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For years, ruminant nutritionists have utilized the 
rumen vat for one of its unique attributes - its ability to 
convert non-useable products into products of the nutritio­
nal value that enhances the growth of beef cattle, sheep 
and dairy cattle. Examples of this have been the utilization 
of fiber that is non-useable by humans or other non-rumi­
nants. In addition, we have learned how the rumen con­
verts urea to a useable form of dietary protein. 

In recent years the focus of ruminant research has 
shifted to the microbial population, and how altering mi­
crobial populations may fine-tune the nutritional diets uti­
lized. Let's address three of these that currently are used: 
Ionophores, buffers and probiotics. 

Ionophores 

Polyether antibiotics hae been used for a number of 
years in the poultry industry as a coccidiostat. However, in 
the early 1970's biological screening of these compounds 
showed potential efficacy in cattle diets. Monensin sodium 
was the first ionophore cleared by the Food and Drug Ad­
ministration for use in feedlot cattle. This occurred in 
1976, and its clearance for stocker cattle occurred in 1978. 
In 1982, Lasalocid sodium was cleared for use in feedlot 
diets. 

Biological and Economic Efficiency 
Considerable research has evaluated the effect of ion­

ophores and how they apply to the feedlot industry and 
cattle industry in general. The predominant benefits of 
ionophore inclusion in stocker and feedlot diets include: 

1. Improved feed efficiency. 
2. Improved rate of gain in stockers and a slight im­

provement in average daily gain in feedlot cattle. 
3. Decreased feed intake which may enhance the carry­

ing capacity of cattle on a given quantity o(forage. 
4. A potential protein sparing effect, thus, possibly 

lower protein requirements, or at least making more 
efficient use of the dietary protein content. 

5. Increased digestibility of low quality forages. 
6. Some reduction in the incidence of coccidiosis in cat­

tle. 
7. A decrease in the incidence of lactic acidosis. 
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8. Some reduction in the incidence of feedlot bloat. 
9. Partial intake regulation in self feeding supplement 

systems. 
10. Some reduction in the incidence of pulmonary em­

physema. 

Mode of Action 
There are many parts of the mode of action of iono­

phores that are not fully understood. However, an iono­
phore is a compound which makes cations (ions which 
carry a plus charge) lipid soluble. In the preliminary clear­
ance of Monensin sodium, the predominant mode of ac­
tion discussed and assumed to be the factor influencing the 
biological efficiency was the alteration of all the volatile 
fatty acid ratios. Specifically, the proportion of propionate 
was increased and the portion of acetate and butyrate de­
creased. In the typical ingestion of feed stuffs, the cellulose 
portion of roughages is broken down in the rumen by cellu­
lose enzymes with the end product being glucose. As the 
starch from grain is digested by rumen amylase enzymes, 
the starch molecules are converted into glucose sub units. 
In the rumen, the glucose is further quickly converted to 
pyruvate and volatile fatty acids (VF A's) which become 
the major dietary energy source in ruminants. The relative 
porportion of these volatile fatty acids will vary based on 
type of diets. In a predominant roughage diet a common 
VFA molar percentages breakdown is 65% acetic, 20% 
propionic and 12% butyric. In contrast, in feedlot diets 
where 70% or more grain is fed, the molar percentages 
VF A are 40% acetate, 37% propionate with the remainder 
being butyrate and other volatile fatty acids that occur in a 
lesser percentage. 

Effect on Rumen Metabolism 
One of the main effects of ionophores is to alter the 

rumen microfora to favor propionate production. A fur­
ther effect on the rumen is that methane production is re­
duced when ionophores are included in the diet. Two 
factors result in the netabolizable energy value of feed 
stuffs being increased: 

1) there is an increase in the dry matter digestibility of 
the diet and, 

2) an increase in hydrogen retention in proprionic acid 
production. 
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Effect on Nitrogen Metabolism 
Shortly after the elucidation of the VF A influence, 

scientists indicated that ionophores may have a protein 
sparing effect. Ruminal studies have indicated that the 
presence of an ionophore causes a reduction in ammonia 
production, resulting in an increased protein flow from the 
rumen to the lower gut. 

Effect on Mineral Metabolism 
Recent research evidence has indicated that the feed­

ing of ionophores will: 

1. Increase the apparent absorption of sodium, magnesi­
um and phosphorus. 

2. Increase the retention of magnesium and phosphorus. 
3. Alter the soluble concentration of certain minerals in 

ruminal fluids of steers fed high energy diets. 

Other Beneficial Effects 
Ionophores affect lactate levels as cattle are trans­

ferred from either high forage diets to high grain diets, or 
from irregular intake of daily rations, results in a buildup 
of lactic acid which can cause lactic acidosis. Research at 
KSU has demonstrated that inclusion of ionophores in the 
diet results in higher rumen pH values and lower lactate 
concentrations. In this study, the control cattle exhibited 
classic signs of acidosis such as lower blood pH and in­
creased blood lactate, while the ionophore treated cattle 
exhibited non of the acidosis signs. 

Probiotics 

The word probiotic means for-life or pro-life which 
tends to, in itself, encourage use and application. As we 
move to a society very conscious of drug residues many feel 
this concept has the potential to partially replace the con­
ventional use of antibiotics. 

Dr. Jim Males, Animal Science Department at South 
Dakota State University, recently presented two excellent 
papers summarizing the potential mode of action of pro­
biotics and how they might impact the cattle industry. The 
following are some of the excerpts from the material that 
has been published by Dr. Males, and other scientists on 
the potential role of probiotics. 

One of the difficulties that veterinarians and nutritio­
nists have had with probiotics is the lack of consistency. 
When one analyzes the type of product they are, analyzes 
the typical lack of knowledge of what is present, or lacking 
in the rumen, it shouldn't be suprising that the response to 
probiotic type compounds, whether used as a direct appli­
cation to the animal or to enhance feed stuff fermentation 
patterns such as silage, has been extremely variable. The 
primary microorganisms that have been used are either 
Lactobacillus or Streptococcus bacteria (lactate producing 
bacteria), fungi and yeast. These microbial cultures have 
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been basically used in about four different ways. First, con­
siderable research has evaluated their potential benefit as 
a silage additive, or preservative. In addition, some excel­
lent research exists on the use of microbial products with 
stressed cattle and, even in some instances, routine use in 
stocker and feedlot diets. More recently, use of these prod­
ucts in the dairy industry to enhance milk production has 
been evaluated. 

The applications of these products as a silage preser­
vative has been extremely variable. Some results show very 
favorable and encouraging results; others show virtually no 
effect. KSU scientist Dr. Keith Boisen, may have eluci­
dated some of the key reasons why this may occur. Dr. Boi­
sen indicated that one of the possible reasons for the 
variability in response to silage inoculants could relate to: 

1. Levels of lactic acid bacteria currently present in si­
lage. 

2. The general fermentable characteristics of the silage 
and how a product may impact the fermentation proc­
ess. 

3. General silage making techniques including storage 
structure. 

4. Climatic conditions while the silage is being made. 
Another KSU scientist, Dr. Dale Blasi, recently sum­
marized eight different types of hay additives currently 
available. His summary of what these products are and 
their potential is as follows: 

a) Drying agents or desiccants containing potas­
sium carbonate, sodium carbonate or sodium 
silicate, applied during cutting to dissolve the 
outer layer of alfalfa and other legumes. 

b) Unbuffered organic acids such as propionic or 
propionic acetic acid blends, applied uniform­
ly in correct rates, offer consistent and reliable 
results for legumes and grasses containing 24 
to 28 percent moisture. While they offer great­
er protection against spoilage than aerobic 
bacterial inoculants, they are more expensive 
and their caustic and corrosive properties can 
be hard on machinery and manpower. 

c) Buffered organic acids have a higher pH than 
unbuffered organic acids but are more expen­
sive. Some companies may recommend lower 
application rates to keep prices in line with un­
buffered organic acids, but that may result in 
inconsistent protection. 

d) Acid salts such as sodium diacetate, which 
work similarly to organic acids without the vol­
atility. Because they also may be less effective, 
uniform application is vital. 

e) Anhydrous ammonia, an excellent preserva­
tive, but users need to consider additional 
costs for labor and plastic covering as well as 
safety hazards. 
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t) Urea, as an alternative to anhydrous ammonia. 
Because of sporadic results, not recommended 
in this area as a preservative. 

g) Anaerobic bacterial inoculants are designed 
specifically for higher moisture silage and hay­
lage situations, but not particularly recom­
mended for haying. 

h) Aerobic bacterial inoculants, designed for al­
falfa hay with 20 percent or less grass in the 
stand. 

The use of microbial products with stress cattle has 
unfortunately been equally variable. Dr. Steve Rust at 
Michigan State University summarized 21 trials. 

21 Trial Average 

Average Daily Gain Oto 14 days Oto 28 days Oto 84 days 

Control 
Treated 

Feed Conversion 
Control 

Treated,% morbidity 
Control 
Treated 

% Mortality 
Control 
Treated 

1.21 
1.52 

1.83 
1.99 

2.06 
2.13 

6.90 
6.82 

29.3 
23.6 

3.65 
1.4 

The overall summary looks relatively encouraging. 
The discouraging part is that in 14 of the 21 trials, no effect 
on performance or health was noted, characterizing the 
amount of variability that exists. 

The work with stocker and feedlot cattle has been 
similar to the other studies in which in a few trials show 
small incremental increases in performance, but other tri­
als have shown no response. 

More recent work being done with dairy to evaluate 
the impact of these products including fungi and yeast on 
milk production has been equally interesting. In Dr. Males' 
recent summary of 11 experiments, six showed an increase 
in milk production but, unfortunately, five showed no dif­
ference. Some studies have shown an impact of these prod­
ucts on increased dry matter and cellulose digestibility 
which is encouraging but, unfortunately, not consistent in 
all studies. 

In Dr. Males' summary he raised three key points in 
evaluating when and how to use these products. 

1. Only consider reputable ·products. 
2. Know what you want to achieve in utilizing a product. 
3. Know your costs and returns and closely evaluate the 

cost/return benefits. 
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Buffers 

In the last 15 years numerous research trials have 
evaluated the potential role of buffering compounds in 
both beef and dairy diets. The most extensive work and 
oftentimes the work showing the greatest beneficial re­
sponse to buffers has been dairy cattle 

Unfortunately, the term "buffer" is somewhat mis­
leading in that many compounds are often referred to as 
buffers and yet do not biologically contain the acitivity that 
really should be present for the compound to be classified 
as a buffer. In the truest sense of a buffering compound, 
they should actually alter the physiological environment. 
While many compounds are actually referred to as buffers, 
they simply act as acid-consuming or acid-neutralizing 
agents. An example of this is magnesium oxide. 

Dairy Cattle 
An excellent review was recently published by Dr. 

Erdman, University of Maryland, in which he summarized 
data from 82 experiments on the use of buffering com­
pounds in dairy cattle. Predominant compounds evaluated 
were sodium bicarbonate, sodium bentonite, magnesium 
oxide and potassium carbonate. A summary of the excel­
lent review would include the following points: 

1. Buffering agents in low forage dairy diets were effec­
tive in increasing rumen pH, rumen acetate:proprio­
nate molar ratio and milk fat percent. 

2. In diets containing at least 30% dry matter from for­
ages, effects of dietary buff er on rumen pH and milk 
fat percent were less pronounced. 

3. Seventeen studies where corn silage was the sole for­
age showed the addition of sodium bicarbonate to the 
ration increase feed intake by 1 lb/day and the conver­
sion of feed to milk. 

4. when alfalfa haylage, alfalfa silage or alfalfa hay was 
included in the diet the response to buffers were con­
siderably less. In fact, there was generally no justifica­
tion for the use of dietary buffers in alfalfa hay based 
diets (based on th summary of eight trials). 

Beef Cattle 
Extensive research has looked at the beneficial effect 

of sodium bentonite and sodium bicarbonate in beef diets. 
Because of the nature of rumen diets, in general, the inclu­
sion of buffering compounds has been less beneficial. 

Based on the summary of the research work in the 
beef area, it appears there are three instances where di­
etary inclusion of buffers may be advantageous in beef 
diets. 

1. High silage diets. The research work in high si­
lage diets has been variable, but in a number of in­
stances the inclusion of buffers in feeding fermented 
diets such as silage, has shown a beneficial response. 
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2. Stressed cattle. In managing stressed cattle or 
formulating receiving rations, one of the problems is 
the tremendous variability that exists in daily feed 
consumption when new cattle start on feed. In this 
instance, the use of buffers has shown some potential 
in offsetting some of the acidosis problems that occur 
due to underconsumption or overconsumption. 
3. In the instances when the concentrate level in a 
feedlot ration exceeds 92 to 94%, some beneficial ef­
fect has been noted by the inclusion of buffering com­
pounds. As in most situations, this research has not 
been particularly consistent. 

In summarizing when and where to use buffer­
ing compounds, the greatest advantage to date has 
been in dairy diets. In beef cattle diets, an individual 
needs to evaluate the type of diet that is being fed 

· and whether proven research studies support the in­
clusion of a buffer in that particular situation. 

For Your Library 

AGRICULTURAL BIOETHICS: 
Implications of Agricultural Biotechnology 
Steven M. Glende/, A. David Kline, 
D. Michael Warren, Faye Yates 

Agricultural Bioethics presents a multidisciplinary 
discussion of the implications of agricultural biotechnology 
from ethical, social, and economic perspectives. Just pub­
lished by the Iowa State University Press, the book is based 
on a selection of papers presented at the Agricultural Bi­
oethics Symposium held in November 1987, at Iowa State 
University. The social and ethical dimensions of biotech­
nology have been and are the object of intense debate both 
within the molecular biology community and beyond. This 
debate is ever more important because the impact of devel­
opments in agricultural technology is so far-reaching. It is 
advantageous that the dialogue on ethical concerns has 
paralleled the development of the technology. 

· The major topics addressed in the 23 chapters include 
safety and regulatory issues, the impact of biotechnology 
on scientific and industrial communities, public percep­
tions of biotechnology, and the economic prospects, social 
considerations, and ethical dilemmas surrounding biotech­
nology. The papers present new technical procedures and 
data that can help analyze the short-term and long-term 
implications of developments in biotechnology. Among the 
social considerations ,are the impact of biotechnology on 
rural America and the role of university research in bi­
otechnology. The last section of the book, Ethical Dilem-
. mas, discusses the moral responsibility of biotechnology, 
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Summary 
The rumen fermentation "vat" has long been an area 

intriguing to veterinarians and ruminant nutritionists. It 
has been a source of enticement for potential manipula­
tion. When trying to do this, we should not lose sight of the 
important attributes that the ruminant has in its ability to 
convert fiber or other products into more utilizable com­
pounds resulting in the conversion of products, not utilized 
by humans or non-ruminant species, to animal protein. 
However, it is also important to note that as new research 
information becomes available and a greater understand­
ing of rumen function is known, there is little doubt that 
products that allow us to manipulate this rumen function 
will enhance the production efficiency of animal agricul­
ture. Equally, this is an area where biotechnology may ren­
der new compounds that enhance fiber utilization, protein 
efficiency, etc., resulting in an economical benefit to the 
cattle industry. 

the moral impact of genetic engineering, and bioethics. 
Agricultural Bioethics is intended for use in academic 

courses on biotechnology and bioethics, as well as a re­
source text for the numerous scientists involved in biotech­
nology. 

About The Editors: Steven M. Gendel is Assistant 
Professor in the Department of Genetics at Iowa State 
University. David Kline is Associate Professor and Chair 
of the Department of Philosophy at Iowa State University. 
D. Michael Warren is Professor of Anthropology and 
Chair of the Technology and Social Change Program at 
Iowa State University. Faye Yates is Assistant Director of 
Iowa State University's Institute for Physical Research and 
Technology. 

382 pp., ISBN 0-8138-0129-X, hardcover, illustrated, 
$34.95. Individuals include payment with order plus $2 

· postage for the first copy, 75 cents for each additional 
copy. Iowans add 5% sales tax. MasterCard and VISA ac­
cepted. Complimentary copies available for book review­
ers. For more information, contact Beverly Fisher, 
Advertising and Publicity Manager. 

IOWA STATE UNIVERSI'IY PRESS 
2121 S. State Avenue, Ames, Iowa 50010, 515/292-0140 
phone orders: 515/292-0155 FAX: 515/292-3348 
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INTRODUCING A RESPIRATORY DISEASE TOXOID UNLIKE ANY OTHER. 
As a veterinarian, you already know bovine respiratory disease (BRD) is the single 

most costly disease in cattle. You may also know the number one cause of BRD is still 

Pasteurella haemolytica. But you probably aren't aware that there's only one product 

with the two antigenic components necessary for effective protection against this danger­

ous pneumonia. PRESPONSE® Pasteurella Haemolytica Toxoid. e PRESPONSE is unlike 

any vaccine in the world. Because while other P. haemolyt'ica vaccines contain only whole cells or capsular 

antigens, PRESPONSE also has what they don't: leukotoxoid- the crucial component that stimulates 

neutralizing antibodies, which protect the alveolar macrophages as they fight P. haemolytica. • Actively 

growing P. haemolytica produce a deadly leukotoxin, which inhibits and kills alveolar macrophages and 

neutrophils attracted to the infection site. Other P. haemolytica bacterins can't stimulate antibodies to 

neutralize these leukotoxins. So when increased bacteria-phagocyte contact occurs, the leukotoxin ends 

up killing the phagocytes even more efficiently, resulting in a severe fibrinous pneumonia. • PRESPONSE 

takes care of both problems. Its leukotoxoid stimulates leukotoxin-neutralizing antibodies, thus protecting 

the alveolar macrophages and neutrophils. And antibodies to its capsular antigen enhance bacteria-phagocyte 

contact and elimination by macrophages and neutrophils before 

extensive lung lesions occur. • Of course, what really counts is 

safety and performance. Not only is PRESPONSE approved for 

calves of all weights and ages, it's also completely compatible 

with any other vaccination or antibiotic treatment program you 

MORTALITY CAUSED BY PNEUMONIA 1 

2% 

1% 

□ Un1X1Ccinated 
(1,291) 

■ Vaccinated 
with PRESPONSE 

(781) 

may be using. In addition, it virtually eliminates the potential for injection-site reactions. And in two years 

of field trials and actual use, calves vaccinated with PRESPONSE showed as much as 49 percent reduced 

mortality, and required up to 12 percent fewer re-treats, with no adverse reactions1
• • Ask your Cyanamid 

representative about PRESPONSE. Or call 1-800-426-2924 to talk technical questions. You'll find there's 

nothing else out there like it. And where BRD is a concern, 

a pasteurella toxoid that works is a lot more valuable than 

pie-in-the-sky promises. 

Manufactured for: 

ILANGFORD Iii. ABORATORIES. INC 

PRESPDNSE 
~~~MID 

AnmalNutnbonandHeanhC>i!pattrnent 
Wayne. NJ 074 70 01990 

® Registered trademark of Langford Inc. 1'Irial data available upon request. Always read and follow labe l directions carefully. 
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