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The following is excerpted from personal accounts by Dr. Arthur P. Raun and Mr. Leo 
Richardson on the events leading to the discovery of ionophores for cattle. 

As early as 1960, Wolin described the characteristics of rumen fermentation in energetic 
terms (Wolin, MJ, 1960). Wolin calculated that the rumen fermentation ofhexose to 
propionic acid was more energy efficient that the fermentation process which culminated 
in acetic and butyric acids. Hungate utilized the Wolin calculations describing the 
advantages of a high propionate rumen fermentation (Hungate, RE, 1966). These 
calculations and energy yields can be summarized as follows: 

1 hexose (673 Kcal)+ 2 H2O ➔ 2 acetate (418.8 kcal)+ 2 CO2+ 4 H2 
1 hexose ( 673 Kcal) + 2 H2 ➔ 2 propionate (734.4 kcal) + 2 H2O 
1 hexose (673 Kcal) ➔ 1 butyrate (524.3 kcal)+ 2 CO2 +2 H2 

The heat of combustion of glucose is 673 Kcal/mole. Similarly, the heats of combustion 
(Kcal/mole) for acetic acid is 209.4; for propionic acid, 367.2; for butyric acid, 524.3 and 
for methane 210.8. Thus the proportion of the glucose energy conserved in the acetate 
fermentation is 62.2%; in the propionate fermentation, 109 .1 %; and for butyrate, 77 .9%. 

Starting in 1965, Dr. Raun at Blanco Animal Health in Greenfield IN developed a 
blueprint for discovery, development, and eventual marketing of a rumen fermentation 
modification product. Using the findings of Wolin and Hungate, Dr. Raun developed in 
vitro rumen methodology that rapidly tested numerous compounds for the ability to 
increase propionic acid production. 

In December, 1970, one of the technicians working with Mr. Leo Richardson noticed a 
propionic acid peak on a chromatogram which was higher than any observed from any 
previous test compound, and which in fact was almost "off scale". Recognizing the 
significance, the technician immediately carried the chromatogram (with no calculations 
of production rates being done yet) to Dr. Raun, Dr. Charles Jordan, the Department 
Head, and to Dr. Jean Downing, the Division Director. By the time Mr. Richardson had 
returned to his desk from a meeting elsewhere, a note directed him to calculate 
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production values quickly, and make a preliminary phone call to line-up sufficient 
quantities of compound to place into fistulated cattle as soon as possible. This was 
monensin sodium which became Rumensin. Rumensin was approved by the FDA in 
December, 197 5. 

In 2007, after 30 years on the market, sales of the ionophores - monensin sodium 
(Rumensin, Blanco), lasalocid sodium (Bovatec, Alpharma), and laidlomycin propionate 
potassium (Cattlyst, Alpharma) - have totaled more than $3 billion and have resulted in a 
savings of natural resources to animal agriculture of greater than $10 billion. For his 
discovery, Dr. Raun was recognized by Beef Magazine as one of 25 people making the 
greatest contributions to the beef industry. 

IONOPHORE ACTIONS ON RUMEN MICROORGANISMS 

Benefits to the animal are derived from the actions of ionophores on microorganisms in 
the gastrointestinal tract of target animals. Ionophores share a common mode of action, 
but differ in cation specificity and capacity to achieve effective rumen concentrations 
(Pressman, 1976; Chow et al., 1994). That mode of actions begins with attachment to 
bacteria, protozoa (Fitzgerald and Mansfield, 1973, Chow et al., 1994), and probably 
rumen fungi (Habib and Leng, 1987). Attachment facilitates the movement of cations 
across cell membranes, exchanging a monovalent cation for a proton (monensin, 
laidlomycin propionate, lasalocid) or a divalent cation for two protons (lasalocid) 
(Pressman, 1976). 

Microorganisms within the rumen may be classified as either ionophore-sensitive or 
ionophore-resistant. In general, Gram-positive bacteria are sensitive to actions of 
ionophore and Gram-negative bacteria are resistant. Resistance is conferred by the outer 
membrane surrounding the bacteria. The outer membrane of Gram-negative bacteria acts 
as a size-exclusion sieve allowing passage of molecules less than about 600 Da. 
Monensin, for example, has a molecular weight of 692 Da, and is excluded from passage. 
This cell membrane is absent in Gram-positive type bacteria who thus become sensitive 
to the actions of ionophores. 

Several steps or reactions are involved in the action of ionophores upon microorganisms 
(Russell and Stroebel, 1989). The net effect of these reactions is a reduced intracellular 
K+ concentration, lower intracellular pH, and greater intracellular Na+ concentration 
(Russell and Strobel, 1989). This intracellular environment forces cellular transport 
systems to dissipate the intracellular W and Na+. The Gram-positive organisms attempt 
to restore equilibrium by eliciting the proton-ATPase and sodium-ATPase pumps. These 
pumps permit the organism to expel H, and costs the cell one ATP per proton. Energy 
reserves of the cell are reduced resulting in lowered capability for cell division. At use 
levels in feeds, ionophore-mediated reactions ultimately render the organism incapable of 
sustaining a rate of cell division sufficient to maintain normal ruminal fermentation 
significance (Russell and Strobel, 1989). Cell death likely comes from acidification of the 
cytoplasm (Guffanti et al, 1979). 
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Much of the effects of ionophores on ruminal fermentation are explained by the 
replacement of Gram-positive bacteria with Gram-negative bacteria (Dawson and Boling, 
1984; Russell, 1987). However, a significant portion of the effects e.g. enhanced 
propionate production results from the ionophore-mediated alterations in metabolism 
occurring in the Gram-negative population (Bergen and Bates, 1984, Stahl et al, 1988; 
Morehead and Dawson, 1992). 

Microorganisms other than bacteria in the rumen ecosystem are affected by ionophore 
supplementation, although the data are much sparser and more contradictory than for 
rumen bacteria. Rumen protozoa have been reported to be sensitive to ionophores in vivo 
(Richardson et al, 1978; Habib and Leng, 1986), but the degree of sensitivity may vary 
with species. As with fungi, ionophore effects on protozoa appear to be diet dependent. 
Protozoa modify their fermentation patterns in the presence of ionophore (Hino, 1981 ). 
Generally, any reduction in protozoa numbers may actually be beneficial if the protozoa 
are replaced in the biomass by bacteria (Klopfenstein et al, 1966). The beneficial role of 
protozoa is largely confined to the period when diets are abruptly changed from high 
fiber to high starch. In this circumstance, the engulfment by rumen protozoa of starch 
granules and adherent lactic acid-producing bacteria may reduce the amount of substrate 
available for the rapid production oflactate. (Dennis et al, 1981; Nagaraja, et al, 1986). 

In pure culture studies, rumen fungi appear to be sensitive to ionophores with the degree 
of sensitivity dependent on the organisms being tested (Elliott et al., 1987). In vivo, 
species and strains differ in sensitivity. Differences in sensitivity also depend on the 
substrates (feeds) presented to the fungi in the rumen (Bemalier et al, 1989). For cattle 
consuming forages, particularly lower quality forages, any negative effect of ionophores 
on anaerobic fungi could possibly reduce rumen fiber digestion. Because rumen fungi 
grow slowly, they contribute little towards digestion of diets with high rates of passage, 
such as those typically fed to dairy cattle. 

ACTIONS OF IONOPHORES ON RUMINAL METABOLISM 

Volatile Fatty Acids - Increased production of propionic acid represents the classical and 
much-studied effect of ionophores in ruminants. Richardson et al (1976) reported a 54 
and 36 percent increase in the molar proportion ofruminal propionate in concentrate- and 
pasture-fed cattle, respectively, when supplemented with 200 mg/d ofmonensin. Isotope 
dilution studies (Prange et al. 1978; Van Maanen et al. 1978; Rogers and Davis, 1982) 
showed that the change in molar proportion of propionate caused by monensin was due to 
an increase in propionate production. Rumimal propionate production was increased 45 
to 50 % on diets of70 percent hay and 76 percent on a diet of20 percent hay (Prange et 
al. 1978; Van Maanen et al. 1978). Increased propionic acid production leads to a greater 
recovery of energy in VF A (Rogers and Davis, 1982). Holstein steers fed monensin in a 
50% com silage-50% concentrate ration produced more total moles of VF A per kg of dry 
matter intake and more moles of acetate and propionate than the control ration. These 
changes resulted in a 33% increase in energy from VFA with the addition ofmonensin. 
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Methane - Anaerobic ruminal fermentation dictates that substrate oxidations must be 
closely linked to reduction reactions. As shown in the above reactions, volatile fatty 
acids and methane are terminal H2 acceptors. Fermentation balance requires that an 
increased production of propionate must be accompanied by a decrease in methane 
(Chalupa, 1977). This relationship was shown by Van Nevel and Demeyer (1977) who 
reported decreased methanogenesis and increased propionate production in vitro when 
mixed rumen microorganisms were incubated in the presence of monensin. Chen and 
Wolin (1979) observed inhibition of growth in some rumen bacteria by as little as 2.5 µ 
g/ml of either monensin or lasalocid while growth occurred in other rumen bacteria in the 
presence of 40 µg/ml of ionophore. Certain methanogenic bacteria were sensitive to 
ionophores at an intermediate concentration while others were not sensitive at 40 µg/ml 
of ionophores. Both groups concluded that inhibition in production of substrate (H2 and 

formate) for methanogenesis partially explained the reduction in methane production 
observed with ionophores. 

Digestibility - Spears (1990) summarized 20 experiments from the literature on the 
effects of lasalocid (n=3) and monensin (n=l 7) on apparent digestibility of energy in 
diets of cattle. Improvements in energy digestibility averaged about 2.0 percentage 
points for both ionophores but due to high variability between monensin experiments 
(range: -0.9 to +9.1 percent change), only the effect oflasalocid (range+ 1.9 to+ 2.2) was 
significant. 

Feeding of ionophores changes the site of digestion of dietary carbohydrate fractions. 
Ruminal digestion of starch may be decreased but post-ruminal starch digestion is 
increased to the extent that total tract digestibilty is unchanged (Funk et al, 1986; 
Muntifering et al, 1981). Fiber digestion is largely unaffected by ionophores (Allen and 
Harrison, 1979). Reduced numbers of ruminococci may be offset by increased numbers 
of ionophore-insensitive fibrolytic organisms, such as Fibrobacter succinogenes. 
Additionally, the somewhat longer rumen retention time caused by ionophores may 
contribute to maintenance of normal fiber digestion (Lemenager et al, 1978). 

Ali Haimoud et al (1995) reported decreased ruminal digestibility of organic matter, acid 
detergent fiber and starch in lactating dairy cows fed monensin. Total tract digestibility 
of these components was not different between control and monensin diets. Plazier et al 
(2000) reported that apparent digestibility of dry matter and organic matter was increased 
in early post partum dairy cows that had received a monensin controlled release capsule 
three weeks prior to calving. The improvement in energy digestibility was a consequence 
of improved fiber digestibility. Knowlton et al (1996) reported no difference from 
control in total tract digestibilities ofDM, NDF and starch when cows were fed lasalocid. 

BENEFITS OF FEEDING IONOPHORES 

Feedlot Cattle - Raun et al (1975) characterized the results of initial studies in cattle 
receiving inonensin. Gain was improved as much as 5.2% at 11 mg/kg monensin but 
decreased to control rate of gain at 44 mg/kg. Feed intake was decreased from 3.5 % at 
11 mg/kg to 13 .1 % at 3 3 mg/kg. Feed efficiency was improved from 10 to 17% over the 

54 



same dose range. Subsequently, seven field trial-efficacy studies, leading to the approval 
of monensin in cattle for slaughter, demonstrated an improvement in feed efficiency of 
8.6% at 30 g/ton ofmonensin (Raun, 1991). Lasalocid (1981) and laidlomycin 
propionate (1994) would receive FDA approval for feedlot cattle in coming years. 
Results of the four-trial field efficacy studies for laidlomycin propionate are shown in 
Table 1. 

Tablel. Four trial summary of Performance of Cattle Fed Laidlomycin Propionate 

L 'dl ai . p omycm /k DM rop10nate, mg ~g 
Item 0 6 9 12 
DMI, kg/d 10.55ab 10.72a 10.54ab 10.34b 
ADG,kg 1.20b 1.31 b 1.28b 1.31 b 

Feed/gain 9.02c 8.31 ab 8.37b 8.ooa 
a.be '' Means m same row without a common superscnpt differ (P<.05). 
Spires et al. 1990. 

The body of research indicates that ionophores increase or maintain weight gain with a 
concomitant decrease in dry matter intake. Enhanced performance per unit of feed intake 
from increased ruminal propionate, decreased methane and improved dry matter 
digestibility suggest that energy utilization is improved by the animal. Byers (1980) 
reported that monensin improved the apparent efficiency of energy utilization for 
maintenance by 5.7 % but had no effect on energy for growth. Delfino et al (1988) 
showed that diet ME was improved by 7 % in cattle receiving lasalocid. Fasting heat 
production of83.5 and 79.5 kcal/Wkg·75 was reported by Garrett et al. (1980) for control 
and monensin-fed cattle. The Nutrient Requirements of Beef Cattle (NRC, 1996) 
suggests the NEm concentration of the diet be increased by 12%. 

Ionophores have contributed to the shift in higher grain rations in the feedlot. In doing 
so, the magnitude of the feed efficiency response has declined but, the value of 
ionophores has not diminished for several reasons. Ionophores reduce the mortality in 
number of digestive deaths in cattle that occur in the feedlot (Black and McQuiliken, 
1980; Stock et al. 1995). Monensin reduces feed intake variation when cattle are rapidly 
adapted to higher levels of grain in the diet (Burrin et al 1988). Ionophores reduce bloat 
(Bartley et al. 1983) and lactic acidosis (Nagaraja et al. 1982). 

Lactating Dairy Cattle - Monensin gained approval from FDA in November of2004 for 
use in dairy cows. The claim, "For increased milk production efficiency" applied to dairy 
cattle (lactating and dry) fed a total mixed ration containing 11 to 22 grams monensin per 
ton on a dry matter basis. In December of 2005, the claim and dosage rate were 
expanded to include component-feeding systems. Dosage rates in a minimum of one 
pound of feed allowed a range from 185 to 660 mg monensin per head per day to 
lactating cows or 115 to 410 mg monensin/head/day to dry cows. 

In the nine-trial field efficacy study milk production efficiency was increased by 4% 
(Symanowski et al. 1999). An evaluation of individual trials revealed three outcomes in 
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the efficiency response of cows fed monensin. The outcomes were related to milk fat and 
milk protein yields of cows fed monensin compared to control treatment as follows 
(Table 2): 
1) three studies where cows fed monensin compared to control produced more milk on 
the same DMI, more pounds of milk fat, and more pounds of milk protein per day 
(Outcome 1); 
2) four studies where cows fed monensin compared to control produced more milk on the 
same DMI, less pounds of fat and more pounds of protein per day (Outcome 2); 
3) three studies where cows fed monensin compared to control produced equal milk on 
the less DMI, less pounds of fat and less pounds of protein per day (Outcome 3). 

Table 2. Performance of Lactating Cows by Outcome Groups: 0 and 15 git Monensin 

Outcome 1 Outcome 2 Outcome 3 
Mon ens in, 0 15 0 15 0 15 
git 
Milk, lb/d 63.8 67.1 68.5 70.1 67.7 66.9 
Fat,% 3.73 3.67 3.67 3.45 3.63 3.47 
Fat, lb/d 2.38 2.46 2.51 2.45 2.46 2.32 
Protein,% 3.14 3.09 3.13 3.14 3.16 3.15 
Protein,lb/ d 2.01 2.08 2.14 2.24 2.14 2.11 
DMI,% 3.29 3.33 3.29 3.24 3.23 3.09 
BWT 

An investigation followed to identify diet components that were related to the different 
responses of cows fed monensin. The percentage of each feed in the TMR and nutrient 
profile, from lab analysis or book values, of each feedstuff was calculated on each TMR 
fed to cows at all sites. These were entered into the Cornell Net Carbohydrate Net 
Protein model (CNCPS v 4.1) and, the output from CNCPS was used to determine TMR 
characteristics for each site. The chemical composition of diets in each of the outcome 
groups is in Table 3. 

T bl 3 Ch . IC a e ermca ompos1t1on o f ff t fr ff f:fi t Y Id G le S om 1 eren le roups 
Outcome 1 2 3 
Crude protein, % DM 17.9 17.9 18.6 
MP Bacterial % CP 34.1 34.1 32.7 
MP Undergraded feed % CP 31.8 30.4 28.9 
MP Total% CP 65.9a 64.5a 61.5b 
NDF, %DM 32.9a 29.8b 28.4b 
NFC, %DM 38.7 41.8 41.7 
Fat, %DM 5.6 5.3 6.0 
a, b Means m same row not shanng common superscript are different (P<.05) 

Diet carbohydrates: - Sites in Outcome 1 had higher (P < 0.05) NDF and lower (P=0.07) 
NFC as percentages of dry matter than diets at Outcome 3 and Outcome 2 sites. Fraction 
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Bl in CNCPS represents starch and pectin, major constituents ofNFC. Diets at Outcome 
1 sites were also lower (P= 0.07) in Fraction Bl compared to diets at Outcome 3 and 
Outcome 2 sites. Other CNCPS carbohydrate fractions were not different between 
Outcomes. Total carbohydrate digested was higher (P < 0.05) for Outcome 2 diets and 
intermediate for Outcome 1 diets. The components of carbohydrate digestion in CNCPS, 
diet (P < 0.07) and bacteria (P < 0.005), followed the same pattern. Bacteria yield in 
CNCPS is predicted from bacteria CHO digested and was greatest for Outcome 2 and 
Outcome 1 diets. 

Diet protein - Diets averaged 17.9, 17.9 and 18.6 percent crude protein for Outcomes 1, 2 
and 3, respectively. Total dietary metabolizable protein tended (P < 0.10) higher for 
Outcome 1 diets than Outcome 3 diets. The diets in Outcome 2 were intermediate. 
Components of metabolizable protein, bacteria and undegraded feed protein were 
numerically higher for Outcome 1 > Outcome 2 > Outcome 3. Metabolizable protein 
from bacteria was greater (P< 0.05) in diets from Outcome 1 and Outcome 2 sites than in 
Outcome 3 sites. Other measures of protein utilization from CNCPS were not different 
between Outcome groups. 

Diet fat- None of the fatty acids, percent fat in the diet or indices of fat utilization were 
different based on Outcome grouping of sites. Diets at Outcome 3 sites had the highest 
level of dietary fat but lowest concentration of linoleic acid. This finding suggests that 
sufficient linoleic acid may always be present in sufficient amounts in diets of dairy cows 
to cause a decrease in milk fat percent. Factors that altered ruminal fermentation as 
suggested by Griinari et al (1998) become the diet characteristics that must be managed 
in order to prevent lower milk fat percent with monensin or any other contributor to low 
milk fat. 

IONOPHORES AND OTHER NUTRIENTS 

Protein - Ionophores have significant effects on nitrogen metabolism in the rumen. The 
effects of ionophores include a reduction in protein degradation, ammonia accumulation 
and microbial nitrogen (Van Nevel and Demeyer,1977; Whetstone et al. 1981). 
Accumulation of a-amino nitrogen and peptides suggested ionophores have a greater 
effect on deamination than proteolysis. 

Monensin generally had no effect on total nitrogen reaching the abomasum with a variety 
of cattle diets and nitrogen sources (Poos et al. 1979; Muntifering et al. 1980; Faulkner et 
al, 1985). However, there was a considerable difference in the form of nitrogen reaching 
the abomasum. A greater proportion of the nitrogen reaches the abomasum as nitrogen of 
dietary origin when monensin is included in the diet. The relative decrease in bacterial 
nitrogen originates from a significant reduction in ruminal bacterial protein synthesis. 
Efficiency of ruminal bacterial protein synthesis was generally unchanged (Poos et al. 
1979; Muntifering et al. 1980). Abomasal flow of total essential and total-nonessential 
amino acids was greater when monensin was fed with preformed protein (Poos et al. 
1979; Faulkner et al, 1985). Quantity of amino acids reaching the abomasum was not 
affected by monensin when urea was the principal nitrogen source (Poos et al. 1979). 
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Goodrich et al (1984) estimated the crude protein content of a diet for a 540 pound steer 
gaining 2.2 pounds per day was 11.2% for ionophore-fed cattle compared to a 11.6% diet 
suggested by NRC, 1976. Also, feed per 100 pounds of gain was optimized in cattle fe~ 
ionophores at 11.2% crude protein. 

Ali Haimoud et al (1995) reported reduced rumen ammonia and reduced ruminal 
breakdown of protein in lactating dairy cows fed monensin. Efficiency of ruminal protein 
synthesis and the amount of bacterial protein reaching the small intestines was unchanged 
by monensin feeding. Total flow of protein to the small intestine was enhanced because 
more protein of dietary origin reached the lower gut. Consequently, lactating cows fed 
monensin had higher total amino acid absorption than control cows. 

The observations of lower ruminal microbial protein reaching the abomasum stimulated 
Russell's group in the l 980's to investigate monensin actions on bacteria with known 
preference for utilizing protein as an energy substrate in the rumen ecosystem. Changes 
in overall nitrogen metabolism resulting from monensin feeding could not be accounted 
for quantitatively with the existing knowledge ofruminal bacteria activity. For example, 
rumen bacteria with the highest ammonia production from protein were Gram negative 
and produced only 7 5 to 80 percent of the ammonia produced by mixed rumen bacteria. 

Russell et al. (1988) hypothesized that there must exist within the rumen certain unknown 
strains of bacteria that have high specific rates of ammonia production. Using classical 
isolation techniques, they were able to identify two new bacteria that had 18 to 39 times 
higher ammonia producing ability than previously known species of bacteria in the 
rumen. These bacteria were identified as a Peptostretococcus species and a Clostridium 
species. Both were Gram posi~ive organisms, required an amino acid source for growth 
and were monensin sensitive. Characterization of these two bacteria plus a third 
Clostridum species is detailed in (Paster et al. 1993). 

Spears (1990) summarized the effects ofmonensin on apparent digestibility of nitrogen in 
cattle. Improvements in nitrogen digestibility averaged about 3 .5 % in cattle. In most 
studies, retained nitrogen as a percent of nitrogen intake or as a percent of nitrogen 
absorbed was increased with ionophores (Poos et al. 1979; Muntifering et al. 1980). A 
higher proportion of plant protein to microbial protein reaching the abomasum may 
contribute to improved nitrogen absorption and retention with ionophore feeding because 
of the typically higher digestibility of plant protein. 

Lipid metabolism - Ruminal hydrolysis of triglycerides and biohydrogenation of 
unsaturated fatty acids in the rumen are inhibited by the presence of monensin (Van 
Nevel and Demeyer, 1995). Biohydrogenation of linoleic acid was reduced and 
production of trans-octadecenoic acid isomers was increased by monensin in continuous 
ruminal fermenters (Fellner et al, 1997). Jenkins et al (2004) reported that monensin and 
soybean oil produced higher concentrations of trans- l 0 C 18: 1 in ruminal contents when 
barley compared to com was the starch source. This finding suggested that higher rates 
of ruminal degradation of starch ( as with barley) in the presence of monensin and 
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soybean oil resulted in more incomplete biohydrogenation of linoleic acid. Under this 
scenario, monensin would increase the risk of milk fat depression. 

Griinari et al (1998) proposed that milk fat depression in cattle required two conditions in 
the rumen: the presence of dietary linoleic acid and an altered rumen environment. In 
high grain diets, milk fat depression was often associated with and presumably caused by 
a reduction in the acetate to propionate ratio in the rumen. Ionophores reduce the acetate 
to propionate ratio and therefore logic inferred that ionophores will cause reduced milk 
fat. Biohydrogenation of linoleic acid competes with propionate for hydrogen. In the 
nine trial monensin efficacy studies, reduced milk fat did not occur in diets that were 
sufficient in NDF in the presence of 2% linoleic acid. Dietary manipulations such as 
feeding extra grain, rapidly fermentable starch sources, or fine grinding of forages ( all 
cause a reduced acetate propionate ratio) can create a rumen environment conducive to 
reduced milk fat with or without ionophores. 

IONOPHORES AND GREEN AGRICULTURE 

Consumers are demanding more accountability in food production practices. Ionophores 
support consumer demands by protecting the environment through improved feed 
efficiency, reduced methane production and improved nitrogen utilization. 

Tedeschi et al (2003) estimated that the com required for beef cattle production would be 
increased by 51 to 53 million bushels if ionophores were withdrawn from all diets or 
about 0.4% of the 92 million acres planted in 2007. Assuming 3 gallons of ethanol per 
bushel of com (Roe et al. 2006), ionophores savings of com for beef cattle production 
would yield 153 to 159 million gallons of ethanol annually. 

Ruminal fermentation contributes approximately 11 % of total annual methane production 
(Moss, 1993). Van Nevel and Demeyer (1996) reported a 20 % reduction of methane in 
vivo. Conflicting reports suggest the methane response of ionophores is lost (Johnson et 
al 1994, Sauer et al, 1998) while others (Richardson et al, 1976; Rogers et al. 1997) 
reported a continual long-term propionate response to ionophore feeding which results in 
reduced methane. Obviously not all ruminants are fed ionophores but, the reduction in 
methane production by cattle that are fed ionophores in the US is significant. 

Finally, nitrogen released into the atmosphere is coming under more and more scrutiny 
because of its effect on air and water quality. Rumen ammonia is reduced by ionophores. 
Studies by Russell's group and others suggest a higher bypass of plant proteins due to 
ionophore supplementation. Coupled with improved digestibility of protein by cattle 
supplemented with ionophores provide strong evidence that efficiency of diet nitrogen is 
improved by ionophores. Ionophores reduce protein requirements of cattle as suggested 
by Goodrich et al (1984). 

Tedeschi et al (2003) demonstrated the impact of ionophores on nitrogen utilization in 
feedlot cattle using actual close-out data on 8624 steers fed a com based ration for 126 
days from a Kansas feedlot. The actual diet which included monensin and tallow (S 1) 
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plus two additional diets of+ monensin- tallow (S2) and- monensin - tallow (S3) was 
evaluated by simulations using the CNCPS model, Version 5.0. The model predicted 
average gain of 1.78 kg/din Sl compared to actual gain of 1.79 kg/d. Monensin feedil).g 
(S2 vs S3) reduced nitrogen excretion by 378 grams per animal for the 126 day feeding 
period. Without monensin in commercial feedlots, nitrogen excretion was estimated to 
increase by 9.8 Gg per year and feed intake would increase by 52.6 kg per animal or 1.38 
Tg per year. These numbers for nitrogen would likely be comparable for lactating cows 
because of higher intakes of dietary protein. 

SUMMARY 

Ionophores have significant effects on almost all facets of ruminal fermentation. These 
effects are manifested through improved feed efficiency of growing, finishing and 
lactating cattle. Ionophores provide significant benefits to the environment through 
reduced land requirements for animal production, reduced methane and reduced nitrogen 
release into air and water. 
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