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ABSTRACT:  Two experiments were conducted to evaluate the influence of a yeast-

derived cell wall preparation (YCW) on forage intake and digestibility, ruminal 

fermentation characteristics, serum prolactin and prolactin stores, and milk production 

in beef cattle consuming high-alkaloid tall fescue straw.  In Exp. 1, 16 Angus x 

Hereford ruminally cannulated steers (200 ± 6 kg BW) were blocked by BW and 

within block assigned to one of four treatments containing YCW at: 1) 0, 2) 20, 3) 40, 

or 4) 60 g·hd-1·d-1.  Tall fescue straw (579 ppb ergovaline) was provided at 120% the 

previous 5-d average intake with soybean meal (0.068% BW; CP basis) used as a CP 

supplement.  In the 29-d digestion study, total DM, OM, and NDF intake, and DM, 

OM, and NDF digestibilities were not different (P > 0.13).  Linear decreases in 



ruminal indigestible ADF outflow (P = 0.10) and liquid dilution rate (P = 0.03) were 

noted as YCW increased.  Weekly serum prolactin was not affected by treatment (P > 

0.50); however, prolactin stores linearly increased as YCW increased (P = 0.05).  In 

Exp. 2, 60 Angus x Hereford cows (517 ± 5 kg BW; approximately 200 d gestation) 

were stratified by BCS (5.0 ± 0.1) and randomly assigned to the same four YCW 

treatments as Exp. 1 (447 ppb ergovaline high-alkaloid straw) with the addition of a 

low-alkaloid straw (149 ppb ergovaline; no YCW supplementation) as a positive 

control (CON).  Cows were provided ad libitum access to straw and were 

supplemented with soybean meal (0.1% BW; CP basis) daily.  One cow was removed 

from the 40 g·hd-1·d-1 treatment due to clinical signs of fescue toxicosis.  No 

differences (P > 0.20) were observed in pre- or post-calving BCS change or change in 

post-calving BW.  Control cows gained more weight (P = 0.02) pre-calving compared 

to 0 g·hd-1·d-1 cows.  A linear increase (P = 0.04) in milk production was observed as 

YCW increased at 60 d post-partum.  Serum prolactin post-calving and change from 

initial to post-calving increased linearly (P = 0.02 and P = 0.05, respectively) with 

increasing YCW supplementation.  Also, post-calving serum prolactin was higher (P 

= 0.002) in CON compared to 0 g·hd-1·d-1 cows.  The YCW seems to alleviate some 

symptoms of the fescue toxicosis and, therefore, has the potential to be used 

successfully with other management practices when feeding or grazing high-alkaloid 

tall fescue. 
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LITERATURE REVIEW 

Introduction 

 The majority of grass seed production in the United States is based in Oregon, 

Idaho, and Washington.  These states produce approximately 90% of all Kentucky 

bluegrass (Poa pratensis L.) grown in the United States, with 70 to 80% grown in 

northern Idaho and eastern Washington.  Additionly, Oregon produces approximately 

99% of all ryegrass and orchardgrass (Dactylis glomerata L.) seed and 75% of all 

fescue seed harvested in the United States (Oregon Agricultural Statistics Service, 

2004).  In the Pacific Northwest, a large volume of grass seed residue, or straw, is 

produced (>500,000 t) as a byproduct of seed production. The straw has potential as a 

winter feed stuff in areas of the United States and Canada where stockpiled feed must 

be fed to maintain herds for extended periods of time (Bohnert and Merrill, 2006).  

However, concern over the presence of endophytes has hindered its use as an 

economically viable alternative to other low-quality (<6 % CP DM basis) feeds such 

as meadow hay.   

 Endophytes produce alkaloids which have been implicated as the causative 

agent of fescue toxicosis.  Fescue toxicosis and summer syndrome, both maladies of 

fescue consumption, have been associated with poor performance, decreased 

reproductive efficiency, fescue foot, agalactia, and reduced serum prolactin levels.  

Economic losses in the U.S. from reduced conception rates and decreased calf weight 

gains have been estimated at $609 million annually (Hoveland, 1993). 

 In the following dissertation, a literature review focusing on: 1) the history of 

tall fescue and tall fescue seed production in Oregon, 2) use of tall fescue straw as a 
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feed source, and 3) the use of different methods to alleviate tall fescue toxicosis is 

presented in Chapter One.  This is followed by research conducted at EOARC-Burns 

concerning the use of a supplemental yeast product to decrease symptoms of tall 

fescue toxicosis in Chapter Two. 

History of Tall Fescue 

Tall fescue (Festuca arundinacea Schreb.) is a perennial, cool-season 

bunchgrass that is grown for pasture, hay, silage, and seed production. Native to 

Europe and North Africa, it was introduced from Europe to North and South America.  

In 1931, Dr. E. N. Fergus of the University of Kentucky became interested in a variety 

of tall fescue growing in Kentucky. He collected seed and his subsequent tests led to 

the release of "Kentucky 31" in 1943. This variety now grows on most of the tall 

fescue acreage in the United States. The grass was found to be well-adapted, easy to 

establish, tolerant to a wide range of management practices, and produced good forage 

yields.  

Tall fescue is the most widely grown perennial, cool-season forage grass in the 

USA and the most abundant forage grass in the southeast.  Tall fescue is adapted to a 

wide array of environments but dominates the transition zone between the northern 

and southern regions of the eastern United States.  Hoveland (1993) indicated that of 

21 states surveyed, tall fescue was used primarily for hay and pasture, with 8.5 million 

cattle and 688,000 horses grazing these pastures.  From an agronomic perspective, tall 

fescue is desirable because of its ease of establishment, range of adaptation, extended 



 3
grazing season, pest resistance, and tolerance to poor management (Paterson et al., 

1995). 

  The production of grass seed is centered in the Pacific Northwest including: 

Oregon, Idaho, and Washington.  The cool season grasses are well adapted to the mild 

winters and dry harvest season found in the valleys of this region (Young and Barker, 

1997).  Grass seed production ranks fifth in Oregon’s commodities and contributes 

$351 million to Oregon’s economy (NASS, 2005).  In 2003, Oregon was ranked first 

in overall production of fescue seed, contributing 75 % of the total amount of fescue 

seed grown nationally (Oregon Agricultural Statistics Service, 2004).   

 The Willamette Valley of Oregon was introduced to grass seed production in 

the 1920’s (Young and Barker, 1997).  The valley’s soils vary from clay in the 

southern half to clay loam in the northern portion.  The soils in the Valley’s southern 

portion have excellent topsoil, but tend to contain an impenetrable layer of twelve inch 

thick clay located below the surface (Conklin and Bradshaw, 1971).  Tall fescue can 

tolerate the poor draining ability of these soils. 

 The grass seed industry of Oregon has experienced many changes since its 

beginnings.  The predominant species raised in the 1960’s and 70’s was annual 

ryegrass due to its high seed yield (Middlemiss and Coppedge, 1970; Cook and 

Youngberg, 1981).  However, during the 1980’s, the grass seed industry experienced 

an increase in tall fescue and perennial ryegrass varieties produced.  This shift could 

be due in part to the 1970 Federal Plant Variety Protection Act.  Its purpose was to 

encourage the development of novel varieties of sexually reproduced plants by 

providing their owners with exclusive marketing rights in the United States (USDA, 
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1999).  Through genetic improvements, a 200-300 lb per acre increase has been 

documented in turf-type fescues (Conklin, et al., 1989). 

  After harvest of grass seed, the leftover residue is straw.  In 1948, field 

burning was the recommended practice for grass seed residue removal.  Grass seed 

and cereal grain growers in the Willamette Valley burned their fields to control weed, 

pest, and disease contaminants; enhance seed yields; meet seed quality standards; 

stimulate plant production; and remove waste residues (Oregon Dept. of Ag.).  The 

Air Pollution Control Board was established in 1951 and issued daily weather 

forecasts for field burning.  This was later replaced by the State Board of Health that 

issued daily burning advisories.  In 1966, night burning was banned due to poor smoke 

dispersal conditions.   Governor McCall issued a temporary emergency ban in mid-

August of 1969 as heavy smoke impacted the Eugene/Springfield area.  During this 

same year, over 5,000 complaints were registered and the Department of 

Environmental Quality (DEQ) began regulating field burning with a smoke 

management program utilizing meteorological conditions (DEQ, 1988).   

 In 1971, the DEQ instituted a registration and fee program for fields that were 

to be burned.  There was also a senate bill introduced to completely ban open field 

burning which was avoided by an acreage “phase down” in 1975.  A senate bill, in 

1979, limited the number of acres able to be burned to 250,000.  During the 1980’s the 

number of acres burned stayed relatively constant; however, complaints continued to 

surge.   
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 The issues of open field burning climaxed on August 3, 1988 when a burn 

close to Interstate 5 sparked a wildfire which produced smoke that drifted across the 

freeway.  This resulted in a multi-car accident that left seven people dead and 38 

people injured.  The aftermath of the incident included increased burning regulations 

around major highways, a continual decrease in the acreage burned, and a smoke 

management program based in the Oregon Department of Agriculture.  In addition, 

there was emphasis placed on alternative, non-thermal methods of grass seed straw 

disposal. Straw utilization has been an essential companion to the economic viability 

of alternatives to open-field burning.  Straw must be removed in order for sanitizers, 

flamers, or other alternate methods of disease and pest control to be effective.  

Without the removal of straw, two problems exist:  1) straw acts as a physical barrier 

to herbicides sprayed over the fields and delays or hinders movement into soil and, 2) 

residues create an ideal environment for weed seed propagation.  Mechanical straw 

removal, such as raking or flail-chopping, without thermal sanitation, reduces seed 

yield when compared to open burning.  Weed problems are also intensified.   

 After removal from the field, many methods for marketing straw residues have 

been investigated such as: composting, fiber for paper and insulation, and a mulch 

product for tree farms, mushrooms, grapes, blueberries, and erosion control.  

Economically, it has been difficult for grass straw to compete in existing markets as a 

raw material source.  The low bulk density tends to increase transportation costs; 

alternatively, densification can also be costly and requires additional handling.   
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  An alternative method is utilizing grass seed straw as a roughage source for 

ruminants. Ruminants are capable of converting vast renewable resources from 

rangeland, pasture, and crop residues into food.  However, grass seed straw is 

generally considered a low quality forage source (< 6% CP; DM basis), but with 

proper management the microbial population in ruminants has the ability to utilize the 

straw as feed.  Consequently, grass seed straw can be an economical alternative to 

traditional sources of low-quality forage in areas where stockpiled feed is required to 

maintain cow herds (Bohnert et al., 2003), though, less than 1% of the total straw 

supply is used as a forage resource in the U. S. (Han, 1978).  The major market for tall 

fescue straw is Japan (120,129 tons) where it is use as a feed stuff in the dairy industry 

(Young, 2005).  In addition, over 50% (313,863 tons) of the total grass seed straw 

exported to Japan, Korea, and Taiwan was tall fescue (Young, 2005).   

 The lack of a domestic market may be due to the negative connotations 

assessed to the nutritional quality of straw.  Generally, grass seed straw is comparable 

to most meadow hays in nutritional quality based on crude protein (CP) and superior 

to most cereal grain straws (Bohnert et al., 2003).  The presence of endophyte-

produced alkaloids and their impact on animal performance also concerns many 

livestock producers.   

Tall Fescue and Endophytes 

Tall fescue is infected with an endophytic fungus know as Neotyphodium 

coenophialum (Morgan-Jones and Gams, 1982) and the infection is vertically 

transmitted through seeds (Clay et al., 2005).  Grass endophytes are defined as fungi 
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that live their entire life cycle within the aerial portion of the host grass, forming 

nonpathogenic, systemic, and usually intercellular associations (Bacon and De 

Battista, 1991).  The endophytic fungus lives within the tall fescue plant in a 

symptomless, nonsporulating, and compatible relationship (Bush and Burrus, 1988).   

The grass provides nutrients, protection, and water and the endophyte produces toxins 

that fend off insects, diseases, and grazing animals (Aldrich-Markham et al., 2003).  

Additionally, endophyte infection induces a number of physiological and 

morphological changes in tall fescue that confer several benefits, such as increased 

tillering, greater drought resistance, and improved competiveness with other plant 

species (Marks and Clay, 1996; Bacon, 1995).   

The slowly growing fungal mycelia proliferate into the developing seedhead as 

the terminal stem meristem elevates to produce the grass inflorescence.  Mycelia then 

proliferate in the nutrient-rich nucellus region of the ovule and ultimately infect the 

developing seed.  Infection of the embryo occurs by penetration of hyphae 

intercellularly into the embryonic leaf and coleptile primordial (Hinton and Bacon, 

1985; White et al., 1993).  When the seed germinates, mycelia proliferate into the 

intercellular spaces of the leaves of the new grass plant.  In this way the endophyte 

relies entirely on its grass host for dissemination and proliferation.  Thus, the grass 

host provides the fungal symbiont with nutrition and reproductive viability (Joost, 

1995). 

The infection of endophytic fungi stimulates production of an array of 

bioprotective alkaloids.  These include the diazaphenanthrene group, pyrrolizidine 
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group, and ergot group (Bush and Burrus, 1988).  Endophyte infection, and the 

resulting alkaloids, has been reported to enhance competitive ability, increase drought 

tolerance, improve nutrient acquisition, and deter herbivory (Clay et al., 2005). 

Ergotpeptide alkaloids, such as ergovaline, ergotamine, and ergovalinine, are 

non-ribosomally synthesized by the endophytic host and contain lysergic acid and 

three amino acids that vary between, and define, the molecules of the ergopeptide 

family (Panaccione et al., 2001).  Ergovaline contains D-lysergic acid, L-alanine, L-

valine, and L-proline, and differs from the most common ergopeptine, ergotamine, by 

containing L-valine in place of L-phenylalanine (Brunner et al., 1979).  Ergovaline, 

which is in the highest concentration in the fescue plant, has been associated with the 

toxic effects of tall fescue. 

Cattle and Endophytes 

Ergot alkaloids, once ingested by cattle, have been reported to elicit a wide 

spectrum of metabolic activities including decreased feed intake, elevated body 

temperature, excessive salivation, increased respiration, decreased reproductive 

efficiency, and decreased peripheral circulation; these symptoms are known 

collectively as fescue toxicosis (Rhodes et al., 1991; Mizinga, et al., 1992; Aldrich et 

al., 1993).  In addition, other diseases or maladies associated with the consumption of 

endophyte-infected tall fescue are fescue foot, fat necrosis, and agalactia (Paterson, et 

al., 1995). 
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Fescue toxicosis has been associated with high environmental temperatures, 

with animals exhibiting many of the same symptoms as heat stress.  Also, reductions 

in ADG of 30-100% have been noted in steers grazing endophyte-infected compared 

to those grazing low-endophyte infected tall fescue (Paterson et al., 1995).  It has been 

suggested that for each 10% increase in endophyte infestation there is a 0.045 kg/d 

decrease in ADG (Crawford et al., 1989).   

Fescue foot is a condition that normally occurs in the late fall to winter.  It 

affects ear-tips, pasterns, coronary bands, and tail-tips of animals (Osborn et al., 

1992).  Symptoms of fescue foot generally start with reduced weight gain or even loss 

of weight, rough hair coat, arched back, and soreness in one or both rear limbs.  It is 

most noted for the gangrenous condition, fescue foot, caused by ischemia at the 

coronary band; however, all extremities can be affected.  If the animal is allowed to 

continue consuming the toxins, the hooves may begin to slough off and, in very severe 

cases, the limb may be lost midway between the dewclaw and hoof (Hemkem et al., 

1984).  Strickland et al. (1996) suggests that the reduction in circulation to the 

extremeties is due to muscle cell hyperplasia resulting in decreased luminal diameter 

within the vascular wall component in animals consuming endophyte-infected tall 

fescue.   

Fat necrosis is characterized by hard, fat masses primarily in the adipose tissue 

of the abdominal cavity (Stuedemann et al., 1969 as reported by Hemken et al., 1984).  

These fat masses are thought to cause digestive and calving problems.  Other 

symptoms include elevated body temperature, rough hair coat, lameness, and the cattle 
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seek to stand in shade or water and to lie in mud.  The symptoms often  persist for 

more than a year and are sometimes associated with heavy rates of poultry litter or N 

application to the pasture (Hemken et al., 1984). 

Agalactia or reduced milk production is another concern when grazing animals 

on tall fescue pastures infected with the endophyte.  Daily milk consumption by calves 

nursing cows grazing KY-31 (a fungus-infected tall fescue variety) was 25% lower 

than calves nursing cows that grazed non-infected tall fescue or orchardgrass (Peters et 

al., 1992).  During a weigh-suckle-weigh determination in the same experiment, cows 

grazing infected tall fescue had lower (P < 0.02) milk production than those grazing 

non-infected tall fescue or orchardgrass.  The reduction in milk production can 

decrease weaning weight and ADG in calves. 

Milk production may be compromised by the reduction of prolactin in the 

animal.  Prolactin is a hormone secreted by the anterior pituitary that is responsible for 

mammary growth and initiation and maintenance of lactation.  Dopamine is an 

inhibitor of prolactin secretion (Trouillas et al., 1999).  Consequently, the use of 

dopamine antagonists has shown some promise in alleviating the symptoms of fescue 

toxicosis, especially decreased prolactin and heat dissipation. 

Management Strategies 

Several methods have been employed in an effort to alleviate the symptoms of 

tall fescue toxicosis.  These include supplementation with energy sources, protein, 

vitamins, minerals, and dopamine antagonists.  However, many of these methods have 
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had little to no effect in counteracting fescue toxicosis; requiring researchers and 

livestock producers to rely on other management techniques or to abstain from using 

endophyte-infected tall fescue. 

Blending and Dilution 

Dilution of the alkaloid content in total forage available has shown promise in 

both pasture and straw feeding situations.  Pastures may be inter-seeded with legumes 

such as birdsfoot trefoil or clover to reduce the concentration of endophyte-infected 

tall fescue.  Interseeding has improved the performance of steers (McMurphy et al., 

1990) and cow-calf pairs (Hill et al., 1979).  Also, introduction of non-infected tall 

fescue stands may decrease the amount of alkaloids ingested by animals.  Though, 

these non-infected varieties tend to be less successful in stand establishment and 

persistence compared to endophyte-infected tall fescue (Joost, 1995; Wen et al., 2002).   

A study by Stamm et al. (1994) used high-alkaloid and low-alkaloid tall fescue 

straws to obtain concentrations of 0, 158, 317, and 475 ppb ergovaline in forage 

offered to steers and reported no health problems and no reduction in intake or 

performance. When feeding high-alkaloid tall fescue straw, Bohnert et al. (2003) 

suggests blending with non- or low-alkaloid infected forage at a 1:1 ratio, thus, 

eliminating or greatly reducing the possibility of animals developing signs of toxicity.  

In addition to reduce feeding costs and sorting, one might feed high-alkaloid tall 

fescue straw on alternate days with a low-or non-alkaloid feed source provided on the 

other days.   
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Supplemental feeding of energy or protein has been used to increase 

performance of animals grazing tall fescue pasture.  Hannah et al. (1990) 

supplemented (1% BW) steers grazing endophyte-infected tall fescue pastures with 

corn or corn gluten meal and reported an increase in total OM intake but a decrease in 

forage OM intake during August.   Forcherio et al. (1993) stated increased BW of 

cows supplemented with blood meal while grazing endophyte-infected pastures 

compared to animals not supplemented.  Another common practice used to dilute 

high-alkaloid straw is to feed alfalfa hay as a protein supplement (Bohnert and Merrill, 

2006). 

Vitamins and Minerals 

Several research groups have focused on the addition of minerals and vitamins 

to reduce the severity of fescue toxicosis.  Aluminosilicates have been considered 

because they are known to bind aflatoxin in swine diets (Mumpton and Fishman, 

1977).  Samford et al. (1993) reported success binding ergotamine in an in vitro study 

using aluminosilicates, but in vivo studies suggest their usefulness is limited and may 

even harm animals by tying up the key minerals Mg, Mn, and Zn (Chestnut et al., 

1992). 

Dopamine Antagonists 

Endophyte produced ergopeptides may disrupt dopamine-signaling pathways 

resulting in the symptoms of fescue toxicosis.  The most abundant of the ergopeptides, 

ergovaline, is a known dopamine agonist (Jones et al., 2003).  Ergot alkaloids bind to 
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the D2 dopamine receptor, affect receptor density, and inhibit cyclic AMP release 

(Larson et al., 1999).  Prolactin release is regulated by the D2 dopamine receptor 

(Larson et al., 1999).  Dopamine antagonists (haloperidol, phenothiazine, 

domperidone, metoclopramide, and spiperone) have been considered as 

pharmacological treatments for minimizing signs of tall fescue toxicosis (Paterson et 

al., 1995).  These antagonists have had limited success in increasing serum prolactin in 

ruminants consuming high levels of ergovaline.  Conflicting results have been 

reported on the efficacy of dopamine antagonists to mitigate the effects of alkaloid 

intake on weight gain, grazing time, core temperature, and peripheral blood flow 

(Paterson et al., 1995). 

Yeast-Derived Cell Wall Preparation  

Recent research has provided preliminary data suggesting that a yeast-derived 

cell wall preparation may minimize, or alleviate, the negative effects of endophyte 

toxins on animal performance (Ely et al., 2003; Akay et al., 2003 a,b; Aaron et al., 

2006).  The product is developed from the inner cell wall fraction of a specific strain 

of the yeast, Saccharomyces cerevisiae (Evans and Dawson, 2000).     

Yeasts have been used as a high-quality protein in animal diets for many years 

(Evans and Dawson, 2000) and S. cerevisiae has been used as an alternative to 

antimicrobial feed additives for over 10 years (Lynch and Martin, 2002).  Some 

benefits associated with S. cerevisiae include: increased DM and NDF digestion 

(Carro et al., 1992), increased rate of initial fiber digestion (Williams et al., 1991), and 

increased milk production in dairy cattle (Harris and Webb, 1990; Williams et al., 
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1991).  Several studies have examined the effects of yeast-derived cell wall 

preparations in conjunction with Fusarium mycotoxins in pigs, horses, and chickens 

and have yielded promising results (Swamy et al., 2002; Raymond et al., 2003; 

Swamy et al., 2004). 

Most recent evidence suggests that other positive effects, such as mycotoxin 

binding, may be associated with certain fractions of the yeast cell wall (Evans and 

Dawson, 2000).  Yeast cell walls consist almost entirely of protein and carbohydrate.  

The carbohydrate portion is composed primarily of glucose, mannose, and N-

acetylglucosamine.  The product MTB 100™ is based on a specific yeast-derived cell 

wall preparation (Evans and Dawson, 2000).  A series of in vitro experiments 

demonstrated the ability of the yeast-derived cell wall preparation to bind significant 

amounts of ergotamine in simulated gastrointestinal environments (Evans and 

Dawson, 2000; Figure 1).  Initial tests demonstrated maximum binding capability 1.5 

hours after initiation and at a concentration of >2 ppm ergotamine (Evans and 

Dawson, 2000; Figure 2).     

Consequently, an in vivo study was conducted on cattle grazing endophyte-

infected tall fescue pastures with three treatments: 1) negative control, no supplement, 

2) positive control, 0.45 kg/hd/d ground shelled corn and 3) test group, 0.45 kg/hd/d 

supplement comprised of 95.6% ground shelled corn and 4.4% yeast-derived cell wall 

preparation (Ely et al., 2002).  Cows consuming the yeast-derived cell wall preparation 

gained more BW over the 175-d grazing season compared to negative and positive 

controls.  However, there were no differences in pregnancy rates or tympanic 
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temperature among treatments.  Later trials using Holstein steers, suggested an 

increase in DMI and a decrease in rectal temperatures associated with animals 

consuming the yeast-derived cell wall preparation and endophyte-infected tall fescue 

seed compared to those without supplement.  In addition, DMI was also increased in 

animals consuming supplement and endophyte infected tall fescue seed compared to 

animals consuming just seed alone (Akay et al., 2003b).  These studies suggest 

promise for use of the yeast-derived cell wall preparation with animals grazing 

endophyte-infected tall fescue pastures.   

Justification 

Annual beef cattle related losses due to fescue toxicity have been 

conservatively estimated at 609 million dollars (Hoveland, 1993).  Consequently, 

nutritionists and cattle managers need information concerning management options 

that will help reduce the negative consequences of cattle consuming high-alkaloid tall 

fescue.  The need for this information is particularly important to Pacific Northwest 

cattleman, grass seed growers, and straw exporters.   

During the winter of 2001-2002, a ranching family in eastern Oregon provided 

tall fescue straw (containing approximately 400 ppb ergovaline) to spring-calving beef 

cows and had to destroy approximately 600 cows because of fescue toxicosis.  Total 

long-term losses approached an estimated 1.25 million dollars (D. Bohnert, Eastern 

Oregon Agricultural Research Center files).  Consequently, most livestock producers 

in eastern Oregon will not consider tall fescue straw (and some will not use any type 

of straw) as a winter feedstuff. 
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Endophyte-infected tall fescue is the primary cool-season grass in the 

southeastern United States, and is the major forage source for beef cattle producers in 

this region.  Elimination of endophyte-infected tall fescue is neither agronomically or 

economically feasible, even though endophytes are detrimental to animal productivity 

and performance. 

Effective management strategies are necessary to improve the marketability, 

demand, and public perception of high-alkaloid grass seed straw.  Currently, a yeast-

derived cell wall preparation shows promise for reducing toxin impact and may 

increase the marketability of tall fescue straw and grazing options for tall fescue 

pastures. 

 

Objectives 

The overall objectives for two studies performed to determine the efficacy of a 

yeast-derived cell wall preparation (MTB 100®; Alltech, Inc., Nicholasville, KY) are: 

A. Determine the influence of yeast-derived cell wall preparation 

supplementation level on forage intake and digestibility of high-alkaloid (> 

500 ppb ergovaline) tall fescue straw by beef steers, 

B. Determine the influence of yeast-derived cell wall preparation 

supplementation level on ruminal fermentation characteristics of beef 

steers consuming high-alkaloid (> 500 ppb ergovaline) tall fescue straw, 

C. Determine the influence of yeast-derived cell wall preparation 

supplementation level on serum prolactin and prolactin stores in beef steers 

consuming high-alkaloid (> 500 ppb ergovaline) tall fescue straw, and 
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D. Determine the influence of yeast-derived cell wall preparation 

supplementation level on weight and body condition score change and milk 

production of beef cows consuming high-alkaloid (> 500 ergovaline) tall 

fescue straw. 
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Figure 1.  Effect of ergotamine concentration on binding by Mycosorb, a yeast-derived cell wall 
preparation.  Binding was examined at binder concentrations of 0.5, 1.0, and 2.0 mg/ml (adapted from 
Evans and Dawson, 2000). 
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Figure 2.  Effects of time and Mycosorb, yeast-derived cell wall preparation, concentrations of 0.01 and 
2.00 mg/ml on the percentage of ergotamine (10 ppm) bound (adapted from Evans and Dawson, 2000). 



 20
 

 

 

 

THE ABILITY OF A YEAST-DERIVED CELL WALL PREPARATION TO 

MINIMIZE TOXIC EFFECTS OF HIGH-ALKALOID TALL FESCUE 

STRAW IN BEEF CATTLE 

 

 

 

M. L. Merrill, D. W. Bohnert, D. L. Harmon, A. M. Craig, and F. N. Schrick 

 

 

 

 

Journal of Animal Science 

1111 N. Dunlap Ave., Savoy, IL 61874 

Submitted February 1, 2007 



 21
THE ABILITY OF A YEAST-DERIVED CELL WALL PREPARATION TO 

MINIMIZE TOXIC EFFECTS OF HIGH-ALKALOID TALL FESCUE 
STRAW IN BEEF CATTLE 

 

Introduction 

Production of grass seed in the U.S. is centered in the Pacific Northwest where 

over 200,000 tons of tall fescue straw (Festuca arundinacea) is produced each year 

(Young, 2005).  Historically, the disposal method for tall fescue straw was burning; 

however, the environmental implications and danger associated with the process 

necessitated a significant reduction in open-field burning.  Currently, the most 

common use of tall fescue straw is as a forage source by ruminant livestock 

(Hovermale and Craig, 2001), but use of some varieties is limited due to the 

endophyte Neotyphodium coenophialum (Morgan-Jones and Gams, 1982) and 

associated ergot alkaloids. 

Ergot alkaloids, once ingested by ruminants, have been reported to elicit a 

wide spectrum of metabolic activities and physiological responses including decreased 

feed intake, elevated body temperature, excessive salivation, increased respiration, 

decreased reproductive efficiency, and decreased peripheral circulation; these 

symptoms are collectively known as fescue toxicosis (Rhodes et al., 1991; Mizinga et 

al., 1992; Aldrich et al., 1993).  In addition, other diseases or maladies associated with 

the consumption of endophyte-infected tall fescue are fescue foot, fat necrosis, and 

agalactia (Paterson et al., 1995). 

Recent research has provided preliminary data suggesting that a yeast-derived 

cell wall preparation (YCW) may minimize, or alleviate, the negative effects of 

endophyte toxins on animal performance (Akay et al., 2003a; Ely et al., 2003; Aaron 
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et al., 2006).  Therefore, the objectives of our study were to determine the influence 

of the YCW on: forage intake and digestibility, ruminal fermentation characteristics, 

serum prolactin and prolactin stores, and milk production in beef cattle consuming 

high-alkaloid tall fescue straw. 

Materials and Methods 

Experiment 1: Steers Digestion/Physiology Study 

Sixteen ruminally cannulated, Angus x Hereford steers (200 ± 6 kg BW) were 

used in a randomized complete block design.  Steers were blocked by weight and, 

within block, randomly assigned to treatments and housed in individual pens (2 m x 4 

m) within an enclosed, non-temperature controlled barn with continuous lighting.  

Steers had unrestricted access to fresh water.  Before straw feeding (0700) a trace 

mineralized salt mix (22 g·hd-1·d-1; ≥96.00% NaCl, ≥0.20% Mn, ≥0.10% Fe, ≥0.10% 

Mg, ≥0.05% S, ≥0.025% Cu, ≥0.01% Co, ≥0.008% Zn, and ≥0.007% I) and  soybean 

meal (SBM) were supplemented (0.068 % BW; CP basis) intraruminally via cannula 

to meet 100% of the estimated degradable intake protein requirement assuming a 

microbial efficiency of 11% (NRC, 1996; model 1).  A YCW (MTB-100™; Alltech 

Inc., Nicholasville, KY) was provided to yield the following treatments (TRT): 1) 0 

g·hd-1·d-1 YCW (0), 2) 20 g·hd-1·d-1 YCW (20), 3) 40 g·hd-1·d-1 YCW (40) and 4) 60 

g·hd-1·d-1 YCW (60).  The appropriate quantity of YCW was added to each steer’s 

SBM/trace mineralized salt supplement daily. All steers consumed chopped (4-8 cm), 

high-alkaloid (579 ppb ergovaline; DM basis) tall fescue straw.    Tall fescue straw 

was provided at 120% of the previous 5-d average intake at 0730, with orts from the 

previous day determined before feeding.  Nutrient content of straw and SBM is 
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provided in Table 1.  The experimental protocol was approved by the Institutional 

Animal Care and Use Committee at Oregon State University (ACUP # 3721). 

The experimental period was 29 d, with 19 d of diet adaptation and 10 d of 

sampling.  Intake and orts were monitored throughout the experiment; however, 

official measurements were taken on d 20 through 25 and d 21 through 26 for intake 

and orts, respectively.  Straw and orts samples for alkaloid analysis were air-dried, 

ground in a Wiley mill (1-mm screen), and stored (-20ºC) for later analysis.  Also, 

additional samples  of high-alkaloid straw, SBM, and orts were collected, dried in a 

forced-air oven (55o C; 48 h), reweighed for calculation of DM, ground in a Wiley 

mill (1-mm screen), and composited by source for straw and SBM and by steer for 

orts. 

At 0700 on d 21, immediately following supplementation, each steer was 

intraruminally pulse-dosed with 4 g of Co-EDTA in a 150-mL aqueous solution (Uden 

et al., 1980) for determination of ruminal liquid fill and dilution rate.  The Co marker 

was administered throughout the rumen using a stainless-steel probe with a perforated 

tip.  Ruminal fluid (approximately 100 mL) was collected by suction strainer (Raun 

and Burroughs, 1962; 19-mm diameter, 1.6-mm mesh) 0 (prior to SBM 

supplementation), 3, 6, 9, 12, 18, and 24 h after Co-EDTA.  Samples were 

immediately analyzed for pH and sub-sampled by placing 5 mL of ruminal fluid in 1 

mL of 25% (wt/vol) meta-phosphoric acid and stored (-20°C) for later analysis of 

NH3-N and VFA.  Also, 20 mL of ruminal fluid were stored (-20°C) for later analysis 

of Co concentration.  Frozen NH3-N and VFA samples were prepared for analysis by 

thawing, centrifuging (10,000 x g; 20 min), and collecting the supernatant.  Volatile 
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fatty acids were analyzed as described by Harmon et al. (1985) and NH3-N was by a 

modification (sodium salicylate was substituted for phenol) of the procedure described 

by Broderick and Kang (1980) using a UV/visible light spectrophotometer 

(UVmini1240, Shimadzu, Columbia, MD).  Frozen ruminal fluid samples were 

prepared for Co analysis by thawing, centrifuging (2,000 x g; 20 min), and collecting 

the supernatant.  Cobalt concentration in ruminal fluid was analyzed by atomic 

absorption using an air/acetylene flame (model 351 AA/AE spectrophotometer, 

Instrumentation Laboratory, Inc., Lexington, MA).  Ruminal fluid fill and dilution rate 

were determined by regressing the natural logarithm of Co concentration against 

sampling time as described by Warner and Stacey (1968). 

 Spot urine samples were collected at 0700 on d 22 to 27. Urine samples were 

collected using polyethylene bags (25 cm x 35 cm) split diagonally and secured using 

string over the withers and hips of the animal.  Bags were left on until a sample was 

collected, which never exceeded 1.5 h.  Urine samples were composited by steer and 

stored (-20ºC) for later analysis of creatinine (277-10501, Wako Chemicals USA, Inc., 

Richmond, VA) and ergot alkaloids as described by Hovermale and Craig (2001) and 

Lodge-Ivey et al. (2006).  Daily urinary output was calculated based on an estimated 

excretion rate of 28 mg of creatinine per kilogram of liveweight (Whittet et al., 2004). 

On d 22 through 27, fecal grab samples were collected 2 times/day at 12-h 

intervals with a 2-h increment added between days to shift sampling times.  This 

allowed sampling on every even hour of the 24-h day.  Fecal subsamples (200 g) were 

composited by steer, stored (-20ºC), lyophilized, and ground in a Wiley mill (1-mm 

screen).   
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On d 28, treatment effects on ruminal DM and indigestible ADF (IADF) fill 

were determined by manually removing reticuloruminal contents 4 h after feeding.  

Total ruminal contents were weighed, thoroughly mixed by hand, and sub-sampled 

(300 g) in triplicate.  The remaining ruminal contents were replaced immediately into 

the steer.  Ruminal samples were weighed, dried in a force-air oven (55oC; 96 h), 

reweighed for DM, ground to pass a 1-mm screen in a Wiley mill, and composited by 

steer. 

Ground samples were analyzed for DM and OM (AOAC, 1990), N (Leco CN-

2000, Leco Corp., St. Joseph, MI), and NDF (Robertson and Van Soest, 1981) and 

ADF (Goering and Van Soest, 1970) using procedures modified for use in an Ankom 

200 fiber analyzer (Ankom Co., Fairport, NY).  Also, samples were analyzed for 

IADF as described by Bohnert et al. (2002).  Digesta kinetics techniques described by 

Van Soest (1994) were used to determine IADF passage by dividing IADF intake by 

the quantity of IADF in the rumen 4 h after feeding.  Diet digestibility was determined 

using IADF fecal concentration in conjunction with nutrient concentration of forage 

and SBM (Merchen, 1988).   Air-dried straw and orts and lyophilized fecal samples 

were analyzed for ergovaline and lysergic acid using HPLC as described by 

Hovermale and Craig (2001) and Lodge-Ivey et al. (2006), respectively.   

Rectal and skin temperatures were measured at 1300 on d 1, 8, 15, 22, and 29.  

Also, 4 h after feeding on d 1, 8, 15, and 22, 10 mL of blood were collected by 

coccygeal venipuncture using sterile, non-additive, red-topped tubes (Becton 

Dickinson and Company, Franklin Lakes, NJ) and 20 guage x 2.54 cm blood 

collection needles (Becton Dickinson and Company, Rutherford, NJ).  Blood samples 
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were allowed to clot overnight at 4ºC, centrifuged (1,500 x g; 20 min; 4 oC) and 

serum harvested and stored (-20°C) for prolactin analysis as described by Hockett et 

al. (2000). 

Thyrotropin-Releasing Hormone (TRH) Challenge.  Steers were subjected to a 

TRH (#P2161, Sigma, St. Louis, MO) challenge to measure pituitary prolactin stores 

on d 29.  The afternoon prior to the challenge, steers were catheterized via the jugular 

vein with Radiopaque FEP teflon I.V. catheters (16 guage x 14 cm; Abbot Hospitals, 

Inc., North Chicago, IL).  The day of the challenge, TRH was reconstituted using 0.01 

M acetic acid and mixed with sterile, physiological saline, for a final concentration of 

30.36 µg TRH/mL.  Each steer was dosed with 1 µg TRH/kg BW via the jugular 

catheter (fitted with a 0.2 µm, low protein binding, non-pyrogenic filter; PN 4612, Pall 

Life Sciences, East Hills, NY), followed by 20 mL of sterile saline to chase the 

peptide.  Blood samples were collected at -30, -15, 0 (before TRH administration), and 

5, 10, 15, 20, 30, 45, 60, 90, 120, and 150 min (post-TRH administration).   Catheters 

were kept clot-free between sampling times by flushing with 10 mL physiological 

saline.  Blood samples were immediately transferred to vacutainer tubes and allowed 

to clot overnight at 4ºC.  Samples were then centrifuged (1,500 x g; 20 min; 4 oC) and 

serum harvested and stored (-20°C) for prolactin analysis as described previously.  

The -30, -15, and 0 samples were averaged and used to calculate a basal prolactin 

concentration (pre-TRH administration; Thompson et al., 1987).  Area under the curve 

was determined for prolactin using the trapezoidal summation method (Waterman, et 

al., 2006). 
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Statistical Analysis.  Data were analyzed as a randomized complete block 

design using the GLM procedure of SAS (SAS Inst., Inc., Cary NC).  Steer, treatment, 

and block were included in the model.  Contrast statements were 1) linear effect of 

increasing YCW, and 2) quadratic effect of increasing YCW.  Ruminal pH, NH3-N, 

and VFA, and TRH challenge data were analyzed using the REPEATED statement 

with the MIXED procedure of SAS.   The model included steer, TRT, block, hour, and 

TRT × hour.  Also, weekly temperature and serum prolactin data were analyzed using 

the REPEATED statement with the MIXED procedure of SAS.   The model included 

steer, TRT, block, day, and TRT × day.  The same contrasts described above were 

used to partition TRT effects for ruminal pH, NH3-N, VFA, temperature, and serum 

prolactin.  An autoregressive covariance structure (AR1 of the mixed procedure of 

SAS) was determined to be most appropriate based on Akaike’s Information Criterion. 

 

Experiment 2: Cow Performance, Production and Parturition 

Sixty pregnant (approximately 200 d gestation) Angus × Hereford cows (517 ± 

5 kg BW) were stratified by BCS (5.0 ± 0.1; Herd and Sprott, 1986) and assigned 

randomly to one of 20 pens and one of five TRT (three cows/pen; four pens/TRT) in a 

randomized complete block design.  All cows had unrestricted access to fresh water 

and a loose, trace mineralized salt ( ≥96.00% NaCl, ≥0.20% Mn, ≥0.10% Fe, ≥0.10% 

Mg, ≥0.05% S, ≥0.025% Cu, ≥0.01% Co, ≥0.008% Zn, and ≥0.007% I).  A high-

alkaloid tall fescue straw and a low-alkaloid tall fescue straw (449 and 147 ppb, 

respectively; Table 1) were used in formulating the following TRT: 1) ad libitum 

access to low-alkaloid straw (CON), 2) ad libitum access to high-alkaloid straw (0), 3) 
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ad libitum access to high-alkaloid straw and 20 g·hd-1·d-1 YCW (20), 4) ad libitum 

access to high-alkaloid straw and 40 g·hd-1·d-1 YCW (40), and 5) ad libitum access to 

high-alkaloid straw and 60 g·hd-1·d-1 (60).  Also, SBM was provided (0.1% BW; CP 

basis) daily at 0700 to all treatments to meet 100% of the estimated degradable intake 

protein requirement assuming a microbial efficiency of 11% (NRC, 1996; model 1).  

The YCW and/or SBM were provided in a bunk within each pen.  The high-alkaloid 

straw was used to estimate the degradable protein requirement because of its lower CP 

concentration.  This was to minimize potential effects due to differences in forage CP 

between the low- and high-alkaloid straws (6.5 vs. 5.6%, respectively).  The amount 

of SBM was doubled (0.2% BW; CP basis) for all TRT 44 d into the trial because cow 

weight and BCS were not being maintained at the previous supplementation level. 

  Straw samples for alkaloid analysis were obtained weekly and stored (-20ºC) 

and analyzed as described in Exp. 1.  Also, additional samples of low-alkaloid and 

high-alkaloid straw and SBM were collected weekly, dried in a forced-air oven (55o C; 

48 h), reweighed for calculation of DM, ground in a Wiley mill (1-mm screen), and 

composited by source and period for analysis of NDF, ADF, N, and OM as described 

in Exp. 1. 

An evaluation of all cows was conducted daily at 0630.  Appraisal included 

assigning a locomotion score from 1 to 5 (adapted from Sprecher et al., 1997; Table 

2).  A locomotion score of 3 or higher was considered indicative of fescue foot and 

necessitated removal (1 cow on d 55). 

Cow BW and BCS was measured at study initiation, d 28, and every 14 d 

thereafter until calving.  All weights were obtained following an overnight shrink (16 
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h).  Body condition score of cows was evaluated independently by three trained 

technicians.  The same technicians were utilized throughout the trial.  Also, cow 

weight, BCS, and calf weight were obtained within 24 h following parturition. 

Blood samples (approximately 10 mL) were collected by coccygeal 

venipuncture using sterile, non-additive, red-topped tubes (Becton Dickinson and 

Company, Franklin Lakes, NJ) and 20 gauge x 2.54 cm blood collection needles 

(Becton Dickinson and Company, Rutherford, NJ) on d 1 and within 24 h after 

parturition.  Blood was allowed to clot overnight.  Samples were then centrifuged 

(1,500 x g; 20 min; 4o C) and serum harvested and stored (-20° C) for prolactin 

analysis as described previously (Exp. 1 and 2; inter-assay CV = 5.0 and intra-assay 

CV = 8.0).   

Following parturition, cows and calves were placed in a common pasture (7.3 

ha) which had been harvested for hay the previous summer and managed as a single 

group.  Cows were provided approximately 11.2 kg·cow-1· d-1 (DM basis) of meadow 

hay (6.3 % CP; DM basis).  One week following the last cow calving, pairs were 

moved to the Northern Great Basin Experimental Range (NGBER) 72 km west-

southwest of Burns, OR.  Cow/calf pairs grazed sagebrush-bunchgrass range, 

described by Ganskopp (2001), and were managed according to NGBER and Eastern 

Oregon Agricultural Research Center management practices. Approximately 60 ± 2 d 

post-partum, milk production was estimated by weigh-suckle-weigh (Williams et al., 

1979) with an 8 h separation.  Excretory losses were considered minimal and were not 

collected (Lampkin and Lampkin, 1960). 
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Statistical Analyses.  Data were analyzed as a randomized complete block 

using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).  Pen, treatment, and 

block were included in the model.  Contrast statements were 1) linear effect of 

increasing YCW supplementation, 2) quadratic effect of increasing YCW 

supplementation 3) CON vs. 0, and 4) 0 vs. 20. The fourth contrast was included to 

evaluate no supplement compared to the current maximum recommended dose of 20 

g·hd-1·d-1.  

Results and Discussion 

Experiment 1:  Steer Digestion/Physiology Study 

 No animals in this experiment exhibited physical symptoms of fescue 

toxicosis.  Neither straw (17.8 g/ kg BW) nor total DMI (19.1 g/kg BW) was affected 

by increasing YCW supplementation (P > 0.39; Table 3).  Likewise, straw (16.8 g/kg 

BW) and total OM (18.0 g/kg BW) intake were not affected by increasing YCW 

supplementation (P > 0.38; Table 3).  Also, daily N (0.77 g/ kg BW) and NDF (12.6 

g/kg BW) intake were similar with increasing YCW supplementation (P > 0.35).  

These results are inconsistent with Akay et al. (2003b) who noted increased DMI (P < 

0.05) in steers fed endophyte-infected tall fescue seed with a YCW supplement 

compared to those without (8.46 vs. 7.81 kg/d).  However, Akay et al. (2003b) kept 

steers at an ambient temperature of 30o C compared to the low average ambient 

temperature of -2.3o C in the current study (the study was conducted in late-November 

and early-December in a non-temperature controlled barn).  Hemken et al. (1981) 

suggested DMI of cattle consuming endophyte-free or endophyte-infected tall fescue 

did not differ in an environment of 23o C or less.  Consequently, heat stress may have 
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decreased intake of endophyte-infected tall fescue forage in the study by Akay et al. 

(2003b).  In agreement with research conducted by Carro et al. (1992), no differences 

(P > 0.13) were discovered in total tract DM, OM or NDF digestibility (Table 3).   

 Means for ruminal fermentation characteristics were averaged across time 

because no treatment x hour interactions occurred (P > 0.17). Increasing 

supplementation of YCW did not affect (P > 0.10) ruminal NH3-N, pH or total VFA 

(Table 4).  Molar proportions of propionate, isobutyrate, butyrate, isovalerate, and 

valerate were not affected by increasing YCW.  However, acetate (P = 0.08) and 

acetate:propionate ratio (P = 0.09) did exhibit a quadratic tendency, the greatest value 

observed was with TRT 20.  We are aware of no data available evaluating ruminal 

fermentation variables in response to increasing YCW on the consumption of tall 

fescue straw.   

No differences (P > 0.49) were detected in liquid volume; though, dilution rate 

linearly decreased (P = 0.03) with increasing YCW (Table 4).  No differences (P > 

0.25) were observed for IADF intake, fill, or passage.  However, IADF outflow tended 

(P = 0.10) to decrease with increasing YCW supplementation.  

 No treatment x day interactions were detected (P > 0.10) so means were 

averaged across days for rectal, flank, and coronary band temperature.  Rectal 

temperatures in animals grazing high-endophyte tall fescue tend to increase in heat 

stressed environments but, like the current study, no differences are seen in moderate 

to colder ambient temperatures (below 32o C; Hannah et al., 1990; Rhodes et al., 1991; 

Peters et al., 1992).  Increasing YCW did not influence rectal or flank temperature (P 
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> 0.17), though a quadratic response (P = 0.06) tended to be observed in coronary 

band temperature with TRT 40 being the highest (Table 5). 

In a review of tall fescue toxicosis and its effects on animal productivity, 

Paterson et al. (1995) reported decreased serum prolactin as a consistent measurable 

result of fescue toxicosis.  Analysis of weekly serum prolactin concentration detected 

no treatment x day interactions (P > 0.50), so means were averaged across days. 

Increasing level of YCW had no effect (P > 0.10) on weekly serum prolactin (Table 

5).  Prolactin concentrations in Exp. 1 are lower than those normally reported in the 

literature for beef cattle.  This can be attributed to reduced or minimal ambient 

temperatures and a shortened daily photoperiod, which occurs during winter, causing a 

decrease in PRL concentration in ruminants (Smith et al., 1977; Peters and Tucker, 

1978).  Also, Goetsch et al. (1987) stated consumption of high levels of endophyte-

infected tall fescue hay (> 50% of the diet) reduced serum prolactin to less than 1.0 

ng/ml in steers, which is similar to the average among TRT (1.9 ng/ml) in the current 

study. 

During the TRH challenge, data from one steer on TRT 0 was excluded due to 

loss of catheter patency.  Prolactin area under the curve (AUC) for the TRH challenge 

increased linearly (P = 0.05) with increasing YCW (Table 5).  In contrast to our 

results, Stamm et al. (1994) reported no difference in serum prolactin in response to a 

TRH-challenge by steers consuming increasing ergovaline levels; however, they 

didn’t measure AUC and only reported concentration differences.  Also Stamm et al. 

(1994) used tall fescue straw with a lower concentration of ergovaline (475 ppb) than 

in the current study (579 ppb).  Nevertheless, other research has noted a depression in 
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TRH-induced prolactin levels across temperature ranges and seasons in ruminants 

grazing high-endophyte fescue (Hurley et al., 1980; Thompson et al., 1987).  

Therefore, our results suggest YCW may be able to correct the prolactin depression 

normally associated with fescue toxicosis. 

No differences (P > 0.25) were detected in intake of ergovaline, lysergic acid 

or the combination of ergovaline and lysergic acid (Table 6).  Lysergic acid was 

included in ergot alkaloid analyses because recent research has suggested it may be a 

primary toxin in fescue toxicosis (Hill et al., 2003).  No differences (P>0.20) were 

detected in ergovaline or combined ergovaline and lysergic acid content of feces.  

However, fecal content of lysergic acid tended to decrease linearly (P = 0.09) as YCW 

increased, which may be a function of the numerical reduction in alkaloid intake.  No 

differences (P > 0.23) were detected in urine lysergic acid content or total excretion 

(urine and feces) of ergovaline, lysergic acid, or the combination of ergovaline and 

lysergic acid.  Contrary to ergovaline, urine is the primary route of excretion for 

lysergic acid. Although there was no difference among treatments, lysergic acid in the 

urine and feces was, on average, 107% more and 4% less than the total intake, 

respectively.  Research conducted by Schultz et al. (2006) compared fecal and urinary 

excretion of ergovaline and lysergic acid in mature geldings consuming tall fescue 

seed and reported a recovery of lysergic acid greater than 200% in the urine and 134% 

in the feces.  Apparent differences may be a result of foregut vs. hindgut fermentation 

in cattle and horses, respectively.  In addition, use of high-alkaloid grass seed may 

have increased alkaloid excretion compared with the use of high-alkaloid grass seed 



 34
straw (potential differences in alkaloid digestibility and metabolism, alkaloid 

content, etc.). 

Experiment 2: Cow Performance and Production Study 

 During the course of the experiment, one cow from TRT 40 was removed on d 

55 due to a lameness score of 4, symptoms were indicative of fescue foot.  This animal 

made a full recovery, calved without difficulty, weaned a healthy calf, and rebred 

within a 45 d breeding season.  In addition, another cow from TRT 40 was removed 

due to misdiagnosis of pregnancy at study initiation.  These animals were completely 

removed from the dataset. 

 Contrary to Akay et al. (2003a) who reported an increase in BW of cows 

supplemented with YCW at 20 g·hd-1· d-1 compared to those not supplemented while 

grazing tall fescue during a 5 month period (May to Oct.); we noted no differences (P 

> 0.20) in pre- or post-calving change in BW or BCS as YCW increased (Table 7).  

These differing results may be a function of heat stress in the Akay study compared to 

the winter and spring temperatures associated with the current experiment.  

Nevertheless, pre-calving BW change increased (P = 0.02) in CON cows compared to 

0 cows.  In agreement, Paterson et al. (1995) reported a loss in ADG of cows grazing 

endophyte-infected fescue compared to an increase in ADG of cows grazing non-

endophyte infected fescue.  Our observed increase in pre-calving BW change for CON 

compared with 0 may be related to the lower CP content of the high-alkaloid straw, 

and potentially increased DMI, even though we attempted to compensate for the CP 

difference. 
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Calf birth weight did not differ (P > 0.24) among treatments (Table 7).  We 

did note a quadratic effect (P = 0.03) of days from study initiation to calving with 

TRT 20 being the lowest.  This is probably attributed to animal variability not 

associated with YCW supplementation.  

 We are aware of no data evaluating the effects of increasing YCW 

supplementation on milk production or serum prolactin in ruminants consuming high-

alkaloid forage.  However, Peters et al. (1992) reported daily milk production was 

25% lower in animals consuming endophyte infected compared to endophyte-free tall 

fescue.  In our study, milk production increased linearly (P = 0.04) as YCW increased 

(Table 7).  Also, these differences were similar to the observed differences in serum 

prolactin concentration.  Suppression of the periparturient surge of prolactin has been 

reported in cattle administered ergot alkaloids and is associated with decreased 

metabolic activity of the mammary cells (Tucker, 1985).  In this study, post-calving, 

and change from initial to post-calving serum prolactin concentrations increased 

linearly (P = 0.02; P = 0.05, respectively) with increasing YCW (Table 7).  This 

coincides with the linear increase detected with the TRH-challenge AUC data in Exp. 

1.  Also, post-calving and change from initial to post-calving serum prolactin 

decreased (P = 0.002; P = 0.003, respectively) with 0 compared to CON.  Suppressed, 

or reduced, prolactin concentrations have been reported in numerous studies with 

animals consuming high-endophyte diets compared to those consuming low- or no-

endophyte diets (Schillo et al., 1988; Stamm et al., 1994; Samford-Grigsby et al., 

1997). 
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 Increasing YCW resulted in greater prolactin stores, alleviated prolactin 

depression, and increased milk production of beef cattle consuming high-alkaloid tall 

fescue.  Consequently, YCW appears to ameliorate some of the negative consequences 

observed with intake of high-alkaloid tall fescue.  Based on our data and other 

research (Akay et al., 2003a,b; Aaron et al., 2006), it appears that 20 g·hd-1·d-1 of 

YCW is normally sufficient to ameliorate the consequences of fescue toxicosis in 

cattle.  It is not clear what the YCW mode of action is; however, it has been proposed 

that it binds the toxin(s) causing fescue toxicosis (Akay et al., 2003a).  Nevertheless, 

ergovaline and lysergic acid excretion in the current study was not influenced by 

increasing YCW.  It is possible that metabolism and/or excretion of an alkaloid(s) not 

measured could have been influenced by YCW supplementation and caused the 

observed effects.  Further research is warranted concerning the mechanism by which 

the YCW reduces the effects of fescue toxicosis. 

 

Implications 

 The yeast-derived cell wall preparation alleviated some signs of fescue 

toxicosis.  This data provides grass seed straw consumers with information that will 

help in designing safe and effective management strategies for the use of high-alkaloid 

tall fescue straw.  In addition, this research is directly applicable to ruminant livestock 

producers in the eastern United States that rely on endophyte-infected tall fescue as a 

forage base. 
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Table 1.  Feedstuff nutrient content (DM basis) 

 

 Experiment 1 (steer study)  Experiment 2 (cow study) 

Item 

High-alkaloid 

tall fescue straw 

Soybean 

Meal  

High-alkaloid 

tall fescue straw 

Low-alkaloid 

tall fescue straw 

Soybean 

meal 

CP, % 5.8 54.0  5.6 6.5 52.7 

OM, % 94 93  92 92 93 

NDF, % 69 13  72 71 13 

ADF, % 44 5  43 43 5 

Ergovaline, ppb 579    NAa  449 147 NAa 

Lysergic acid, ppb 68 NAa  11 >10 NAa 

  
a  NA= Not analyzed. 

 

Table 2.  Locomotion scoring guide (adapted from Sprecher et al., 1997) 

 
Score Description Assessment 

1 Normal Cow stands and walks with a level back. Normal gait. 

2 Mildly Lame Cow stands with a level back, but has an arched back when walking.  

Normal gait. 

3 Moderately Lamea Arched back while standing and walking.  Short-strided gait. 

4 Lame Arched back is very evident.  Deliberate gait favoring one or more 

feet/legs. 

5 Severely Lame Cow demonstrates an inability or extreme reluctance to bear weight on 

one or more feet/legs. 

  
a  Animals were removed from study at a score of 3. 
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Table 3.  Effect of a yeast-derived cell wall preparation (YCW) on daily nutrient 
intake and diet digestibility by steers consuming high-alkaloid tall fescue straw. 

 

 Treatmenta  P-valuec 

Item 0 20 40 60 SEMb L Q 

DMI, g/kg BW        

      Straw   18.6 17.7 17.8 17.2 1.0 0.40 0.86 

     Soybean meal 1.2 1.2 1.2 1.2    

     Total 19.8 18.9 19.0 18.5 1.0 0.40 0.86 

OM intake, g/kg BW        

     Straw 17.6 16.7 16.8 16.3 0.9 0.39 0.86 

     Soybean meal 1.16 1.16 1.16 1.16    

     Total 18.7 17.9 17.9 17.4 0.9 0.39 0.86 

N intake, g/kg BW 0.77 0.77 0.77 0.77 0.01 0.71 0.92 

NDF intake, g/kg BW 13.1 12.5 12.5 12.2 0.7 0.36 0.83 

Total-tract apparent digestibility, %        

     DM 46.3 47.2 47.1 45.9 0.8 0.73 0.21 

     OM 50.3 51.8 52.0 50.9 0.8 0.54 0.14 

     NDF 44.5 46.4 46.7 46.0 0.9 0.27 0.17 

  
a  0 = no YCW; 20, 40, and 60 = 20, 40, or 60 g·hd-1·d-1 YCW, respectively. 

 b  n= 4. 

 c  Probability of L=linear and Q= quadratic effects of increasing YCW. 
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Table 4. Effect of a yeast-derived cell wall preparation (YCW) on ruminal 

fermentation, and fluid and particulate dynamics in steers consuming high-alkaloid tall 

fescue straw. 

 

 Treatmenta  P-valuec 

Item 0 20 40 60 SEMb L Q 

NH3-N, mM 4.2 5.8 4.3 4.5 0.4 0.78 0.18 

pH 6.7 6.6 6.8 6.6 0.1 0.69 0.71 

Total VFA, mM 79.9 79.7 85.1 67.6 3.7 0.92 0.42 

VFA, mol/100mol        

     Acetate 67.0 70.3 68.0 69.0 0.6 0.21 0.08 

     Propionate 22.1 19.8 21.6 20.9 0.5 0.39 0.13 

     Isobutyrate 0.7 0.7 0.7 0.7 0.1 0.66 0.99 

     Butyrate 8.3 7.6 8.1 8.0 0.2 0.79 0.90 

     Isovalerate 0.9 0.9 0.8 0.8 0.1 0.54 0.80 

     Valerate 0.9 0.7 0.8 0.8 0.1 0.35 0.34 

     Acetate:propionate ratio 3.1 3.6 3.2 3.3 0.1 0.40 0.09 

Liquid volume, mL/kg BW 60.4 68.7 62.0 66.7 4.0 0.50 0.65 

Liquid dilution rate, %/h 7.8 6.1 7.0 6.2 0.2 0.03 0.22 

IADFd intake, g/kg BW 5.3 5.0 5.0 4.9 0.3 0.60 0.47 

IADF fill, g/kg BW 13.1 14.2 12.1 14.4 0.8 0.60 0.47 

IADF passage, %/h 10.2 9.0 10.5 8.5 0.7 0.26 0.58 

IADF outflow, g/h 265.4 265.0 250.6 238.7 11.4 0.10 0.62 

  
a  0 = no YCW; 20, 40, and 60 = 20, 40, or 60 g·hd-1·d-1 YCW, respectively. 

 b n= 4. 

c  Probability of linear (L) and quadratic (Q) effects of increasing YCW. 

d  Indigestible ADF.
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Table 5. Effect of a yeast-derived cell wall preparation (YCW) on serum prolactin 

and physiological variables in steers consuming high-alkaloid tall fescue straw. 

 

 Treatmenta  P-valuec 

Item 0 20 40 60 SEMb L Q 

Temperature, oC        

     Rectal 38.4 38.6 38.6 38.6 0.1 0.40 0.51 

     Flank 20.4 21.2 21.5 20.1 0.8 0.90 0.18 

     Coronary Band 8.8 8.8 9.8 8.1 0.4 0.55 0.06 

Serum Prolactin         

     Weekly, ng/mL 1.6 2.3 1.7 2.0 0.3 0.63 0.51 

     TRH Challenge AUCd, ng  210.0 343.4 283.9 330.4 31.7 0.05 0.16 

  
a   0 = no YCW; 20, 40, and 60 = 20, 40, or 60 g·hd-1·d-1 YCW, respectively. 

 b   n= 4, except for AUC where n= 3 for treatment 0, therefore the largest SEM is 

presented. 

 c   Probability of linear (L) and quadratic (Q) effects of increasing YCW. 

 d   AUC= Area under the curve. 
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Table 6.  Effect of a yeast-derived cell wall preparation (YCW) on daily excretion of 
ergovaline and lysergic acid in steers consuming high-alkaloid tall fescue straw. 

 

 Treatmenta  P-valuec 

Item 0 20 40 60 SEMb L Q 

Diet, µg/kg BW        

     Ergovaline 10.81 10.22 10.17 9.88 0.54 0.26 0.78 

     Lysergic Acid 1.29 1.27 1.23 1.21 0.07 0.35 0.98 

     Ergovaline + Lysergic Acid 12.10 11.49 11.40 11.09 0.60 0.27 0.81 

Feces, µg/kg BW        

     Ergovaline 5.98 5.88 5.47 5.46 0.38 0.28 0.91 

     Lysergic Acid 1.30 1.25 1.15 1.13 0.07 0.09 0.82 

     Ergovaline + Lysergic Acid 7.29 7.13 6.63 6.60 0.42 0.21 0.88 

Urine, µg/kg BW        

     Ergovaline NDd NDd NDd NDd    

     Lysergic Acid 1.32 1.27 1.64 1.26 0.137 0.75 0.24 

Urine + feces, µg/kg BW        

     Ergovaline 5.98 5.88 5.47 5.46 0.381 0.28 0.91 

     Lysergic Acid 2.62 2.52 2.80 2.39 0.158 0.57 0.35 

     Ergovaline + Lysergic Acid 8.60 8.40 8.27 7.85 0.500 0.32 0.83 

  
a  0 = no YCW; 20, 40, and 60 = 20, 40, or 60 g·hd-1·d-1 YCW, respectively. 

 b  n= 4. 

c  Probability of linear (L) and quadratic (Q) effects of increasing YCW. 

d  ND= Not detected. 
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Table 7. Effect of a yeast-derived cell wall preparation (YCW) on performance and 

serum prolactin in cows consuming high- or low-alkaloid tall fescue straw. 

 T reatm enta  P -valuec 

Item  C O N  0  20  40  60  S E M b L  Q  

C O N  vs. 

0  0  vs. 20  

In itial           

     B W d, kg 529 522  514 511 515  10 0 .60 0 .61  0 .61  0 .32  

     B C S 5.0  5 .0  5 .1  5 .0  5 .0  0 .1  0 .82 0 .30  0 .87  0 .53  

Precalving  changee           

     B W d, kg 44 .0  21 .7  30 .1  22 .0  26.2  6 .1  0 .85 0 .73  0 .02  0 .13  

     B C S 0.07  0 .04  0 .08  -0 .03 0 .08  0 .09  0 .96 0 .67  0 .82  0 .96  

Postcalving changef           

     B W d, kg -45 .2  -37 .0  -37 .8  -27 .0  -43.9  6 .1  0 .73 0 .21  0 .37  0 .41  

     B C S -0.15  -0 .09  -0 .10  0 .14 -0 .14  0 .11  0 .96 0 .56  0 .71  0 .77  

D ays to  calvingg 73 .2  77 .0  70 .7  68 .2  82.8  4 .3  0 .44 0 .03  0 .54  0 .68  

C alf b irth  w eight, kg 37 .4  37 .9  35 .4  36 .8  37.5  1 .3  0 .99 0 .25  0 .79  0 .29  

M ilk  production , kgh 12 .5  9 .8  11 .2  13 .6  14.2  1 .5  0 .04 0 .79  0 .22  0 .53  

Serum  pro lactin , ng/m L            

     In itia lg 26 .7  40 .6  37 .8  43 .0  38.8  13.2  0 .84 0 .62  0 .46  0 .55  

     P ostcalving f 145.7  62 .4  111.9  100.5 126 .9  15.7  0 .02 0 .29  0 .002  0 .15  

     P ostcalving-In itia l 119.0  21 .8  74 .1  57 .4  88.1  18.9  0 .05 0 .58  0 .003  0 .12  

  

a  CON= no YCW + low-alkaloid tall fescue straw (147 ppb ergovaline); 0, 20, 40, and 

60= 0, 20, 40, or 60 g·hd-1·d-1 YCW + high-alkaloid tall fescue straw (449 ppb 

ergovaline). 

 b  n= 4.  

c  Probability of linear (L) and quadratic (Q) effects of increasing YCW; CON vs. 0 = 

CON Treatment (TRT) vs. 0 TRT; 0 vs. 20 = 0 TRT vs. 20 TRT. 

d  After 16-h withholding from food and water. 

e  From study initiation to within 14 d pre-calving. 

f  Within 24 h after parturition. 

g  From study initiation. 

h  60 ± 1 d after parturition.  
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CONCLUSIONS 

  

 Two experiments were conducted to evaluate the influence of a yeast-derived 

cell wall preparation on forage intake and digestibility, ruminal fermentation 

characteristics, serum prolactin and prolactin stores, and milk production in beef cattle 

consuming high- alkaloid tall fescue straw.  In Experiment 1, 16 ruminally cannulated 

Angus x Hereford steers (200 ± 6 kg BW) were offered high-alkaloid tall fescue straw 

(579 ppb) for 29 d with supplemental soybean meal.  Treatments were 1) 0, 2) 20, 3) 

40, or 4) 60 g·hd-1·day-1.  No differences were found in nutrient intake, digestibility, or 

ruminal fermentation characteristics.  However, there was a linear increase (P = 0.05) 

in area under the curve for serum prolactin when animals were subjected to a 

Thyrotropin-releasing hormone challenge. 

 In Experiment 2, 60 Angus x Hereford cows (517 ± 5 kg BW; approximately 

200 d gestation) were stratified by BCS (5.0 ± 0.1) and randomly assigned to the same 

four yeast-derived cell wall preparation treatments as Experiment 1 (447 ppb 

ergovaline high-alkaloid straw) with the addition of a low-alkaloid straw (149 ppb 

ergovaline; no yeast-derived cell wall preparation) as a positive control (CON).  No 

differences (P > 0.20) were observed in pre- or post-calving BCS change or post-

calving BW change.  A linear increase (P = 0.04) in milk production as yeast-derived 

cell wall preparation increased was observed at 60 d post-partum.  Serum prolactin 

post-calving (P = 0.02) and change from initial to post-calving increased linearly (P = 

0.05) with increasing yeast-derived cell wall preparation.  Also, post-calving serum 

prolactin was higher (P = 0.002) in CON compared to 0 g·hd-1·day-1 cows. 
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Supplementing a yeast-derived cell wall preparation to beef cattle consuming 

endophyte-infected tall fescue has resulted in increased dry matter intake (Akay et al., 

2003a,b) increased weight gain (Aaron et al., 2006), lower rectal temperature (Akay et 

al., 2003a), alleviated prolactin depression and increased pituitary prolactin stores, and 

increased milk production.   

Consequently, supplementing a yeast-derived cell wall preparation appears to 

moderate most of the negative consequences observed with intake of high-alkaloid tall 

fescue.  In a review of the aforementioned research, it appears that 20 g·hd-1·d-1 of a 

yeast-derived cell wall preparation is normally sufficient to ameliorate the 

consequences of fescue toxicosis in cattle.  Economically, 20 g·hd-1·d-1 of a yeast-

derived cell wall preparation, would cost a producer $2.64·hd·month and would be a 

management decision.  Increasing the amount of a yeast-derived cell wall preparation 

would cost $5.24 and $7.92 per month for 40 and 60g·hd-1·d-1, respectively.  The 

yeast-derived cell wall preparation has the potential to be used successfully with other 

practices when feeding and grazing high-alkaloid tall fescue.  



 52
BIBLIOGRAPHY 

 

Aaron, D. K., D. G. Ely, J. Wyles, R. A. Zinner, A. K. Lunsford, and M. L. Mallory.  

2006.  A nutritional supplement for beef cattle grazing endophyte-infected tall 

fescue.  II. Response of individually-pastured cow/calf pairs.  J. Anim. Sci. 

84(Suppl. 1):396(Abstr.) 

Akay, V., K. A. Dawson, D. G. Ely, and D. K. Aaron.  2003a.  Evaluation of a 

carbohydrate-based adsorbent for controlling intoxication associated with 

endophyte-infected pasture grasses.  In: Biotechnology in the Feed Industry, 

2003 Proceedings (19th Annual)  Eds.  T. P. Lyons and K. A. Jacques.  Alltech 

Nottingham University Press, Nottingham, UK.  pp. 267-274. 

Akay, V., M. Foley, J. A. Jackson, M. Kudupoje, and K. A. Dawson.  2003b.  

Supplementation of FEB-200™ to alleviate endophyte toxicosis in steers.  J. 

Anim. Sci.  81(Suppl.1):229. 

 Aldrich, C. G., J. A. Paterson, J. L. Tate, and M. S. Kerley.  1993.  The effects of 

endophyte-infected tall fescue consumption on diet utilization and thermal 

regulation in cattle.  J. Anim. Sci.  71:164-170. 

Aldrich-Markham, S., G. Pirelli, and A. M. Craig.  2003.  “Endophyte toxins in grass 

seed fields and straw”.  O.S.U. Extension Service, OR.  Extension 

Micellaneous 8598. 

AOAC.  1990.  Official Methods of Analysis.  15th ed.  Assoc. Offic. Anal. Chem., 

Arlington, VA. 



 53
Bacon, C. W. 1995.  Toxic endophyte-infected tall fescue and range grasses: historic 

perspectives.  J. Anim. Sci.  73:861-870. 

Bacon, C. W. and  J. DeBattista.  1991.  Endophytic fungi of grasses.  Pp 231-256.  In:  

D. K. Arora, B. Rai, K. G. Mukerji, and G. R. Knudsen.  (Eds.)  Handbook of 

Applied Mycology. Vol 1: Soil and plants.  Marcel Dekker, Inc., New York.   

Bohnert, D. W., C. S. Schauer, S. J. Falck, and T. DelCurto.  2002.  Influence of 

rumen protein degradability and supplementation frequency on steers 

consuming low-quality forage: II. Ruminal fermentation characteristics. J. 

Anim. Sci.  80:2978-2988. 

Bohnert, D. W., C. W. Hunt, and T. DelCurto.  2003.  Grass Seed Straw- 

Considerations for use as a forage source for ruminants.  Pages 39-52 in Proc. 

3rd National Symposium on Alternative Feeds for livestock and Poultry.  

Kansas City, MO. 

Bohnert, D. W. and M. L. Merrill.  2006.  Management Strategies for use of high-

alkaloid grass seed straw.  Proc. Pacific Northwest Anim. Nutr. Conf.  41:113-

125. 

Broderick, G. A., and J. H. Kang.  1980.  Automated simultaneous determination of 

ammonia and total amino acids in ruminal fluid and in vitro media.  J. Dairy 

Sci.  63:64-75. 

Brunner, R., P. L. Stutz, H. Tscherter, and P. A. Stadler.  1979. Isolation of ergovaline, 

ergoptine, and ergonine, new alkaloids of the peptide type, from ergot sclerotia 

of Claviceps purpurea, Fungi.  Can. J. Chem.  57:1638-1641. 



 54
Bush, L. P., and P. B. Burrus.  1988.  Tall fescue forage quality and agronomic 

performance as affected by the endophyte.  J. Prod. Agric.  1:55-60. 

Carro, M. D., P. Lebzien, and K. Rohr.  1992.  Influence of yeast culture on the in 

vitro fermentation (Rusitec) of diets containing variable portions of 

concentrates.  Anim. Feed. Sci. and Tech.  37:209-220. 

Chestnut, A. B., P. D. Anderson, M. A. Cochran, H. A. Fribourg, and K. D. Gwinn.  

1992.  Effects of hydrated sodium calcium aluminosiclicate on fescue toxicosis 

and mineral absorption.  J. Anim. Sci. 70:2838-2846. 

Clay, K., J. Holah, and J. A. Rudgers.  2005.  Herbivores cause a rapid increase in 

hereditary symbiosis and alter plant community composition.  Proc. National 

Academy of Science.  102(35):12465-12470. 

Conklin, F. S., W. C. Young III, and H. W. Youngberg.  1989.  “ Burning grass seed 

fields in Oregon’s Willamette Valley: the search for solutions.”  O.S.U. 

Extension Service, OR.  Agricultural Experiment Station and USDA-ARS 

cooperating.  Extension Miscellaneous  8397, Corvallis.  January 1989. 

Conklin, F. S., and R. C. Bradshaw.  1971.  “ Farmer alternatives to open field 

burning: an economic appraisal”.  O.S.U.  Agricultural Experiment Station 

Special Report 336, Corvallis.  October 1971. 

Crawford, R. J., J. R. Forwood, R. L. Belyea, and G. B. Gardner.  1989.  Relationship 

between level of endophyte infection and cattle gains on tall fescue.  J. Pod. 

Agric. 2:147-151. 

Cook, R. and H. Youngberg.  1981.  “The Oregon seed certification Program”.  O.S.U. 

Extension Service Bulletin 1090, Corvallis.  October 1981. 



 55
Ely, D. G., D. K. Aaron, S. E. Bar, B. Akay, and J. A. Jackson.  2002.  Continuing 

livestock production from endophyte-infected tall fescue and perennial 

ryegrass: recent studies with a toxin adsorbent.  In:Biotechnology in the Feed 

Industry: Proceedings from Alltech’s 18th Annual Symposium (T. P. Lyons and 

K. A. Jacques, eds), Nottingham University Press, Nottingham, UK, pp.161-

172. 

Ely, D. G., D. K. Aaron, J. Wyles, and V. Akay.  2003.  Use of FEB-200TM ti increase 

productivity of cattle grazing fescue pasture.  J. Anim. Sci.  81 (Suppl. 1):168 

(Abstract). 

Evans, J and K. A. Dawson.  2000.  The ability of Mycosorb® to bind toxins present 

in endophyte-infected tall fescue.  In:  Biotechnology in the Feed Industry:  

Proceeding from Alltech’s 16th Annual Symposium (T.P. Lyons and K. A. 

Jacques, eds), Nottingham University Press, Nottingham, UK, pp.  409-422. 

Forcherio, J. C., J. A. Paterson, and M. S. Kerley.  1993.  Effects of supplemental 

energy or protein on rumen parameters and performance of first and second 

partum beef cows grazing tall fescue.  J. Anim. Sci.  71(Suppl. 1): 197 (Abstr.). 

Ganskopp, D. 2001.  Manipulating cattle distribution with salt and water in large arid-

land pastures: A GPS/GIS assessment.  Appl. Anim. Behav. Sci.  73:251-262. 

Goetsch, A. L., A. L. Jones, S. R. Stokes, K. W. Beers, and E. L. Piper.  1987.  Intake, 

digestion, passage rate and serum prolactin in growing dairy steers fed 

endophyte-infected fescue with noninfected fescue, clover or wheat straw.  J. 

Anim. Sci.  64:1759-1768. 



 56
Goering, H. K., and P. J. Van Soest.  1970.  Forage Fiber Analyses (Apparatus, 

Reagents, Procedures, and Some Applications).  Agric. Handbook No. 379.  

ARS-USDA, Washington, DC. 

Han, Y. W.  1978.  Microbial utilization of straw (a review).  Appl. Environ. 

Microbiol.  23:119-153. 

Hannah, S. M., J. A. Paterson, J. E. Williams, M. S. Kerley, 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. 

Harmon, D. L., R. A. Britton, R. L. Prior, and R. A. Stock.  1985.  Net portal 

absorption of lactate and volatile fatty acids in steers experiencing glucose-

induced acidosis or fed a 70% concentrate diet ad libitum.  J. Anim. Sci.  60:560-

569. 

Harris, B., and D. W. Webb.  1990.  The effect of feeding a concentrate yeast culture 

to lactating dairy cows.  J. Dairy Sci.  73(Suppl. 1):266.  

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, Jr., and J. A. Boling.  1984.  Toxic factors in tall 

fescue.  J. Anim. Sci.  58:1011-1016.  

Herd, D. B., and L. R. Sprott.  1986.  Body condition, nutrition and reproduction of 

beef cows.  Texas Agric. Exp. Serv. Bull. 1526, College Station. 

Hill, G. M., N. W. Bradley, and J. A. Boling.  1979.  Cow and calf performance on tall 

fescue- or Kentucky bluegrass-ladino clover forages.  J. Anim. Sci. 49:44-49. 



 57
Hill, N. S., A. W. Ayers, J. A. Stuedemann, F. N. Thompson, P. T. Purinton, and G. 

Rottinghaus.  2003.  Metabolism and gastric transport of ergot alkaloids in 

ruminants grazing endophyte-infected tall fescue.  J. Anim. Sci. 81(Suppl.1): 

15 (Abstr.). 

Hinton, D. M. and C. W. Bacon.  1985. The distribution and ultrastructure of the 

endophyte of toxic tall fescue. Can. J. Bot.  63:36-41. 

Hockett, M. E., F. M. Hopkins, M. J. Lewis, A. M. Saxton, H. H. Dowlen, S. P. 

Oliver,  and F. N. Schrick.  2000.  Endocrine profiles of dairy cows following 

experimentally induced clinical mastitis during early lactation.  Anim. Reprod. 

Sci.  58:241-251. 

Hoveland, C.S. 1993.  Economic importance of Acermonium endophytes.  Agric. 

Ecosyst. & Environ.  44:3-12  

Hovermale, J. T., and A. M. Craig.  2001.  Correlation of ergovaline and lolitrem B 

levels in endophyte-infected perennial ryegrass (Lolium perenne).  J. Vet. 

Diagn. Invest.  13:323-327. 

Hurley, W. L., E. M. Convey, K. Leung, L. A. Edgerton, and R. W. Hemken.  1980.  

Bovine prolactin, TSH, T4, and T3 concentrations as affected by tall fescue 

summer toxicosis and temperature.  J. Anim. Sci.  51:374-379. 

Jones, K. L., S. S. King, K. E. Griswold, D. Cazac, and D. L. Cross.  2003.  

Domperidone can ameliorate deleterious reproductive effects and reduced 

weight gain associated with fescue toxicosis in heifers.  J. Anim. Sci.  81:2568-

2574. 



 58
Joost, R. E.  1995.  Acremonium in fescue and ryegrass: boon or bane? A review.  J. 

Anim. Sci.  73:881-888. 

Lampkin, K., and G. H. Lamkin.  1960.  Studies on the production of beef from zebu 

cattle in East Africa.  II. Milk production in suckled cows and its effect on calf 

growth.  J. Agric. Sci.  55:233-239. 

Larson, B. T., D. L. Harmon, E. L. Piper, L. M. Griffis, and L. P. Bush.  1999.  

Alkaloid binding and activation of D2 dopamine receptors in cell culture.  J. 

Anim. Sci.  77:942-947.   

Lodge-Ivey, S. L., K. Walker, T. Fleischmann, J. E. True, A. M. Craig.  2006.  

Detection of lysergic acid in ruminal fluid, urine, and in endophyte-infected 

tall fescue using high-performance liquid chromatography.  J. Vet. Diagn. 

Invest.  18:369-374. 

Lynch, H. A. and S. A. Martin.  2002.  Effects of Saccharomyces cerevisiae Culture 

and Saccharomyces cerevisia Live Cells on In Vitro Mixed Ruminal 

Microorganism Fermentation.  J. Dairy. Sci.  85: 2603-2608. 

McMurphy, W. E., K. S. Lusby, S. C. Smith, S. H. Muntz, and C. A. Strasia.  1990.  

Steer performance on tall fescue pasture. J. Prod. Agric. 3:100-102. 

Marks, S. and K. Clay.  1996.  Physiological responses of Festuca arundinacea to 

fungal endophyte infection.  New Phtol.  133:727-733. 

Merchen, N. R. 1988.  Digestion, absorption and excretion in ruminants.  In: D. C. 

Church (Ed.) The Ruminant Animal.  pp 172-201.  Simon & Schuster, New 

York. 



 59
Middlemiss, W. E., and R. O. Coppedge.  1970.  “Oregon’s grass and legume seed 

industry: in economic perspective”.  O.S.U.  Cooperative Extension Service 

Special Report 284, Corvallis.  April 1970. 

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. 

Morgan-Jones, G., and W. Gams.  1982.  Notes on Hyphomycetes. XLI.  An 

endophyte of Festuca arundinacea and the anamorph of Epichloe typhina, a 

new taxa in one of two new sections of Acremonium.  Mycotaxon. 15:311-316.  

Mumpton, F. A., and P. H. Fishman.  1977.  The application of natural zeolites in 

animal science and aquaculture.  J. Anim. Sci.  45:1188-1203. 

NRC.  1996.  Nutrient Requirements of Beef Cattle-Update 2000.  7th ed.  Natl. Acad. 

Press, Washington, DC. 

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 and ergotamine tartrate 

on selected physiological variables of cattle in environmentally controlled 

conditions.  J. Anim. Sci.  70:2501-2509. 

Panaccione, D. G., R. D., Johnson, J. Wang, C.A. Young, P. Damrongkool, B. Scott, 

and C. L. Schardl.  2001.  Elimination of ergovaline from a grass- 

Neotyphodium endophyte symbiosis by genetic modification of the endophyte.  

PNAS.  98:12820-12825. 



 60
Paterson, J. A., 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. 

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.  

Peters, R. P., H. A. Tucker.  1978.  Prolactin and growth hormone responses to 

photoperiod in heifers.  Endocrinology.  103:229-234. 

Raun, N. S., and W. Burroughs.  1962.  Suction strainer technique in obtaining rumen 

fluid samples from intact lambs. J. Anim. Sci. 21:454-457. 

Raymond, S. L., T. K. Smith, and H. V. L. N. Swamy.  2003.  Effects of feeding a 

blend of grains naturally contaminated with Fusarium mycotoxins on feed 

intake, serum chemistry, and hematoloty of horses, and the efficacy of 

polymeric glucomannan mycotoxin adsorbent.  J. Anim. Sci.  81:2123-2130. 

Rhodes, M. T., J. A. Paterson, M. S. Kerley, H. E. Garner, and M. H. Laughlin.  1991.  

Reduced blood flow to perifpheral and core body tissues in sheep and cattle 

induced by endophyte-infected tall fescue.  J. Anim. Sci.  69:2033-2043. 

Robertson, J. B., and P. J. Van Soest.  1981.  The detergent system of analyses and its 

application to human foods.  Pages 123-158 in The Analysis of Dietary Fiber.  

W. P. T. James and O. Theander, ed. Marcell Dekker, New York. 



 61
Samford, M. D., S. E. Bachman, J. C. Forcherio, M. S. Kerley, F. Martz, J. A. 

Paterson, and D. M. Hallford.  1993.  Use of zeolite supplementation as a 

possible treatment for cattle grazing endophyte-infected tall fescue.  J. Anim. 

Sci.  71(Suppl. 1):78.  (Abstr.). 

Samford-Grigsby, M. D., B. T. Larson, J. C. Forcherio, D. M. Lucas, J. A. Paterson, 

and M. S. Kerley.  1997.  Injection of a dopamine antagonist into Holstein 

steers to relieve symptoms of fescue toxicosis.  J. Anim. Sci.  75:1026-1031. 

Schillo, K. K., L. S. Leshin, J. A. Boling, and N. Gay.  1988. Effects of endophyte-

infected fescue on concentrations of prolactin in blood sera and the anterior 

pituitary and concentrations of dopamine and dopamine metabolites in brains 

of steers. J. Anim. Sci.  66:713-718. 

Schultz, C. L., S. L. Lodge-Ivey, L. P. Bush, A. M. Craig, and J. R. Strickland.  2006.  

Effects of initial and extended exposure to an endophyte-infected tall fescue 

seed diet on faecal and urinary excretion of ergovaline and lysergic acid in 

mature geldings.  N. Z. Vet. J. 54(4):178-184. 

Smith, V. G., R. R. Hacker, and R. G. Brown.  1977.  Effect of alteration of ambient 

temperature on serum prolactin concentration in steers.  J. Anim. Sci.  44:645-

649. 

Sprecher, D. J., D. E. Hostetler, and J. B. Kaneene.  1997.  A lameness scoring system 

that uses posture and gait to predict dairy cattle reproductive performance.  

Theriogenology.  47:1179-1187. 

Stamm, M. M. T. DelCurto, M. R. Horney, S. D. Brandyberry, and R. K. Barton.  

1994.  Influence of alkaloid concentration of Tall Fescue straw on the 



 62
nutrition, physiology, and subsequent performance of beef steers.  J. Anim. 

Sci.  72:1068-1075. 

Strickland, J. R., E. M. Bailey, L. K. Abney, and J. W. Oliver.  1996. Assessment of 

the mitogenic potential of the alkaloids produced by endophyte (Acremonium 

coenophialum)-infected tall fescue (Festuca arundinacea) on bovine vascular 

smooth muscle in vitro.  J. Anim. Sci.  74:1664-1671.  

Swamy, H. V. L. N., T. K. Smith, E. J. MacDonald, H. J. Boermans, and E. J. Squires.  

2002.  Effects of feeding a blend of grains naturally contaminated with 

Fusarium mycotoxins on swine performance, brain regional neurochemistry, 

and serum chemistry and the efficacy of polymeric glucomannan mycotoxin 

adsorbent.  J. Anim. Sci.  80:3257-3267. 

Swamy, H. V. L. N., T. K. Smith, and E. J. MacDonald.  2004.  Effects of feeding 

blends of grains naturally contaminated with Fusarium mycotoxins on brain 

regional neurochemistry of starter pigs and broiler chickens.  J. Anim. Sci.  82: 

2131-2139. 

Thompson, F. N., J. A. Stuedemann, J. L. Sartin, D. P. Belesky, and O. J. Devine.  

1987.  Selected hormonal changes with summer fescue toxicosis.  J. Anim. Sci.  

65:727-733. 

Trouillas, J., Chevallier, P., Remy, C., Rajas, F. Cohen, R. Calle, A., Hooghe-Peters, 

E. L., and Rousset, B.  1999.  Differential actions of the dopamine agonist 

bromocriptine on growth of SMtTW tumors exhibiting a prolactin and/or a 

somatotroph cell phenotype: relation to dopamine D2 receptor expression.  

Endocrinology.  140:13-21. 



 63
Tucker, H. A.  1985.  Endocrine and neural control of the mammary gland. In: 

Lactation.  1st ed.  B. L. Larson, Ed. The Iowa State University Press, Ames. 

pp. 39-76. 

Uden, P., P. E. Colucci, and P. J. Van Soest.  1980.  Investigation of chromium, 

cerium, and cobalt as markers in digesta.  Rate of passage studies.  J. Sci. Food 

Agric.  31:625-632. 

Van Soest, P. J. 1994.  Nutritional Ecology of the Ruminant.  2nd ed.  Cornell Univ. 

Press, Ithaca, NY. 

Warner, A. C. I., and B. D. Stacey.  1968.  The fate of water in the rumen.  I. A critical 

appraisal of the use of soluble markers.  Br. J. Nutr.  22:369-387. 

Waterman, R. C., J. E. Sawyer, C. P. Mathis, D. E. Hawkins, G. B. Donart, and M. K. 

Petersen.  2006.  Effects of supplements that contain increasing amounts of 

metabolizable protein with or without Ca-propionate salt on postpartum 

interval and nutrient partitioning in young beef cows.  J. Anim. Sci.  84:433-

446. 

Wen. L., R. L. Kallenbach, J. E. Williams, C. A. Roberts, P. R. Beuselinck, R. L. 

McGraw, and H. R. Benedict.  2002. Performance of steers grazing 

rhizomatous and nonrhizomatous birdsfoot trefoil in pure stands and in tall 

fescue mixtures.  J. Anim. Sci.  80:1970-1976. 

White, J. F., Jr., G. Morgan-Jones, and A. C. Morrow.  1993.  Taxonomy, life cycle, 

reproduction and detection of Acremonium endophytes.  Agric. Ecosyst. & 

Environ.  44:13-37.  



 64
Whittet, K. M., T. J. Klopfenstein, G. E. Ericksen, T. W. Loy, and R. A. McDonald.  

2004.  Effect of age, pregnancy, and diet on urinary creatinine excretion in 

cows and heifers. 2004 Nebraska Beef Report.  MP80-A:100-102. 

Williams, J. H., D. C. Anderson, and D. D. Kress.  1979.  Milk production in Hereford 

cattle.  I. Effects of serparation interval on weigh-suckle-weigh milk 

production estimates.  J. Anim. Sci.  49:1438-1442. 

Young, W. C. and R. E. Barker.  1997.  Ryegrass seed production in Oregon.  Pages 

123-138 in Ecology, Production, and Management of Lolium for Forage in the 

USA.  CSSA Special Publication no. 24. 


