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ABSTRACT

Tasco, a proprietary product derived from a brown kelp {Ascophyllum nodosum).
has altered antioxidants in plants and animals. Selenium (Se) is a component of
glutathione peroxidase, a cellular antioxidant, which is closely related to vitamin E in
activity. Antioxidants have been implicated in the improved immune fiinction of steers
and shelf life of the meat from steers that grazed pastures treated with Tasco. Therefore,
experiments were conducted to determine the effects of Tasco products on Se
concentrations in forage and cattle. In Experiment 1. Tasco-Forage (a water-soluble
extract) was applied (3.5 kg/ha in April and July) to endophyte Neotyphodium
coenophialum ([Morgan-Jones and Gams] Glenn, Bacon, and Hanlin) -infected and
endophyte-free tall fescue {Festuca arundinacea) grazed by Angus steers in Virginia
during 1995 (initial mean BW 245 kg; SD = 20), 1996 (initial mean BW 234 kg; SD = 9),
and 1997 (initial mean BW 265 kg; SD = 5). Tasco tended (P = 0.11) to decrease Se in
endophyte-infected tall fescue and increased (P < 0.05) Se in endophyte-free tall fescue
(interaction; P < 0.05) when averaged over years and dates. By the end of the grazing
season, steers that grazed Tasco-treated fescue had higher (P < 0.05) Se in serum (1996)
and whole-blood (1997) than steers that grazed non-treated fescue, regardless of the
endophyte. Endophyte-infected tall fescue decreased (P < 0.05) serum Se (1996) and
whole-blood Se (1997) compared with non-infected fescue. At the end of grazing, steers
were finished on a feedlot in Texas. No differences in serum Se were observed following
feedlot fmishing. In Experiment 2, Tasco-14 (a meal from dried, ground, intact A.
nodosum) was fed (0, 1.5, or 3.0% of diet, DMB) to crossbred steers (Trial 1 initial mean
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BW = 332 kg, SD = 37; Trial 2 initial mean BW = 340 kg, SD = 18) during a 127-d
feedlot finishing period. Steers were fed a diet based on steam-flaked com {Zea mays L.:
Trial 1) or steam-flaked milo {Sorghum bicolor; Trial 2). No differences in serum Se
were observed by harvest, but liver Se decreased linearly (P < 0.05) at harvest as a resuh
of Tasco treatment in Trial 2. In Experiment 3, Tasco-EX fed to steers for the final 2-wk
in the feedlot, at 0, 1, and 2% of the dietary DM had no effect on serum Se but linearly (P
< 0.05) decreased serum vitamin A. Serum vitamin E of steers fed 1% Tasco did not
increase as much as controls (P < 0.05) over the 2-wk period. Vitamin A, E, and Se were
not affected in liver. In Experiment 4, sale bam heifers were supplemented (90 g d"'
target consumption) with Tasco-EX in the drinking water for a 2-wk period. No effect on
serum Se was observed at the end of the 2-wk supplementation period as a resuh of Tasco
treatment. In Experiment 5, Tasco-14 was fed (0.18 kg hd'' d'') to Angus-crossbred
(initial mean BW = 238 kg, SD=18) steers for 2-wk before transport to the feedlot, and
for 2-wk after arrival. No effect of Tasco treatment on semm Se was observed
immediately before or immediately after transport. No effect on whole-blood Se was
observed 2-wk after transport. Tasco increased blood Se in grazing steers, but changes in
blood Se only partially reflected differences in forage Se. Effects of Tasco on forage Se
concentration depended on the presence of the endophyte. Application of Tasco to forage
in Se deficient regions might improve Se status of grazing livestock. Presence of the
endophyte decreased Se in the animal but not in the forage. Direct feeding of Tasco to
steers did not aher serum Se, but decreased liver Se with long-term feeding and depressed
serum vitamin A and E with short-term feeding. Treatment of beef heifers with Tasco in
the drinking water did not aher serum Se. Tasco increased Se concentrations in
Vll

endophyte-free tall fescue forage from Se deficient areas, but not endophyte-infected tall
fescue. Other mechanisms working through the forage that are not totally understood, as
well as ahered Se concentration of the forage, might provide an altemative to direct Se
supplementation in deficient areas by increasing the Se status of cattle grazing both
endophyte-infected and endophyte-free tall fescue.
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CHAPTER I
INTRODUCTION

Ascophyllum nodosum is an intertidal brown seaweed native to the northem
Atlantic Ocean. Research has shown Ascophyllum nodosum to be a source of an
ingredient or ingredients that affect plants, animals, and likely animals through plants.
Products derived from Ascophyllum nodosum have been shown to aher antioxidant status
in forage. Effects on unmunefianction,body temperature regulation, antioxidant status,
and microbial status have been observed in livestock including cattle, sheep, horses, and
swme. Alteration in Se status may play a role in these effects in livestock, because Se is
tied to antioxidant status through the enzyme glutathione peroxidase. Glutathione
peroxidase is related to immune fiinction by protecting unmune cells from their own
production of reactive oxygen species. Selenium also plays a role in regulation of body
metabohsm and temperature by its fiinction in an enzyme controlling the conversion of
thyroid hormone T4 to T3. Hence, the Se status of cattle grazing forage treated with
Ascophyllum nodosum products and cattle consuming Ascophyllum nodosum products
directly were investigated. Resuhs were also compared with previously documented
effects of Ascophyllum nodosum products to explore the possibility that Se plays a part in
the effects of these products on cattle.

CHAPTER II
LITERATURE REVIEW

History of seaweeds
Seaweeds have been used for a variety of purposes for hundreds of years. Written
records report the most common uses have been for human consumption and medicine,
animal feed, and fertilizer. Historically, China and Japan have made consistent use of
seaweed, especially as human food. Europe. New Zealand, and America made a
significant use of seaweed as fertilizer and animal feed starting m about 1100 A.D. in
Europe, and spreading to America and New Zealand with explorers and settlers. By the
early to middle 1900s, seaweed had fallen out of style in Europe and America, and its use
as animal feed and fertilizer began to decline. Human consumption has remained fairly
constant in Japan and China, and is now a tradition (Chapman. 1950).
Some of the oldest written records regarding seaweed come from China. A poem
written in China sometime between 800 and 600 B.C. tells of the gathering and cooking
of seaweed (Chapman, 1950). The seaweed would likely be for human consumption, but
the author evidently considered it such a common practice that the intended use of the
seaweed is not mentioned. An ancient Chinese Materia Medica (Book of Medicine)
described seaweed and stated that the correct time for gathering of seaweed for medical
purposes was on the seventh day of the seventh month (Chapman, 1950). Another book
pubHshed in China between 533 and 544 A.D. mentioned the use of seaweed as food and
medicine (Tseng, 1984). During the 7th century A.D., the French passed decrees because
of the high demand for seaweed as fertilizer, specifying the type of seaweed to be used as
')

fertilizer, and instructions on its use (Chapman, 1950). During the Sung Dynasty in
China, from 960 to 1279 A.D., certain seaweeds began to be considered a delicacy, as
some are today (Tseng, 1984). Seaweed was used as fertilizer in Great Britain in the
1500's, and it often was allowed to rot, or compost, before it was spread on the land. The
people of Jersey, from approximately 1600 to 1800, had a common saying: "point de
vraic, point de hangard," or literally, "no seaweed, no comyard" (Chapman, 1950).
Seaweed was obviously regarded as an essential fertilizer for the com {Zea mays L.) crop.
In 1885, 25% of the fertilizer spread in Rhode Island was seaweed, and in 1890, a bushel
of seaweed in the area was priced at 5 cents (Chapman, 1950). It was reported in France
that dried seaweed was a good substitute for oats {Avena sativa) for working horses
during World War I (Chapman. 1950).
In 1950, seaweed was a common feed for horses, sheep, and cattle in Iceland.
The animals were allowed to graze the shore most of the year, and seaweed comprised
the majority of their diet. Seaweed was also harvested and preserved for winter feed.
Seaweed was stored in between layers of hay, or was packed into trenches, thereby
presumably ensiling the seaweed (Chapman, 1950). In Scotland, ca. 1950. on a small
island in the Orkneys, a local breed of black sheep was reported to graze on seaweed the
entu-e year. The island was only a few kilometers across, and had a low wall all the v\a>
around to keep the sheep on the shore. The sheep were only tumed in to pasture during
lambing time, and immediately before lamb harvest (Chapman, 1950).
Species of seaweed used for fertilizer and animal feed vary greatly, but the most
frequently used is Ascophyllum nodosum. It is common in locations bordering the

northem Atlantic, and it grows in the mtertidal zone, where it is readily available at low
tide for harvest or grazing.
By the late 1800s and earlier seaweed began to find commercial uses. Agar
production in Japan was started in 1662, and Japan later became a major producer.
Seaweed was used in France in the 1800s to produce soda used in pottery and glass
production. France produced the first iodine (I) from seaweed in 1841. Alginic acid was
discovered in 1883, and was used in production of rubbers and a variety of gels and
binding products. Potassium (K) production for fertilizer on the west coast of the United
States began in 1902, using seaweed as a source of potassium, and was in large scale
production by 1912 (Chapman, 1950).
With the advent of chemical fertilizers and improved farming techniques
resuUing in cheap grain production, extensive use of seaweed had faded to little more
than obscurity by the middle 1900s. but this trend certainly depended on the location.
Dr. Ben Green, DVM (1971), in his autobiographical book The Village Horse Doctor:
West of the Pecos, describes his medicinal use of seaweed while practicing veterinary
medicine in Fort Stockton, TX, in January 1944. He had run out of options for treating
sheep affected by yellowweed (goldenrod, Solidago sp.) toxicity, and finally resorted to a
mbc of seaweed and skunk cabbage {Symplocarpus foetidus) from an old "Dr. LeGears's"
prescription. He reported that sheep improved remarkably for a few days, but eventuallv
died of the yellowweed toxicity. He reported the reason for short-term imprcncmenl of
the sheep was the result of an 1 deficiency that the seaweed had at least partiall>
ameliorated. Conversely. Morrison (1957) put forth the opinion, in the classic 1 ccds_and

Feeding textbook, that a properly balanced ration would not be improved upon with the
addition of seaweed or kelp.
Seaweed generally is not a cost-effective dietary source of protein or energy for
cattle, but it can supply significant K, I, and vitamin E (Chapman and Chapman. 1980).
In recent years, seaweed has become popular for gardening and turfgrass maintenance,
primarily because of the variety of plant hormones contamed in seaweed (Senn, 1987).
Humans have found a number of uses for seaweed throughout history. It is likely
that seaweed has been much more widely used than has been documented, especially b>
civilizations in coastal areas. However, humans Ukely did not invent the use of seaweed
on terra firma. Seaweed washed ashore was probably grazed by herbivores long before
the dawn of human civilization.

Ascophyllum nodosum
Ascophyllum nodosum is a brown seaweed native to the coastal waters of the
northern Atlantic Ocean. Common names include rockweed, knotted wrack, yellow
wrack, knobbed wrack, and sea whistle (Hillson, 1977). The seaweed can grow up to 2.5
to 3.0 meters, has a color from brown to olive green to yellow, and has many small oval
air bladders along the length of its branches (Hillson, 1977).
The presence of plant hormones, or plant growth regulators, in seaweed has
received some attention. Seaweeds are known to contain several plant hormones
including cytokmins, auxins such as mdole acetic acid, gibberellins, abscisic acid, and
others (Kingman and Moore, 1982). All promote plant growth in various wa>s except
abscisic acid, which inhibits growth (Campbell et al.. 1999). Yan (1993) verified the

existence of cytokmins or cytokinin-like activity in a fortified seaweed extract from
Ascophyllum nodosum. These cytokinins or cytokinin-hke activity had the capacity to
stimulate endogenous cytokinins in perennial ryegrass {Lolium perenne; Yan. 1993).
Plant hormones could be an important active ingredient in Ascophyllum nodosum, and
might play a role m eliciting an effect on both plants and animals. Cytokinins in plants
are unrelated to cytokines such as interleukin-1 in animals. Cytokinins are small
molecules similar to adenine, a component of DNA, whereas cytokines are muhiple
amino acid chains, some long enough to be considered proteins.
Properties of products derived &om Ascophyllum nodosum show the ability to
alter antioxidant status in plants (Fike et al., 2001; Ayad, 1998; Schmidt and Zhang.
1997; Zhang and Schmidt, 1999) and animals (Fike et al., 2001; Saker et al.. 2001: Allen
et al., 2001a; and Montgomery et al., 2001). Ascophyllum nodosum grows in the littoral
(intertidal) zone, and is periodically exposed to air for several hours at a time, as tides
come and go (Hillson, 1977). These antioxidant-ahering properties might exist in
Ascophyllum nodosum products because of adaptation of the seaweed to the stresses of
exposure to sun, air, and extensive drying during low tide each day. Unknown
compounds produced by the seaweed to help it deal with these stresses could conceivahi>
unpart their beneficial properties to plants and animals. The chemical composition of an
extract of Ascophyllum nodosum is shown in Table A. 1.
Ascophyllum nodosum coexists with two other organisms. One is Mvcosphacrclla
ascophylii, a fiingal endophyte without which Ascophyllum nodosum does not sur\i\e
(Lobban et al, 1985). Another organism commonly found with. J nodosum is the
epiphytic red alga. Polysiphona lanosa (Turner and Evans, 1977). The source of acti\c

ingredients m any product produced from^. nodosum might originate in these other
organisms.

Tall fescue and the endophvte fiingus
Tall fescue. Kentucky-31 tall fescue {Festuca arundinacea Schreb.) is a major
forage grass for the eastem United States. Tall fescue is a perennial cool-season
bunchgrass, and in the U.S. is adapted primarily to a region from eastem Kansas and
westem Arkansas to eastem North and South Carolina, and from southem Indiana,
Illinois, and Ohio, to central Mississippi, Alabama, and Georgia (Sleper and Buckner.
1995). The area of secondary adaptation of tall fescue covers most of the U.S. east of the
Great Plains, except peninsular Florida, and is also grown in westem Montana and in the
Pacific Northwest, as well as varieties used as turfgrasses ahnost nationwide (Sleper and
Buckner, 1995). Tall fescues cover approximately 5 to 6 million ha in the U. S. in pure
and mixed stands, and Kentucky-31 is the predominant variety (Sleper and Buckner,
1995).
The endophyte fiingus. A large proportion of tall fescue is infected with the
endophytic fiingus Neotyphodium coenophialum ([Morgan-Jones and Gams] Glenn,
Bacon, and Hanlin; Glenn et al., 1996). Before reclassification, this endophyte was
known as Acremonium coenophialum, and before that was known as Epichloe typhina.
The fiingus is not spread from one plant to another, but instead is passed through the seed
from one generation to the next (Sleper and Buckner. 1995). The endoph>te fungus is
beneficial to the plant, making it more resistant to environmental stresses and, therefore.
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exerting selection pressure for the endophyte-infected plants (Gwinn et al.. 1998; Bouton
etal., 2001).
Ergopeptme alkaloid toxins produced by endophyte-infected tall fescue are
detrunental to livestock (Gamer et al., 1993). Pyrrolizidine and other alkaloids fiinction
primarily in the defense against msects (Bush et al., 1993). Presence of these alkaloids in
tall fescue cause rough hair coats, fever, severe diarrhea, necrosis of tails, ears, and
hooves, decreased pregnancy rates, decreased milk production, and decreased body
weight gains in cattle (Hoveland et al., 1980; Hoveland et al., 1993; Schmidt and Osborn,
1993), and related toxicities in other domestic livestock. Hoveland (1993) estimated the
annual loss to the beef industry from decreased calf numbers at approximately $354
million, and another $255 million in decreased weaning weights. These figures do not
include other unmeasurable losses to the beef cattle industry or losses from other classes
of livestock.
The endophvte and minerals in taU fescue. Limited information exists on the
effect of the fescue endophyte on Se and other minerals. Taylor (1983) demonstrated that
endophyte-infected tall fescue was Se deficient for the purpose of horse nutrition during
the growing season. Malinowski et al. (1998) reported an mcreased ability of tall fescue
to reduce Fe^^ on the root surface when infected with the endophyte. Malinowski and
Beleski (2000) reported reduced root diameters and longer root hairs, as well as chemical
modification of the rhizosphere by exuded phenolic-like compounds in endophvteinfected fescue m response to phosphorus (P) deficiency. Aluminum (Al) sequestration
on the surface of the root in endophyte-infected tall fescue was also reported b\
Malinowski and Beleski (2000), which may reduce the toxicity of soluble Al to the plant.
8

PhenoUc compounds produced by roots might also have the capacity to chelate Se in the
soil, resulting in increased Se in the tall fescue. In a Se and P deficient area, longer root
hairs resuhmg in larger surface area of the root (Malinowski and Beleski, 2000) would
likely favor Se uptake. Presence of the endophyte in tall fescue is capable of ahering
mineral uptake of the plant; however, soil and environmental conditions may uhimately
determine the aheration of mineral uptake by endophyte infected tall fescue. Selenium is
most soluble and available for plant uptake under alkahne, oxidizing conditions (Jacobs,
1989).
The endophyte and antioxidants in steers. Presence of the endophyte in tall fescue
has been shown to decrease the antioxidant status of beef steers (Fike et al.. 2001). In a
grazing study in 1995, endophyte-infected taU fescue lowered serum vitamin E. serum
vitamin A, and whole blood Se in steers (Fike et al., 2001). These effects likely
contribute to the toxic effects of the endophyte, and may in fact be a result of decreased
intake because of toxic effects of the endophyte-infected tall fescue.
The endophvte and animal performance. In a 2-yr grazing and feedlot finishing
study conducted during 1996 and 1997, final pasture weights of steers that had grazed
endophyte-infected tall fescue were less than those of steers that had grazed endophytefree fescue (Allen et al., 2001a). Weights of the steers that had grazed endophyteinfected tall fescue remained lower at the end of feedlot finishing in both years,
indicating that no compensatory gain by these steers was observed during the feedlot
phase (Allen et al., 2001a). Previous grazing of endophyte-infected pastures increased
feed efficiency durmg feedlot finishing (Allen et al., 2001a): however, this effect ma>
have been a result of a less finished condition of the steers with previous endophvte

experience near the end of the feeding period, suggested by their lower final BW at the
end of feedlot finishing.
The endophvte and copper and immune fiinction. A 3-yr pasture study was
conducted to determine the effects of the tall fescue endophyte on immune fiinction and
copper (Cu) status of beef steers. Presence of the endophyte lowered major
histocompatibility complex (MHC) class II expression, phagocytic activity,
ceruloplasmin, and serum Cu in steers in yr 1 (Saker et al., 1998). In yr 2 and 3. the
endophyte again lowered MHC class II expression, phagocytic activity, and serum or
plasma Cu (Saker et al., 1998). In yr 2, Cu supplementation increased MHC class II
expression for 1 mo (Saker et al, 1998). Decreased serum and plasma Cu in steers was
supported by Dennis et al. (1998) who reported lower Cu for endophyte-infected tall
fescue in two greenhouse and two field studies. These results showed that endophyteinfected tall fescue was lower in Cu content, and that the endophyte can lower the Cu
status and immune fiinction in steers. Copper supplementation may help counteract these
effects, but resuhs were not conclusive.

Tasco seaweed products
Products produced ^om Ascophyllum nodosum by Acadian Seaplants, Dartmouth,
Nova Scotia, have been found to induce notable effects in plants and animals. These
products include Tasco-Forage, a water-soluble extract produced by a proprietary
alkaline hydrolysis processing of the freshly harvested seaweed. Tasco-Forage is labeled
for application to forage plants. Another product is Tasco-EX, which is identical to
Tasco-Forage except that it is labeled for animal consumption. A third product from
10

Ascophyllum nodosum is Tasco-14, a seaweed meal produced by drying and grinding the
whole seaweed. Tasco-14 is also labeled for animal consumption.

Ascophyllum nodosum products and plants
Tasco-Forage and plants. Increased antioxidant levels in tall fescue {Festuca
arundinacea) have been reported with the application of Tasco. Fike et al. (2001)
reported a 30% increase in superoxide dismutase in tall fescue over a 3-yr period in
Virginia, and an increase 1 yr out of 3 in Mississippi when Tasco-Forage was applied
twice to pastures at 3.5 kg ha'' during the summer. Presence of the endophyte increased
superoxide dismutase in yr 3 at both locations. Ayad (1998) reported a linear increase in
glutathione reductase activity in tall fescue when increasing amounts of Tasco-Forage
were apphed at 0, 2, 4, 6, 8, and 10 kg ha"' in a greenhouse experiment. Increases in
superoxide dismutase and ascorbate peroxidase were also reported in the same
experiment (Ayad, 1998). Glutathione reductase mcreased in tall fescue when TascoForage was apphed at 4 kg ha"' in a second greenhouse experiment (Ayad, 1998). In a 2
yr field trial on the Texas High Plains, mcreases of superoxide dismutase, glutathione
reductase, and ascorbate peroxidase were reported in tall fescue as a resuh of treatment
with Tasco-Forage at 4 kg ha'' (Ayad, 1998).
Superoxide dismutase activity was increased in mature creeping bentgrass
{Agrostispalustris Huds.) when it was treated with Tasco-Forage at 0.16 or 0.32 kg ha
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(Schmidt and Zhang, 1997). Schmidt and Zhang (unpublished data) reported that when
Tasco-Forage was applied to Kentucky bluegrass {Poa pratensis L.). increased
superoxide dismutase levels were correlated whh increased a-tocopherol and p-carotcne
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Photosynthetic capacity of chppings from creeping bentgrass treated with Tasco-Forage
at 0.16 or 0.32 kg ha' was maintained better after 3 d in the dark, suggesting delayed
senescence (Schmidt and Zhang, 1997).
Other seaweed products and pl^^nt^ Fike (1995) demonstrated increased root
strength in tall fescue treated with ?in Ascophyllum nodosum extract, and also showed a
"decreased pressure required to extract moisture from leaves" for plants treated with 0.14
to 3.83 kg ha' of the extract. Accordmg to Fike (1995), this difference likely translated
into higher leaf moisture, but might also be the resuh of lower cellular integrity.
Increased antioxidant levels have been reported in Kentucky bluegrass and creeping
bentgrass with appHcation of seaweed products at least partially derived from
Ascophyllum nodosum. A seaweed extract-humic acid mix was applied foliarly
(5 L ha" humic acid and 0.326 kg ha"' seaweed extract) to 2-wk-old seedlings of
Kentucky bluegrass. Significant increases in a-tocopherol, ascorbic acid. P-carotene, and
superoxide dismutase were noted (Zhang and Schmidt, 1999). Fortified seaweed extract
{Ascophyllum nodosum extract plus peat humus and thiamine) increased tolerance of
Kentucky bluegrass to low soil moisture (Schmidt and Zhang, 1997). A seaweed
concentrate {Ascophyllum nodosum) applied at 13.1 L ha"' increased dry weight of
chppings and root mass of Kentucky bluegrass when grown under saline conditions
(Schmidt and Zhang, 1997). Seaweed extract from Ascophyllum nodosum and humic
acid applied together (5 L ha"' humic acid and 0.326 kg ha"' seaweed extract) increased
antioxidants in Kentucky bluegrass more under low soil moisture, and increased shoot
growth, root growth, and leaf water status under both decreased and adequate soil
moisture (Zhang and Schmidt, 1999). Fortified seaweed extract {Ascophyllum nodosum)
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with added glycol-kinetin and gibbereUins, when apphed at 0.3 mL m\ increased root
weight, shoot weight, and gross CO2 exchange rate in Kentucky bluegrass seedlings
(Goatley and Schmidt, 1990). However, it is hkely that the increased weights were
prunarily a resuh of the added growth hormones, and the increased CO2 might have come
from the soil as well as the seedhngs.
Tasco-Forage, lambs, and steers. Effects on lambs and steers grazing tall fescue
treated with Tasco-Forage, an extract of Ascophyllum nodosum produced by Acadian
Seaplants, Dartmouth, Nova Scotia, were reported by Allen et al. (2001a). Fike et al.
(2001), Montgomery et al. (2001), and Saker et al. (2001). Tasco-Forage was applied to
both endophyte-infected and uninfected Kentucky-31 tall fescue. A variety of effects
were observed in the plant and animal, from both the endophyte fiingus and application
of Tasco. It is presumed that any differences in the animal noted as a resuh of Tasco
apphcation would be indirect effects, through the plant, ahhough direct ingestion could
not be ruled out. Application rates of extract were too small (3.4 kg ha"' twice during the
grazing season) to leave significant amounts on the plant, and also were applied in
aqueous solution in a humid region, decreasmg the chances of any extract remaining on
the plants and being ingested by the grazing animal.
During 1995, lambs grazing endophyte-infected tall fescue treated with TascoForage showed a linear increase in BW gain with increasing levels of Tasco (1.7 and 3.4
kg ha"') durmg the late summer (Fike et al., 2001). During 1996 and 1997. performance
by steers during a pasture phase was not affected by treatment of forage with Tasco.
Final feedlot weights were also not affected by Tasco (Allen et al.. 2001a). In 1997. feed
efficiency in the feedlot was improved for steers that had grazed treated forage in
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Virgmia, but when steers on the feedlot were from a Mississippi location, feed efficiency
was only improved for the steers that had grazed infected tall fescue (Allen et al.. 2001a).
Tasco-Forage has been shown to decrease some of the detrimental effects of the
endophyte fiingus that are commonly found in tall fescue. Tasco-Forage tended to
reverse the rough hair coats caused by endophyte-infected tall fescue (Saker et al., 2001).
Steers from Mississippi had increased body temperature, and steers from Virginia had
reduced body temperature durmg the grazing season (Saker et al.. 2001). These
conflicting resuhs might be in part a resuh of location or breed effects. Steers from
Mississippi were 1/4 Brahman and 3/4 Angus, while steers from Mississippi were Angus.
After steers reached the feedlot m Texas, impaument of thermoregulation as a result of
grazmg endophyte infected taU fescue was evident, but previous grazmg on pasture
treated with Tasco-Forage helped to negate this effect. This effect on thermoregulation
caused by the endophyte was stiU evident at d 112 in the feedlot regardless of the point of
origin for these steers (Allen et al, 2001a).
Tasco-Forage applied to tall fescue showed the ability to aher immune system
fiinction both before and after steers were sent to the feedlot in Texas. Tasco reversed the
decrease m MHC (major histocompatibility complex) class II expression and monocyte
phagocytic activity brought on by endophyte-infected tall fescue before shipping (Saker
et al.. 2001). On arrival in Texas, both MHC class II expression and monocyte
phagocytic activity were higher for steers that had grazed treated tall fescue before
shippmg than for steers grazmg endophyte-free tall fescue (Allen et al.. 2001a).
Application of Tasco-Forage to tall fescue has caused increased antioxidant levels
in animals grazmg the plants. Lambs grazing tall fescue in Virginia showed a tendencv
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toward an increase m serum vhamin A, and an increase in whole blood Se (Fike et al,
2001). Selenium is an indicator of glutathione peroxidase, an important antioxidant
enzyme. Steers grazing tall fescue that had been treated with Tasco-Forage, in Virginia
in 1995, 1996, and 1997 and m Mississippi in 1996 and 1997, generally had lower serum
vitamin E, but generaUy had increased concentrations of serum vitamin A and whole
blood Se (Fike et al, 2001). Steers that had grazed taU fescue treated with Tasco-Forage
had higher liver vitamin E at slaughter, but semm vitamin E was decreased compared
with steers that had grazed untreated forage (Montgomery et al., 2001).
Steers that had grazed Tasco-treated pastures in Virginia were transported to the
feedlot in Texas for feedlot finishing. When these steers were harvested following
feedlot finishing, the meat exhibited effects of Tasco-Forage applied to forage at the
pasture phase. More uniform coloration to the steaks, less discoloration, and higher CIE
a* color scores (the steaks were more bright red in color) characterized the steers that had
grazed tall fescue pasture treated with Tasco-Forage (Montgomery et al., 2001). The
higher uniformity and less discoloration from the Tasco-Forage treatment was more
evident in the steers from Mississippi (Montgomery et al., 2001). These effects translate
to a more saleable, visuaUy appeahng product with a longer shelf life. Tasco-Forage
treatment of tah fescue increased marbhng at harvest after feedlot finishing (Allen et al..
2001a). Both improvement in color of the lean and increased marbling might be
attributed to increased antioxidant levels m the meat, but these were not tested. The
feeding of vhamm E, an antioxidant, has been correlated with longer shelf life of the
meat (Faustman et al, 1998; Lynch et al., 1999; Zerby et al., 1999).
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Dkect feeding of Ascophyllum nodosum
Tasco and beef cattle. In a study where Tasco-14 was fed to steers as 1.5 or 3.0%
of the dietary DM for the duration of feedlot finishing, some detrimental effects of
seaweed meal supplementation were observed, along with a few beneficial effects (Allen
et al, 1998). Phagocytic activity and monocyte immune cell response tended to increase
with the 1.5% seaweed treatment at isolated dates (Allen et al. 1998). T-helper to Tsuppressor cell ratio was higher for seaweed treatment (Allen et al, 1998). An increased
proliferation of lymphocytes was observed by harvest as a resuh of seaweed (Allen et al,
1998). Seaweed supplemented at 1.5% showed an increased in vitro response of
lymphocytes to challenge when compared with the control and 3.0% seaweed meal
(Men et al, 1998). A linear decrease in DM intake as a resuh of seaweed was noted
(Allen et al, 1998). An initial increase in body temperatures as a resuh of Tasco-14 was
reported, foUowed by a decrease by the end of the trial (AUen et al, 1998). Overall feed
efficiency was lower than for controls, and seaweed treatment caused a tendency for
decreased marbhng and yield grade, possibly as a resuh of a lessfinishedcondition at
harvest (Allen et al, 1998). Visual color of the lean was initially better as a resuh of
seaweed at the second day after harvest, but by d 15 and through d 30, color and
uniformity of the lean was less favorable than the controls (Allen et al, 1998). Serum
vitamin E at harvest showed a quadratic effect; treatment with 1.5% Tasco-14 in the diet
was higher than control or 3.0% (Allen et al. 1998). Serum vitamin A tended to be lower
with 3.0% meal when compared with control and 1.5% Tasco-14 (Allen et al. 1998).
Seaweed treatment seems to exert a stress on the anunal, and negativ e effects seem to
become more apparent whh long-term feeding.
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Tasco-EX fed for the final 2 wk of feedlot finishmg to beef steers, at 0, 1 or 2% of
the dietary DM, resuhed m unproved shelf life of the meat (D. Messer, K. Pond. V.
AUen, J. Montgomery, and M. Miller, unpubhshed data, Texas Tech Univershy). Round
and strip steaks from steers fed seaweed tended to show a hghter, brighter red color than
controls when mechanically measured. Visual color evaluation also showed improved
color in meat from steers fed seaweed compared whh controls. This effect seemed to
fade with a longer period post-mortem. Strip steaks showed a linear increase in percent
fat content with hicreasing levels of Tasco-EX in the diet. Likewise, there was a trend for
higher vhamin E levels in these cuts of meat whh Tasco treatment. These higher vhamin
E levels are likely to be at least part of the reason for the merease m shelf hfe, as a result
of the antioxidant actions of vhamm E. However, this effect was not observed m round
steak, even though there was an extension of shetfhfe. Resuhs of this study mdicate that
at least hi strip steaks, shelf hfe and lipid content of the meat can be affected whh shortterm dhect feedmg of Tasco-EX hnmediately before harvest, as weU as treatment of
forage whh Tasco-EX prior to feedlot finishmg, as discussed previously. These two
different treatments that resuhed m shnilar resuhs seem to suggest an even broader mode
of action of seaweed on the anhnal
Tasco-EX fed for the first 10-d of feedlot finishmg at 2% of the diet increased
marblmg at harvest (Allen et al, 2001b). These resuhs seem shnilar to the increase in
marblmg seen when steers grazed pastures treated whh Tasco-EX (Allen et al, 2001 b).
It would seem that the seaweed can act dhectly or through forage, and might produce a
relatively long-term effect that affects carcass quality grade.
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Tasco-14 seaweed meal fed at 2% of a feedlot diet for two separate 14-d periods
decreased prevalence of Escherichia coli on steers (A. Barham, B. Barham, and J.
Blanton, unpubhshed data). Escherichia coli was decreased on hides and m fecal
samples after the first supplementation of Tasco-14, and at the packmg plant folio wmg
exsangumation. This is an hnportant characteristic of Tasco-14 that might hnprove
safety of beef products, and suggests the abihty of Tasco-14 to aher microorganism
populations hi the digestive tract of steers.
Sale bam heifers were treated whh Tasco-EX dissolved m the drmkmg water,
with a target consumption of 2% of the daily dietary DM, for 2 wk m Tennessee (Allen
and Thomson, 2000). These heifers were severely stressed at the start of treatments, and
morbidhy and mortality rates were unusuaUy high. Morbidhy was increased as a result of
seaweed treatment (AUen et al, 2001b). Increased morbidhy might have resuhed from
mcreased stress from the physiological effects of the seaweed. Serum calcium (Ca)
concentration mcreased, and sodium (Na) and copper (Cu) tended to increase with
seaweed treatment. Serum vhamm A decreased m seaweed-treated animals (Allen et al,
2001b). The reason for this effect is unknown, but h might also have resulted from the
unusuaUy high stress level m these anhnals and the added stress of the seaweed
treatment.
Tasco and swme. Tasco-EX or Tasco-14 was fed at 1% of the diet for 10-d. or
Tasco-14 was fed for 5-wk to pigs hnmediately following weanmg. The short-term
feedmg of Tasco-EX and the longer-term feedmg of Tasco-14 resuhed in lower cooler
shrmk of the carcass (Allen et al, 2001b). The same treatments also resulted in more
bound and hnmobUized water, and less free water in the meat at har\'est. which might
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explahi differences m cooler shrmk. This might be a resuh of higher cellular mtegrity as
a resuh of an hnprovement of antioxidant status of the swme caused by seaweed
treatment.
Tasco-EX at 0.5 or 1.0% of the diet, or Tasco-14 at 3.0% of the diet were fed to
swhie for 5-wk hnmediately folio whig weamng (Allen et al, 2001b). These pigs had
been exposed to PRRS (Porcme Reproductive and Resphatory Syndrome) and were
symptomatic. Tasco hicreased mtake, feed efficiency, and BW gam over the 5 wk. This
effect may a resuh of an hnprovement in immune fiinction, which has been observed with
Tasco treatment of cattle (AUen et al, 2001a).
Tasco and horses. Lactatmg mares were fed 1% Tasco-EX m the diet for 14-d
before weanmg (AUen et al, 2001b). After weanmg, control mares exhibhed an
mcreased neutrophU to lymphocyte ratio, mdicatmg an mcreased level of stress. The
treated mares showed no change m neutrophyl to lymphocyte ratio. This effect seems to
suggest that Tasco mediated mcreased stress levels m treated mares, which might be
related to an aheration m antioxidant fiinction, as has been noted whh cattle fed seaweed
(AUenetal, 2001a).
Ascophyllum nodosum and rabbhs. Ascophyllum nodosum was fed at 10% of the
diet to rabbhs (Blunden and Jones, 1973), and resuhmg m severe decreases in
hemoglobm, serum hon (Fe), packed ceU volume, BW, and eventually death of most of
the rabbhs. Jones et al. (1979) repeated this experhnent whh rats and pigs, and saw no
differences m hemoglobm, serum Fe, or packed cell volume in rats or pigs, howev er,
decreased BW were recorded m treated pigs for d 49, 63. and 84 of an 84-d trial.
Because high levels of I are often reported m seaweed, and these symptoms are consistent
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whh some symptoms of I toxichy m other species, h is possible that the rabbhs died of I
toxichy.
Ascophyllum nodosum products have a variety of effects on plants and anhnals.
Many of the effects on anhnals might be related to antioxidants mcludmg Se and
glutathione peroxidase.

Other physiological effects of seaweeds
Seaweeds and hpid metabohsm. Ascophyllum nodosum, as well as other
seaweeds, seems to have the abihty to aher hpid metabolism m plants and animals. Yan
(1993) noted a higher free sterol-to-polar lipid ratio when perennial ryegrass was treated
with a fortified seaweed extract (an extract of eight seaweeds, one bemg Ascophyllum
nodosum, and fortified whh humic acid, ascorbic acid, and thiamine). Total polar lipid
fatty acids decreased and total free sterols increased whh fortified seaweed treatment
under weU-watered condhions (Yan, 1993). Fortified seaweed treatment and drought
stress resuhed m more unsaturated fatty acids, but fewer were present under well-watered
condhions (Yan, 1993). Increased marblmg m steers that had grazed pasture treated with
Tasco (Allen, 2001a) is mdicative of ahered lipid metabolism, and may be related to
these effects on hpids m plants. Tsuchiya (1969) hsted several seaweeds (not including
Ascophyllum nodosum; which is not native to the sample area) capable of decreasing
cholesterol levels m humans. Tsuchiya (1969. p. 747) also pomted out, "It has long been
beheved m Japan that dietary seaweed is effective m preventing human hvpertension."
These lipid-ahermg properties come from different seaweeds, but a likel\ candidate for
the active mgredient is the group of I contammg compounds present in many seaweeds
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that are shnUar if not identical to thyroxme and other thyroid compounds (Tsuchiya,
1969). These compounds might act shnilarly to thyroxme m an anhnals body, ahermg
metabohsm, if the dose rate were sufficiently high.
Thyroid relationship of seaweed. Ascophyllum nodosum contams at least two
different vanadium (Va)-dependent bromoperoxidases (Krenn et al, 1989). These are
shnUar compounds to the iodoperoxidases found in mammals that are capable of
catalyzmg the production of thyroxme (Neary et al, 1984). If these compounds are
capable of any shmlar action m an anhnal, they could aher metabohsm significantly
when mgested and absorbed m sufficient quanthies.
Antibacterial activity of seaweed. Vanadium dependent bromoperoxidases also
have significant antibacterial activity (Krenn et al, 1989), which might account for the
antibacterial properties of Ascophyllum nodosum noted in an extract of the seaweed b\
Vacca and Walsh (1954). Pratt et al. (1951) suggested that the antibacterial properties of
some seaweeds were not from the high I content associated whh many seaweeds because
I would be bound in organic forms and the potent I ' ion would not be present. These
effects might be related to the antibacterial effect of Tasco-14 mentioned above. Various
forms of Va, an element known to occur m Tasco products, also have been hnplicated in
ahered glucose transport, and therefore as a possible treatment for diabetes (Poucheret et
al, 1998). Vanadium also has been implicated m ahered unmunefiinction(Cohen et al.
1993) and hihibhion of glutathione reductase, a cellular antioxidant (Cohen et al. 1987).
Antifiingal properties of seaweed. An extract of Ascophyllum nodosum has been
reported to have preventative effects agamst fiingal mildew when applied to ehher roots
or leaves of grape {Vitis vinifera) and pepper {Capsicum annum) plants (li//i et al,
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1998). If these antifungal effects carry over to the endophyte fimgus m taU fescue, this
might help explahi how apphcation of Tasco seemed to amehorate some of the effects of
the endophyte, which was mdicated by lower levels of ergot alkaloids (Fike et al, 2001).
but resuhs were hiconclusive.
Immune fiinction and seaweed. Okai et al. (1998) noted the presence of an
immunomodulathig polysaccharide m the seaweed Hijikiafusiforme. and Okai et al.
(1996) also noted the presence of an hnmunomodulatmg polysaccharide m the seaweed
Laminaria japonica. As noted above, apphcation of Tasco to pasture resuhed m
increased hnmune fiinction, but this would most hkely be an mdhect effect through the
forage, and not a resuh of an hnmunomodulating polysaccharide. However, dhect
feedmg of seaweed showed aherations hi immune fiinction m cattle and horses (Allen et
al, 2001b; Saker etal, 2001).
Seaweeds, QspQcmVLy Ascophyllum nodosum, exhibh a variety of possible modes
of action m anhnals as weU as plants. Further research is needed m this area, especiallv
m the area of effects of different plant hormones on antioxidant status and hnmune
function m cattle and other anhnals.

Selenium and other antioxidants
Selenium m plants and soUs. Selenium is not regarded as an essential nutrient in
plants, and is only regarded as bemg hnportant because h is needed by animals grazing
the plants (Havlm et al, 1999). However, Hartikamen and Xue (1999) documented
glutathione peroxidase (a Se-contaming enzyme, discussed below) acti\ ity in r>egraass
{Lolium sp.) whh the presence of Se and addhion of uhraviolet light, and also
1^

documented the protective effect of the glutathione peroxidase agamst the detrimental
effects of the uhraviolet hght. This findmg seems to estabhsh a role for Se m plant
nutrition. Selenium m soUs averages approxhnately 0.3 mg kg"', and is most soluble for
plant uptake m warm, drier, aUcahne soUs prhnarUy as selenate (Se04^") and also selenite
(Se03^'; Havhn et al, 1999).
Selenium m cattle. GeneraUy, beef cattle requhe 0.1 mg kg"' Se m the diet (NRC.
1996). An adequate whole blood Se concentration for beef cattle is approxhnately 125
^ig kg"' (Dargatz and Ross, 1996). The southeastem U.S., mcludmg Vhgmia, is where
Se-deficient cattle are most hkely to be found m the U.S. (Dargatz and Ross, 1996).
Functions of Se hi the body hiclude bemg a component of two different enzymes:
glutathione peroxidase and iodothyronme 5' - deiodmase (McDowell. 1992). Glutathione
peroxidase destroys peroxides before they infhct oxidative damage to cellular
membranes, and iodothyronine 5' -deiodinase catalyzes the production of the thyroid
hormone T4 to hs more biologicaUy active counterpart T3 (McDowell, 1992). Other
fiinctions of Se are bemg researched, but these two, especially glutathione peroxidase, are
the most hnportant.
Because Se is an essential component of the antioxidant enzyme glutathione
peroxidase, Se concentrations in various anhnal tissues can be used to identify
glutathione peroxidase activhy. Anderson et al. (1979) used erythrocyte glutathione
peroxidase of sheep to mdicate Se status. Stevens et al. (1985) calculated an r' value of
0.90 (P < 0.001) for the relationship between plasma Se (ng ml"') and erythroc\tc
glutathione peroxidase activhy (nanomoles of NADPH oxidized per minute per mg of
Hb) of cattle. The formula established by Stevens is: erythrocyte glutathione peroxidase
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= 216 (plasma Se) + 35.6. Harapm et al. (2000) established a correlation of 0.82 (P <
0.001) between whole blood Se and whole blood glutathione peroxidase activit\ m beef
calves. Approxhnately 40% of the Se m the body of the rat is associated whh glutathione
peroxidase (McDoweU, 1992).
Glutathione peroxidase and vhamm E. Selenium, glutathione peroxidase, and
superoxide dismutase are aU mvolved m the breakdown of reactive oxygen species, or
free radicals, as they are better known (Fridovich, 1975). Free radicals such as the
superoxide radical (O2-) are formed as a resuh of normal ceUular metabohsm (Fridovich,
1975). Selenium is hivolved as a component of Se-dependent glutathione peroxidase.
Superoxide dismutase is the first line of defense, breaking down the superoxide radical to
less harmfiil peroxides (H2O2; Fridovich, 1975). Peroxidases, such as glutathione
peroxidase, break down the peroxides to water, preventmg the formation of the ver\
potent oxidant, the hydroxyl radical (0H»; Fridovich, 1975).
Vhamm E can be the first Ime of defense, neutralizing the peroxyl radical (LOG*)
before h can attack lipids, causmg hpid peroxidation (HalliweU, 1996). In the process,
vhamm E (a-tocopherol) converts hself to the a-tocopherol radical, which is much less
reactive and less hkely to cause lipid peroxidation (HalliweU, 1996). Vhamm E can then
be recycled whh the help of vhamm C (ascorbic acid; HalliweU, 1996).
Glutathione peroxidase also can act on hydroperoxides of unsaturated fatty acids,
protectmg membrane hpids from damage (Rotruck et al, 1973). These pathwavs are the
basic reason why Se and vhamm E can substhute for each other to a large extent in an
anhnal's diet. Rotruck et al. (1973) also proposes that Se-dependent glutathione
peroxidase can protect certam non-membrane protems from oxidation that vitamin E
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cannot, bemg only fat-soluble, and vhamm E can protect certam isolated subceUular
structures hiherently low hi Se-dependent glutathione peroxidase, resuhmg m the fact that
Se and vhamm E caimot completely substhute for one another. Based on this
information, glutathione peroxidase and vhamhi E exert a sparhig effect on each other,
and augmentation of one should resuh m somewhat higher levels of the other. Selenium
and vitamm E deficiency result in a disease in cattle known as white muscle disease. It is
basicaUy the resuh of severe hpid peroxidation m the muscles as a resuh of normal
metabolic activity (McDoweU, 1992). The absence of Se-dependent glutathione
peroxidase and vhamm E to protect the cellular membranes is the cause (McDowell,
1992).
Selenium and vhamm E hi hnmune fiinction. The basic fiinction of Se and
vhamhi E hi hnmune system fiinction is to prevent cellular damage. Immune cells
known as neutrophUs and macrophages normally phagocytize foreign material and
bacteria and use substances such as free radicals to digest them (HalliweU, 1996). If the
hnmune ceUs have a "fiiU complement" of vhamm E and glutathione peroxidase, they can
easily destroy the foreign material while remammg protected themselves (HalliweU
1996). They, therefore, survive theh own digestive process mtact, and can then search out
more bacteria (HaUiweU, 1996).
Vhamm E and shelf hfe of meat. It is well recognized that feeding v itamin E to
cattle before harvest mcreases the shelf life of the meat (Faustman et al. 1998; L>nch et
al, 1999; Zerby et al, 1999). This merease m shelf life is a resuh of prevention of lipid
oxidation and oxidation of oxymyoglobm, resuhmg in brighter red, more uniform meat
for a longer period of tune (Faustman et al, 1998). Vhamin E preserxes the lipids that
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make up cellular membranes, mamtahimg ceUular mtegrity and preventmg loss of water
(and therefore weight) m fresh meat (Mhsumoto et al, 1995). These effects on shelf hfe
might be closely related to mcreased sheh'Ufe whh seaweed treatments (AUen et al,
2001a; D. Messer, K. Pond, V. AUen, J. Montgomery, and M. MUler, unpubhshed data,
Texas Tech Univershy), which has been shown to merease vhamm E m the muscle.
Selenium as a component of glutathione peroxidase has a similarfiinctionto \hamm E.
and might also be related to an mcreased shelf life.

Conclusion
Broad use of seaweed hi agricuhural production up through history is well
documented, ahhough it has often been used as a source of protem and energy when fed
to anhnals. Current use of seaweeds has tumed to more specific uses, such as sources for
plant growth regulators. Ingredients found m the brown seaweed Ascophyllum nodosum
show promise as a means of regulating a variety offiinctionsm anhnals, mcludmg
hnmune fiinction, antioxidant status, temperature regulation, and a number of other
physiological fiinctions. Research is needed to fiirther define the physiological effects of
seaweed and to determme by what means seaweed mduces effects on anhnals.
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Objectives
The overaU objective of this research was to determme effects of the brown
seaweed Ascophyllum nodosum on Se hi cattle and forage and to relate Se to antioxidant
status. The specific objectives were to:
1. Determine the effect of Tasco-Forage on Se concentrations in endoph\1emfected and endophyte-free taU fescue forage.
2. Determme the effect of Tasco-Forage apphed to endophyte-mfected and
endophyte-free taU fescue forage on Se hi beef steers that grazed the forage.
3. Determhie the effect of dhect feeding of Tasco-14 on Se m beef steers.
4. Determme the effect of dhect feedmg of Tasco-EX on Se m beef cattle.
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CHAPTER III
MATERIALS AND METHODS

Experhnent 1
Description of experhnent and condhions. Field experhnents were conducted
durmg 1995, 1996, and 1997 to determme effects of endophyte and Tasco-Forage on Se
status m taU fescue and grazhig steers. Data for steers m 1995 was previously reported m
a pilot study by Fike et al (2001). Pasture experhnents were conducted durmg 1995,
1996, and 1997 with 144 steers (Angus and Angus x Hereford), usmg 48 steers each yr.
Steers grazed ehher endophyte-infected or endophyte-free taU fescue that was ehher
treated or not treated whh Tasco-Forage, an extract of the brown kelp Ascophyllum
nodosum. Tasco-Forage is prepared by a proprietary alkahne hydrolysis process
(Acadian Seaplants Ltd., Dartmouth, Nova Scotia, Canada) and is a water soluble extract
(Fike et al, 2001). Pastures were estabhshed m 1986 from Kentucky-31 seed;
endophyte-mfected and endophyte-free seeds were obtamed from different sources.
Pastures were located at the Southwest Vhgmia Agricuhural Research and Extension
Center at Glade Sprmg, VA (36° 47' north lathude, 81° 40' west longhude, 652 m
elevation). There were four rephcations of each endophyte status m a randomized block
design, givmg a total of eight pastures, four m each block. Two pastures m each block,
an endophyte-mfected and an endophyte-free pasture, were treated with 3.4 kg ha"
Tasco-Forage. For a complete description of the experhnental she, readers are referred to
Fike et al (2001). The dry extract was dissolved m water and sprayed onto pastures on
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April 4 and July 6, 1995, AprU 25 and August 27, 1996, and AprU 9 and July 8 (Block 1)
and 14 (Block 2), 1997.
In 1995, endophyte-mfected pastures averaged 67% mfection, and endophyte free
pastures averaged < 5% mfection. Durhig 1996 and 1997, endophyte-mfected pastures
averaged 80%) mfection, whereas endophyte-free pastures averaged < 1% mfection. SoUs
for the pastures were prhnarUy Frederick (Fine, mixed, semiactive, mesic, Typic
Paleuduhs) and Hagerstown (Fhie, mixed, semiactive, mesic, Typic Hapludalfs).
Pastures were fertilized with 60 kg N ha"' each sprhig before grazing. Soil test
recommendations were used to determine application rates of P and K. Tasco-Forage
supphes negUgible amounts of mmerals, especially when applied at 3.4 kg ha'. A
mineral analysis of Tasco-Forage is hicluded in Appendix A, Table A.l.
Initial mean BW of steers were 245 kg (SD - 20), 234 kg (SD = 9), and 265 kg
(SD = 5) for 1995, 1996, and 1997, respectively. Steers were blocked by breed and mhial
BW when assigned to treatments and pastures. The four treatments were replicated twice
for a total of eight pastures, whh six steers/pasture. Pastures were 1.5 ha each, resuhmg
m a stockmg rate of one steer/0.25 ha. Grazmg began on AprU 24/17/22 and ended on
September 12/October 2/September 30 for 1995, 1996, and 1997. respectively, and steers
were contmuously stocked through the pasture phase. Steers were then transported to the
Texas Tech University Bumett Center (33° 44' north lathude, 101° 44' west longhude,
991 m elevation) near Lubbock, TX for feedlot finishmg. Steers were kept in the same
groups of six m feedlot pens as they were m the pastures and were blocked by location
whhm the feedlot. Pasture or pen was the experhnental unh. No treatments were applied

29

after the anhnals left the pastures, so effects durmg the feedlot finishmg phase were
attributed to treatments durhig the pasture phase.
Steers were vaccmated whh Pasturella haemolytica (One-Shot; Pfizer Anhnal
Heahh, NY), Clostridium Chauyoei-Septicum-Novyi-Sordellii-Preferengens Type C & D
Bacterin-Toxoid (7 WAY), mfectious bovme rhmotrachehis, parahifluenza-3 vhus,
bovhie vhal diarrhea, and bovme resphatory syncytial vhus (BRSV-Vac4; Bayer,
Shawnee Mission, KS) and were treated for intemal parashes whh Ivomectm (Merck
AgVet Division, Rahway, NJ) before the initiation of grazmg, and agam hnmediately
before shippmg. At the beghining of grazhig in 1996, and agam hnmediately before
shipment to Texas, three of the six steers m each pasture were given a Cu oxide bolus to
supply 25 g of Cu (Copasure; Schermg-Plough, KenUworth, NJ) whh an expected payout
period of 120 d. No copper treatment was apphed in 1997. Steers also were hnplanted
whh Ralgro (Schermg-Plough Anhnal Heahh, Union, NJ) hiitially and at 90-d mtervals
during the pasture phase. Steers had free access to water and plam sah at aU thnes while
on the pastures. Steers were hnplanted whh Synovex-plus (Fort Dodge, lA) upon arrival
at the feedlot. The feedlot diet was based on steam flaked mUo {Sorghum bicolor) and
cottonseed huUs {Gossypium hirsutum; Appendix A, Table A.2). Each of the receiving
diets and the mtermediate diet were fed for consecutive 2-wk periods, and the fmishing
diet was fed untU the anhnals were transported 74 km to Excel Corporation (Plainview,
TX) for harvest.
Sample collection and analyses. Forage samples were collected in 1995. 1996,
and 1997 for Se determmation. Pastures were sampled on d 0, 28. 84. and 140 in 1995.
and on d 0, 28, 56, 84, 112, 140, and 168 m 1996 and 1997. The final sample for 1997
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was taken on d 161. Approxhnately 30 samples were chpped by hand at approxhnately 8
cm height, composited whhm pastures, dried, and ground to pass a 1-mm screen whh a
stamless steel WUey mUl (Model ED-5, Thomas Scientific, Boston, MA) for preparation
for lab analyses.
Preparation of forage samples for Se analysis was done whh a nitric-perchloric
acid digestion. Forage samples (0.5 g each) were weighed and transferred mto 50-mL
tempered borosUicate glass digestion tubes. Three mL of 70% nitric acid (HNO3) were
then added to the tubes, each tube was hand aghated, and the samples were allowed to
digest at 20°C (room temperature) for 16 h m a perchloric acid ftime hood. Samples were
kept mside the hood for the duration of the digestion. Tubes were agam mdividually
aghated, and 1 mL of 10% perchloric acid (HCIO4) was added to each tube. Thus, the
acid ratio was 3:1 HN03:HC104. Tubes were agam mdividually aghated, inserted mto an
aluminum block on a hot plate, and slowly heated to approxhnately 120°C. Temperature
was measured by a thermometer inserted hito the block at the same depth as the digestion
tubes. This temperature was mamtahied for 1 to 2 h, and tubes were periodically aghated
untU the reddish-orange nitric acid fiimes were no longer observed. At this point, fuming
was still visible, but was colorless and greatly decreased m volume. Sample temperature
was then slowly hicreased to 170 to 200°C, durmg which tune the tubes were hand
aghated and observed frequently. When the sample volume was decreased to
approxhnately 1 mL of hquid and the sample color became clear or a pale clear yellow,
each tube was removed from the heated aluminum block and allowed to cool Volume of
the samples was never allowed to go below ImL because of the risk of explosion when
perchloric acid is evaporated to dryness.
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After aU samples were removed from the heated block, they were aUowed to cool
to 20°C. Samples were then dUuted to 12.5 mL whh 6 N hydrochloric acid (HCl), also at
20°C, accordhig to the manufacturer's calibration marks on the glass digestion tubes.
Tubes were then placed back mto the cooled alummum block and heated to 95 to lOOT.
Samples were mahitahied at this temperature for 30 mhi, removed from the block, and
aUowed to cool. Digestion tubes were sufficiently taU to aUow for adequate reflux so that
sample volumes were not detectably reduced durmg the fmal phase of the digestion.
Samples were stored at 20°C. The nitric-perchloric acid digestion effectively breaks
down organic matter and sihca, placmg vhtuaUy aU the Se mto solution. The HCl step
reduces any of the Se remammg m the +6 oxidation state to the +4 oxidation state m
preparation for fiirther reduction hnmediately before analysis. Se analysis was performed
whh a Thermo-JarreU-Ash Trace Scan inductively coupled plasma-atomic emission
spectrophotometer (ICP-AES) usmg vapor hydride generation sample mtroduction.
Durhig sample hitroduction, samples were mixed whh sodium borohydride (NaBH4) m
aqueous solution (1.5 g/100 mL) to reduce the Se to hs -2 oxidation state and produce
gaseous hydrogen selenide, which was then analyzed via the ICP-AES. For qualhy
control, a National Bureau of Standards sample was mcluded in each group of samples
digested. AU resuhs were adjusted to, and reported on a DM basis. Percentage DM was
determmed by heatmg a subsample of plant material m an oven at 105°C for 24 h.
In 1996, blood from steers was coUected mitially and then every 28 d via jugular
vemipuncture m non-addhive 15-mL evacuated blood collection tubes (Becton
Dickenson Vacutamer Systems, Frankhn Lakes, NJ) for serum Se analysis. In 1997.
blood was coUected mitiaUy and then every 28 d via jugular vemipuncture m sodium
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heparm 15-mL evacuated blood coUection tubes (Becton Dickenson Vacutamer Systems,
Frankhn Lakes, NJ) for whole blood Se analysis. Serum and whole blood were stored at
-10°C before preparation for analysis. Because of a hmited quanthy of sample, samples
were only prepared and analyzed from selected dates m 1996 and 1997. In 1996, d 28
and 84 (pasture), and d 189, 244, and 307 (feedlot) were used. In 1997, d 0, 84, and 161
(pasture) and d 176 and 330 (feedlot) were used. Semm and whole blood for Se analysis
were prepared as described above whh the foUowmg exceptions. For Se analysis, 2 mL
of semm or whole blood was pipetted mto digestion tubes, and 2 mL of nitric acid was
added to the tubes. FoUowmg this predigestion step, 1 mL of HCLO4 was added to each
tube. Thus, the acid ratio was 2:1 HN03:HC104 The remamder of the digestion
procedure was identical to the procedure described previously for preparation of forage
samples. For quahty control, a National Bureau of Standards sample was mcluded m
each group of samples digested. Serum and whole-blood Se were determmed by ICPAES with vapor hydride generation as described previously. All resuhs were adjusted to,
and reported on, a wet sample basis.
Statistical analyses. For forage Se, data were analyzed by year as a completely
randomized block design whh a factorial combmation of samplmg date, endophyte, and
Tasco effects. Although no date interactions were noted, data were fiirther analyzed by
date, whh endophyte and Tasco as effects of mterest, to characterize seasonal effects on
Se. For serum Se (1996), data were analyzed by date as a completely randomized block
design whh a factorial arrangement of endophyte and Tasco effects. Because of
transportation to the feedlot, and changes m the diets of the steers over thiie, during both
the pasture phase and feedlot phase, changes m Se status of the animals were expected.
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Therefore, effect of date was not hivestigated. For whole-blood Se (1997). data were
analyzed as for serum Se. Forage, serum, and whole blood Se data were analyzed usmg
the GLM procedure of SAS (SAS, 1990).

Experhnent 2
Description of experhnent and condhions. Nmety-six steers (Trial 1 mean BW =
332 kg, SD = 37; Trial 2 mean BW = 340 kg, SD = 18) were transported on AprU 22,
1997 to the Texas Tech University Bumett Center near Lubbock, TX, for feedlot
finishmg. On arrival, aU steers were placed on a holdmg diet consistmg prhnarUy of
ground alfalfa hay, cottonseed huUs, steam flaked com {Zea mays L.), and steam flaked
mUo {Sorghum bicolor. Appendix A, Table A.3). Two shnuhaneous trials were
conducted whh 48 steers in each trial. Steers m Trial 1 were predominately of Hereford,
Angus, Charolais, and Shnmental breedhig. For Trial 2, steers were of Brahman.
Brahman cross, and Limoushi breeds. Whhin each group, steers were blocked by breed
type and mitial BW, and were randomized whhin blocks to three treatments. Steers were
supplemented whh Tasco-14, a kelp meal produced from the dried brown kelp
Ascophyllum nodosum that was supphed by Acadian Seaplants, Dartmouth, Nova Scotia.
Canada. Treatments were Tasco-14 supplemented at: (1) 0% (control), (2) 1.5%, and (3)
3%) of the dietary DM. This level of supplementation was contmued for the duration of
the 134-d feedlot finishmg period. Four steers were placed m each feedlot pen, with four
pens for each of the three treatments. Pens were blocked by location whhm the feedlot.
and each treatment was represented whhm a block. Pen was the experimental unit.
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Steers were vaccmated on arrival at the feedlot for Pasturella haemolytica,
mfectious bovme rhmotrachehis, bovme vhal diarrhea, and Clostridium ChauvoeiSepticum-Novyi-Sordellii-Preferengens Type C & D Bacterin-Toxoid (7 WAY). Steers
also were treated whh Ivomectm (Merck AgVet Division, Rahway, NJ) for mtemal
parashes and were hnplanted with Synovex-plus (Fort Dodge, IA). The feedlot diet for
Trial 1 was based on steam-flaked com {Zea mays L.) and cottonseed huUs {Gossypium
hirsutum; Appendix B). The diet for Trial 2 was based on steam-flaked milo {Sorghum
bicolor) and cottonseed huUs {Gossypium hirsutum; Appendix A, Tables A.4-A.7).
Steers were fed the holdmg diet for a few days before treatments began. Receivmg diets
1, 2, and the mtermediate diets were fed for consecutive 2-wk periods, and the finishmg
diets were fed untU the animals were transported 74 km to Excel Corporation (Plamview,
TX) for harvest.
Sample coUection and analyses. Whole blood was collected from steers m Trial 1
on d 0, 7, and 15 via jugular venipuncture mto 7-mL EDTA evacuated blood collection
tubes (Becton Dickenson Vacutamer Systems, Franklin Lakes, NJ) for whole blood Se
analysis. Whole blood was collected from steers m Trial 2 on d 127 mto 7-niL nonaddhive evacuated blood collection tubes (Becton Dickenson Vacutainer Systems,
Frankhn Lakes, NJ), and was centrifiiged to yield serum for Se analysis. Steers m Trial 2
were not handled durhig the finishmg period to decrease stress that could mfluence the
effects of treatments on performance. At harvest, hver samples were collected from the
right hepatic lobe for Se analysis from aU steers m both trials. Whole blood, serum, and
livers were stored at -10°C before preparation for analysis.
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Whole blood and semm samples were prepared and analyzed for Se as described
m Experhnent 1. All blood resuhs were adjusted to, and reported on, a wet sample basis.
Liver samples (0.5 g) were weighed and placed hi digestion tubes, 3 mL of nitric acid and
1 mL of hydrogen peroxide were added to each tube, and tubes were aghated and aUowed
to digest at 20° C for 16 h in a perchloric acidfiamehood. Tubes were then placed m an
alumhium digestion block and slowly heated to approxhnately 120°C, untU reddishorange nitric acidfiamesbegan to evolve and the hver tissue was completely dissolved.
Tubes were then removed from heat, aUowed to cool to 20°C, and 1 mL of hydrogen
peroxide (H2O2) and 1 mL of perchloric acid were added to each sample. Tubes were
then placed back m the alumhium block and slowly heated to approxhnately 120°C, and
digestion then proceeded as described m Experhnent 1 for forage sample preparation.
For quahty control, a National Bureau of Standards sample was mcluded m each group of
digested samples. Liver Se analysis was determmed by ICP-AES as described m
Experhnent 1. Liver Se concentration was adjusted to, and reported on, a DM basis.
Liver percent DM was determhied by heathig subsamples of liver m an oven at 105°C for
72 h.
Statistical analyses. For whole blood, serum, and hver Se, data were analyzed as
a completely randomized block design whh three levels of Tasco-14. A model was used
for the GLM procedure m SAS that tested mam effects of treatment (amount of Tasco)
and block effects. Differences between treatment levels were tested for by the least
squares means procedure when a mam effect of treatment was observed. Linear and
quadratic effects of treatment were also tested usmg the GLM procedure of SAS (SAS.
1990).
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Experhnent 3
Description of experhnent and condhions. In the faU of 1999, 42 Angus steers
were placed on the feedlot at Texas Tech Bumett near Lubbock, TX. The diets fed to the
steers were based on steam flaked mUo {Sorghum bicolor) and cottonseed huUs
{Gossypium hirsutum; Appendix B, Tables A.8-A.9) up untU the final 2-wk of feedlot
finishmg. Durmg the final 2-wk, the steers were supplemented with: (1) 0% (control),
(2) \%, and (3) IVo Tasco-EX hi the diet (DM basis). Tasco-EX (Acadian Seaplants,
Dartmouth, Nova Scotia, Canada) is an extract of the seaweed Ascophyllum nodosum that
is identical to Tasco-Forage except that h is the product labeled for animal consumption.
This extract was top dressed onto the diet and, therefore, was not mcluded m the diet
formulation. Two trials were conducted. Trial 1 hicluded 18 steers (September 13 to 27,
1999), and Trial 2 mcluded 24 steers (October 25 to November 8, 1999). At the end of
the 2-wk supplementation period, steers were transported 74 km to Excel Corporation at
Plahiview, TX for harvest.
Sample collection and analyses. Whole blood was drawn by jugular venipuncture
mto 15-mL nonaddhive evacuated blood coUection tubes at the begmnmg and end of the
2-wk period for serum Se, vhamm E, and vhamm A analysis. Whole blood drawn for
vhamin analysis was drawn mto hght-protected tubes to prevent photodegradation of
vhamm A. Semm samples were stored at -10°C untU samples were prepared for analvsis.
Serum vhamhi A and E analyses were conducted by the Michigan State Anhnal Health
Diagnostic Laboratory, Lansmg MI, foUowmg the procedures for vhamm A outlined b\
Dennison and Khk (1977) as modified by Stowe (1982), and vhamm H (Widicus and
Khk, 1979). Serum sample preparation for Se analysis was as described in Itxperiment 1.
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For quahty control, a National Bureau of Standards sample was mcluded m each group of
samples digested. Se analysis was performed via ICP-AES as described m Experhnent 1.
AU blood resuhs were adjusted to, and reported on, a wet sample basis.
At harvest, hver samples from the right hepatic lobe were coUected for Se,
vhamm E, and vhamm A analyses. Liver was protected from dhect hght to prevent
vhamin A degradation. Liver samples were stored at -10°C untU samples were prepared
for analysis. Liver vhamhi A and E analyses were conducted by the Michigan State
Anhnal Health Diagnostic Laboratory, Lanshig MI, foUowmg the procedures for vhamin
A outhned by Dennison and KJrk (1977) as modified by Stowe (1982), and vhamm E
(Widicus and Khk, 1979). Liver sample preparation for Se analysis was done as
described hi Experhnent 2. For quahty control, a National Bureau of Standards sample
was mcluded m each group of samples digested. The Se analysis was performed via ICPAES as described m Experhnent 1. Liver Se concentration was adjusted to, and reported
on, a DM basis. Liver percent DM was determmed by heatmg subsamples of liver m an
ovenat 105°Cfor72h.
Statistical analyses. For serum and hver Se, and for semm and hver vhamm E
and vhamm A, data were analyzed as a completely randomized block design with three
levels of Tasco-EX. A model was used for the GLM procedure m SAS that tested main
effects of treatment (level of Tasco-EX), block, and trial, and treatment x trial interaction.
Lmear and quadratic effects of Tasco-EX level were tested by orthogonal contrasts (SAS.
1990).
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Experhnent 4
Description of experhnent and condhions. Sixty crossbred heifers were
purchased at a sale bam m middle Tennessee on December 2 and December 9, 1999. The
approxhnate average mitial BW of the heifers was 183 kg based on sale bam weights.
This trial was conducted by a producer, so exact weights were not known. Thhty heifers
were bought on each date, and breed type was prhnarUy Angus, whh some other
European beef breeds. Heifers were assigned randomly to the control or treated group
withm each purchase date, and were housed at ComersvUle, TN (86° 50' west longhude.
35° 22' north lathude, 272 m elevation). Heifers were mamtamed m an open lot whh free
access to water and tall fescue hay (Appendix A, Table A. 10). and were fed a supplement
includmg cracked com {Zea mays L.), roUed oats {Ayena sativa), and molasses
(Appendix A, Table A. 10) at a rate of 0.9 kg heifer' d"'. Treatment whh Tasco-EX was
by dissolvhig the extract hi the drmkhig water. The target rate of consumption was 2% of
the daUy DM mtake, or approxhnately 90 g d'. Assummg the heifers would consume
water at approximately 12.5 L water d', Tasco-EX was supphed m the water at a rate of
7.4 g L"' of water. This treatment was conthiued for 2 wk.
Heifers were vaccmated whhhi 48 h of purchase for Pasturella haemolytica (One
Shot, Pfizer Anhnal Health, New York, NY), Clostridium Chauvoei-Septicum-NovyiSordellii-Preferengens Type C & D Bacterin-Joxo'id (7 WAY), infectious bovine
rhmotrachehis, paramfluenza 3 vhus, bovhie vhal diarrhea, and bovme resphator\
syncytial vhus (BRSV - Vac4; Bayer, Shawnee Mission, KS). Heifers also were treated
for mtemal parashes at this thne whh Ivomectm pour-on (Merck AgVet Di\ ision,
Rahway, NJ).
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Sample coUection and analyses. Whole blood was drawn by jugular venipuncture
hito 15-mL sodium heparhi evacuated blood coUection tubes at the end of the 2-wk
period for whole blood Se analysis. Samples were placed on ice and were shipped by
overnight deUvery to the laboratory at Texas Tech Univershy. Whole blood was stored at
-10°C untU samples were prepared for analysis. Whole blood sample preparation for Se
analysis was done as described in Experiment 1. For quahty control, a National Bureau
of Standards sample was hicluded m each group of samples digested, and the Se analysis
was done via ICP-AES as described in Experhnent 1. AU blood resuhs were adjusted to,
and reported on, a wet sample basis.
Statistical analyses. For whole blood Se, data were analyzed as a randomized
block design whh two treatments. A model was used for the GLM procedure m SAS that
tested effects of treatment (amount of Tasco), and block (purchase date; SAS, 1990).

Experhnent 5
Description of experhnent and condhions. Tasco-14 was fed to 100 crossbred
steers to mvestigate effects on transportation stress starthig on November 15, 2000.
Steers were of 3/4 Angus, 1/4 Brahman, and had an mitial mean BW of 238 kg (SD =
18). The steers were fed a commercial peUeted diet of prhnarUy wheat middlmgs and
soybean huUs at the Prahie Research Unit, Prahie, MS (88° 40' west longhude, 33° 48'
north lathude, 91 m elevation). For 2 wk hnmediately before transportation, half of the
steers were fed the peUeted diet supplemented whh Tasco-14. Tasco-14 was mcluded at
5% of the peUet DM. The commercial peUeted diet was based on wheat middlings and
soybean huUs and mcluded added vhamms, mmerals, and CP (Appendix A, Table A. 11).
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Each steer was fed peUets at 3.63 kg d'\ so each steer that received Tasco-14 consumed
approxhnately 0.18 kg d"'. On November 29, aU steers were transported to the Texas
Tech Univershy Bumett Center near Lubbock, TX, and arrived on November 30. On
arrival, aU steers were weighed and checked for signs of Uhiess. Steers were then
hnmediately divided equaUy across previous treatments and fed the same peUeted diet
described above for 2 wk, half of each orighial group receivhig 0.18 lbs of Tasco-14 hd"'
d" , and the other half receivhig the control diet. AU steers had ad hbhum access to
round-baled sorghum-sudangrass hay durhig the 2-wk period.
Sample coUection and analyses. Forty of the 100 steers, 10 per treatment, were
randomly chosen for Se analysis. Whole blood for serum Se determmation was drawn b>
jugular venipuncture mto 15-mL nonaddhive evacuated blood coUection tubes
hnmediately before and hnmediately after transport from Mississippi. Whole blood was
drawn by jugular venipuncture mto 15-mL sodium heparm evacuated blood collection
tubes at the end of the second 2-wk feeding period for whole blood Se analysis. Whole
blood and serum were stored at -10°C untU samples were prepared for analysis. Whole
blood and serum sample preparation for Se analysis was done as described m Experhnent
1. For quahty control, a National Bureau of Standards sample was mcluded m each
group of samples digested. Se analysis was performed whh an ICP-AES as described in
Experhnent 1 and aU blood resuhs were adjusted to, and reported on. a wet sample basis.
Statistical analyses. Data were analyzed as a randomized block design with two
treatments at the thne of departure from Mississippi, and two treatments on arrival in
Texas, at which pohit the two addhional treatments were hnposed. Two weeks after
arrival, data were analyzed as a randomized block design whh four treatments. Animal
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was the experhnental unit whh blockhig on origmal arrival BW. Data were ftirther tested
by orthogonal contrasts to compare: (1) control versus treated, (2) Tasco fed both before
and after transportation versuss the mean of steers fed ehher pre- or post-transportation,
and (3) steers fed before transportation versus steers fed after transportation (SAS, 1990).
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CHAPTER IV
RESULTS AND DISCUSSION

Pasture application of Tasco.
Experhnent 1. Application of Tasco-Forage to pastures m 1995, 1996, and 1997
showed Uttle effect of Tasco-Forage on Se concentration m taU fescue (Figure 4.1, Table
4.1) However, averaged over aU years and dates, Tasco treatment tended (P < 0.11) to
lower forage Se when the endophyte was present, but mcreased (P < 0.05) the forage Se
in endophyte-free forage (Tasco x endophyte mteraction, P < 0.05; Figure 4.2) when
averaged across years and dates. Selenium concentration differed by year, but there were
no date effects or date x treatment hiteractions for any of the three years. Dennis et al.
(1998) found that Cu concentration was lower m infected than non-mfected fescue m the
same pastures. We observed no effect of the endophyte on Se concentrations. Whh a
higher number of rephcations per treatment, more effects might have become apparent.
Also, a few relatively high Se concentrations can be noted in Table 4.1. These unusual
values were not consistent between rephcations, and are likely a resuh of contammation
of the samples, possibly by soU, before analysis. Forage samples for the outlymg values
were redigested and reanalyzed m the lab, verifymg that the high values were a result of
the samples and not the technique.
Mahnowski and Beleski (2000) reported exudation of phenolic compounds from
roots of taU fescue that might have the abihty to chelate poorly available elements such as
Se. Research is hmited on the abihty of endophyte-mfected and endophyte-free tall
fescue to take up Se. However, Se is more soluble and available for plant uptake under
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Selenium Concentrations m Tall Fescue

T

0

28

84

56

r

112

140

168

Day sampled
E+T+

Figure 4.1.

E+T-

-A-E-T+

-*<-E-T-

Selenium concentration (DM basis) hi endophyte-mfected (E+,
Neotyphodium coenophialum) and endophyte-free (E-) Kentucky-31 tall
fescue {Festuca arundinacea) pasture when treated whh Tasco-Forage (T+)
or not treated (T-), averaged over 3 years.

44

Table 4.1:

Selenium concentration m endophyte-mfected (E+, Neotyphodium
coenophialum) and endophyte free (E-) Kentucky-31 tall fescue {Festuca
arundinacea) pasture when treated whh Tasco-Forage (T+) or not treated
(T-).
Day sampled

Year

Treatment

0

28

-----'nnVt

ppo,
1995"

1996

1997

E+T+'

41'*

84

56

112

140

168*

dry matter bas>ia-

49

-

99

-

91

-

E+T-

112

47

-

85

-

93

-

E-T+

61

103

-

85

-

102

-

E-T-

38

68

-

97

-

100

-

SE'

14

12

-

13

-

12

-

E+T+

53

51

52

45

60

79

64

E+T-

62

37

34

65

179

E-T+

135

53

184

88

46

66
92

38
50

E-T-

54

55

68

36

49

57

67

SE

22

9

37

14

37

13

7

E+T+

34

51

37

46

68

51

54

E+T-

63

56

107

72

89

47

E-T+

52

99

43

49

25

49
42

E-T-

40

51
14

43
18

33
10

40
11

36
3

64

SE

6

*This is day 161 for 1997 data.
Effect of year (P < 0.05).
•'Endophyte x Tasco mteraction (P < 0.05).
•"n = 2 for each mean.
•"SE = standard error of the mean.
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Selenium Concentrations m Tall Fescue
100
SE = 7
-OH

60

^

40

b. c

a, c

20
0

'

E+
T+

DT-

Figure 4.2: Selenium content (DM basis) of endophyte-mfected (E+, Neotyphodium
coenophialum) and endophyte free (E-) Kentucky-31 taU fescue {Festuca
arundinacea) pasture when treated whh Tasco-Forage (T+) or not treated
(T-), averaged over 3 years and 7 dates. "Effect ofTasco (P < O.ll). "^Effect
of Tasco (P < 0.05). 'Endophyte by Tasco mteraction (P < 0.05).
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aUcaUne, oxidizmg condhions (Jacobs, 1989) such as those found at Glade Spring, VA. If
presence of the endophyte tends to create more favorable condhions for Se uptake, then
Se uptake would Ukely be hnproved. We did not detect this, possibly due to reasons
previously mentioned.
Application of Tasco-Forage to pastures in 1996 tended (P < 0.12) to increase
serum Se concentration in steers by d 84 of the grazhig study, and serum Se remamed
higher m the treated steers on d 189 (P < 0.05) and d 244 (P < 0.07; Table 4.2). No
differences as a resuh of Tasco were observed on d 28, and differences disappeared by d
307- Steers were placed on the feedlot on d 189. Presence of the endophyte m 1996
decreased serum Se m steers on d 28 and 84 (P < 0.02), and day 189 and 244 (P < 0.03:
Table 4.2), but no difference was seen on day 307. After steers arrived at the feedlot and
adjusted to the finishing diet, serum Se concentrations were more than double the values
mamtahied durhig the pasture phase, and the previously observed effects of both Tasco
and the endophyte disappeared. The reason for the increased Se concentrations in blood
after the steers were moved to the feedlot is shnply higher Se concentrations m the diet.
Steers were removed from pastures m a Se deficient area and moved to a feedlot m a Se
sufficient area, and fed cottonseed huUs and mUo that were grown on soils that have
adequate Se, as weU as bemg supplemented Se m the diet (Table A.2).
Apphcation of Tasco-Forage to pastures m 1997 mcreased (P < 0.05) wholeblood Se m steers by d 161, and Se remamed higher (P < 0.07) by d 176 (Table 4.3). No
differences were noted on d 0 or 84, and as was observed m 1996 differences disappeared
by the end of the feedlot period. Presence of the endophyte in 1997 decreased wholeblood Se by d 161 (P < 0.04) and d 176 (P < 0.03: Table 4.3). No differences were noted
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Table 4.2:

Serum Se of steers grazhig endophyte-mfected (E+, Neotyphodium
coenophialum) and endophyte free (E-) Kentucky-31 taU fescue {Festuca
arundinacea) that was treated (T+) or not (T-) whh Tasco-Forage durmg
1996. Steers began grazhig on day 0 and were transported to the feedlot on
day 189.
Treatment

Location

Day

E+T+

E+T-

E-T+

E-T-

SE*

—-ppo—•

Pasture
Feedlot

28"
g4b,d

30*^

28

37

33

1

32

28

44

37

0

189"''
244b,f

27

25

36

28

T

76

72

83

77

->

307

79

77

79

79

1

*SE = standard error of the mean.
"Effect of endophyte (P < 0.05).
*^n = 2 for each mean; pasture or pen is the experhnental unit.

"Effect ofTasco(P< 0.12).
'Effect ofTasco(P< 0.05).
toectofTasco(P<0.07).
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Table 4.3:

Whole-blood Se of steers grazhig endophyte-mfected (E+. Neotyphodium
coenophialum) and endophyte free (E-) Kentucky-31 taU fescue {Festuca
arundinacea) when treated whh Tasco-Forage (T+) or not treated (T-)
durmg 1997. Steers began grazhig on day 0 and were put on feedlot on day
176.
Treatment

Location

Day

E+T+

E+T-

E-T+

E-T-

97
81
101
106
248

100
79
80
87
260

SE'

-ppb~
Pasture

Feedlot

0
84
161''*'
176'''
330

114"
94
79
83
260

107
87
71
78
259

*SE = standard error of the mean.
"n = 2 for each mean; pasture or pen is the experhnental unit.
'Effect of endophyte (P < 0.05).
*'EffectofTasco(P<0.05).
'Effect ofTasco(P< 0.07).
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10
7
5
5
7

on d 0, 84, or 330. The mcreases m whole blood Se m aU steers by the end of the feedlot
period agam Ukely reflect the change m dietary Se between the pasture and the finishmg
diet.
Tasco tended to decrease Se hi endophyte-mfected taU fescue but mcreased h m
endophyte-free taU fescue. However, aU steers that grazed Tasco-treated forage exhibhed
an increase hi Se hi theh blood by the end of the grazmg season. Our data for effects of
Tasco on serum and whole blood Se are in agreement whh previously reported data. Fike
et al. (2001) reported mcreases m whole blood Se in steers grazhig these same pastures m
1995 treated whh Tasco-Forage. Increased whole-blood Se m lambs grazmg pastures
treated with Tasco-Forage hi Vhghua also was observed (Fike et al., 2001). To our
knowledge, effects of Tasco on Se concentration hi endophyte-mfected and endophytefree taU fescue have not been previously exarrdned. Although effects of the endophyte on
Se concentration m taU fescue were not observed, the decrease m serum and whole-blood
Se hi steers that grazed the forage suggests a relationship. This could be a resuh of a
decreased mtake of endophyte-mfected fescue by grazhig steers or to a change m
biological avaUabUity of Se. Addhional studies seem warranted.
The lack of treatment differences m serum or whole blood Se m the latter part of
these trials could be a resuh of the anhnals being removed from treated forage that was
mducmg the Se differences, or h might have resuhed from merease m Se m theh diet in
the feedlot, or both. Selenium concentration m the forages was generally less than
recommended levels for growmg steers. Diets for growmg beef cattle are recommended
to contam 0.1 to 0.3 mg kg"', while 2 mg kg"' is the maxhnum tolerable level for all
rummant diets (NRC, 1980). Concentrations of Se in tall fescue in this experiment were
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generaUy deficient for growmg steers (Table 4.1). Once steers were moved to the
feedlot, the diet was no longer deficient m Se. In fact, Se was mcluded m the supplement
(Table A.2). This change hi dietary Se was reflected hi the mcreased Se status of the
steers, and effects of Tasco were no longer observed. Thus, the data might suggest that
the hicreased Se m theh diet overshadowed effects of Tasco, as blood Se concentrations
ahnost tripled by the end of the finishmg period.
Increases m Se hi the blood Ukely correlate whh higher levels of glutathione
peroxidase hi the red blood ceUs (Stevens et al., 1985). This may be the steers' hnmune
systems respondhig to the seaweed as a threat to be ehmmated. Increases in in vitro
immune fiinction measurements have been noted a number of thnes whh Tasco
treatment. Both MHC class II expression and monocyte phagocytic activhy were higher
for these same steers that had grazed Tasco-treated taU fescue, both during the pasture
phase (Saker et al., 2001), as weU as after transportation to the feedlot (Allen et al,
2001a).
Fike et al. (2001) reported that for these same pastures no differences were seen
for 1995 or 1996 m concentrations of other mmerals, hicludmg Cu, as a resuh of Tasco
treatment; hence, an effect of mmerals other than Se m the anhnal whh Tasco treatment is
not Ukely. However, the lower blood Se noted whh presence of the endophyte might be
related to other ahered mmeral concentrations in the endophyte-mfected tall fescue.
Saker et al. (1998) reported decreased serum Cu m steers grazmg endophyte-infected tall
fescue. Interactions of Se m endophyte-mfected taU fescue whh other minerals need to
be hivestigated.
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At the beghinmg of Experhnent 1 m 1996 and 1997, blood Se of steers did not
hnmediately respond to treatment of the forage whh Tasco, mdicatmg that the effect
might have been through the forage and not a dhect mgestion of the product from the
leaves. Dhect mgestion is not Ukely, because the extract was apphed at low amounts m
aqueous solution m a wet chmate and would have Ukely been washed off the plants soon
after apphcation. However, dhect mgestion cannot be ruled out, and the long lag m
effects on serum Se might be a resuh of the very low amount of Tasco-EX a steer would
mgest whUe grazhig.
The possibUity of significant mgestion of Tasco-Forage from treated pastures
caimot be totaUy dismissed. If enough Tasco-Forage were mgested, hnprovement m the
absorption of Se from the digestive tract, caused by an aheration m rummal microbes,
might be possible. It has been suggested that Tasco-14 meal has the capachy to decrease
the population of Escherichia coli m the digestive tract of steers (A. Barham. B. Barham,
J. Blanton, and M. MiUer, unpubhshed data, Texas Tech Univershy), and significant
antibacterial properties of Ascophyllum nodosum were noted by Vacca and Walsh (1954).
Differences m Se status of steers can resuh from decreased forage Se. though
this was not detected under our condhions. In addhion, presence of the endophyte could
decrease the abUity of the animal to absorb Se, as might be expected whh severe diarrhea
often noted with fescue toxicosis (Hoveland et al., 1980).
Whole blood Se values reported for 1997 (Table 4.3) were higher than serum Se
reported for 1996 (Table 4.2). Selenium m blood (and the body m general) is closeK
associated whh glutathione peroxidase (Stevens et al., 1985). The glutathione peroxidase
m blood is prhnarUy contamed m red blood cells, so Se concentrations are higher for
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whole blood than serum (Stevens et al, 1985). Also, there was a considerably longer
amount of thne hi 1997 before effects of endophyte and Tasco became apparent. This
was hkely a resuh of the fact that red blood ceUs have a lifethne of approxhnately 110
days (Reece, 1997), slowhig down the change m whole blood Se compared whh serum
Se. This hypothesis is based on the premise that new erythrocytes would reflect changes
hi Se instead of uptake by the current erythrocytes, which might not be true. The
differences might be a resuh of different envhonmental condhions during the second year
that affected treatment responses.
SoUs and forages in many areas of the eastem U.S., includmg the area around
Glade Sprmg, VA, are deficient in Se (McDoweU, 1992). The Se concentrations m the
taU fescue shown m Table 4.1 are generaUy regarded as deficient (Grose et al., 1995).
Serum and whole-blood values for steers m 1996 and 1997 would be regarded as
margmal (Puis, 1994; Stowe and Herdt, 1992). Further research is needed to determme
whether the hicreases m serum and whole blood Se resuhed from mcreases in absorption
or shnply from reparthionmg of Se. An merease m absorption of Se as a resuh of treatmg
pastures with Tasco could be economicaUy hnportant m Se deficient areas. More
research is needed to determme whether Tasco-Forage applied to pastures can aher the Se
concentrations m anhnals that are grazhig Se-deficient pastures as well as anhnals
grazhig pastures adequate m Se.

Dhect feedmg of Tasco
Experhnent 2. Dhect feedmg of Tasco-14 to steers for the duration of feedlot
finishmg resuhed m a decrease (P < 0.04; Table 4.4) in liver Se. but had no effect on
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Table 4.4:

Whole-blood or serum Se and hver Se of steers fed Tasco-14 for the
duration of feedlot fmishing (134 d).
Tasco-14, % m diet, DMB
Day

Diet
Corn-based
diet

MUo-based
diet

0

Sample type

1.5
Se, p p b —
232

3.0

SE*

233

4

0

Whole-blood

226'

7

Whole-blood
Whole-blood

233
221

232

15

228
224

237

4
4

134

Liver'

2,383

2,482

2.352

83

127

Serum

54

61

51

5

134

Liver''*'

1,649

1,481

1,484

54

'SE = standard error of the mean.
"n = 4 for each mean; pen is the experhnental unit.
'Se, ppb is on a dry matter basis.
Tmear effect of Tasco (P<0.05).
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whole-blood or serum Se. However, this decrease was only observed m steers fed the
mUo-based diet. Other detrhnental effects were reported for this trial (AUen et al., 1998),
hicludmg decreased feed efficiency, lower yield grade, and decreased shetfUfe of the
meat. This long-term feedmg seemed to exert a stress on the anhnal, possibly providmg
exposure to Tasco-14 for a longer period than would be beneficial. Decreased feed
mtake and decreased efficiency as a resuh of Tasco-14 treatment (AUen et al., 1998)
suggests a lower amount of total Se mtake. Therefore, mtake of Se from the feedlot diet
might have been lower than controls, resuhmg hi lower liver Se at harvest, but not
necessarUy lower serum Se, as the lower hver Se effect would accumulate over thne.
Serum vitamin E of these same cattle at harvest showed a quadratic effect; treatment with
1.5 % Tasco-14 m the diet was higher than control or 3.0% (Allen et al., 1998). Serum
vhamhi A tended to be lower whh 3.0% meal compared whh control and 1.5% Tasco-14
(AUen et al., 1998). Seaweed treatment seemed to exert stress on these steers, resuhmg
in a variety of hidhect effects when h is fed over a long period of thne.
Experhnent 3. Dhect feedhig of Tasco-EX resuhed m a number of effects to the
steers (Table 4.5 and 4.6). Apparently as a resuh of chance, significant effects were
observed on serum vhamm E and cholesterol at the begmnmg of this experhnent before
treatments were mitiated. Because of these mconsistencies and problems associated with
determmmg whether later effects observed were affected, only the change m values over
the 2-wk trial for these measurements wiU be discussed. Initial and fmal data, as well as
changes, are mcluded m Table 4.5 and Table 4.6. No effect on serum Se was obser\ed
with feedhig of Tasco-EX 2-wk prior to slaughter.
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Table 4.5: Initial, final, and 2-wk change m serum Se, vhamm E, vhamin A, cholesterol.
and vhamhi E:cholesterol ratio whh dhect feedmg of Tasco-EX. Liver Se,
vitamin E, and vitamin A of steers after 2-wk dhect feedmg of Tasco-EX.
Tasco-EX, % m diet, DMB
2
SE'
1
0
Item
Initial serum Se, ppb
Initial serum vhamin E, jig/mL'
Initial serum vhamhi A, ng/mL
Initial serum cholesterol, mg/dL'
Initial serum vh. E: chol.*'

109"

Fhial serum Se, ppb
Fhial serum vhamhi E, ng/mL
Fmal serum vhamm A, ng/mL'
Fhial serum cholesterol, mg/dL
Fmal serum vit. E: chol.

100

Change hi serum Se, ppb
Change m serum vhamm E, ^ig/mL^
Change in serum vhamm A, ng/mL
Change hi serum cholesterol, mg/dL
Change hi serum vh. E: chol.'
Liver Se, ppb, DMB*"
Liver vhamhi E, |ig/g, DMB
Liver vhamhi A, |ig/g, DMB

102

105

9

3.27

4.29

4.15

0.31

317.51

333.46

317.41

17.15

164.19

180.29

176.29

10.55

2.00

2.36

2.33

0.11

4.47

4.26

4.56

3
0.42

369.29

354.19

316.01

15.97

184.50

180.21

184.69

10.72

2.39

2.37

2.38

0.15

-9

3

105

104

-1

7

1.20

-0.03

0.42

0.33

51.78

20.73

-1.40

11.73

20.31

-0.08

8.40

0.39

0.00

0.05

7.11
0.13

1,868

1,726

2,060

119

28.53

24.60

33.25

4.16

49.65

36.38

33.62

9.90

'SE = standard error of the mean.
"n = 2 for each mean, pen was the experhnental unit.
'Tasco x trial mteraction (P < 0.01).
''Lmear effect of Tasco (P < 0.05); 0 differs from 1 (P < 0.05); 0 differs from 2
' L h e ^ effect of Tasco (P < 0.05); 0 differs from 2 (P < 0.05): 1 differs from 2
(P<0.10).
*^Tasco X trial mteraction (P < 0.05).
^ ,.^ n.
^Lmear effect of Tasco (P < 0.11); 0 differs from 1 (P < 0.05): 0 differs from 2
" Lhiear effect of Tasco (P < 0.05); 0 differs from 1 (P < 0.10); 0 differs from 2
(P<0.01).
. ^ ^ . ^ u. -.
•Lmear effect of Tasco (P < 0.08); 0 differs from 1 (P < 0.05): 0 differs from 2
(P < 0.08).
•Quadratic effect of Tasco (P < 0.12).
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Table 4.6:

Initial serum vhamhi E and serum cholesterol before dhect feedmg of
Tasco-EX, and final serum cholesterol after 2-wk feedmg of Tasco-EX, b\
trial. Tasco x trial hiteractions.
Tasco-EX.. % m diet. DMB

Item

0

1

2

SE'

Trial 1
Initial serum vhamhi E, |4,g/niL"
Initial serum cholesterol, mg/dL*"

2.65'
124.50

Fmal serum cholesterol, mg/dL'

135.00

198.83
176.67

3.90
203.88
234.00

3.41
161.75
183.75

Trial 2
Initial serum vitamin E, \ig/mL^
Initial serum cholesterol, mg/dL^
Fmal serum cholesterol, mg/dL**

5.17

3.54
150.33
144.00

0.55
14.89
13.12

4.76
202.25
235.38

0.34
14.10
15.05

'SE = standard error of the mean.
"Quadratic effect of Tasco (P < 0.01); 0 differs from I (P < 0.01); 1 dhfers from 2
(P < 0.06).
'n = 1 for each mean, pen was the experhnental unit.
''Quadratic effect of Tasco (P < 0.05); 0 differs from I (P < 0.01): 1 differs from 2
(P < 0.05).
'Quadratic effect of Tasco (P < 0.05); 0 differs from 1 (P < 0.05); 1 differs from 2
(P = 0.11).
^Quadratic effect of Tasco (P < 0.05); 0 differs from 2 (P < 0.10); 1 differs from 2
(P < 0.05).
^Quadratic effect of Tasco (P < 0.05); 0 dhfers from 1 (P < 0.05); 1 differs from 2
(P < 0.06).
"Quadratic effect of Tasco (P < 0.05); 0 differs from 1 (P < 0.05): 1 differs from 2
(P < 0.07).
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By the end of the 2-wk feedmg period, serum vhamm E m steers not fed TascoEX had hicreased by 1.2 ng mL"', whereas smaUer changes were noted m steers fed
Tasco (Unear effect of Tasco P = 0.11). Serum vhamhi A also did not merease as much
as hi controls (Unear effect of Tasco P < 0.05, Table 4.5) as a resuh of Tasco-EX
supplementation, showhig more of an hicrease for 2% than 1%. Likewise, final serum
vitamm A values decreased Unearly (P < 0.05) whh increased dietary Tasco. The serum
vhamin A and vitamin E that did not show up in the serum may have been diverted and
hnmobilized hi the muscle, as hnproved lean color and shelf hfe of the meat was detected
(D. Messer, K. Pond, V. AUen, J. Montgomery, and M. MiUer, unpubhshed data, Texas
Tech University). Supplementation of steers whh vhamin E hnproves color and shelf life
of the meat (Sanders et al., 1997; Mhsumoto et al, 1998; Faustman et al., 1989).
Improved marbhng and shelf hfe has been demonstrated as an effect of Tasco
supplementation (AUen et al, 2001; Montgomery et al, 2001). If these steers exhibhed
even a marghial deposhion of hpids hi the muscle tissue as a resuh of Tasco treatment,
some of the fat soluble antioxidant vhanuns A and E would hkely be deposhed whh the
hpids, explammg the lower serum vhamm A and E, and the merease m shelf life and
color of the lean. An merease in lipids in the muscle has been recently observed (D.
Messer, K. Pond, V. AUen, J. Montgomery, and M. Miller, unpublished data, Texas Tech
Univershy) as a resuh of Tasco-EX treatment of these steers, as well as a corresponding
merease m vhamm E m strip steaks. Serum cholesterol m treated anhnals did not seem to
merease as much as controls, but this difference was not significant (Table 4.5). Vitamin
E:cholesterol ratio hicreased more whh controls, suggestmg the \ itamin \i was being
immobilized m the treated anhnals, as was noted above. Seaweed might be capable of
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ahermg hpid metabohsm m the steer, resuhmg m higher levels of hpids and fat soluble
antioxidant vhamms deposhed m the meat. Liver Se showed a trend for a quadratic effect
(P < 0.11; Table 4.5), with control and 2% Tasco higher than 1% Tasco. More research
is needed to clarify these relationships.
Experhnent 4. No effects in whole-blood Se of hehers purchased from a sale bam
were noted when Tasco-EX was supphed hi the drmkmg water (Figure 4.3). There were
no differences in water consumption between treatments. Any active mgredients m the
seaweed might have been affected by the envhonment of the water troughs. Also, these
heifers were severely stressed before treatment. If there were any antioxidant or hnmune
benefits whh the heifers ingesthig Tasco-EX m the drinkmg water that would resuh m
ahered Se status, they may have been compromised by the stressed condhion of the
heifers. These resuhs suggest that anhnals aheady stressed by other factors are not likely
to have a response of serum Se to Tasco-EX supplementation. It might be, m fact an
added stress to theh system, as a tendency toward higher morbidhy was noted whh
seaweed treatment. (V. AUen and D. Thomson, unpublished data, Texas Tech
University). This is also a fahly short-term experhnent whh hmited samplmg. Further
samphng of these heifers over a longer thne post treatment might have been warranted, as
longer term effects of seaweed on cattle are known to occur, such as m Experhnent 1.
Experhnent 5. No effects m blood Se were noted when Tasco-14 was fed either
before, before and after, or after shippmg (Table 4.7), but a numerical trend toward
mcreased Se whh supplementation of Tasco-14 was noted when fed after or before and
after shippmg. Increases m red blood cell glutathione peroxidase were noted in these
cattle when Tasco-14 was supplemented (Figure 4.4, adapted from K. F. Saker.
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Serum Selenium of Heifers
120
100
^

80

^

60

^

40

SE = 4

20
0

1

T+
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Figure 4.3: Fhial whole blood Se of heifers treated whh Tasco-EX m the drmkmg water
for 2-wk.
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Table 4.7:

Blood Se of steers fed Tasco-14 as 2% of the diet (DM basis) and shipped
from Mississippi to feedlot m Texas. Steers were fed Tasco for: 2-wk
before shippmg (Before), 2-wk after shippmg (After). 2-wk before and 2-wk
after (Both), or nehher (Control). Serum was coUected pre-shipment (d 14)
and post-shipment (d 15), and whole-blood was coUected 2-wk postshipment (d 29).
Tasco-14 apphed to diet

Day

Sample type

Control

Before

After
-ppb

Both

SE'

-

14

Serum

66"

69

68

69

3

15

Serum

68

70

66

63

4

29

Whole blood

190

192

203

211

11

'SE = standard error of the mean,
"n = 10 for each mean.
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Red Blood Cell Glutathione Peroxidase of Steers

Day 14
Before

Day 29

Day 15
After

Both

Control

Figure 4.4: Red blood ceU glutathione peroxidase activhy of steers fed Tasco-14 as 2%
of the diet (DM basis) and shipped from Mississippi to feedlot m Texas.
Steers were fed Tasco for: 2-wk before shippmg (Before), 2-wk after
shippmg (After), 2-wk before and 2-wk after (Both), or nehher (Control).
Red blood ceUs were coUected pre-shipment (d 14) post-shipment (d 15).
and 2-wk post-shipment (d 29). Adapted from K. E. Saker, unpublished
data, Vhghda-Maryland Regional CoUege of Vetermary Medicme)
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unpubhshed data, Vhgmia-Maryland Regional CoUege of Vetermary Medicme). These
cattle were not deficient hi Se (Puis, 1994; Stowe and Herdt, 1992), so adequate Se was
present for mcorporation hito glutathione peroxidase. Increasmg the number of cattle
sampled might resuh hi clariiymg an effect of Tasco-14 on blood Se. Only whole blood
was coUected and analyzed for the final date, so this could also be the reason no effects
were seen. In whole blood, Se is prhnarUy associated whh erythrocytes (Stevens et al.,
1985), and h theoreticaUy takes thne for changes m serum Se to be noted m whole blood
Se, as thne for hicorporation of Se hito the erythrocyte is requhed. The life span of red
blood cells hi domestic animals is approximately 110 d (Reece, 1997), so replacement of
erythrocytes has Uttle effect m this short amount of thne.

Discussion
OveraU, h was observed that Tasco can affect Se and other antioxidants m cattle,
although effects do not seem to be correlated or dhectly Imked whh each other. It can be
concluded from these resuhs that Se per se is hicreased m endophyte-free taU fescue, but
tended to decrease m endophyte-mfected taU fescue as a resuh of effects of treatment
with Tasco-Forage. However, blood Se was mcreased m steers grazmg taU fescue as a
resuh of treatment whh Tasco, regardless of endophyte status. Blood Se concentrations
m steers were decreased when steers grazed endophyte-mfected forage. Thus, assuming
dhect mgestion from the treated forage by the steers was not significant (although this
cannot be ruled out), h is concluded that the changes m Se status of the steers resulted
from effects on the steers by somethmg m the forage that was changed by the seaweed
treatment and by the endophyte. These two changes are not likel> tc^ be related.
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especiaUy because there were no hiteractions m effects of seaweed treatment and
endophyte on Se m steers (Tables 4.2 and 4.3). Forage selenium concentrations ma> be
responsible for most of the changes m Se status of the steers, but do not explam the
mcreased Se m steers grazmg the endophyte-mfected pastures treated whh Tasco. This
suggests that other mechanisms actmg through the plant might have also affected the Se
status of the steers.
Fescue is known to cause detrhnental effects to anhnals grazmg the endophytemfected varieties. This research suggests that decreases m serum and whole blood Se are
part of the detrhnental effects that endophyte-mfected Kentucky-31 tall fescue cause
when grazed by beef cattle.
Seaweed is known to cause a variety of effects on plants and animals. The only
known (and weU understood) active ingredients of seaweed that are uruversally accepted
to occur m Ascophyllum nodosum are plant growth hormones. These hormones elich a
variety of growth effects on plants, but because the seaweed does not cause hicreased Se
or other mmerals (Fike et al., 2001) m the forage, for these hormones to be the active
ingredient that ehchs effects m cattle, they must first cause a significant effect on the
plant. Exogenous plant hormones are known to cause production of more hormones m
the plant (Yan, 1993). However, httle is known about the effects of plant hormones on
cattle. More research is needed m this area, possibly evaluatmg specific plant hormone
effects on animals.
Ahhough ahnost no effects of dhect feedhig of Tasco products on Se m beef
cattle were found, we cannot ignore the effects on related antioxidants such as \ itamin H
and vhamm A. especially m Experhnent 3 and on glutathione peroxidase in Experiment
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5. However, m Experhnent 3 the effects on vhamm A and E seemed to be driven by

an

aheration m hpid metabohsm by the seaweed extract. Alterations m hpid metabohsm m
plants by seaweed products have been reported (Yan, 1993). It is not known what
physiological mechanism controUmg Upid metabohsm m both plants and anhnals might
be affected by seaweed and this area of Upid metabohsm needs more research. Also,
some shuations faUed to produce a response to seaweed. Supplymg Tasco to anhnals
long term or hi combmation whh a stressed condhion did not seem to produce detectable
or consistent resuhs. Supplymg Tasco for a short term to heahhy, unstressed anhnals
seemed to produce more consistent resuhs.

Conclusion
Resuhs of these experhnents hidicate that Tasco-Forage {Ascophyllum nodosum)
had an effect on Se m Kentucky-31 taU fescue, tendmg to decrease Se with the presence
of the endophyte but hicreasmg Se in endophyte-free taU fescue. Saker et al. (2001)
found an hnmune-suppressmg effect on steers when Tasco was apphed to endophyte-free
taU fescue. The decreased Se hi forage as a resuh of Tasco treatment of endophyte-free
taU fescue might be related to this, causmg a correspondmg decrease m immune fiinction
as a resuh of decreased protection of white blood ceUs by glutathione peroxidase. TascoForage mcreased serum Se of steers grazmg endophyte-mfected and endophyte-free tall
fescue, whUe the presence of the endophyte decreased serum Se. Dhect feedmg of
Tasco-EX decreased serum hpids, and vhamms A and E, perhaps depositing them in
muscle tissue, at least m the case of vhamm E. Long-term feedmg of Tasco-14 sho\sed
few effects on Se. Dhect supplementation of Tasco-EX in the drinking water of stressed
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heifers faUed to produce an effect on whole blood Se. Feedhig steers before and after
transportation faUed to produce an effect on blood Se levels, possibly because of thne
requhed to change Se hi erythrocytes. Dhect feedmg of Tasco products does not seem to
affect Se hi beef cattle. Apphcation of Tasco-Forage to Se-deficient taU fescue pastures
mcreases blood Se of steers grazhig the pastures. More research is needed to verify these
effects, to determhie the active higredient or higredients of Ascophyllum nodosum, and to
determine thefiiUrange of effects of these higredients on beef cattle.
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APPENDIX
COMPOSITION OR ANALYSES OF DIETS
AND DIETARY COMPONENTS FOR
EXPERIMENTS 1 THROUGH 5
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Table A. 1:

Composhion of Tasco-Forage^, an extract of Ascophyllum nodosum brown
seaweed, used to treat pastures m Experhnent 1.

Item

Value

pH
Ash, %
Maximum moisture, %
Total nitrogen, %

10-10.5
45-55
6.5
1.0-2.0

Mineral
AvaUable P2O5, %
Soluble K20,%
Sulfiir,%
Magnesium, %
Calcium, %
Sodium, %
Boron, ppm
Iron, ppm
Manganese, ppm
Copper, ppm
Zinc, ppm
lodme, ppm
Selenium, ppm

1.0-4.0
18.0-22.0
1.0-2.0
0.2-0.5
0.4-0.7
3.0-5.0
75-150
75-250
8-12
^-^0
25-75
650-700
^2.5

'Acadian Seaplants Lhnited, Dartmouth, Nova Scotia, Canada.
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Table A.2:

Feedlot finishmg diets of steers that had previously grazed endophytemfected or endophyte-free taU fescue that was treated or not treated whh
Tasco-Forage, a brown seaweed extract.
Diet

Item

Receivhig 1^

Steam-flaked mUo
Cottonseed huUs
Cane molasses
Fat
Cottonseed meal
Com gluten meal
Blood meal
Calcium carbonate
Dicalcium phosphate
Urea
Potassium chloride
Trace mineral premix'^
Sodium chloride
Vhamin A premix'*
Vhamin E premix^
Rumenshi premix
Tylosin premix^
AS-700 premix**

Receivmg 2^ Intermediate^
Fmishing*'
- Percent of
aiei {UiVi oasis) —

39.24
43.00
3.00
2.80
2.80
2.80
2.80
0.94
0.35
0.20
0.00
0.23
0.15
0.38
0.09
0.37
0.00
0.85

55.00
28.98
3.00
2.60
2.50
2.00
2.00
1.06
0.20
0.30
0.10
0.24
0.15
0.38
0.09
0.55
0.00
0.85

64.03
20.92
4.00
2.45
2.50
1.30
1.30
1.15
0.12
0.40
0.23
0.25
0.15
0.38
0.09
0.73
0.00
0.00

78.25
8.00
4.00
2.80
0.00
2.15
0.00
1.27
0.00
0.60
0.47
0.25
0.14
0.38
0.09
1.00
0.60
0.00

^Fed durhig consecutive 2-wk periods.
*Ted for the remahider (greater part) of feedlot finishing.
'^Calculated composhion of trace mineral premix: 2,801 ppm I, 9.200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe, and 0.46 ppm Se (dry
matter basis).
'^Contamed 734,700 lU of Vhamhi A/kg of premix.
^Contamed 17,663 lU of Vitamm E/kg of premix.
fcontahied 3.05 g Rumensm/kg of prenhx (Elanco, Indianapolis, IN).
^Contamed 1.84 g Tylosm/kg of prenhx (Elanco, Indianapolis, IN).
•"Contamed 6,172 mg aureomycin and 6,172 mg sulfamethazine/kg (American
Cyanamid, Newark, NJ).
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Table A.3: Holdmg diet for steers m Experhnent 2 before the start of treatments.
^^^"^

Percentage of diet (as-fed basis)

Ground alfalfa hay
Cottonseed huUs
Steam flaked com
Steam flaked mUo
Cottonseed meal
Blood meal
Cane molasses
Fat
Calcium carbonate
Dicalcium phosphate
Urea
Trace mmeral premix^
Sodium chloride
Vitamhi A premix
Vitanun E premix'^
Rumenshi premix'*
AS-700 prenux^

30.00
25.00
15.00
15.00
3.00
3.00
3.50
1.60
0.80
0.25
0.35
0.25
0.15
0.35
0.50
0.25
1.00

^Calculated composhion of trace mmeral premix: 2,801 ppm I, 9,200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe, and 0.46 ppm Se (dry
matter basis).
*'Contahied 734,700 lU of Vhamm A/kg of prenhx.
''Contamed 17,663 lU of Vitamm E/kg of prenhx.
'*Contahied 3.05 g Rumensm/kg of prermx (Elanco, Indianapohs, IN).
^Contahied 6,172 mg aureomycm and 6,172 mg sulfamethazme/kg (American
Cyanamid, Newark, NJ).
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Table A.4:

Receivhig diet 1 for Trial 1 and Trial 2 of Experhnent 2. Tasco-14. a brown
seaweed meal, was fed at approxhnately 0, 1.5, or 3.0% of the diet, DM
basis.
Trial 1

Item

0%

1.5%

Trial 2
3.0%

0%

1.5%

3.0%

0.00
43.10
40.00
1.40
3.02
3.07
3.30
1.30
0.70
0.33
0.03
0.43
0.00
0.24
0.37
0.09
0.35
0.00
0.81
1.46

0.00
43.20
40.0
0.00
3.00
3.02
3.30
1.30
0.66
0.33
0.00
0.43
0.00
0.22
0.37
0.09
0.35
0.00
0.81
2.92

P f r r ' f ' n t r»f HiVt ^cic_fp»H V»Qcic^

Steam flaked com
Steam flaked milo
Cottonseed huUs
Rice huUs
Cottonseed meal
Blood meal
Cane molasses
Fat
Calcium carbonate
Dicalcium phosphate
Sodium chloride
Urea
Potassium chloride
Trace mmeral premix^
Vhamhi A premix*'
Vhamm E premix'^
Rumenshi prenux
Tyloshi premix^
AS-700 prembc*^
Tasco-14 seaweed meal

41.40
0.00
40.10
2.80
3.69
3.73
3.40
1.30
0.80
0.32
0.15
0.43
0.00
0.26
0.37
0.09
0.35
0.00
0.81
0.00

41.70
0.00
40.10
1.40
3.64
3.67
3.30
1.30
0.77
0.32
0.04
0.43
0.00
0.25
0.37
0.09
0.35
0.00
0.81
1.46

42.00
0.00
40.00
0.00
3.58
3.63
3.30
1.30
0.69
0.30
0.00
0.43
0.00
0.23
0.37
0.09
0.35
0.00
0.81
2.92

0.00
42.70
40.00
2.79
3.11
3.15
3.30
1.30
0.84
0.34
0.17
0.43
0.00
0.25
0.37
0.09
0.35
0.00
0.81
0.00

^Calculated composhion of trace mmeral prenux: 2,801 ppm I. 9,200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe, and 0.46 ppm Se (dry
matter basis).
*'Contamed 734,700 lU of Vitamm A/kg of premix.
'^Contamed 17,663 lU of Vhamm E/kg of prenux.
''Contamed 3.05 g Rumensm/kg of premix (Elanco, Indianapohs, IN).
'Contamed 1.84 g Tylosm/kg of prenux (Elanco, Indianapolis, IN).
tontamed 6,172 mg aureomycm and 6,172 mg sulfamethazme/kg (American
Cyanamid, Newark, NJ).
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Table A. 5:

Receivmg diet 2 for Trial 1 and Trial 2 of Experhnent 2. Tasco-14, a brown
seaweed meal, was fed at approximately 0, 1.5, or 3.0% of the diet, DM
basis.
Trial 1

Item

0%

1.5%

Trial 2
3.0%

0%

1.5%

3.0%

0.00
47.50
36.00
1.39
2.72
2.75
3.30
1.30
0.74
0.29
0.03
0.47
0.00
0.24
0.36
0.09
0.57
0.00
0.80
1.45

0.00
47.70
35.90
0.00
2.68
2.71
3.30
1.30
0.70
0.29
0.00
0.47
0.00
0.23
0.36
0.09
0.57
0.00
0.80
2.90

Pp»rr><3nt r»f Hip»t /'cic_fp»rl K Q C I C ^

Steam flaked com
Steam flaked milo
Cottonseed huUs
Rice huUs
Cottonseed meal
Blood meal
Cane molasses
Fat
Calcium carbonate
Dicalcium phosphate
Sodium chloride
Urea
Potassium chloride
Trace mineral premix^
Vhamhi A premix*'
Vhanun E premix"
Rumensin premix
Tylosm premix^
AS-700 prenux*^
Tasco-14 seaweed meal

45.80
0.00
36.10
2.79
3.42
3.45
3.30
1.30
0.88
0.26
0.14
0.47
0.00
0.26
0.36
0.09
0.57
0.00
0.81
0.00

46.10
0.00
36.00
1.39
3.37
3.40
3.30
1.30
0.81
0.29
0.04
0.47
0.00
0.25
0.36
0.09
0.57
0.00
0.81
1.45

46.30
0.00
36.00
0.00
3.32
3.36
3.30
1.30
0.69
0.29
0.00
0.47
0.00
0.24
0.36
0.09
0.57
0.00
0.80
2.91

0.00
47.20
36.00
2.78
2.78
2.81
3.30
1.30
0.85
0.29
0.14
0.47
0.00
0.25
0.36
0.09
0.57
0.00
0.81
0.00

^Calculated composhion of trace mmeral prenux: 2,801 ppm 1, 9,200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe, and 0.46 ppm Se (dry
matter basis).
•'Contamed 734,700 lU of Vhamhi A/kg of prenux.
'^Contamed 17,663 lU of Vitanun E/kg of premix.
''Contamed 3.05 g Rumensm/kg of prenux (Elanco. Indianapohs, IN).
'Contamed 1.84 g Tylosm/kg of prenux (Elanco, Indianapolis, IN),
tontamed 6,172 mg aureomycm and 6,172 mg sulfamethazme/kg (American
Cyanamid, Newark, NJ).
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Table A.6:

Intermediate diet for Trial 1 and Trial 2 of Experhnent 2. Tasco-14. a
brown seaweed meal, was fed at approxhnately 0, 1.5, or 3.0% of the diet,
DM basis.
Trial 1

Item

0%

1.5%

Trial 2
3.0%

T>ckr-r>anf r\f Aiat

Steam flaked com
Steam flaked milo
Cottonseed huUs
Rice huUs
Cottonseed meal
Blood meal
Cane molasses
Fat
Calcium carbonate
Dicalcium phosphate
Sodium chloride
Urea
Potassium chloride
Trace nuneral premix^
Vhamhi A prenux*'
Vhanun E premix'^
Rumenshi prenux
Tyloshi premix'
AS-700 prenux^
Tasco-14 seaweed meal

59.60
0.00
23.30
2.74
2.64
2.67
3.30
2.40
0.93
0.17
0.13
0.55
0.12
0.26
0.36
0.08
0.75
0.00
0.00
0.00

59.90
0.00
23.30
1.37
2.59
2.62
3.30
2.40
0.86
0.13
0.04
0.55
0.07
0.25
0.36
0.08
0.75
0.00
0.00
1.43

60.10
0.00
23.20
0.00
2.55
2.57
3.30
2.40
0.88
0.13
0.00
0.55
0.02
0.25
0.36
0.08
0.75
0.00
0.00
2.86

0%

1.5%

3.0%

0.00
61.60
23.30
1.37
1.76
1.78
3.30
2.40
0.81
0.17
0.03
0.55
0.07
0.24
0.36
0.08
0.75
0.00
0.00
1.43

0.00
61.80
23.30
0.00
1.71
1.73
3.30
2.30
0.86
0.17
0.00
0.55
0.02
0.23
0.36
0.08
0.74
0.00
0.00
2.85

/'oo fo/4 K o c i c ^

0.00
61.30
23.30
2.74
1.82
1.84
3.30
2.40
0.87
0.19
0.13
0.55
0.12
0.25
0.36
0.08
0.75
0.00
0.00
0.00

'Calculated composhion of trace nuneral prenux: 2,801 ppm I, 9,200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe. and 0.46 ppm Se (dry
matter basis).
*'Contamed 734,700 lU of Vitamm Mkg of premix.
'^Contamed 17,663 lU of Vhanun E/kg of prenux.
''Contamed 3.05 g Rumensm/kg of prenux (Elanco, Indianapohs, IN).
'Contamed 1.84 g Tylosm/kg of prenux (Elanco. Indianapolis, IN),
tontamed 6,172 mg aureomycm and 6,172 mg sulfamethazme/kg (American
Cyanamid, Newark, NJ).
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Table A.7:

Fmal diet for Trial 1 and Trial 2 of Experhnent 2. Tasco-14, a brown
seaweed meal, was fed at approxhnately 0, 1.5, or 3.0% of the diet, DM
basis.
Trial 1

Item

0%

1.5%

Trial 2
3.0%

0%

1.5%

3.0%

0.00
81.50
4.60
1.33
1.29
0.00
3.20
2.50
0.99
0.00
0.02
0.70
0.30
0.24
0.35
0.08
0.95
0.55
0.00
1.40

0.00
81.90
4.50
0.00
1.14
0.00
3.20
2.40
0.97
0.00
0.00
0.70
0.25
0.22
0.35
0.08
0.95
0.55
0.00
2.79

P f r p p n t r»f Hip»t fctc-ff^A Kooic.^

Steam flaked com
Steam flaked milo
Cottonseed huUs
Rice huUs
Cottonseed meal
Blood meal
Cane molasses
Fat
Calcium carbonate
Dicalcium phosphate
Sodium chloride
Urea
Potassium chloride
Trace mineral premix'
Vitamhi A premix*'
Vhamin E premix'
Rumensm premix'*
Tyloshi premix'
AS-700 premix*^
Tasco-14 seaweed meal

78.60
0.00
4.60
2.68
3.04
0.90
3.20
2.50
1.06
0.00
0.14
0.71
0.35
0.28
0.35
0.08
0.96
0.55
0.00
0.00

79.00
0.00
4.50
1.34
2.88
0.90
3.20
2.50
1.03
0.00
0.04
0.71
0.30
0.26
0.35
0.08
0.96
0.55
0.00
1.40

79.30
0.00
4.60
0.00
2.72
0.90
3.20
2.40
0.94
0.00
0.00
0.70
0.25
0.25
0.35
0.08
0.96
0.55
0.00
2.80

0.00
81.20
4.60
2.65
1.49
0.00
3.20
2.50
1.00
0.00
0.12
0.70
0.35
0.25
0.35
0.08
0.96
0.55
0.00
0.00

'Calculated composhion of trace mmeral premix: 2,801 ppm 1, 9,200 ppm Mn,
8,250 ppm Zn, 1,845 ppm Cu, 62 ppm Co, 815 ppm Fe, and 0.46 ppm Se (dry
matter basis).
*'Contahied 734,700 lU of Vhanun A/kg of prenux.
'Contahied 17,663 lU of Vitamm E/kg of prenux.
'*Contamed 3.05 g Rumensm/kg of prenux (Elanco, Indianapolis, IN).
'Contamed 1.84 g Tylosm/kg of premix (Elanco, Indianapolis, IN).
tontamed 6,172 mg aureomycm and 6,172 mg sulfamethazine/kg (American
Cyanamid, Newark, NJ).
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Table A.8:

Feedlot finishmg diets of steers m Experhnent 3. Tasco-EX, a brown
seaweed extract, was top dressed onto the feed at 0, 1.5 or 3.0% of the
diet, DM basis, for the fmal 2-wk of feedlot finishmg.
Diet

Item

Receivhig'

Intermediate 1'

Intermediate 2'

Fmishing*'

iet (as
>-iea oasis J

1 ciccni ui u.

Steam-flaked com
Ground alfalfa
Cottonseed hulls
Cottonseed meal
Molasses
Fat
Supplement premix'
Urea

44.70
14.40
23.80
6.64
5.20
2.50
2.21
0.55

56.70
14.20
14.20
3.71
5.10
2.60
2.17
0.82

'Fed durhig consecutive 2-wk periods.
*Ted for the remainder (greater part) of feedlot finishmg.
'See Table A.9 for supplement premix composhion.
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65.40
9.80
9.80
3.90
5.30
2.70
2.25
0.85

75.30
4.90
4.90
3.81
5.30
2.70
2.25
0.84

Table A.9:

Composhion of supplement premix hicluded m feedlot diets of steers m
Experhnent 3.

Item

Percent of premix (DM basis)

High-Ca hmestone
Cottonseed meal
Sodium chloride
Potassium chloride
Ammonium sulfate
Magnesium oxide
Dicalcium phosphate
Zhic sulphate
Rumensm - 80'
Kemm Endox*'
Tylan - 40'
Manganous oxide
Copper sulfate
Iron sulfate
Vitanun E premix"
Selenium premix'
Vitamhi A premix^
EDDI - organic iodhie
Cobah carbonate

42.1053
23.3634
12.0000
8.0000
6.6667
3.5587
1.0363
0.8451
0.6750
0.5000
0.4500
0.2667
0.1572
0.1333
0.1260
0.1000
0.0122
0.0025
0.0018

Contams 36.29 mg/kg Rumensm.
preservative for supplement prenux.
Contams 18.14 mg/kg Tylan.
dtontams 500 lU/kg of Vhamhi E.
'Contams 2,000 mg/kg Se.
tontams 650,000 lU/kg of Vhanun A.

b'Antioxidant
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Table A. 10:

Analysis of taU fescue hay and supplement fed to heifersfi-omExperhnent
4 treated with Tasco-EX m the water.

Item

TaU fescue hay

Supplement

f\Y\7 t m t t f t " |.\Trio

u.1^ i i l a l i c i Utlblb

Cmde protehi, %
Digestible protem, %
Cmde fat, %
Acid detergent fiber, %
Neutral detergentfiber,%>
Total digestible nutrients, %
Ash, %

Ca, %
P (mm.), %
NaCl, %
K (mm.), %
Vitamhi A (min.), lU/kg

12.02
7.21
1.24
42.88
69.00
54.60
4.73

n/a
n/a
n/a
n/a
n/a
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11.75
8.58
5.30
11.12
23.00
82.08
2.40
ciS)-icu oasis

0.50-1.00
0.35
0.85-1.35
0.80
1,588.00

Table A. 11:

Dietary analysis of the peUeted commercial diet' fed to steers transported
fi*om Mississippi to Texas hi Experiment 5.

Item
Cmde protem, %
NPN, %
Fat, %
Cmde fiber, %
Ca,%)
P, %
NaCl, %
Vitamhi A, lU/kg
Vitamm D, lU/kg
Vhamm E, lU/kg

Concentration (DM basis)
17.0
2.28
3.2
18.8
1.1
0.57
0.8
2,722.0
907.0
3^6

'Farmland Industries, Kansas Chy, MO

85

PERMISSION TO COPY

In presentmg this thesis m partial fulfillment of the requh-ements for a master's
degree at Texas Tech University or Texas Tech University Health Sciences Center, I
agree that the Library and my major department shaU make itfi-eelyavaUable for
research purposes. Permission to copy this thesis for scholarly purposes may be
granted by the Dh-ector of the Library or my major professor. It is understood that
any copymg or publication of this thesis for financial gam shall not be allowed
vnthout my further written permission and that any user may be liable for copyright
infringement.

Agree (Permission is granted.)

Student Signature

Date

Disagree (Permission is not granted.)

Student Signature

Date

