 1 mm Wiley mill
screen and were analyzed for dry matter (DM) and Kjeldahl nitrogen (N) (AOAC, 1984),
acid detergent fiber (ADF) and neutral detergent fiber (NDF) (Goering and Van Soest,
1970) as modified by Waldern (1971).

There were 15 lambs per treatment, with 3 replicates of 5 lambs per pen, except
for trial 1 which had 3 replications of 4 lambs per pen. Crossbred wether lambs (primarily
Hampshire and Suffolk sire breeds, white-face ewes) were used. Average initial lamb

weights were 34 kg, 37 kg, 31 kg and 37 kg in trials 1, 2, 3 and 4, respectively.
Body weights were measured at weekly intervals; feed intake was measured daily

in trial 1 and weekly in others. The experimental periods were 28 (August 9 to September

5, 1991), 42 (November 22, 1991 to January 2, 1992), 36 (August 6 to September 10,
1992) and 29 (November 22 to December 20, 1991) days for trials 1, 2, 3 and 4,
respectively. Trial 1 was followed by a two-week recovery period during which all animals

were fed ad libitum the same tall fescue-free diet and their Fl and ADG measured. In this
trial there was also a paired comparison of two additional control replicates paired with
two replicates from treatment 4 (fed on 1500 ppm EV diet). The pairs were fed on equal
amount of their respective diets. The amount of feed offered was dictated by the voluntary
intake exhibited by the experimental (treatment 4) replicates. Thus the two paired control
replicates were restricted fed; all other animals in all four trials were fed ad libitum. Trials

2 and 4 were conducted at the same time and in the same barn. Each trial was preceeded

by treatment of all animals against internal parasites and a one-week adaptation period,
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during which the animals were fed grass hay and the control diet, with increasing amounts

of the control diet until they were on full feed with the test diets on day 0 (starting day) of
the trials. On the last day of each trial, a blood sample was obtained from each animal for
PRL analysis. In Trial 1, blood samples for PRL values were obtained on days 0 and 14
also; rectal temperature was recorded on days 0, 14 and 28. The PRL analysis was
performed using a radioimmunoassay technique (Spoon and Hallford, 1989). In trial 3
serum melatonin was analyzed at the end of the trial. Melatonin analyses was done by

radioimmunoassay (Spoon and Hallford, 1989). The performance, rectal temperatures,

and melatonin data were statistically analyzed using one-way ANOVA and PRL was
analyzed using the nonparametric Wilcoxon rank sum test (SAS, 1990). The model in all

parameters tested included treatment. Whenever significant treatment effect (P<.05) was
detected, Tukey's honestly significant difference method was employed to seperate the

means at a <0.05 level.

Results and Discussion
The percentage composition of the diets, the chemical composition of experimental

feed ingredients, and that of the treatment diets used in the four trials is presented in
tables 4.1, 4.2 and 4.3 respectively. In trial 1, all levels of EV from 500 to 2000 ppb
significantly (P<0.05) reduced feed intake and average daily gain (ADG) as compared to

the controls. The serum PRL values exhibited large variation within treatments and had

several outliers. For these reasons all the PRL data except that of day 0 of trial 1, was
analyzed using the nonparametric Wilcoxon rank sum test (SAS, 1990). On day 0 there
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Table 4. 1. Percentage composition of the diets

Trial

Number

Tall

Alfalfa

Rolled

Soybean

Liquid

Trace

fescue

meal

barley

meal

molasses

mineralized
salt

seed

40

40.5

10

5

4

0.5

1*

0

75.5

15

5

4

0.5

2

12

68.5

10

5

4

0.5

3

6

69.5

15

5

4

0.5

4

40**

40.5

10

5

4

0.5

1

Seed screenings

Recovery period

Table 4. 2. Chemical composition of experimental feed ingredients

% on DM basis

% DM

NDF

ADF

CP

EV, ppb

Titan seed (E+)

90.8

31.7

16.6

14.4

5,200

Fawn seed (E-)

90.9

39.5

17.1

14.8

0

93.0

65.7

39.6

9.8

927

92.2

63.5

39.9

14.6

842

Ingredient

Titan seed
screenings

Ammoniated
Titan
seed screenings
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was no statistical difference (P>0.05) except for a large numerical variation in serum PRL

concentrations among treatments (Figure 4. 1). At day 14, however, PRL was
significantly reduced (P<0.05) in all treatment groups (Figure 4.2a).
The levels of serum PRL at day 14 for the treatment animals ranged from 2.9 to
11.3% of the controls ( Figure 4.2b). PRL levels were markedly lowered (P<0.05) at day
28 and numerically decreased as the alkaloid concentration increased (Table 4. 4). The

mean PRL values of each of the treatment groups were less than 10% of the control

animals. Moreover, the group which ingested 2000 ppb EV-containing diet had lower
serum PRL (P<0.05) than those animals fed on 500 ppb EV on days 14 and 28 (Figure
4.2a and Table 4. 4). Similar to other experimental animals in trial 1, the PRL values of
the paired comparison animals showed no significant difference on day 0 (P>0.05), but

were reduced by EV ingestion on day 14 and day 28 (P<0.05).
The lambs on EV-containing diets especially those on 2000, 1500, and 1000 ppb
EV diets were lethargic and depressed, but no other clinical signs such as fescue foot were

observed. Significant concentrations of sedative effect-producing compounds, lysergic
acid amide and isolysergic amide, have been found in sleepygrass (Stipa robusta)
(Petroski et al., 1992). Consumption of as low as 1% of a horses's body weight of S.

robusta may induce a sleep-like state which lasts for two to three days (White and
Halisky, 1992). Though in much lower concentrations, lysergic acid and isolysergic acid
amides have also been isolated from endophyte-infected tall fescue (Petroski et al., 1991).

The presence of these compounds could be the reason for the depressed behaviour seen in
some animals in treatments three, four and five of trial 1.
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Table 4. 3. Chemical composition of treatment diets used in the study

% on DM basis
Trial and

% DM

NDF

ADF

CP

1

89.9

39.4

23.2

17.5

2

89.8

31.9

22.1

19.0

3

89.7

39.3

23.3

16.4

4

90.2

32.0

22.0

20.1

5

90.0

30.8

18.8

20.4

Recovery diet

89.3

35.3

23.7

19.3

1*

85.7

44.6

29.8

22.5

2

86.9

37.6

25.5

22.5

3

84.4

44.4

30.7

21.5

4

88.9

33.8

23.3

20.0

1

89.9

39.4

26.5

17.1

2

91.6

41.6

27.7

16.6

3

92.0

41.5

29.6

16.0

4

91.2

37.3

27.5

17.9

84.3

62.2

39.7

20.2

38.1

20.4

Treatment No.
Trial 1

Trial 2

Trial 3

Trial 4

1 (untreated)

2 (ammoniated)
86.5
57.1
*This diet was also the control diet in trial 4.
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Figure 4.1. Mean prolactin levels (ng/ml) of lambs

on day 0 of trial I
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Figure 4.2a. Mean prolactin levels (ng/ml)
of lambs on day 14 of trial 1
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Figure 4.2b. Mean prolactin levels (as % of control)
of lambs on day 14 of trial 1
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Table 4. 4. Performance and serum prolactin (PRL) of lambs fed various dietary levels of
ergovaline (EV) in trial 1 on day 28

Feed intake

Daily EV

Average daily

Terminal serum PRL'

gain

EV,

total

daily

intake

PPb

g/anild

g/kg 13W.7'

ug/kg BW'

0

2,359

148'

0

365'

100.0

103.8a

100.0

500

1,939

1201'

03.5

2831'

77.5

7.4h

7.1

1.000

1.716

114'

114.4

107'

45.8

5.1'

4.9

L500

1.460

97"

146.1

79 '

21.0

5 Oh

4.8

2.000

1.367

94'

180.0

137'

37.5

2.2'

2.1

LM"

1.7

g

% of

38

% of
control

control

*ANOVA was performed on the ranks of the PRL values.

SEM = Pooled standard error of means.

ng/ml
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The rectal temperatures recorded on days 0 and 14 showed no detectable
differences (P>0.05) between all 5 treatments. They ranged from 38.7 to 41.8 ° C ; both

of these temperatures were noted during day 0. On day 28, however, treatment group
rectal temperatures were greater than control groups by 0.2 to 0.6 ° C. (Table 4. 5). The
highest mean rectal temperature was for treatment 3 (1000 ppb EV group) which
significantly higher (P<.05) than that of the control (0 ppb EV group). There was no

difference (P>.05) in the rectal temperature of the rest of the treatments (Table 4.5). In
the paired comparison, there was similar rectal temperature in the control and paired

treatments on day 0 (P>0.05). On days 14 and 28, however, the mean treatment group
rectal temperatures were higher (P<0.05) than the paired controls with 39.7±0.11 vs
38.9±0.11 °C on day 14 and 40.3 ±0.13 vs 39.8 ±0.13 °C on day 28, respectively. The
mean minimum and maximum daily ambient temperature of Corvallis (at the Hyslop

meteorological station, 6 miles from the sheep barn) during the conduct of this study was
as follows. In trial one, 11.2 and 27.7 °C (28 days' period); trial two, 2.3 and 8.3 °C; trial
three, 10.9 and 28.5 °C and trial four, 1.9 and 8.7° C mean minimum and mean maximum

daily temperatures, respectively.
Other investigators have reported effects of E+ tall fescue on body temperature of
animals. Osborn et al. (1992) undertook two experiments on the effect of environmental
temperature (21 ° C, control and 32" C, stressed) on selected physiological variables

including rectal temperature in Holstein steers fed on endophyte infected (E+) hay and
seed vs endophyte free (E-) diets and E- vs E- plus ergotamine tartrate (ET) diets. Their
E+ vs E- experiment showed a diet by environment interaction at the 32 ° C but not at the
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21 ° C i.e. the rectal temperature was markedly higher for the E+ fed steers at the 32 but
not at the 21 ° C environment. On their E- vs E- plus ET experiment there was a diet by
environment interaction at both environmental temperatures. Smith et al. (1985) fed
infected tall fescue hay to cattle and found that intake decreased and rectal temperature
increased (38.7 to 40.4 ° C) when environmental temperature was increased from a
thermoneutral 20 °C to a stressful 32.2° C. Hannah et al.(1990) observed significantly
greater rectal temperatures in lambs fed ergovaline and ergotamine diets than in lambs fed
the control diet at 27 °C ambient temperature. They also noted an interaction with ambient
temperature; the higher environmental temperature (34 °C) caused lambs to exhibit
elevated rectal temperature. In all four of our lamb trials there was similar and low

(thermoneutral) ambient temperature exposure to all treatments. Despite this, the recorded
rectal temperature at the end of trial 1 indicates that the alkaloid intake was high enough
to elicit a significant rise in rectal temperature.

The two-week recovery period data of trial 1 shows that there was a significant
difference in the daily feed intake per animal between the treatments (P<0.05). Treatments

1 and 2 showed higher feed intake (P<0.05) than treatments 3, 4, and 5. Treatments 3 and
4 had higher intake (P<0.05) than treatment 5 (Table 4.6). There was, however, no
significant difference in the average daily gain (P>0.05) at the end of the recovery period.

Numerically, treatment 1, the control, resulted in the lowest and treatment 4 in the highest
gain (Table 4. 6). The non-significant difference in gain among the five treatments and the
numerically lower gain in the control animals during the recovery period might be

explained as a compensatory growth situation after removal of EV from the diets. The
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recovery period performance results also indicate that there is a fast recovery from the
effects of ergopeptine alkaloids. Thompson and Stuedemann (1993) found that only a 2 to
3-days period is required for recovery in terms of serum PRL level when animals are
removed from E+ fescue.

The paired comparison was included to assess the growth rate of lambs fed equal
amounts of feed but varying in EV content. A wide animal variation in ADG was noted
during the experimental period of the paired animals. However, there was no significant
difference (P>0.05) in ADG between the control and treatment groups. As the feed
intakes were similar this result may indicate that the EV effect on animal performance is

due to reduction in feed intake. There was no difference in ADG during the recovery
period either.

Table 4. 5. Rectal temperatures of wethers in trial 1 on days 0, 14 and 28

Rectal temperature, °C

Treatment (EV, ppb)

Day 0

Day 14

Day 28

1 (0)

39.9'

39.8'

40.1b

2 (500)

39.7'

39.8'

40.5'b

3 (1,000)

39.9'

40.8'

40.7'

4 (1,500)

40.1'

39.8'

40.3ab

5 (2,000)

39.8 a

39.9'

40.4ab

0.12
0.13
0.22
Means with different superscripts in a column statistically differ (P< 05)
SEM* = Pooled standard error of means
SEM*

a,b
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Table 4. 6. Mean feed intake and body weight gain in the recovery period of trial 1

Treatment

Daily intake, g

Daily gain, g

1

2493 a

266 a

2

2309 a

303 a

3

2165 h

320

4

2189b

337a

5

1906 c

32Y

SEM*

265
SEM* = Pooled standard error of means

38

Trials 2 and 3 were conducted using lower dietary levels of EV, to attempt to
determine a threshold level. Compared to their respective control groups, all EV levels
from 50 to 600 ppb resulted in numerically reduced feed intakes and ADG but the
differences were not statistically significant (P>0.05) except for the marked difference in

feed intake between the control and the 600 ppb EV groups (P<0.05). In Trial 2, serum
PRL was markedly reduced with 150, 300 and 600 ppb EV (P<0.05). In Trial 3 there was
no significant difference (P<0.05) in either feed intake or ADG between the control and
the treatment groups; however, there was a significant difference (P<0.05) in PRL similar
to trials 1 and 2. Inclusion of 50 ppb equivalent to EV intake of 6.5 kg /kg BW-75 reduced

the PRL level to less than one-thirds of the control PRL value (Table 4. 7). One animal in
the 50 ppb EV treatment in trial 3 was excluded from the study because of illness.
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Table 4. 7. Summary of performance and serum PRL of lambs fed various dietary levels of
EV

Feed intake

Trial

Daily EV

Average daily gain

Terminal serum PRL

no.

% of

total

daily

intake

% of

g/ani./d

g/kg BW7'*

i4g/kg BV).;'

control

0

2004

121±1"

(1

264±36

100 0

44.6"

100.0

150

1824

113±1"

17.3

192±36

72.7

2.9"

6.5

300

1848

113±1"

34.8

204±36

77.3

2.3"

5.2

600

1756

108+1'

65.1

163±36

61.7

0.9"

2.0

0

1 853

129 ±2"

0

256±33

100.0

64.3"

100.0

50

1807

127 ±2 "'

6.5

182±33

71.1

19.8'

30.8

100

1738

122 ±2"

12.0

196±33

76.6

16.1"

25.0

150

1713

121 ±2'

18.2

195±33

76.2

9.2"

14.3

0

2001

125 +I'

0

262+41

100.()

44.6'

100.0

337

1966

124 ±1"

27.5

153+41

58.0

6.51'

14.6

371

1889

125 ±1"

46.7

99±41

37.5

3.8'

8.5

and

ng/ml

EV,

ppb

control

Trial 2

Trial 3

Trial 4

The

values are pooled standard error of means.

-Ammoniated seed screenings
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There was no significant difference in the serum melatonin levels (P>0.05) of

wethers in trial 3 (Table 4. 8). Melatonin is secreted by the pineal gland and has a direct
effect on neuroendocrine control of gonadal activity (Turek and Campbell, 1979). Luhman
and Slyter (1986) observed that short photoperiod and/or feeding melatonin resulted in
hastened cyclicity and increased pregnancy rates. Porter et al. (1993) have observed lower

(P<0.05) plasma melatonin concentrations during the day than during the night in steers
which is consistent with MEL synthesis in the pineal gland and subsequent concentrations

in the peripheral circulation (Tucker and Ringer, 1982; Tucker et al., 1984). Porter et al.
(1993) have further noted that night plasma MEL concentration in steers was markedly
reduced due to endophyte ingestion (both at low and high nitrogen fertilization) but high
or low endophyte intake with low nitrogen fertilization did not have significant impact on
day plasma MEL concentration. Our MEL result is therefore in agreement to that obtained

by the latter investigators as blood was also sampled during the day in our trial. In Trial 4,

Table 4. 8. The mean serum melatonin levels (pg/ml) of wethers in trial 3

Treatment

EV level, ppb

Melatonin, pg/ml

1

0

134 as

2

50

100a

3

100

140

4

150

89

SEM*

-

SEM* = Pooled standard error of means

33.2
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ammoniation of Titan tall fescue seed screenings reduced the EV from 927 ppb to 842
ppb, and gave a non-significant increase in ADG and PRL (Table 4. 7). Because the seeds

were not ground, the ammonia may not have adequately penetrated the outer layer of the
seed. The 30 day ammoniation period may have been inadequate; generally ammoniation

involves a period in excess of 30 days. Thus ammoniation of whole seed was ineffective
in reducing its toxicity. In contrast, ammoniation of endophyte-infected tall fescue hay is
effective in eliminating its toxicity to cattle (Kerr et al , 1990) and sheep (Chestnut et al
1991).

Hannah et al. (1990) fed tall fescue seed containing 6000 ppb EV to sheep, at 50%
of the diet. At dietary EV levels of 1500 and 3000 ppb, organic matter and fiber
digestibilities were reduced. The animals were limit-fed to the same feed intake, so

performance data were not obtained. Fiorito et al. (1991) also reported that nutrient
digestibilities were reduced in lambs fed endophyte-infected tall fescue hay. The lambs

were fed with high and low Acremonium coenophialum (AC) hay. The dietary EV was
not determined. The reduced growth rate of lambs in our study may reflect both reduced

feed intake and decreased digestibility. Stamm et al, (1994) undertook a study on beef
steers where they used three levels of Titan straw (E+) with up to 475 ppb EV and a
control fed on Bonanza (E-). The results showed that both dry matter intake and straw
intake had a linear response across treatments; intakes increased with decreased alkaloid
levels. They found no significant difference on weight gain and prolactin levels among

treatments. However, there was a large decline of serum prolactin on steers fed with
Titan straw only but gain as per cent of control was greatest for the steers on Titan straw
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only. Goetsch et al. (1987) reported a linear decrease in serum PRL levels when feeding
increasing levels of endophyte-infected fescue hay to growing dairy steers. Even though

the EV content was not reported, at 100% infected fescue hay feeding no circulatory PRL
was detected while the control had 15 ng/ml. In another experiment in the same study,

Goetsch et al. (1987) investigated the supplementation of clover hay (0.73% of BW) to
endophyte-infected hay (C:E+) or wheat straw feeding (ad libitum) plus endophyteinfected hay (WS:E+) compared to control diets based on non-infected (E-) fescue hay fed

to growing dairy steers. The serum PRL levels they obtained were 20 and 6% for C:E+
and WS:E+ respectively as compared to the control (E-) diets.
Mizinga et al. (1992) conducted a study to investigate the effects of feeding

endophyte-infected (E+) tall fescue seed (1300 ppb EV) to cows and heifers. There was a
significant reduction of ADG and serum PRL concentrations in treatment cows as

compared to the control ones. Prolactin of the treatment group was 35% of the control
value. In heifers fed higher amounts of EV than cows, however, significant reduction was
obtained in ADG but not in PRL secretion. In contrast to the results by Mizinga et al.
(1992), our data (Debessai et al., unpublished) with beef steers fed diets composed of 50%
Titan straw at daily EV intake of 9.0 ug/kg BW 75 when compared to steers fed on a diet

made up of 50% Fawn straw (control) at 0.2 ug/kg BW" of daily EV intake showed no
difference in ADG but a low with marginally significant difference (P=0.10). in serum PRL

levels at day 49 of the experiment. The PRL level of the E+ group was 42% of the
control value. Kerr et al. (1990) reported a significant correlation between low PRL
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concentration and a high rectal temperature in cattle eating endophyte-infested fescue hay.

They further stated however, as the PRL concentrations approached normal (of control
animals) concentrations, this relationship between serum PRL and rectal temperatures was
not observed.

Aldrich et al. (1993a) compared the plasma PRL of sheep fed on E+ with daily EV
intake of 89 ug/kg BW.75 and E- tall fescue seed and hay. The PRL of lambs fed on E+

was markedly lower and was only 3.0% of the control (E-) group. In another study,
Aldrich et al. (1993b) undertook two experiments using Angus heifers and Holstein steers
and fed them with E+ or E- tall fescue seed diets. The heifer experiment resulted in 58%

plasma PRL in E+ (381 ppb EV) groups as compared to the E- (<50 ppb EV) ones.
Plasma PRL of steers decreased within 48 hours. By day 34 E+ (285 ppb EV) has less
than 50% of PRL at 22 ° C regime and less than 20% of the E- at 32 ° C (Table 2. 1.). Our
overall results show that all intake levels of EV result in <80% gain of control and in PRL
values of <35% of control.
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Implications
Under the conditions of our study, markedly reduced feed intake and weight gain
occurred in lambs fed on endophyte-infected tall fescue seed diets containing 500 ppb or
daily intake of 63.5 ug/kg BW.75 ergovaline. Despite the low ambient temperature, this

was accompanied by an increase in rectal temperature. A generally lower production
(about 75% of control) may be expected when sheep consume as low as 6.5 ug/kg BW.75

EV per day. The significant impact of EV consumption at a rate of as low as 6.5 ug/kg
BW75 in reducing serum prolactin may signal the interference of ergot alkaloids (EV) with
some physiological processes that require normal prolactin secretion.
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Abstract
The interaction between ergot alkaloids (EA) in endophyte-infected (E+) tall fescue
(Festuca arundinacea) seed and pyrrolizidine alkaloids (PA) in tansy ragwort (TR) (Senecio

jacobaea) when simultaneously fed to sheep was investigated. Because of the hepatogenic
effects of prolactin (PRL), it was hypothesized that low serum PRL induced by EA would

increase the susceptibility of sheep to hepatotoxicity induced by PA. Sheep are normally
resistant to PA-induced hepatotoxicity. Twenty four wether lambs weighing 34.1 ± 2.3 kg
were used after being randomly assigned to one of six treatments of 4 wethers each. The diets

offered were: (1) a control basal diet containing endophyte-free (E-) tall fescue seed; (2)
control + CC14; (3) E+ tall fescue basal diet; (5) E+ + CC14; (5) E- + TR, and (6) E+ + TR.
The diets were composed of alfalfa meal 50%; rolled barley, 34.5%; soybean meal, 5%; cane

molasses, 4%; trace mineralized salt, 0.5% and tall fescue (E- or E+) seed, 6%. In the two
TR treatments an equal amount (25%) of alfalfa was replaced by TR. Interaction between EA

in E+ tall fescue and PA in TR was assessed by the gammaglutamyl transferase (GGTP)

activity and/or sulfobromophthalein (BSP) clearance rate both of which measure liver
function. Serum GGTP activity was measured on days 14 and 28. Plasma BSP clearance was

monitored on days 28 and 70 by collection of blood at 4, 8 and 16 minutes after intravenous
BSP injection. CC14 was included as a hepatotoxic agent for comparison with TR. Serum PRL

assays were performed on days 14, 70 and 84.

Serum GGTP activity was elevated by CC14 drenching on both day 14 and 28
(P<.05). On day 28 TR feeding reduced (P<.05) GGTP activity but there was no difference
(P>.05) between the two TR treatments. There was no difference (P>.05) in the mean BSP
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half-times (t112) and % BSP retentions on day 28 among any of the 6 treatments. On day 70
there was no difference (P>.05) in the t112 or % BSP retention 4 minutes after BSP injection
among any of the treatments. At 8 minutes after BSP injection, however, the % BSP retention

was significantly higher (P<.05) for the C + CC14 than that of E+ + CC14 treatment. At 16

minutes after BSP injection, the E+ treatment had higher (P<.05) mean % BSP retention
value than the E+ + CC14 treatment; there were no differences among the other treatments

(P>.05). Serum PRL levels were reduced (P<.05) by E+ or CC14 in all three dates of PRL

evaluation. The lack of interaction between EA in E+ tall fescue seed and PA in TR as
assessed by GGTP activity and/or BSP clearance in sheep may imply that the target sites of
the two types of alkaloids are metabolically different. The low serum PRL with E+ did not
increase susceptibility of sheep to hepatotoxic agents such as CC14 and PA.

Introduction
Tall fescue (Festuca arundinacea) infected with the endophyte fungus Acrenionium

coenophialum contains toxic ergopeptide alkaloids with ergovaline (EV) the major one
(Rottinghaus et al., 1991). Consumption of ergot alkaloids (EA) in endophyte-infected tall

fescue (E+) causes a marked depression in serum prolactin (PRL) levels. PRL is a
hepatogenic agent stimulating growth of liver cells, particularly during liver regeneration
following partial hepatectomy (Buckley et al.,1991). We hypothesized that low serum PRL

induced by feeding E+ tall fescue seed to sheep could increase their susceptibility to
hepatotoxic agents, such as pyrrolizidine alkaloids (PA) and carbon tetrachloride (CC14). The

PA containing poisonous plant tansy ragwort (TR) (S'enecio jacobaea) is a common plant in
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Oregon. Sheep are relatively resistant to PA toxicity and are often used for biological control

of the plant ( Sharrow and Mosher, 1982; Cheeke, 1997). Increasing amounts of E+ tall
fescue are being grown for seed production in Oregon. Therefore there is the potential for
exposure of sheep to PRL-lowering EA, which might increase their susceptibility to PA via

effects of low PRL on liver tissue. This interaction was assessed using measurement of a
serum enzyme diagnostic of liver damage and/or a liver function test, the sulfobromophthalein

(BSP) clearance half-time (t1,2) and % BSP retention.

Materials and Methods
Twenty four crossbred wether lambs (Hampshire and Suffolk sire breeds, white-face
ewes) weighing 34.1±2.3 kg were used in this study. The animals were randomly divided into

six groups of 4 animals each, penned together. The wethers were treated against internal

parasites and fed on grass hay plus control diet; the control diet offered was increased
gradually until it become the sole diet 2 days before the start of experimental diet. The
adaptation period lasted 10 days. One day before the experiment started wethers were
weighed and randomly assigned to one of six treatments. A completely randomized design

with 4 replications (animals) per treatment was employed. The six treatments were: (1)
control (basal diet) (6% Fawn seed (E-) + 0% TR-based diet), (2) E- basal diet + CC14, (3)
6% Titan (E+) seed and 0% TR, (4) E+ basal diet + CC14, (5) E- basal diet + 25% TR, and
(6) E+ basal diet and 25% TR.
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The TR plants were collected from the vicinity of Corvallis, OR. Collected aerial
parts of TR samples, mainly leaves and flowers were dried and chopped after which they were

mixed with other components of the diet. The E+ tall fescue seed was of the Titan cultivar,
while the E- seed was a Fawn cultivar.

The percentage composition of the control (basal) diet was: alfalfa meal, 50; rolled
barley, 34.5; soybean meal, 5; cane molasses, 4; trace mineralized salt, 0.5 and E- tall fescue
seed, 6%. In the test diets TR was substituted for alfalfa meal and Titan (E+) tall fescue seed

for Fawn (E-) seed. The diets containing E+ seed i. e. treatments 3, 4, and 6 had EV content
of 150 ppb based on FIPLC analysis (Rottinghaus et al., 1991), while the diets containing TR

i.e. treatments 5 and 6 had a total PA of 141 [ig/g on GC/MS analysis (Craig et al., 1984).

Representative samples of experimental feed ingredients and diets were ground to pass
through 1 mm Wiley mill screen and were analyzed for Kjeldahl N (AOAC, 1984), ADF and

NDF (Goering and Van Soest, 1970). In treatments 2 and 4, CC14 was included as a
hepatotoxic agent. CC14 was orally drenched via a gelatin capsule at a rate of 0.05 ml/kg BW;

it was administered by mixing it with equal amount of corn oil used as a carrier.
The experimental period was 84 days. Experimental animals were fed daily with their
respective diets; refusals were weighed weekly and lambs weighed every 14 days. The CC14

treatments were drenched eight times, on day 0 (start of experiment), 14, 28, 42, 56, 62, 70,
and 79.
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Blood samples for serum gammaglutamyl transferase (GGTP) activity, for assessment

of early hepatic damage were collected from the jugular vein on days 14 and 28; and for
serum PRL on days 14, 70 and 84. The blood samples were allowed to stand overnight and

then centrifuged and serum stored at -80 °C in a freezer until the respective analyses were
performed. Serum GGTP activity was determined according to the Sigma (1989) method. A
spectrophotometer was used to determine the activity of the enzyme. On days 14, 28 and 70
CC14 drenchings were made after the blood collections. A liver function test was performed

on each animal on days 28 and 70 by the BSP clearance technique of Cornelius and Wheat

(1957) with some modification (Smith et al., 1991). The BSP dye, 50 mg/ml BSP solution
was prepared from sulfobromophthalein sodium salt (Sigma S-0252) by weighing 5.0 g of the
BSP into 100 ml volumetric flask and adding double distilled water to 100 ml mark and gently

heating it until it was solubilized and clear. The BSP solution was then poured into injection

vials and stored in a refrigerator until it was used 12-24 hours later. The dosage of BSP
solution injected per lamb was 5 mg/kg body weight. Blood samples for BSP determination

were collected 4, 8, and 16 minutes after the injection of BSP solution. After plasma BSP
concentrations were determined, the values at 4 and 16 minutes were plotted against time for
each animal on a semilogarithmic paper (Lanigan and Peterson 1979; Cornelius, 1989). From

the plots (plots not shown) the period of time (in minutes) it took for a BSP concentration
to be halved (t12) and the concentration estimate at 0 time (100 %) was obtained to calculate

the mean % BSP retentions at 4, 8, and 16 minutes after BSP injection. Serum PRL levels
were assayed by the radioimmunoassay method of Spoon and Hallford (1989).
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One-way ANOVA was employed to statistically analyze the data on GGTP, t112 of

BSP, % retentions of BSP and serum PRL; the ranks and not the actual PRL values were

used for PRL analysis (SAS, 1990). For each parameter analyzed, whenever significant
difference (P<.05) was detected, Tukey's honestly significant difference test was employed

to seperate the means at a = .05 level.

Results
The mean daily maximum and minimum ambient temperatures in Corvallis during the

experimental period were 20.2 °C and 4.8 °C respectively. The laboratory evaluation of the

experimental feeds is presented in Table 5. 1; the serum GGTP activity results for both day
14 and 28 are presented in table 5. 2. On day 14, both the CC14 treatments exhibited
significantly higher (P<0.05) levels of GGTP activity than the other 4 treatments; there was

no significant difference (P>0.05) in GGTP activity between the other four groups. On day
28 the E- + CC14 treatment was significantly different in its GGTP activity than the

control, E+, E-+TR, and E+ + TR groups (P<.05); but there was no difference (P>.05)
between the two CC14 groups. Enzyme activity in the two TR treatments did not differ
(P>.05) from that of the controls (Table 5.2).
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Table 5. 1. Chemical composition of feed ingredients and diets

As % of DM

Feed type

NDF

ADF

CP

Titan seed (E+)

31.7

16.6

14.4

Fawn seed (E-)

39.5

17.1

14.8

Tansy ragwort (TR)

37.2

28.8

10.9

Alfalfa meal

34.7

28.4

19.3

Control diet (E--based)

27.1

15.9

20.5

E+-based diet

27.4

15.5

19.9

E- and TR-based diet

26.5

16.4

17.6

E+ and TR-based diet

27.9

17.7

17.2

Table 5. 2. The mean serum gammaglutamyl transferase activity (units/mL) in
experimental lambs

Treatment

Day 14

Day 28

Control (C)

60.1 a

46.0 b

C + CC14

97.4b

827a

E+

61.5a

48.2b

E+ + CC14

97.1 b

66.4 ab

TR

61.3a

39.4b

E+ + TR

66.9 a

44.3 b

9.8

6.8

SEM*
a,b,ab

Means in a column with no common superscript vary significantly (P<0.05).
SEM* = Pooled standard error of means
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Table 5. 3. Mean BSP t112 of experimental wethers, in minutes

Treatment

Day 28

Day 70

Control (C) (E- + 0% TR)

4.63

4.43

C + CC14

4.68

4.30

E+

3.68

4.74

E+ + CC14

4.33

3.95

C + 25% TR

4.03

4.48

E+ + 25% TR

4.48

4.25

SEM*

0.56

0.27

SEM* = Pooled standard error of means

There was no significant difference in the t1,2 of BSP in sheep between any of the 6

treatments (P>.05) in day 28 or 70 (Table 5.3). On day 28, there was no difference
(P>.05) in the mean per cent retention among any of the 6 treatments (Figure 5. 1). It
appeared that CC14 (drenched twice before this date) or TR were not eliciting any negative
effect on liver function.
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Time (min.) after BSP injection
Figure 5.1. The mean BSP per cent retention of sheep on day 28
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On day 70 the plasma of one lamb in the E+ group hemolyzed and was excluded
from the BSP computation. On this test day there was no significant difference among
the 6 treatments in the mean % retention of BSP 4 minutes after its injection. At 8
minutes after BSP injection, however, the control + CC14 treatment had markedly higher

% retention than that of E+ + CC1, (P<.05); but there was no significant difference

among any of the other treatments. The BSP % retention values at 16 minutes after
injection were higher for the E+ treatment than that of E+ + CC14 (P<.05); there was no

difference among any of the other treatments (Figure 5. 2).

Time (min.) after BSP injection

Figure 5.2. The mean BSP per cent retention of sheep on day 70
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There was large variation in the serum PRL of wethers within a treatment; there

were also PRL concentrations which were outliers when plotted. Consequently the PRL
data was analysed by using the nonparametric Wilcoxon rank sum test (SAS, 1990). On
day 14 the serum PRL of the control and the E- + C14 treatments were higher (P< 05)

than those of the E+, E+ + CC14, and E+ +TR treatments (Table 5. 4). On day 70 the
serum PRL of the control was markedly higher than for treatments C+CC14, E+, E+ +
C14, and the E+ TR. On day 84, the control treatment had higher serum PRL

concentration (P<.05) than all the other treatments except the C+ TR group which in turn
had higher PRL than the rest of the treatments (Table 5. 4).

Table 5. 4. The mean prolactin values of lambs fed on tall fescue and tansy ragwort
PRL, ng/ml*

Treatment

Day 14

Day 70

Day 84

Control (C) (E- + 0% TR)

81.5 a

67.3 a

38.0 a

C + CC14

59.7 ab

13.8 be

78 be

E+

7.6 cd

E+ + CC14

3.6d

C+ 25% TR

36.0 ab'

39c

0.1

6.4 be

0.2

35.5

ab

27.6 ab

9.3 bed
0.1
E+ + 25% TR
4.0`
*ANOVA was performed on ranks of the PRL values
a,ab,bc,c. d,abc.bcd
Means with no common superscript in a column vary significantly (P<0.05).
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Discussion
A rise in plasma or serum GGTP is a good indicator of liver damage in animals. In
sheep exposed to experimental lupinosis, serum GGTP more promptly and more sensitively

detects the lower grades of early acute intoxication than other enzymes (Melharbe et al.,
1977). By employing serum GGTP activity Van der Lugt et al. (1992) detected the very early

stage of intoxication of sheep due to the hepatotoxic perennial sub-shrub, commonly called

kraalbos or geelbos (Galenia africana L.) in South Africa. Van der Lugt et al. (1992) also
determined the activity of the enzymes lactate dehydrogenase, aspartate transaminase, and

creatinine kinase. Among the four enzyme activities, however, increase in the activity of
GGTP, indicative of liver involvement, was the most prominent diagnostic change in their
experimental sheep. Moreover, Williams (1990) have noted similar trend of serum GGTP in

sheep fed experimental ganksweek (Lasiospernium bipinnatum).
Schell et al. (1993) have used serum GGTP as one of liver function indicators of pigs

fed on aflatoxin-containing diets. As is true for other species of animals with liver damage

they reported higher GGTP activity.

In human subjects, Szczeklip et al. (1961) have

suggested that elevation of GGTP is due to a higher rate of synthesis of the enzyme in the
liver as adaptive response to pathologic changes and an overflow of the enzyme into the blood

stream. In our study the serum GGTP activity of wethers on the two CC14 treatments was

elevated indicating that some liver function damage was present on both days 14 and 28
(Table 5. 2).
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In an investigation of methods to protect sheep against PA, Lanigan and Peterson
(1979) used BSP clearance rate as a measure of liver damage and loss of functional capacity.

Their results indicate that the test, which measures the rate of removal of the dye from the

blood plasma and its excretion via the biliary system, is also a sensitive measure of liver
damage caused by PA. Cornelius et al. (1958) described the BSP technique as sensitive to
early hepatic necrosis in addition to chronic fibrotic changes.
Tucker et al. (1971) gave the ti, values in sheep to be approximately 3 minutes. Our
sheep BSP t112 values are somewhat higher (Table 5. 3). Diseased sheep on the other hand
exhibit very high BSP t112 values. For ketotic sheep between 15 and 30 minutes after injection

the t12 value was 20 *17 minutes, with a range of 7 to 62 minutes (Cornelius, 1989). The
reason for the high t12 values and subsequently also per cent retention obtained in our study

(Figures 5. 1 and 5. 2) is not clear. West (1989a) had concluded that BSP is almost
completely cleared by the liver of sheep after a single intravenous injection; in this respect our

BSP results in both the sampling dates tend to agree with those of West.
Owing to the rapid clearance of intravenously injected BSP from the plasma in sheep,

Cornelius et al. (1958b) indicated that the use of the percent retention method may be
preferable to calculating t112 values. The per cent retention of BSP in normal sheep at 10

minutes after injection is about 6. Our results are consistently higher than this even at 16
minutes after BSP injection (Figures 5. 1 and 5. 2). These results are nearer to those reported

by West (1989b) at 15 minutes after BSP injection for non-pregnant and pregnant ewes, 1.1
and 6.1 % retention respectively. It is unclear as to why the E+ treatment resulted in a higher

amount (P<.05) of per cent BSP retention than that of the E+ + CC!4.
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Carbon tetrachloride is a known hepatotoxic agent (Seawright and Maclean, 1967).

Some possible reasons as to the absence of significant effect of CC14 drenching on liver
function as assessed by BSP t1/2 and per cent retention obtained in our study could be due to

the low amount of CC14 drenched and long interval (6 to 14 days) between drenchings. It
could also be possible that the long interval of administration coupled with the low amounts

might have triggered some adaptive mechanisms to counteract its hepatotoxic effects.
The lack of marked difference (P>.05) in the BSP tr, and per cent retention between

the two TR treatments is similar to the data on GGTP activity. This indicates that in sheep
simultaneously fed E+ tall fescue and PA-containing TR, there is no interaction between the

two alkaloids as assessed by their influence on liver function.

Our data may further suggest GGTP evaluation to be a more sensitive detector of
early liver function damage than is BSP as liver damage on both the CC14 treatments was

encountered as early as day 14 using GGTP activity (Table 5. 2); whereas the BSP
comparisons did not show any difference on day 28 (Table 5. 3 and Figure 5. 1). On day 70
the serum PRL value was reduced (P<.05) by CC14 drenchings in animals in treatment E- +
CC14 which may indicate an association of PRL and liver function as forwarded by Buckley

et al. (1991).
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Feed intake per pen and individual animal weight gains were measured during the
experimental period but were not statistically analyzed and are not reported here. Lambs in
the two CC14 and two TR treatments refused their respective diets at times and were offered

some grass hay and/or control diet. Although the CP contents of the TR treatments were
lower than the other treatments (Table 5. 1), they were still well within the NRC (1985)
recommendation.

Implications
Simultaneous feeding of the alkaloids in E+ tall fescue and TR to sheep did not affect
liver function as assessed by GGTP activity or BSP retention. The lack of interaction between

ergot alkaloids in tall fescue and the pyrrolizidine alkaloids in tansy ragwort may imply that

the target sites of both types of alkaloids are metabolically different. CC14 had detrimental
effects on liver function of sheep as diagnosed by serum GGTP activity; it also reduced the

PRL levels.

There was no indication that low serum PRL increased the toxicity of

hepatotoxins in sheep.
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Abstract
An in vitro experiment was undertaken to evaluate the effects of pH and mechanical
treatment on the ergovaline (EV) content of endophyte-infected (E+) tall fescue seed (Titan
variety). Pairs of whole and ground samples of E+ seeds were treated for 24 hours with either

hydrochloric acid or sodium hydroxide to result in approximate pH of 2, 4, 6, 8, 10 or 12.

The 6 pairs of treated samples were stored in a freezer for 22 months. There were also 3
pairs of controls (C) with no acid or alkali treatment. The pH of the 3 pairs of controls at the
end of the experiment ranged from 5.6 to 6.3. A two-way ANOVA on the EV data indicated

a significant treatment effect and subsequently, regression analysis with pH and mechanical
treatment with their interactions as independent variables and EV as dependent variable was

employed. EV levels in E+ TF seeds in ppb best fitted a quadratic regression model with:

y1 = 1627.8 + 390.5 pH 29.7 pH2 and y2 = 1793.5 + 390.5 pH 29.7 pH2 for the whole
and ground seeds, respectively. Both the observed and predicted EV levels indicated that EV
is reduced at pH of <4 or >8.5 and is highest near neutrality around 6.4. Mechanical treatment

did not facilitate alkaloid reduction with either acid or alkali treatment of E+ TF seed. Based

on the EV values of the controls, it appears that EV degradation did not occur in frozen
samples, while EV concentrations did decline in samples stored at room temperature.
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Introduction
Acid treatment of feeds has been employed for preservation of forages during ensiling.

For example, organic acids like formic acid (Kennedy, 1990; Jacobs et al., 1992) and sulphur

dioxide (Ben-Ghedalia and Miron, 1984; O'Shea and Baldwin, 1986) have been extensively

used. However, the practice of treating feeds with strong acids for preservation or other

purposes is scarce. Studies involving alkali treatment on the other hand are numerous.
Examples are using sodium hydroxide (Nefzaoni and Vanbelle, 1986; Ramirez et al., 1992),
calcium hydroxide (Djajanegara et al., 1985; Zaman and Owen, 1990), ammonium hydroxide
(Rihani et al., 1993), anhydrous ammonia (Abidin and Kempton, 1981; Mathison et al., 1989),

and urea ammoniation (Rihani et al., 1993; Brown and Adjei, 1995). The major objective of
such treatments is to improve the nutritive value of the feeds.

Tall fescue (Festuca arundinacea) infected with the endophyte fungus Acremoniuni

coenophialum contains toxic compounds. The toxic constituents involved in tall fescue
toxicosis are ergopeptide alkaloids (Lyons et al., 1986; Belesky et al., 1988); the major one
of these is ergovaline (Rottinghaus et al., 1991).
Ergopeptine alkaloids are degradable in alkaline solutions and alkali treatment of E+
tall fescue may reduce their toxic effects (Chestnut et al., 1991). Our earlier studies involving

ammoniation of feeds without grinding, however, did not exhibit marked difference in terms

of lamb or steer performance (Debessai et al., 1992; 1996).
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This study was therefore undertaken to investigate if acidification or alkalization
reduces the major ergopeptide alkaloid, ergovaline level in E+ tall fescue seed. A second
objective was to see if grinding has any effect on the EV level of acid or alkali treated E+ tall

fescue seed.

Materials and Methods
The experiment started after a two week preliminary trial to estimate the
concentration and amount of acid or alkali to add to the E+ tall fescue seeds in order to reach
near the intended 2, 4, 6, 8, 10, and 12 pH treatments. Fifteen grams of each treatment sample

in duplicates was taken and put in a 100 ml beaker. To each beaker 60 ml of distilled water
was added, thoroughly mixed (stirred) individually by using a glass rod and was allowed to
be soaked for 2 hours. Then the following amount of acid, 1 N HC1 or alkali, 1 N NaOH was

added to the treatment samples to result in the desired pHs: for pH two 5.60 ml HC1, for pH

four 2.20 ml HCI, for pH six .15 ml HC1, for pH eight 1.60 ml NaOH, for pH ten 6.60 ml

NaOH, for pH twelve 19.20 ml NaOH. No acid or alkali was added to the 3 controls; for
control 1 (C1) only water was added and frozen, for control 2 (C2) no water was added but

was frozen, and for control 3 (C3) no water was added, not frozen and was kept at room
temperature.
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For all the 6 pHs and 3 controls used, there were pairs of endophyte-infected tall
fescue (Titan variety) seed treatments i. e. intact whole seed and ground seed to pass through
a 1 mm Wiley mill screen. All samples were stirred after 12 hours of acid or alkali addition.
The pHs of the soaked samples were read using a pH meter- Orion model 720A after 2 hours

of water soaking, 16 and 24 hours after acid or alkali addition and all samples, including Cl

and C2 were stored in a freezer at -20 °C for 22 months.

Then all samples were freeze dried and ground to pass through a 1 mm Wiley mill
screen; the earlier ground treatments were also reground. EV analyses was performed using
the HPLC method of Craig et al. (1994). After EV determination a two gram ground sample

was taken and put in a 50 ml beaker and 8 ml of distilled water was added for a final pH
checking. The water soaked samples were then thoroughly mixed by using a glass stirring rod;

the samples were also stirred an hour after wetting and pH recorded using a pH meter 2 hours

after water soaking. After soaking with water the initial pH reading was 6.5 and 6.1 for all
of the whole and ground samples, respectively. The initial pHs of the whole and ground seeds

after acid or alkali addition were not uniform and the whole seed at pH 4 and both the whole

and ground seeds at pH 8 deviated much from what was originally intended (Table 6. 1).
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Table 6.1. Initial mean pHs of E+ tall fescue seed 2, 16 and 24 hours after soaking

Condition

Intended

pH

of

seed

Ground

Whole
2 hrs.*

16 hrs.

24 hrs.

2 hrs.*

16 hrs.

24 hrs.

2

6.5

1.4

1.4

6.1

2.3

2.2

4

6.5

2.6

2.6

6.1

4.2

4.1

6

6.5

5.6

5.6

6.1

5.7

5.4

8

6.5

8.3

6.8

6.1

6.6

5.4

10

6.5

10.7

10.5

6.1

10.1

10.0

12

6.5

12.8

12.6

6.1

12.0

11.8

Cl

6.5

5.8

5.6

6.1

5.7

5.2

-

-

C2
C3

-

-

-

*Before addition of acid or alkali

-

I

-

= pH not read

The two-way ANOVA with pH and mechnical treatment as main effects and their

interaction in the model indicated a significant treatment effect (P <.05) after which the
regression procedure of SAS (1990) was used.. Polynomial regression models with pH and
mechanical treatment with their interactions as independent variables with the content of EV

as dependent variable were computed to select the best fitting model. Residuals were
examined for possible trends, and the components in the model with the significant regression

coefficients (p< 05) was selected.
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Results and Discussion
When E+ seeds were exposed to acid or alkali at room temperature for more than 24

hours during the preliminary trial period, they started fermenting. Because of this the
treatment was made to last 24 hours.

Regression models up to the fourth power of pH were employed and the best fit
regarding the association of EV (ppb) with pH and mechanical treatment was a quadratic
model (p=.002) with a coefficient of multiple determination (R2) of 0.55. This indicates that

a quadratic relationship of pH and the levels EV in E+ TF seed better describes the
association of the two than does a linear model.
The final pH readings after storage, drying, and grinding did not deviate much from

the original settings except for the whole and ground sample at pH 8 (Table 6. 2); the pH of
these two treatments also deviated at 24 hours after alkali addition (Table 6.1). The final pH

of the 3 pairs of control treatments ranged from 5.6 to 6.3 (Table 6.2). Closer examination

of the observed EV values of the controls generally appeared to indicate that freezing
temperature counteracted EV degradation while storage at room temperature resulted in
reduction of EV levels. The mean daily minimum and mean daily maximum temperatures in

Corvallis during the study period were 4.0 °C and 10.6 `V respectively.
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Table 6. 2. The final pH reading of E+ tall fescue seeds

Intended

Condition of seed and pH

pH

Whole

Ground

2

2.3

2.3

4

4.3

4.1

6

5.9

5.3

8

6.5

5.5

10

9.2

9.3

12

10.9

10.9

Cl

6.3

6.1

C2

6.1

6.0

C3

5.7

5.6

The predictive regression equations are presented in table 6.3 and the observed and

predicted EV levels in ppb are presented in Figure 6. Except at two pH points (pH 4.3
and 10.9) the observed EV values of the whole E+ TF seed were lower than for those of

the ground ones (Figure 6). Contrary to our hypothesis of grinding as aiding EV
detoxification process when coupled with acid or alkali treatment it appeared to have

contributed to better detection of EV by HPLC. Similarly, the predicted EV levels of
ground seed was consistently greater than that of the whole seeds. Moreover, the
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predictive plots in Figure 6 indicate that in both whole and ground E+ TF seeds, there is a

consistent quadratic trend of EV levels in E+ TF seed. EV levels were reduced as the pH
was lower than 4; similar EV reduction trend was predictable as the pH was higher than

8. Peak EV was attainable near neutrality at about pH 6.4 (Figure 6).
Ammoniation reduced the toxic effects of alkaloids in E+ tall fescue hay fed to
steers (Kerr et al., 1990). Acidification may also result in similar effects. In tall fescue seed

a rat growth inhibitor was partially eliminated by treating the seed with dilute NaOH and

Hcl (Bell et al., 1957). The EV values of the controls in our experiment also indicate that
alkaloid reduction is temperature dependent as seed storage at room temperature resulted
in lower EV amounts than the frozen control treatments.

Table 6. 3. The predictive equations* of EV levels (ppb) in whole and ground E+ TF seeds
Item
y1 (EV in whole seeds, ppb) =

Equation
1627.8 + 390.5 pH 29.7 pH2

(293.4)
Y2 (EV in ground seeds, ppb) =

(108.2)

(7.8)

1793.5 + 390.5 pH 29.7 pH2

(7.8)
(349.6) (108.2)
Values in brackets are standard errors of the estimates written above them.
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Observed whole
Predicted whole
Observed ground
Predicted ground

0

2

4

6

8

10

pH

Figure 6. The relationship of the levels of EV (ppb) with pH and
mechanical treatment in E+ seed

12
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Implications
The association of EV level in E+ TF seed with that of seed pH and mechanical

treatment can be best described by quadratic regression model. Acid treatment of the seed

resulting in a pH of < 4 or alkali treatment resulting in a pH of > 8.5 appeared to reduce
the EV levels; while chemical treatment resulting near neutral pH has little or no effect on
EV levels. Grinding did not improve the magnitude of alkaloid detoxification in E+ TF
seed after acid or alkali treatment.
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Abstract
The ergovaline (EV) content of endophyte-infected (E+) tall fescue (TF) seed,
seed screenings, straw, and total pyrrolizidine alkaloids (PAs) levels in tansy ragwort (TR)
were monitored in an in vitro experiment to see if these alkaloids are affected by
ammoniation and grinding. Crystalline urea and urease enzyme from ground raw soybean

were used as ammoniation sources. The amount of urea and soybean utilized per 100 g of
feed were 3.0 g and 0.25 g respectively; 30 ml of water was also added to facilitate
ammoniation. Each sample was tightly sealed and ammoniation lasted for 30 days.

Ammoniation improved the CP content of all the feeds; it did not exhibit consistent effects
on the fiber components. There appeared to be no difference in the CP or fiber
components due to grinding. Ammoniation reduced the ergovaline content of all the three

E+ TF products. The HPLC chromatograms for the ammoniated samples showed
multiple peaks at earlier elution time than the EV which may suggest the breakdown of the
EV to low molecular weight amino acids and/or amines. The magnitude of EV reduction
by ammoniation did not appear to be affected by grinding. Ammoniation also reduced the

PA in TR. Ground ammoniated TR samples were markedly lower in their PA than whole
ammoniated ones. Apart from enriching the CP content of the feeds evaluated in this
experiment, ammoniation had detoxification effects. Grinding did not show consistent

effects on the EV levels of the ammoniated E+ products but was effective in reducing the
PAs in ammoniated TR.
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Introduction
Tall fescue (TF) (Festuca arundinacea) is a cool season perennial grass widely
grown in Oregon. This grass when infected with an endophytic fungus, Acremonium

coenophialum, produces ergopeptide alkaloids the major one of which is ergovaline (EV)

(Rottinghaus et al., 1991). Feeding of livestock with endophyte-infected (E+) TF results
in reduced serum prolactin and reduced productivity among many other effects. Tansy

ragwort (TR) (Senecio jacobaea) is another plant common in Oregon; it is a biennial weed
which contains pyrrolizidine alkaloids (PAs). The PAs of Senecio spp. cause irreversible
hepatic damage when ingested by animals and toxicity signs are a consequence of impaired

liver function (Cheeke, 1988). Ammoniation has been widely used to improve the crude
protein content of feeds. It has also been implicated as a method of detoxification.
Mechanical treatment (grinding) is hypothesized here as a method of improving the
detoxification of E+ TF and TR due to ammoniation. The objectives of this in vitro
experiment were therefore, 1. to evaluate the effect of ammoniation and grinding on the
EV levels of TF products and 2. to assess the effects of ammoniation and grinding on the
PAs of TR.
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Materials and methods
One hundred gram feed samples in duplicate were weighed and placed in spoutless
flasks of 250 ml capacity. In a 50 ml beaker a 3.0 g crystalline urea was dissolved in 15 ml

distilled water to be used to treat the 100 g feed. In another beaker 15 ml distilled water
was also added to 0.25 g ground raw soybean seed to extract urease enzyme. After the
urea has been completely dissolved and the urease enzyme allowed to be extracted for 30
minutes, the soybean solution (urease) was sieved into the urea solution by passing it
through a narrow-holed strainer and double-layered cheese cloth and stirred by using a
glass rod. Then the mixture of urease and urea solution was added into the flasks
containing feeds and thoroughly stirred using a glass rod. Then each flask was tightly
sealed using 2 layers of parafilm and 3 layers of strong tape. The total water added to each
feed sample, 30 ml /100 g was in order for the feed to result to moisture content of greater

than 25% to facilitate ammonia production from urea. Ammoniation from urea is made
possible when crystalline urea is hydrolyzed in the presence of urease enzyme to release

ammonia and carbon dioxide. Feeds were allowed to be ammoniated for 30 days after

which they were opened. Feeds used were E+ TF seed, seed screenings, straw and tansy
ragwort; in each case a pair of whole or intact and ground samples were used.
Ammoniated feeds were freeze-dried for 4 days. Feed samples were ground to
pass through a 1 mm Wiley mill screen; earlier ground samples (treatments) were also

reground. The methods of AOAC (1984) were employed for determination of DM and
Kjeldahl N and that of Goering and Van Soest (1970) for ADF and NDF analyses. The
EV level was analyzed by using the HPLC procedure of Craig et al. (1994) and total PA

127
by GC/MS , a modified procedure of Craig et al. (1984) (Please see Appendix D for

details of the PA analysis). EV and PA results were compared as % of untreated control
samples.

Results and Discussion
The % DM, CP, NDF, ADF of the experimental feeds is presented in table 7.1.
Ammoniation increased the CP content of the feeds by 5 to 8 5 percentage units of the E+
tall fescue products; the seed had the lowest increase while the straw exhibited the highest
increase, being 240% of the untreated control. The CP increase for the ammoniated tansy
ragwort was also very high; it contained 225% of the control.
Ammoniation appeared to slightly reduce both the % NDF and ADF of all the
feeds except for the ADF of E+ seed which was slightly increased (Table 7.1). Grinding
did not appear to influence the CP, NDF, and ADF of the ammoniated tall fescue and
tansy ragwort samples (Table 7.1).
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Table 7.1. The DM, CP, NDF, and ADF (% on DM basis) of the feeds used

% on DM basis

DM

CP

NDF

ADF

Untreated, control

92.6

16.5

31.7

14.2

Whole, ammoniated

90.8

20.6

31.2

15.6

Ground, ammoniated

90.7

21.7

30.8

16.4

Untreated, control

93.0

9.8

65.7

39.6

Whole, ammoniated

91.6

15.7

65.3

38.2

Ground, ammoniated

91.9

15.9

63.9

36.9

Untreated, control

91.6

6.0

70.6

42.5

Whole, ammoniated

92.0

14.8

69.3

41.4

Ground, ammoniated

92.1

14.3

69.1

41.7

Untreated, control

92.1

13.1

36.9

29.8

Whole, ammoniated

91.3

28.6

36.5

29.5

34.3
30.7
91.4
Ground, ammoniated
The ground TR sample was slightly leafier than the whole one.

26.4

Item
1. E+ TF seed

2. E+ TF seed screenings

3. E+ TF straw

4. Tansy ragwort (TR)
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Ammoniation markedly decreased the EV amount of the TF products as compared

to their untreated controls. There appeared to be no difference in terms of EV reduction
between whole and ground ammoniated samples of E+ seed screenings and E+ straw.
However, the reduction in EV in the ground seeds was extremely large (13.4 times) as

compared to the whole E+ seeds where there was smaller (3.4 times) reduction of EV due
to ammoniation (Table 7.2).

Table 7.2. The EV contents of E+ TF products, in ppb

Untreated (EV, ppb)

Ammoniated (EV, ppb)

Whole

Ground

Whole

Ground

E+ TF seed

2570

2944

758

220

E+ TF seed screenings

607

653

185

230

E+ TF straw

112

117

60

56

Item

Figures 7. la and 7. lb are the HPLC chromatograms of ergotamine, the internal
standard, run with high EV (750 ppb) and low EV (90 ppb) control E+ TF seed samples,
respectively. The HPLC EV analyses results of the experimental feeds are presented in

table 7. 2 and the corresponding chromatograms are presented in figures 7. 2a to 7. 7a for
the untreated controls and 7. 2b to 7. 7b for their ammoniated pairs. Between 2 and 3.3
minutes of elution time of the HPLC analyses, ammoniated samples tended to exhibit

multiple-peaked chromatograms or tailings which are taller and somewhat continuous,

whereas those for the untreated control samples tended to be distinct and shorter (Figures
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7. 2a to 7. 7b). Ergopeptine alkaloids are degradable in alkaline solutions (Chestnut et al.,
1991). Moreover, the elution time of ergot alkaloids generally increases with increased
molecular weight (Yates and Powell, 1988). Probably in a similar manner, the low
molecular weight breakdown products of ergot alkaloids might be the multiple peaks
occurring early during the HPLC elution of the ammoniated samples in our study.
The unidentified multiple tailings seen as a result of ammoniation (Figures 7. 2b to

7. 7b) are probably end products of the ammoniation reaction on the ergopeptides of the
E+ TF; these may include low molecular weight compounds as amino acids and/or amines.
For example, the major ergopeptide alkaloid, EV, is composed of the amino acids 12-

proline, alpha-hydroxy-alanine, and 1-valine (Rutschmann and Stadler, 1978) and might be

broken down to its constituent parts after ammoniation.
Figure pairs 7. 4a with 7. 4b and 7. 5a with 7. 5b appear to be similar sized
chromatograms. This is because the sample size used during the HPLC analysis for the

whole untreated seed screenings (Figure 7. 4a) and also for the untreated ground seed
screenings (Figure 7. 5a) was 0.25 g while for those for their ammoniated pairs (Figures 7.
4b and 7. 5b) was 1.00 g.
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Figure 7.1a. The HPLC chromatogram of ergotamine, the internal standard,
run with a high EV (750 ppb) control E+ TF seed
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Figure 7. 2a. The EV level of untreated whole E+ seed
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Figure 7.2b. The EV level of untreated ground E+ seed
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Figure 7.3a. The EV level of untreated ground E+ seed

Figure 7.3b. The EV level of ammoniated E+ seed
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Figure 7. 4a. The EV level of untreated whole E+ screenings
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Figure 7. 4b. The EV level of ammoniated whole E+ screenings
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Figure 7.5a. The EV level of untreated ground E+ screenings
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Figure 7, 5b. The EV level of ammoniated ground E+ screenigs
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Figure 7. 6a. The level of untreated whole E+ straw
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Figure 7. 6b. The level of EV of ammoniated whole E+ straw
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Figure 7. 7b. The level of ammoniated ground E+ straw
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The total PAs of both the whole and ground ammoniated TR samples was

markedly reduced due to ammoniation. The PA of whole ammoniated TR was four times
lower than its untreated sample; and that of the ground ammoniated TR was about fifteen
times lower than its untreated pair (Table 7.3). The extreme reduction of PAs in the
ground ammoniated TR may be attributed to the effect of mechanical treatment in
facilitating detoxification of TR.

Table 7.3

.

The PA contents of the TR* samples, in p.g/g

Item

Untreated TR, control

Whole

Ground

2454

3078

208
584
Ammoniated TR
In the untreated and ammoniated samples both of the ground TR samples were
slightly leafier than their whole counterparts.

Ammoniation has been reported to be beneficial as a means of detoxification of
certain toxic constituents of plants and by-products. Tor-Agbidye (1993) treated many
toxin containing feedstuffs with ammonia from urea. He reported that feed intake of
broiler chicks fed on E+ tall fescue seeds was markedly better but the average daily gain

was not affected when compared to the untreated control. He further reported that the
performance of chicks on diets containing treated 2.5% tansy ragwort was improved as a
result of ammoniation, however, it did not influence the performance of those fed on 5%
tansy ragwort. A rat growth inhibitor in fescue seed was eliminated partially by treating
the seed with dilute alkali and acid (Bell et al.,

1957).

Ammoniation of E+ tall fescue hay
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reduced its toxicity to cattle (Kerr et al., 1990) and sheep (Chestnut et al., 1991) by
improving the weight gains and serum prolactin levels (Kerr et al., 1990) and also resulted
in less frequent occurrence of elevated body temperature of steers (Essig, 1985).
In a study on barley, Yaremico et al. (1991) found the feeding value of whole
barley to average 15% less than rolled barley as determined in feed-to-gain ratios and was
directly related to reduced digestibility of whole barley. Their study did not detect any
differences due to ammoniation in daily gain, feed efficiency and carcass composition of
steers fed whole or rolled barley.

Implications
In addition to enriching the nitrogen content, ammoniation appears to be an
effective method in detoxifying ergot alkaloids in endophyte-infected tall fescue products
and pyrrolizidine alkaloids in tansy ragwort. Grinding may also have a marked effect on

increasing the magnitude of detoxification after ammoniation. However, this effect was
not consistent.
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Abstract
Endophyte-infected (E+) tall fescue (Festuca arundinacea) (TF) and tansy
ragwort (TR) (Senecio jacobaea)-based silages were made in minisilos to determine if
ensiling and grinding affect the major ergopeptide alkaloid, ergovaline (EV) content of TF
seed-based silages and the pyrrolizidine alkaloid (PA) of TR-based silages. There were six

TF-based silage treatments: 1. whole (W) TF; 2. ground (G) TF; 3. TF, W + 25% corn; 4.
TF, G + corn; 5. TF, W + 25% corn + 20% broiler litter (BL); and 6. TF, G + corn + BL
plus six untreated W and G control treatments. The TF-based silages were: 1. TR, W +

25% corn; 2. TR, G + corn; 3. TR, W + 25% corn + 20% BL; and 4. TR, G + corn + BL
plus two untreated W and G TR treatments. There was a significant but inconsistent
effect of ensiling on the EV content of the 10 TF-based feeds. Mechanical treatment had
significant effects on the acetic, propionic, and butyric acids, and the EV levels of the TF-

based silages. Addition of BL did not show any beneficial effects in terms of silage quality

or role as a detoxifying agent. Storage at higher ambient temperature reduced the EV in
the control TF. Ensiling resulted in inconsistent effects in terms of NDF and ADF levels
but in higher levels of CP of both the TF and TR-based silages. Ensiling reduced (P <.05)

the PA in the TR-based silages; the PA reduction was more pronounced for the ground
silages. In the TR-based silages, BL increased the lactic acid content of the silages and
tended to lower the pH; however, it did not show any PA detoxifying effect. Interactions
between ensiling and mechanical treatment were encountered for ADF, pH, propionic,
isovaleric, and butyric acids plus EV of the TF-based silages and for the butyric acid and

PA content of the TR-based silages.
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Introduction
The ensiling process is characterized by the production of heat and organic acids,

followed by stabilization at a pH of about 4 (Barnett, 1954). Two of the important
considerations in silage making include the dry matter of the ensiled material and addition

of an inoculant. Dickerson (1986) ensiled various sorghum cultivars with dry matter
content between 24 and 42% and obtained well-preserved silages, with low pH values and

high content of lactic acid. Another possible approach to improve the ensiling and
fermentation of crops, which is increasing in popularity, is to add homofermentative lactic

acid bacteria inoculants at ensiling (e.g. Weinberg et al., 1993). The benefits attributed to
such inoculants are fast and intensive production of lactic acid, and a rapid decline in pH,

which stabilizes the silage (Meeske et al., 1993). It has also been found that inoculated
whole-plant corn silage had lower pH values and tended to have greater lactate
concentrations than non-inoculated silages (Rust et al.,1989; Hunt et al.,1993).
TF infected with the endophyte fungus Acremonium coenophialum contains toxic

ergopeptide alkaloids, with EV the major one (Rottinghaus et al., 1991). E+ TF varieties
for seed production are increasing in acreage in Oregon in recent years. TR is a toxic weed
common in Oregon. It contains PA which cause liver injury when ingested by animals

(Cheeke, 1988). Ensiling might be used as a method of detoxification of E+ TF, TR, BL
and other feedstuffs with potential toxicity to livestock. Enormous quantities of poultry
waste are produced worldwide each year. In the USA alone, over 14 million tons are
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produced annually (Alabama Agricultural Statistics, 1990). As a result of current
environmental concerns, alternative strategies are needed for disposing of this waste
product. Moreover, ensiling is an effective method of preserving and eliminating
pathogens in broiler litter (Caswell et al., 1978).
The objectives of our study were 1. to test if ensiling had any effect on: a) the EV
level of E+ TF seed-based silages and b) the PA content of TR-based silages 2. to assess
the effects of mechanical treatment (grinding) and its interaction with ensiling.

Materials and methods
Minisilos for ensiling TF and TR- based feeds were made in double-lined plastic

bags. The sample size was 100 grams of feed plus 265 ml of water; this amount of water

was added in order to have a starting dry matter of at least 25%. There were 10 silage
treatments and each silage was made in duplicate. These were six E+ seed-based and four

TR-based treatments; half of the treatments were whole or intact and the other half
ground. The TF-based silage treatments were: 1. whole TF; 2. ground TF; 3. whole TF
plus 25% ground corn; 4. ground TF plus 25% corn; 5. whole TF plus 25% corn plus
20% BL; and 6. ground TF plus 25% corn plus 20% BL. For the TF-based silages, six
untreated control treatments (3 pairs of whole and ground TF seeds) were also included
whole and ground TF soaked in equal amount of water as those ensiled and stored in a
freezer without ensiling (C1), unsoaked whole and ground TF but stored in the freezer
(C2), and unsoaked whole and ground E+ seed stored at room temperature (C3).
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The 4 TR-based silage treatments were: 1. whole TR + 25% ground corn; 2.

ground TR + 25% corn; 3. whole TR + 25% corn + 20% BL; and 4. ground TR + 25%
corn + 20% BL. For the TR-based silages there was one whole and another ground
unsoaked untreated control treatments stored at room temperature.
The TR plants, mainly leaves and flowers were collected from several sites in the
vicinity of Corvallis, OR. The BL was obtained from a broiler farm at Junction City, OR.

The E+ TF seed was of Titan cultivar. Corn was included in the silages as an energy

source. Ground corn is a source of water-soluble carbohydrates, and reinforces lactic acid
forming bacterial activity (Rude and Rankins, 1993). BLwas included to see if its high

ammonia content acts as a detoxifying agent on the EV of the TF and/or PA of TR. To all
the 10 ensiled treatments, a mixed bacterial inoculant containing Enterococcus
(Streptococcus) .faeciunt and Lactobacillus plantartunt (BioPower Silage Inoculant,

BioTechniques, Redmond WA) was added at 0.01% to allow an incubation rate of about
1.0 X 108 colony forming units (cfu's) per gram of water soaked feed.

The feeds were ensiled for a total of 60 days after which they were opened. About
50 g of silage was placed in glass beakers and wet with distilled water (at 2:1 silage to

water ratio) stirred and allowed to stay for 15 minutes and the pH was read using a pH
meter (Orion model 720A). About 60 g of silage was taken in plastic bags, sealed and
placed in the freezer (-20 °C) for later analyses of VFA and lactic acid. The remaining
portions of the silages were placed in aluminum trays and placed in -80 °C freezer for 24
hours and freeze dried. Then samples were ground to pass through 1 mm Wiley mill
screen; earlier ground samples were also reground and all ground samples were stored in
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plastic bags till their respective analyses. The methods of AOAC (1984) were employed
for the determination of Kjeldahl N and that of Goering and Van Soest (1970) for ADF
and NDF analyses. VFA and lactic acid levels of silages were determined by the gas

chromatography method of Fussell and McCalley (1987). The EV level in E+ seed was
analyzed by using the HPLC procedure of Craig et al. (1994) and total PA in TR by
GC/MS, a modified procedure of Craig et al. (1984).
Statistical analyses on CP, NDF, ADF and EV for the 12 E+ TF-based treatments

and on the CP, NDF, ADF, and PA of the 6 TR-based treatments was performed by using
one-way ANOVA (SAS, 1990). After excluding the controls (unensiled) a two-way
ANOVA was also performed on data of both the TF and TR-based silages on pH, VFA,
lactic acid, CP, NDF, ADF, EV, and PA. The model included ensiling, mechanical

treatment, and an interaction term. For all parameters statistically analyzed the Tukey's
studentized range test was used to compare multiple means with significant difference;
means were declared different if their p-value was <0.050.
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Results and Discussion
There was a significant difference in the % CP of the TF-based feeds (P<.05).
Ensiling tended to increase the CP levels. Addition of BL during ensiling also resulted in

high CP. Poultry waste is high in N (Bhattacharya and Fontenot, 1966). A significant

difference was noted among the six control treatments (Table 8. 1). In the silage
treatments, mechanical treatment affected their CP contents; the ground treatments had
higher % CP than the whole ones (Table 8. 3). A significant ensiling by mechanical

treatment interaction (p=.0104) was also noted.
Ensiling resulted in marked effect on the NDF contents of the TF-based feeds

(P<.05). The whole TF seed which was not water soaked but frozen (C2) had higher NDF
than that of both the whole and ground TF seed + corn silages (Table 8.1). Mechanical
treatment did not influence the amount of NDF in the TF-based silages (Table 8. 3).
There was a significant difference in the ADF contents of the TF-based feeds- both

between the different silages and between the control treatments (Table 8. 1). The mean
ADF contents of the whole TF-based silages was markedly higher than that of the ground
ones (Table 8. 3). A significant ensiling by mechanical treatment interaction (p=.0046) was

also detected.
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Table 8. 1. The CP, NDF, and ADF contents of the TF-based feeds

% on DM basis
Item

CP

NDF

ADF

25.8ab

14.9ed

TF, whole (W), ensiled

18.1ab

TF, ground (G), ensiled

17.6'

25.4ab

14.6d

TF, W + corn, ensiled

15. 8cde

23.7b

12.3g

TF, G + corn, ensiled

15.9ed

23.3b

12.3g

TF, W + corn + BL, ensiled

18.5'

32.8'b

16.3b

TF, G + corn + BL, ensiled

18.4'

32.1 ab

14.8d

TF, W water soaked & frozen (C1)

15 2del

31 9ab

17.7'

TF, G water soaked & frozen (Cl)

16.9b'

31.3ab

13.5a

TF, W not soaked but frozen (C2)

15.9cd

34.6a

15.9be

TF, G not soaked but frozen (C2)

13.1g

31.3ab

13.1fg

TF, W not soaked not frozen (C3)

14.2efg

31.7'

14.2ed

TF, G not soaked not frozen (C3)

14.1fg

31.5ab

14.1ed

SEM*

0.28

1.76

0.17

SEM*= Pooled standard error of means
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In the TR-based feeds also ensiling tended to increase the CP content (Table 8. 2).
Mechanical treatment influenced the CP content of the silages-the mean CP of the ground
TR-based silages had markedly higher content of CP than the whole TR-based silages
(Table 8. 3). The ensiling process utilizes water soluble carbohydrates leaving behind the
less digestible portion of the forage DM. The increase in CP after ensiling in our TF and
TR-based silages may therefore, be attributed to the loss of dry matter when hexoses and
pentoses were fermented to produce organic acids (Mahanna, 1994).

Table 8. 2. The CP, NDF, and ADF contents of the TR-based feeds

% on DM basis
CP

NDF

ADF

TR, W + corn ensiled

16.9'

43.4"

21.0'

TR, G + corn ensiled

17.3bc

41.5a

22.3"

TR, W + corn + BL ensiled

18 4ab

48.0'

23 8b°

TR, G + corn + BL ensiled

19.1'

46.2"

24.5abc

TR, W, control, not ensiled

13.2d

36.7"

29 5a

TR, G, control, not ensiled

14.3d

35.4'

28.6'

0.20
SEMI
SEM*=Pooled standard error of means

2.93

0.96

Item
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Despite large numerical variation among the treatments there was no difference

(P>.05) in the NDF content of the TR-based feeds (Table 8. 2). Mechanical treatment had
no influence on the NDF amount of the silages (Table 8. 3).

Ensiling lowered the ADF content of the TR-based treatments (Table 8. 2). The
ground TR-based silages had higher ADF than the whole ones; it is not clear as to why the
ADF was higher for the ground silages (Table 8.3).

Table 8. 3. The mean CP, NDF, and ADF (% of DM) of the TF and TR-based silages due
to mechanical treatment

Whole

Ground

SEM

P-value

CP

17.8'

17.3b

.05

.0002

NDF

27.4

26.9

1.27

.78

ADF

14.5"

13.9b

.08

.002

CP

17.7b

18.2'

.08

.01

NDF

45.7

43.9

2.13

.57

ADF

22.4b

23.4"

.23

.03

Item
1. TF-based silages

2. TR-based silages
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Ensiling caused a marked difference in the mean pH values of the 6 TF-based
silage treatments (Table 8. 4). There was no significant difference in the pH of all the

whole versus all ground ensiled treatments (Table 8. 5) i.e. there was no effect of
mechanical treatment on the pH of ensiled TF-based silages.
Ensiling had a marked influence on the acetic acid content of the silages (Table 8.

4). Ground TF-based silages resulted in higher acetic acid than the unground silages
indicating that grinding enhanced acetic acid production (Table 8. 5).
There was a significant difference in the mean propionic acid content of the 6 TF-

based treatments (Table 8. 4). The presence of corn, an energy source, might have

contributed to the differences in the amount of the 3 carbon VFA. Moreover, grinding
aided vigorous production of the VFA as the mean propionic acid content of the ground
TF-based silages was higher than the whole TF-based silages (Table 8. 5).
The mean isobutyric acid content of the TF-based silages was significantly higher

for the whole TF only silage than the other treatments except that of the ground E+ TF

seed + corn + BL treatment. No consistent effect of corn and/or BL was noted. There
was no difference in the isobutyric acid content of the silages due to mechanical treatment
(Table 8. 5).
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Table 8. 4. The mean pH, VFA ( %) and lactic acid (%) content of the E+ seed-based
silages

P-value

Ti

T2

T3

T4

T5

T6

SEM*

pH

4.363

4.09ab

3.84b

4.09ab

3.94b

4.19'

.065

.013

Acetic

.14ab

74ab

87b

2.32a

1.13'1'

1.86th

.245

.046

Propionic

.03b

02b

05b

.89'

.27b

.10b

.072

.001

Isobutyric

.07'

.01b

.01b

.00b

.01b

.03ab

.008

.008

Butyric

.35b

.04b

1.47"

.08b

.05b

.47ab

.193

.012

Isovaleric

.0 P

.00'

.00'

.00"

.00'

.00'

.002

.069

Lactic

.89b

3.58'b

2.74k

3.14ab

5.17'

4.33'

.568

.019

Item

.551
.003
.013
.00'
.00'
.00'
.00'
.00'
Valeric
T2=E+ TF seed, ground
T1=E+ TF seed, whole
T4=E+ TF seed, ground + 25% corn
T3=E+ TF seed, whole + 25% corn
T5=E+ TF seed, whole + 25% corn + 20% BL SEM*---Pooled standard error of means
T6=E+ TF seed,ground + 25% corn + 20% BL

The mean butyric acid content of the whole TF + corn treatment was higher than

the other treatments which indicated poor silage preservation (Table 8.4). There was also
a large difference in the duplicate values resulting in a large standard error. Mechanical
treatment had a significant effect on the butyric acid level of the silages, the whole silages

contained higher than their ground counterparts (Table 8. 5).
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Table 8. 5. The mean pH, VFA (%), lactic acid (%), EV (ppb) of the 6 TF-based silage
treatments due to mechanical treatment

Item

Whole

Ground

SEM

P-value

pH

4.04

4.12

.046

.199

Acetate

1.15b

1.97'

.141

.006

Propionate

,11b

.33'

.042

.010

Isobutyrate

.03

.02

.0048

.131

Butyrate

.62a

.20')

.043

.0004

-

-

Isovalerate

Lactate

2.93

3.69

.328

.157

Valerate

.000

.003

.002

.246

EV

2741'

2459b

34

.001

The mean isovaleric acid content of the TF-based silages was very small; only the

whole TF treatment had detectable amount. The effect of mechanical treatment was not
possible to determine because all the ground TF-based silages had 0 (undetectable) values
of isovaleric acid.

Ensiling resulted in a marked difference in the mean lactic acid content of the TF-

based silages. The whole TF had the lowest and the whole TF + corn + BL silage
treatment the highest lactic acid fermentation. There was no difference in the lactic acid
content of whole versus ground TF-based silages (Table 8. 5).
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Table 8. 6. The mean pH, VFA (% of DM) and lactic acid (% of DM) content of the
TR-based silages

T4

SEM*

P-value

4.56b

.041

.012

.11'

.020

.211

.01'

.01'

.002

.601

.04'

.01'

.00'

.021

.542

.03'

.05'

.04'

.02'

.006

.14

.00

.00

.00

.00

1.646

1.54b

2.86a

.125

.003

Item

Ti

T2

T3

pH

4.91a

4.73'1)

4.59b

Acetic

.18a

.17a

.18a

Propionic

.01'

.01'

Isobutyric

.01'

Butyric
Isovaleric

Lactic

2.84a

.655
.001
.00'
.00'
.00'
.00'
Valeric
T1=TR, W+corn; T2=TR, G+corn; T3=TR, W+corn +BL;T4 =TR, G+corn+BL
SEM+= Pooled standard error of means; - = not computed

The valeric acid content of the TF-based silages was hardly detectable (Table 8. 4)
by the gas chromatograph. There was no effect of mechanical treatment on the valeric acid
content of the TF-based silages (Table 8. 5).
A significant ensiling by mechanical treatment interaction was detected in terms of

the pH (p=.0106), propionic (p=.0008), isovaleric (p=.0076), and butyric acid (p=.0001)
levels of the TF-based silages. Addition of corn and/or BL did not appear to have any
consistent influence on the pH, VFA or lactic acid content of the TF-based silages (Table
8. 4).
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Table 8. 7. Effect of mechanical treatment on the pH, VFA (% of DM), lactic acid (% of
DM), PA (ttg/g) of the 4 TR-based silage treatments

Item

Whole

Ground

SEM

P-value

PH

4.82

4.58

.029

.062

Acetate

.17

.14

.014

.249

Propionate

.01

.01

.003

.658

Isobutyrate

.01

.02

.013

.519

Butyrate

.03

.04

.004

.666

-

-

-

Lactate

2.25

2.19

.088

.661

Valerate

.001

.000

.001

.374

PA

743'

649b

22

.038

Isovalerate

There was a difference in the mean pH of the 4 TR-based silage treatments (Table
8. 6). The 2 BL-containing silage treatments resulted in lower pH than the whole TRbased silage without BL. However, there was no difference in the pH of the silages due to

mechanical treatment (Table 8. 7). Rude and Rankins (1993) included 3 levels of poultry
litter for evaluation of ensiled bermudagrass johnsongrass, and corn forage. They found
that as poultry litter concentration increased, pH increased for the 3 forages; however,

when ground corn was added to bermudagrass the pH decreased.
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There was no significant difference in the mean acetic acid, propionic, isobutyric,

butyric and valeric acids of the TR-based silage treatments (Table 8. 6); nor was there a
difference in these VFA due to mechanical treatment (Table 8. 7). However, there was a
significant ensiling by mechanical treatment interaction (p=.0400) in terms butyric acid

production. There was no detectable isovaleric acid concentration in any of the 4 TRbased silages.

The mean lactic acid content of the 2 BL-containing TR-based silages was
markedly higher than the 2 silages without BL. This is a sign of the beneficial effects of

BL in facilitating better fermentation. There was no effect of mechanical treatment (Table
8. 7) on the amount of the lactic acid produced.
McCaskey and Anthony (1979) reported that silage pH values between 3.9 and 4.8
resulted in conditions whereby pathogens were suppressed and were not considered to
represent health risk to animals or humans. In all our silages the pH values were within
this range.

Corn forage has been widely used to ensile litter (Harmon et al., 1975 a,b), but

data is scarce with regard to ensiling poultry litter with other forages. Khamis et al.
(1992) ensiled broiler litter with green berseem (Trifolium alexandrium) and fed it to
sheep. They concluded that broiler litter-green berseem silage could successfully
constitute approximately a third of the fattening diet of sheep as their dry matter intake

was higher than those fed control diet. Kunkle et al. (1980) reported that the DM
digestibility of chopped corn plant residue was increased by 5 percentage units by
ammoniation at 3.5% of DM before ensiling.
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Evers and Carroll (1996) forwarded that a profile of a stable grass silage would

consist of a pH of 4.0 to 4.5, DM of 35 to 55%, and levels of fermented acids of: lactic 6

to 8%, propionic 0 to 1%, acetic < 2%, and butyric < 0.1%. In our study the acetic and
propionic acids were within this range; however, our lactic and butyric acid results
deviated from the above. A twenty year data on 100 grass silages in Belgium showed a

large variation in the pH and fermented acids of silage. Ranges of 3.6 to 6.4, 0 to 17.6%, 0
to 8.2%, and 0 to 16.3% were obtained for the silage pH, acetic acid, butyric acid, and
lactic acid contents, respectively (De Boever et al., 1996); all our results lie within this
range.

The EV results (Table 8. 8) have been computed to show each of the treatments as
being 100% E+ TF. Ensiling exhibited a marked effect on the amount EV in the different

TF-based feeds; however, the effects were not consistent. The ensiled whole and ground
E+ seed treatments resulted in a marked reduction of EV (P<.05) when compared to all
the untreated controls except the whole seed stored at room temperature (Table 8. 8).
When the control treatments were excluded from computation and the rest of treatments
statistically compared, a significant mechanical treatment effect was noted; the ground
TF-based silages had lower EV than the whole ones (Table 8. 5). This showed that
grinding before ensiling aided EV detoxification in E+ TF. A significant ensiling by

mechanical treatment interaction effect (p= .0001) was detected in terms of the levels of
EV in TF-based silages. Apart from dilution effect the BL did not appear to play any role
of detoxification of EV in the TF.
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Table 8. 8. The mean EV levels (ppb) of the E+ tall fescue-based feeds

Item

Whole

Ground

Ensiled TF seed

2500e

2286ef

Ensiled TF seed + corn

2658'de

2994abe

Ensiled TF seed + corn + BL

3066ab

2096f

TF seed water soaked (Cl)

2992abc

3248ab

TF seed, frozen (C2)

3159ab

3364a

TF seed, untreated (C3)

2570'd

2944bcd

66.8

66.8

SEM*

SEM* = Pooled standard error of means

Among the control treatment, the 2 treatments which were stored at room
temperature resulted in the least EV levels; moreover, the whole E+ TF seed treatment

had lower (P<.05) EV than the 4 control treatments stored in a freezer. This indicates that
EV is less stable at room temperature than when it is frozen. The mean minimum and
mean maximum temperatures during this 22 month period for Corvallis was 4.0 °C and
10.6 °C respectively.

Turner et al. (1993) studied the quality and EV content of TF silage as affected by
harvest stage and addition of poultry litter and inoculum. They concluded that there was
no distinct advantage in mixing broiler litter with mature TF for silage in terms of reducing

the potential toxicity of the forage beyond that achieved by simple dilution, nor of
improving forage nutritional quality or ensiling characteristics. They further reported that
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EV was stable during fermentation. Comparison of the EV levels in the 6 control

treatments to that of the EV in the two ensiled TF treatments (Table 8. 8) showed that the
EV values for the 5 of the 6 controls were markedly higher than the EV in both the ensiled

whole and ground treatments. These results do not agree with the conclusion of Turner
et al. (1993) regarding EV stability.

Ensiling markedly reduced the amount of PA in the TR-based silages. There was a
large variation in the PA value of duplicates which resulted in a largepooled standard error
of means (Table 8. 9). Despite a large numerical difference between the means of PA for

all the whole TR-based samples (1452+640) and the ground ones (1857+640), no
significant difference was detected between the two groups of feeds. However, when the

controls are not included in the comparison, the ground TR-based silages resulted in
lower amount of PA than that of the intact (unground) ones (Table 8. 7). A significant
ensiling by mechanical treatment interaction (p=.0004) was also observed in terms of PA

content of the silages. This is an indication that grinding of TR-based feeds before ensiling
facilitated better detoxification of PA. The % reduction in PA of the whole TR-based
silages due to ensiling was 74 of the control; while that of the ensiled ground TR-based

feeds resulted in 85% reduction from the control values. Adding of BL during the
ensiling process did not show marked effect on the amount of PA in the silages.
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As tertiary bases, most PA form stable salts with acids. These often crystallize
readily and are useful for the isolation, purification or characterization of alkaloids.

Moreover, crystalline PA remain stable for years when kept in cool, dark place, but those
which are non-crystalline often darken progressively at room temperature (Mattocks,
1986). In our study the presence of organic acids and the low pH resulting from ensiling
coupled with microbial anaerobic respiration have probably made the PA unstable.
The two untreated control TR treatments were not identical in chemical
composition; the ground samples were slightly greener than the whole ones as the CP and
PA levels can indicate (Tables 8. 2 and 8. 9). Despite this however, no significant effect of
mechanical treatment was detected in terms of pH, VFA, and lactic acid content of the
TR-based silages (Table 8. 7).

Table 8. 9. The mean PA (ug/g) of the TR-based feeds

Actual

If 100% TR

Untreated TR, intact, control

2870

2870b

Untreated TR, ground, control

4273

4273'

Ensiled TR, whole + 25% corn

747

996'

Ensiled TR, ground + 25% corn

418

556'

Ensiled TR, whole + 25% corn + 20% BL

270

491'

Ensiled TR, ground + 25% corn + 20% BL

408

742'

Item

245

SEM*

SEM* = Pooled standard error of means

--= Not computed
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Implications
Ensiling and mechanical treatment influenced the EV levels of TF-based silages

and the PA levels of the TR-based silages. The effects were not consistent in the former
group. In both the TF and TR-based silages ensiling increased the CP levels. Ensiling

appeared to be an effective method of detoxifying PA in TR and its effect was enhanced
by grinding.
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9. CONCLUSIONS
This dissertation dealt with the evaluation of endophyte-infected tall fescue

products and tansy ragwort using 3 in vivo and 3 in vitro experiments. The first
experiment evaluated the effect of ammoniated endophyte-infected tall fescue straw on the
performance, serum prolactin, rectal temperature and digestibility estimation using beef

steers and lasted 7 weeks. The second study consisted of 4 consecutive trials each with 4

to 6 weeks duration and monitored the effects of E+ tall fescue seed on performance,
serum prolactin and rectal temperature of wethers; it utilized a wide range of the major
ergopeptide alkaloid, ergovaline containing diets plus ammoniation of E+ TF seed

screenings using anhydrous ammonia. One of the trials also examined the effects of low
levels of EV ingestion on serum melatonin. The third study examined if there was an
interaction between ergot alkaloids in E+ TF and PA in TR fed to sheep; the interaction
was assessed using the liver function tests of the GGTP enzyme activity and the dye testBSP; serum PRL was also assayed.

The 3 in vitro experiments focused on alkaloid reduction methods. The first one

evaluated the treatment of whole or ground E+ TF seed by treating it with hydrochloric
acid or sodium hydroxide to result in desired acidic or alkaline pHs for 24 hours at room

temperature and stored. The influence of freezing storage temperature and aging (storage
at room temperature) was also assessed. The second in vitro experiment evaluated the
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effect of ammoniation using urea as source of ammonia coupled with grinding on the EV
levels of E+ TF and PA in TR. The third study involved ensiling of intact and ground E+

TF seed and TR to assess the detoxification effects of ensiling. Broiler litter was also
incorporated to assess if it had any alkaloid reducing effect. Ambient temperature was
recorded during both the in vivo and in vitro study periods.
Based on the in vivo studies and the available literature the following major
conclusions are made:

I. Endophyte infected tall fescue straw with dietary EV levels of up to 82 ppb did not
influence the feed intake and body weight gain of beef steers.

2. Intake of E+ TF straw with dietary EV of 82 ppb reduced the digestibility in steers. It

also resulted in marginally low serum PRL. However, this low EV intake coupled with
the mild ambient temperature of the study site did not influence the rectal temperature of
steers.

3. Ammoniation of E+ TF straw using anhydrous ammonia did not improve the feed
intake and or body weight gain of steers.

4. E+ TF seed with dietary intake as low as 50 ppb of EV reduced the PRL of wethers.
This is probably due to the stimulatory (agonizing) effect of the major ergot alkaloid (EV)
on dopamine and its receptors which antagonize PRL secretion.
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5. The feed intake of wethers expressed as g/kg BW:75 is reduced at dietary EV level of
as low as 100 ppb which is equivalent to 12. 0 kg /kg BW.75 of EV ingestion.

Consumption of this amount of the alkaloid for less than or equal to six weeks, however,
may not be accompanied by reduction in body weight gain. The threshold level of dietary

EV in E+ TF seeds for reduced feed intake in wethers is therefore, around 100 ppb (Table
4. 7).

6. Even under mild weather conditions ( in Corvallis, OR) feeding of E+ TF seed with
dietary EV of 1000 ppb to wethers for 4 weeks increased rectal temperature.

7. Serum melatonin levels in wethers is not influenced by ingestion of E+ TF seed with
EV levels of up to 150 ppb.

8. There is no interaction between E+ TF and TR fed to wethers when assessed by liver
function tests-GGTP and BSP. This is probably because the two types of alkaloids have
different target organs.
From the in vitro studies the following major conclusions are forwarded:

1. Quadratic regression models best predicted the association of the levels of EV in E+
TF seed with pH and mechanical treatment.

2. Freezing storage temperature appeared to counteract the degradation of EV in E+ TF
seed; while aging or storage at room temperature reduced the EV of E+ TF products.
When seeds were stored at room temperature under Corvallis conditions for five years

the EV reduction rate was about 500 ppb per year.
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3. Ammoniation reduced the EV contents in E+ TF but EV reduction was not consistently
enhanced by grinding.

4. Ammoniation reduced the PA levels of tansy ragwort and grinding enhanced the
alkaloid reducing effect of ammoniation.

5. Even though its effects were not consistent, ensiling appeared to have a positive
influence on toxin reduction in E+ TF and TR.

Grinding before ensiling did not influence

the alkaloid content or silage quality of the TF or TR-based silages.

6. Addition of broiler litter to E+ TF or TR-based silages tended to improve the silage
qualities by increasing the lactic acid production; however, it did not exhibit any alkaloid
reducing effect.
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APPENDIX Al.

Ergo line

Ergot alkaloids in endophyte-infected tall fescue consist of
an ergoline ring structure
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APPENDIX A2.

Ergovaline

This is the major ergopeptide alkaloid found in
endophyte-infected tall fescue.
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APPENDIX A3.

Norepinephrine

Dopamine

Serotonin

The biogenic amines, norepinephrine, dopamine, and
serotonin
and ergot alkaloids in endophyte-infected tall fescue share a
similar ergoline ring structure.
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APPENDIX B.
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APPENDIX C.

Hepatic* Function (BSP method)
Sulfobromophthalein (BSP) is an easily measured substance. Due to its quality of
changing color at pH 8.8 and above (acting as a base indicator), the presence of BSP in a

plasma sample may be readily quantified by pretreatment with a basic agent, then by
measurement of color change with a spectrophotometer.
Reagents: 50 mg/m1BSP solution: weigh 5.0 g of sulfobromophthalein sodium salt (Sigma
#S-0252) into 100 ml volumetric flask, then add double distilled (dd) water to 100 ml mark

and heat until it is solubilized and clear. Filter, then pour it into injection vial and store it in
a refrigerator till it is used 12-24 hours later.
0.1 N HC1: measure 0.83 ml concentrated HCl and place it in 100 ml volumetric flask,

then add ddH2O to 100 ml mark.

0.1 N NaOH: weigh 0.4 g NaOH and place it into 100 ml volumetric flask, then add
ddH2O to 100 ml mark.

Animal preparation: 1) Animals should be kept off feed for 24 hours and water for 12
hours.
2) Weigh and briefly examine the sheep.

'Adapted from Veterinary Physiology Laboratory (VM 661), laboratory manual, Spring, 1991. B B. Smith, P. J.
Reed, and A. B. Moos. Oregon State University.
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Test procedures: 1) Calculate the BSP dosage to be injected:
for example for a 35 kg lamb as:

35 kg body weight * 5 mg/kg BSP = 175 mg BSP;
175 mg BSP/50 mg/ml BSP = 3.5 ml BSP solution.

2) Inject BSP solution into left jagular vein over 1 minute period.

3) Draw 4-6 of ml blood from right jagular vein into heparin 4 minutes after
completion of BSP injection; and repeat the same step at 8, 16, 32... minutes
as needed.

4) Cool and centrifuge blood samples for 5-10 minutes and draw off plasma
from centrifuged samples and save it.

Standard curve: make 50 ml of 1 mg/ml dilution A by taking 1.0 ml of 50
mg/ml BSP solution and place it in a 50 ml volumetric flask, then add ddH2O
to 50 ml mark.
Then make the following dilutions:
0.10 mg/ml:

1 ml dilution A

9 ml ddH7O;

0.05 mg/ml:

1 ml of 0.10 mg/ml

1 ml ddH2O;

0.04 mg/ml: 2 ml of 0.10 mg/ml

3 ml ddH2O;

0.03 mg/ml: 3 ml of 0.10 mg/ml

7 ml ddH2O;

0.02 mg/ml:

2 ml of 0.04 mg/ml

2 ml ddH2O;

0.01 mg/ml:

1 ml of 0.02 mg/ml

1 ml ddH2O;
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Mix and then,

1) Add 0.5 ml of each standard to each of 2 plastic cuvettes.

2) Add 2.0 ml of 0.1 N HCl to one cuvette of each pair. (This is the blank).
3) Add 2.0 ml of 0.1 N NaOH to the other cuvette of each pair.
4) Set the absorbance at 575 nm, and place double distilled water in blank cuvette

holder and the blank cuvette from the first pair in sample cuvette holder. Set
absorbance to zero manually.

5) Place the blank of the first pair of cuvettes in the blank cuvette holder and

the other in the sample cuvette holder of the spectrophotometer. Read and
record the absorbance.

6) Repeat steps 4 and 5 for all the standards.

7) Graph standard curve (concentration on the x-axis and absorbance on the
y-axis). (This should be linear and have points between 0.2 to 0.8 absorbance).
Plasma samples: Treat plasma samples just like the standards (steps 1-5 above) and

read results from standard curve or calculate by computer.

If the absorbance is too high, samples will need to be diluted. Dilutions should
be accounted for in calculating final concentrations.
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APPENDIX D.

Analysis* of Pyrrolizidine Alkaloids
Samples were weighed in 1.00 g aliquots into screw top tubes in duplicate. Methanol was

added to each (10 ml), the tubes are capped with teflon lined caps, and shaken at 39 °C for

2 1/2 hours. The tubes were centrifuged for 5 minutes and the methanol was then removed
and reserved. This extraction was repeated 4 times, with the methanol from each extraction

being combined, and then dried down under a steam of nitrogen. The resulting residue was
dissolved in 10 ml of 2N HC1, and then washed 3 times with 10 ml ether. Powdered zinc (2

g) was added and allowed to react for 1 hour. The zinc was then removed by filtration

through #1 filter paper, and the pH was adjusted to greater than 8 by the addition of
concentrated NH4OH. The resulting solution was then extracted 4 times with 10 ml methylene

chloride. The methylene chloride was removed and the remaining residue was dissolved in 0.8

to 8.0 ml of ethyl acetate. Samples were subsequently analyzed by GC/MS.
Samples were run on a Hewlett Packard model 5890 GC interfaced with a Finigan 5100

quadropole MS in the electron ionization mode at 70 eV. The column used was a 0.25mmx30-mRtx-5 capillary column (0.25-pm film thickness). Injections of 1µl were performed

by a Hewlett Packard model 7673A automatic injector in the slitless mode (split valve closed
for 0.3 min). The injector temperature was 200 °C. The oven temperature was held as 150 °C

* Modified from: Craig, A. M. , G. Sheggeby, and C. E. Wicks. 1984. Large scale extraction of
pyrrolizidine alkaloids from tansy ragwort (Senecio jacobaea). Vet. Hum. Toxicol. 26:108-111.

199

for 3 minutes and then raised to 280 °C (at 5 °C/min) and held for 5 minutes. The transfer line

and detector were held at 250 and 100 °C, respectively. The scan range was 45-420 amu
(0.75 sec/scan). Data was collected via personal computer running Galaxy 2000 software
(LGC, San Jose, CA). Quantitation was by comparison to standards of pyrrolizidine alkaloids

purified from tansy ragwort (Senecio jacobaea).

