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ABSTRACT 

A lactation trial (N= 34, multiparous; 29, primiparous) 

and a metabolic trial (N= 3), using lactating Holstein cows, 

were conducted to determine the effects of feeding varying 

amounts (0, 30, 60, 90 and 0, 75, 150 mg/d, respectively) of 

bambermycins (Flavomycin®) on production responses, 

reproduction and health, rumen fermentation patterns, and 

ruminal protein and fiber digestion in lactating cows. 

Flavomycin increased milk yields and milk fat and protein 

yields in multiparous cows (P<.05). Although dry matter 

intake (DMI) was increased in cows receiving FI avomyc in , 

efficiency of milk production (DMI/kg Milk) was also 

increased. Primiparous cows receiving 60 or 90 mg/d 

Flavomycin had fewer days open and a shorter calving 

interval than cows not fed Flavomycin (controls). Body 

condition score (BCS) and body weight (BW) of all cows were 

not affected significantly by feeding Flavomycin. 

Acetate:propionate ratios were significantly lower for cows 

fed Flavomycin compared to controls. Digestibilities of dry 

matter, crude protein, and acid detergent fiber were not 

affected significantly by Flavomycin. Total tract 

digestibility of neutral detergent fiber was significantly 

lower for cows fed 75 mg/d Flavomycin compared to controls. 

Cows receiving 75 mg/d Flavomcyin had a higher (P<.05) 
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proportion of bacterial crude protein in duodenal digesta 

than control cows. Flavomycin appears to be beneficial for 

increasing milk production efficiencies in mUltiparous 

lactating cows, but the mechanism of action remains to be 

clarified. 



CHAPTER 1 

INTRODUCTION 
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A long desired goal of ruminant nutritionists has been 

to manipulate and improve the efficiency of ruminal 

fermentation and therefore, the efficiency of production 

(maintenance, growth, reproduction, lactation). In order to 

improve the efficiency of ruminal fermentation, products 

have been sought that will: 1) increase ruminal propionic 

acid yield without depressing acetic acid yield (for milk 

fat production), 2) depress methanogenesis and 3) depress 

rapid ruminal proteolysis and deamination of dietary 

proteins. The first attempts to achieve this goal were by 

dietary manipulation, but during approximately the last 20 

years a number of active compounds have been discovered that 

when fed, can achieve some or all of the above objectives. 

These products have been referred to as performance 

promoters and/or rumen modifiers. One such class of 

compounds is carboxylic polyether ionophore antibiotics 

(commonly called ionophores) that were originally used as 

anticoccidial feed additives for poultry. These ionophores 

are produced by various strains of Streptomyces and include 

monensin, lasalocid, and salinomycin. Currently not all 

ionophores are approved for use in lactating dairy cows. 

Another class of antibiotics proposed to enhance 

ruminal efficiency are bambermycins (produced by a group of 



grey-green streptomyces). These are phosphoglycolipid 

antibiotics, and are not yet approved by the u.s. Food and 

Drug Administration (FDA) for use in lactating dairy cows. 

However, bambermycins (trade name, Flavomycin®) have long 

had FDA approval for use in both the poultry and swine 

industries as a coccidiostat and were recently approved 

(October, 1993) for use in beef cattle in confined feeding 

operations. 

14 

Two trials were designed to examine the effects of 

feeding Flavomycin at varying levels. The first trial 

measured the effects on milk and milk component yields, as 

well as on efficiency of milk production in mUltiparous and 

primiparous Holstein cows. The second trial was designed to 

measure metabolic effects of Flavomycin on the rumen 

environment in lactating cows. The first trial was 

conducted as a part of the FDA-INAD trial #6402-3 sponsored 

by Hoechst-Roussel Agri-Vet Co. of Sommerville, N.J. 



CHAPTER 2 

LITERATURE REVIEW 
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This is the first published study reporting the effects 

of Flavomycin in lactating dairy cows. Therefore, this 

review will deal with how other performance promoters and/or 

rumen modifiers act in cattle. The nature of Flavomycin®, 

its chemical and biological properties, and proposed 

mechanism of action in improving efficiency in poultry and 

swine will be addressed. 

Performance Promoters/Rumen Modifiers 

Performance promoters are added to the feed of 

livestock solely for physiological, nutritional or dietary 

benefits and do not exert therapeutic actions that would 

prevent diseases (Kiser, 1976; U.S. Congress, 1979). 

Performance promoters act indirectly for the benefit of the 

animal in that they retain the optimum balance of the 

bacterial flora of the digestive tract; and prevent 

destructive toxin formation from detrimental microorganisms 

(Kiser, 1976; U.S. Congress, 1979). 

Antibacterial drugs, given at doses lower than the 

usual therapeutic level, that promote growth, feed 

efficiency, or disease prevention can be categorized as 

performance promoters (U.S. Congress, 1979). The most 

common antibacterial drugs used in animal feeds are: 



tetracyclines, penicillins, sulfas, and nitrofurans (U.S. 

Congress, 1979; Feed Additives Compendium, 1993). 
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Antibacterials elicit some or all of the following 

effects: 1. A nutrient-sparing effect in which the drugs 

reduce the animal's dietary requirements by either 

stimulating the growth of beneficial organisms that 

synthesize vitamins and/or other essential nutrients, or 

increasing the capacity of an animal's intestinal tract to 

absorb nutrients, 2. A metabolic effect in which the 

antibacterial directly affects the rate or pattern of 

metabolic processes in the animal, or 3. A disease-control 

effect in which the drugs suppress organisms that cause 

disease in animals at such a low level that overt symptoms 

are not apparent, but animal performance is reduced (Cravens 

and Holck, 1970; Kiser, 1976; U.S. Congress, 1979; and 

Parker, 1990). Synthetic hormones are another class of 

performance promoters (estrogens, androgens), which are 

usually administered as a sub-cutaneous, slow-release 

implant. (Cravens and Holck, 1970; Kiser, 1976; and U.S. 

Congress, 1979) 

Rumen modifiers are substances that influence ruminal 

metabolism and nutrient absorption in ruminant animals 

(Kiser, 1976; and u.S. Congress, 1979). The primary rumen 

modifiers in use today are ionophores. Ionophores are feed 

additives commonly used in the production of both ruminants 
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(beef cattle and dairy heifers) and poultry (Spears, 1990). 

Monensin and lasalocid are the two most widely used 

ionophores in animal production and will be the focus of 

this review (Van Nevel and Demeyer, 1988). 

Ionophores 

History 

In the early 1950's a group of fermentation products 

(ionophores) was discovered which effected transport of ions 

across cell membranes (Pressman, 1976) Later, ionophores 

were found to have anticoccidial activity. The 

anticoccidial action of ionophores first appeared mediocre 

in laboratory tests, but under field conditions, the results 

were consistently superior to those of other classes of 

drugs (Long, 1990). 

Monensin was first introduced in the United States in 

1971 as a coccidiostat for chickens (Long, 1990) and is 

still in use today. In addition to its anticoccidial 

properties, monensin was found to have a favorable influence 

on production performance of chickens (Long, 1990). In 

1975, monensin was approved for use in beef cattle. 

Monensin has improved performance of beef cattle and lambs 

on many different types of diets (Raun et al., 1976; and 

Vijichulata et al., 1980). Better performance was observed 

when monensin was fed due to a combination of better weight 
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gains and decreased feed intake, resulting in improved feed 

efficiency (Goodrich et al., 1984). 

Another ionophore, lasalocid, differs slightly from 

monensin in its structure, but has many of the same effects 

on animal production (Van Nevel and Demeyer, 1988). Spears 

and Harvey (1984) observed larger daily gains of steers on 

pasture when supplemented with lasalocid. Lasalocid was 

approved for use in beef cattle and poultry in the United 

States in 1974. Ionophores are used widely to increase 

efficiency of feed utilization in growing ruminants (Kiser, 

1976; Bergen and Bates, 1984; and Goodrich et al., 1984) and 

in poultry and swine because of their anticoccidial 

properties (Cromwell, 1983; Edgar et al., 1985; and Miller, 

1986), but have not yet been approved for addition to diets 

for lactating cows (Feed Additives Compendium, 1993). 

Because feedstuff composition can affect the 

concentration and ratio of cations in ruminal fluid, 

ionophore efficacy can be diet dependent in the ruminat 

digestive system. Pond and Ellis (1981) noted increased 

forage intake in monensin-supplemented grazing cattle and 

consequent improved daily gain. However, while Ruan et al. 

(1976) showed improved feed efficiency in feedlot cattle on 

a high concentrate diet, efficiency occured through a 

decrease in feed consumption and no change in daily gain. 
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Structure 

Ionophores are lipophilic substances which are toxic to 

many bacteria, protozoa, fungi, and higher organisms; and 

therefore fit the classical definition of antibiotics 

(Pressman, 1976; and Dobler, 1982). They usually have 

molecular weights between 500 and 2,000 (Pressman, 1976). 

The exterior of the molecule is generally hydrophobic, while 

the interior is generally hydrophilic and thus able to bind 

cations and move these ions through a hydrophobic membrane 

without high activation energy usually required for this 

process (Pressman, 1976; and Russell and Strobel, 1989). 

Ionophores can be classified into four groups based 

upon their structure. The groups are: l)natural carboxylic 

ionophores; 2)natural neutral ionophores; 3)synthetic 

ionophores; and 4)quasi-ionophores (Dobler, 1982). The 

carboxylic ionophores are produced by various streptomyces 

cultures (Pressman, 1976). Monensin and lasalocid are in 

the carboxylic class of ionophores (Dobler, 1982). 

Carboxylic ionophores are open-chain molecules of the 

polyether type, containing tetrahydrofurane and/or 

tetrahydropyrane rings (Dobler, 1982). One end of the chain 

is always terminated by a carboxyl group, and the other is 

terminated by one or two hydroxyl groups (Dobler, 1982). 
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Mode of Action: 

The ionophores act by facilitating movement of 

inorganic cations across cell membranes (Pressman, 1976; 

Dobler, 1982; Bergen and Bates, 1984; and Russell and 

Strobel, 1989), therefore disrupting the balance of 

physiologically important ions such as sodium and potassium. 

It could also be said that ionophores function as shuttles 

for the movement of ions across membranes (Dobler, 1982). 

Ionophores use their hydrophilic centers to bind specific 

ions and surround the ions with peripheral hydrophobic 

regions; this arrangement allows the molecules to dissolve 

effectively into and diffuse across the membrane (Dobler, 

1982) . 

Some ionophores bind only a single cation (uniporter), 

but others are able to bind more than one cation 

(antiporters) (Dobler, 1982). Monensin has a strong 

preference for sodium over potassium and does not bind 

divalent ions to any extent, while lasalocid has an affinity 

for divalent cations in addition to the monovalent cations, 

sodium and potassium (Spears, 1990). 

Physiological Effects on Ruminants 

Improvements in animal performance associated with 

ionophore feeding in ruminants have been largely attributed 

to alterations in ruminal microbial metabolism (Chen and 

Wolin, 1979; Bergen and Bates, 1984; and Schelling, 1984), 
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with the primary result being the production of a relatively 

greater proportion of propionate and a relatively smaller 

proportion of acetate in the rumen (Schelling, 1984; Russell 

and Strobel, 1989; and Parker, 1990). When ionophores are 

fed, the digestive tract of the animal is exposed to the 

ionophore until it is either absorbed, excreted or modified 

so that it is no longer biologically active (Spears, 1990) 

In ruminants, many studies have described the influence of 

dietary changes on production of end products of microbial 

fermentation; primarily in the reticulorumen (Bergen and 

Bates, 1984; Schelling, 1984; and Russell and Strobel, 1989) 

but also in the large intestine (Bergen and Bates, 1984; and 

Parker, 1990). Even though absorption and metabolism of 

volatile fatty acids (VFA's) by the rumen epithelium have 

been studied for many years, it is not completely understood 

how availability of these metabolites to peripheral tissues 

is influenced. Information is emerging regarding the 

interaction of the microbial flora of the gut and nutrient 

absorption (Spears, 1990). Brown and Hogue (1985) observed 

a decrease in milk fat content with no decrease in milk 

yield of goats fed monensin. 

CUrrent Accepted Theory 

Gram positive bacteria depend on substrate level 

phosphorylation and are inhibited by ionophores. Gram 

negative organisms, many of which contain fumarate 



reductase, survive in the presence of ionophores; and as a 

result, the gram negative population of the rumen is 

enriched (Dobler, 1982). 
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It is the view of Russell and Strobel (1989) that all 

of the observable ionophore effects are secondary phenomena 

caused by the disruption of normal membrane physiology in 

gram positive bacteria. As a result of the disruption there 

is; inhibition of microbial H2 producers, inhibition of 

microbial ammonia producers, inhibition of microbial lactate 

producers, and decreased feed intake. Each of these changes 

exerts the indirect effect of increasing production in the 

animal. A decrease in H2 leads to a decrease in methane 

production; which, in turn, increases the acetate/propionate 

ratio. This shift in VFA's probably accounts for half of 

the observed production improvement (Russell and Strobel, 

1989). Another major contributor to increased feed 

efficiency is decreased feed intake. Lowered intake slows 

the rate of passage through the digestive tract and 

therefore improves feed digestibility (Van Nevel and 

Demeyer, 1988; and Russell and Strobel, 1989). Russell and 

Strobel (1989) concluded that the action of ionophores in 

the rumen is due to: l)the sensitivities of target 

microorganisms; 2)ion selectivity of the ionophore; 

3)concentration gradient(s) of ion(s) which can be 



translocated by the ionophore; and 4) increased ion flux 

through the cell membrane. 
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The previous mechanism differs from that of Bergen and 

Bates (1984), who proposed that monensin would cause sodium 

and hydrogen ions to move in opposite directions. Bergen 

and Bates did not base their premise on experimental 

determinations and did not consider the effect of monensin 

on potassium ions (Russell and Strobel, 1989). 

CUrrent Status 

Monensin is currently approved for use in the following 

species (Feed Additives Compendium, 1993): 

Chickens, at 90-110g/ton as a coccidiostat; 

Turkeys, at 54-90g/ton as a coccidiostat; and 

Cattle (confined), at 5-30 g/ton or 50-360 mg/d to 

improve feed efficiency. 

Lasalocid is currently approved for use in the 

following species (Feed Additives Compendium, 1993): 

Chickens, at 68-113 g/ton as a coccidiostat; 

Cattle, at 100-360 mg/d for improved feed efficiency 

and increased rate of weight gain in cattle 

fed in confinement for slaughter, 

or at 60-200 mg/d for increased wieght gain in 

pasture cattle (including replacement dairy 

heifers) , 



or at 1 mg/kg body weight (max. 360 mg/d) as a 

coccidiostat; 

Sheep, at 20-30 g/ton as a coccidiostat when in 

confinement. 
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No ruminant feed additive has been investigated more 

than ionophores. It has been shown that the effects on 

rumen VFA patterns and methane production can only partially 

explain the increase in animal performance. Ionophores have 

also been shown to have a variety of effects in the post

rumen digestive tract (Van Nevel and Demeyer, 1988). These 

effects have not been covered in this review because the 

focus this thesis is primarily on changes in the rumen 

microbial environment. 

Flavomycin® 

Flavomycin® is the trade name registered by Hoechst AG 

(Germany) for the antibiotic performance promoter 

Flavophospholipol. When Flavomycin® is administered orally 

within the recommended dosage range it is not absorbed from 

the intestine according to studies conducted in Germany in 

the late 1960's and early 1970's (Huber et al., 1966; and 

Fagerberg and Quarles, 1979). 

Flavomycin® is a phosphoglycolipid antibiotic (Van 

Nevel and Demeyer, 1988). It is formed by a group of grey

green streptomyces (Huber and Nesemann, 1968). Streptomyces 

bambergiensis is the primary strain with S. ghanaensis, S. 



geysiriensis and S. ederensis also contributing. The 

molecular weight of Flavomycin® is 1582 g/mol and its 

empirical formula is C69H'07N403SP (Product Information 

Booklet, Hoechst-Roussel Agri-Vet Co., Sommerville, NJ). 
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Low dosage rates (less than 200 mg/d) are required for 

Flavomycin® to be used as a performance promoter (Feed 

Additives Compendium, 1993). Flavomycin® has a marked 

antibacterial effect on numerous gram-positive and some 

gram-negative microorganisms and no effect on protoza 

(Cafantaris, 1981) found in the gastrointestinal tract 

(Figure 1). Flavomycin® exhibits its antibacterial effect 

by inhibiting microbial reproduction through intervention in 

biosynthesis of murein (a structural substance in the cell 

wall) (Huber and Nesemann, 1968). Damage to the murein 

layer results in cell bursting. 

The structure of murein is a three-dimensional network 

in which chains of sugar molecules are linked by protein 

bridges (Huber and Nesemann, 1968). A number of enzymes are 

needed for the biosynthesis of murein. One of them, 

glycosyltransferase, cannot distinguish between murein and 

Flavomycin®; hence it incorporates Flavomycin® into its 

chain (Huber and Nesemann, 1968) and prevents murein 

synthesis. An antibiotic with this mode of action is 

particularly suitable as a feed additive, because animal 
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Figure 1. Antibacterial spectrum of activity of Flavomycin®. 
(Shaded areas indicate level of Flavomycin® 
required for antibacterial effect.) 



cells do not contain murein in them and would not be 

vulnerable to the additive (Huber and Nesemann, 1968). 
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The qualitative and quantitative detection of 

Flavomycin® in feedstuffs, animal tissues and products is 

carried out by using chemico-physical and microbiological 

methods (Cafantaris, 1981). Thin-layer chromatography is 

used for the qualitative detection of Flavomycin®. 

Detection of Flavomycin® in mixtures with high 

concentrations of the antibiotic is carried out using uv 

absorption; and with those of lower concentrations by 

bioautography using Staph. aureus as the test strain (Huber 

and Nesemann, 1968; and Cafantaris, 1981). The detection 

limit is between 0.01 and 0.1 ppm, depending on the test 

material. 

Two microbiological detection methods can be used for 

the quantitative determination of Flavomycin®, depending 

upon the concentration of the active ingredient (Huber and 

Nesemann, 1968; and Cafantaris, 1981). One is the agar 

diffusion test for samples which contain up to 1000 ppm. 

The agar diffusion test is the official analytical method 

recognized in Europe (Cafantaris, 1981). The other is the 

turbidimetric test which is used for samples containing more 

than 1000 ppm. Staph. aureus is again used as the test 

strain in both methods. Quantitative detection of 

Flavomycin® in animal tissues, products, and feces can be 



determined by the agar diffusion test method following an 

extraction procedure (Cafantaris, 1981). 
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Flavomycin® is a macromolecule which, because of its 

heteropolar behavior, tends to form complexes. It is 

therefore extremely difficult for animals to absorb. The 

biologically active molecule has been observed in the feces 

of animals fed Flavomycin® (Van Nevel and Demeyer, 1988). 

Rowe et al. (1982) observed no loss of antibacterial 

activity of Flavomycin® in the digestive tract of sheep. 

These observations suggest that Flavomycin® may act as a 

post-ruminal growth promoter by controlling intestinal 

microflora in the lower digestive tract (Rowe et al., 1982; 

and Van Nevel and Demeyer, 1988). The molecule degrades 

quickly in feces and soil. 

The FDA requires that a feed additive must not increase 

or prolong the shedding of salmonella organisms for 

registration as a performance promoter. When Flavomycin® 

was fed to poultry, swine and calves, incidence of 

salmonella shedding was reduced (Dealy and Moeller, 1976 and 

1977; and George et al., 1982). 

Increases in intake and weight gains have been observed 

in chickens and turkeys fed Flavomycin® (Grant et al., 1979; 

Johnston et al., 1983; Brenes et al., 1989; and Proudfoot et 

al., 1990). When merino wethers and ewes were fed 

Flavomycin® at 10-40 mg/kg of feed, an increase (11%) in 
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clean wool growth and increased weight gain and feed 

conversion was observed (Aitchison et al., 1988 and 1989; 

and Murray et al., 1990). In growing bulls, 30-100 mg/d 

Flavomycin® increased weight gain 9 to 15%, increased feed 

conversion 4 to 9%, and carcass composition and yields were 

not affected (Regius-Mocseny et al., 1987; Richter, 1987; 

Schrijver et al., 1990; and Flachowsky and Richter, 1991a). 

When Flavomycin® (16 ug/g) was added to the concentrate (fed 

free choice) of calves receiving milk replacer 

(approximately 1 kg/d) increases in ruminal ammonia 

concentrations, weight gain and dry matter digestibility 

were observed (EI-Jack et al., 1986; and Fallon et al., 

1986). Flachowsky and Richter (1991b) observed no 

differences in rumen fermentation patterns in heifers 

receiving 30 mg/d Flavomycin® although, weight gain and feed 

conversion were increased. The experiments detailed in this 

dissertation were designed to test effects of feeding 

varying levels of Flavomycin® on performance, rumina I 

metabolites and nutrient utilization in lactating dairy 

cows. 



CHAPTER 3 

EFFECT OF FEEDING VARYING AMOUNTS OF BAMBERMYCINS 

(FLAVOMYCIN®) ON PRODUCTION RESPONSES, REPRODUCTION 

AND HEALTH OF DAIRY COWS AND HEIFERS 

(LACTATION TRIAL) 

SUMMARY 
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Sixty-three lactating Holstein cows (34 mUltiparous, 29 

primiparous) were utilized to determine the effects of 

feeding Flavomycin® (0, 30, 60, and 90 mg/d Flavomycin®) on 

milk production, reproduction and health. Milk, 3.5% fat

corrected milk (FCM), 4.0% solids-corrected milk (SCM) and 

milk fat and protein yields were increased in mUltiparous 

cows receiving 90 mg/d Flavomycin® compared to controls. 

Feeding Flavomycin® to primiparous cows did not 

significantly affect milk yields or composition. 

Multiparous cows receiving 90 mg/d Flavomycin® had higher 

dry matter intake (DMI) and efficencies of milk production 

compared to controls, with cows receiving 30 and 60 mg/d 

intermediate. Body condition score (BCS) and body weight 

(BW) were not affected by feeding Flavomycin® to mUltiparous 

or primiparous cows. Primiparous cows receiving 60 or 90 

mg/d Flavomycin® had fewer days open and a shorter calving 

interval than cows receiving 30 mg/d or controls. 



INTRODUCTION 

The purpose of this study was to investigate the 

effectiveness of feeding varying dosages of Flavomycin® on 

milk production of dairy cows and heifers. This trial was 

conducted as part of an investigational new animal drug 

(INAD) study for Food and Drug Administration (FDA) 

31 

approval. The University of Arizona was selected as one of 

four sites (Others were University of Minnesota, University 

of Guelph and Land O'Lakes Research Farm, Fort Dodge, Iowa) 

in North America chosen to conduct the study. Objectives of 

this study were to determine the effects of varying amounts 

of Flavomycin® on performance of dairy cows over a complete 

lactation cycle, when initiation of treatment began prior to 

calving; also to measure effects on health and reproduction 

of cows. 

MATERIALS AND METHODS 

This study was conducted at the University of Arizona 

Dairy Research Center in Tucson, AZ. Treatment commenced in 

February, 1990 and continued until January, 1992. 

Treatments 

A Flavomycin® premix (as received from Hoechst-Roussel 

Agri-Vet Co.) containing 4.4 g Flavomycin®/kg was mixed at 

four different concentrations with steam-flaked sorghum 

grain and dried molasses so that 454 g of the mixture 

contained 0, 30, 60, and 90 mg of Flavomycin®. Each day a 
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pre-weighed amount of the mixture (454 g) containing the 

appropriate dosages of Flavomycin® was mixed with the total 

mixed ration (TMR) prepared for each individual cow. See 

supplement mixing procedure (Table 1). Each cow received 

the same amount of Flavomycin® from 28 d prior to calving 

until dry-off for the first lactation; then from 28 d prior 

to the next parturition until 4 wk post-partum. FIavomycin 

content of the various mixtures were monitored monthly to 

ascertain that the correct dosages were being fed. 

Animals 

Thirty-four multiparous (MP) and 39 primiparous (PR) 

cows were assigned to groups of four prior to the trial. Ten 

of the PR cows were not utilized in this trial. Although 

they were started treatment, they did not complete more than 

35 d of lactation and attrition could not be attributed to 

any of the treatments (Appendix Table A) Multiparous cows 

were assigned on the basis of production (DHIA) during the 

previous lactation and PR cows on their DHIA genetic index 

(obtained from official records of the Arizona DHIA, 

Phoenix, Arizona). Criteria for assigning cows to a 

treatment group were as follows: 1. Primiparous and MP cows 

were grouped separately. 2. For MP cows, high and low 

producers were not assigned to the same group even if they 

had similar expected calving dates and were about the same 

age. Cows that were within 1362 kg (3,000 lbs.) production 



33 

Table 1. Mixing procedure for Flavomycin® supplement. 

Flavomycin® activity- 4.4 grams/kg premix 
Assume a batch size of 113.4 kg per treatment level 
Assume a daily consumption of 454 g supplement/cow/day 

Treatment 
(mg/454g) 

o 
30 
60 
90 

*5% overage included 

Flavomycin® Premix* 
(kg) 
o 
1. 79 
3.58 
5.38 

carrier (kg) 
Grain Molasses 
102.06 11.34 
100.25 11.34 

98.88 11.34 
97.07 11.34 
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of 3.5% FCM (305-day lactation) based on their previous 

lactation record (DHIA mature equivalent) were placed in the 

same group. However, age and calving date were also 

considered before finalizing a group. 3. Actual calving 

date of cows within each group did not exceed a range of 8 

wk. Cows in the same lactation (age) were assigned to the 

same group whenever possible. Cows in each group were then 

randomly assigned to treatment prior to the 28-day pre

calving treatment period. During pre-calving, cows became 

accustomed to housing, feeding (Calan-Broadbent gates) and 

management systems. Body weights, body condition scores 

(according to Wildman et al., 1982), and estimated NEl 

intake (NRC, 1989) were recorded weekly during the pre

calving treatment period. 

Cows were housed randomly within pens and milked twice 

daily (0500 hand 1700 h). Pens of cows were milked in the 

same order each day to minimize differences in milking 

intervals among treatments. Mammary involution (dry off) 

was initiated approximately 60 days prior to expected 

parturition date or when milk production fell below a 7 d 

average of 8 kg/day. Nonpregnant cows or cows with very 

long open periods (>200 d) were continued on treatment for 

395 days or until milk production fell below 8 kg/d. Milk 

production comparisons were based on 305 days of lactation. 

Milk production for cows that remained open (or became 
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pregnant after 200 DIM) were projected using regression 

equations (Wiggans and Powell, 1980) based on post-peak milk 

production if they were removed from the study prior to 305 

days in milk. Daily milk production was calculated as the 

average of 305 d production for each cow. 

Measures/Sample Collections 

Milk 

Cows were milked twice daily and total milk weights 

were recorded. Unsalable milk (due to mastitis treatment or 

any treatment/disease requiring withholding of milk) was 

also recorded and included in the total production amounts. 

Milk samples were obtained weekly from two consecutive 

milkings (a.m. and p.m.) for component analysis. Samples 

were analyzed at Arizona DHIA Laboratory (Phoenix, Arizona) 

for fat, crude protein, solids-not-fat by infrared-analysis 

(Foss 360; Foss Technology, Eden Prairie, Minnesota), and 

somatic cell counts. 

Milk and fat production were determined for each cow 

and 3.5% fat-corrected milk (FCM) was calculated using the 

following equation: 3.5% FCM = (.432 X kg milk) + (16.2 X 

kg fat). In addition, 4.0% solids-corrected milk (SCM) was 

calculated using the following equation: 4.0% SCM = (.302 X 

kg milk)+(12.0 X kg fat)+(6.66 X kg CP). 
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Feed 

Cows were fed a TMR once daily (see table 2 for ration 

compositions and diet justifications). Treatment 

supplements (454 g) were mixed daily into each cow's TMR. 

Feed offered and refused was recorded daily. Feed was 

offered ad libitum (10% orts) during the lactation period 

and was restricted during the dry period (in an attempt to 

prevent excessive body condition at calving) . 

Diets were sampled weekly and pooled every two weeks or 

when changes in diet ingredients were made. Feed (TMR and 

forage) samples were analyzed at Chandler Analytical 

Laboratory, Chandler, Arizona, for DM, CP, ADF, NDF, Ca, P, 

and ash (Table 3). Feed efficiency was determined as kg 

3.5% FCM or 4.0% SCM per kg dry matter intake (DMI). 

Body Measurements 

Body weights (BW) were determined weekly on the same 

day each week following the evening milking from 28 d pre

treatment through 4 wk after the second calving on 

treatment, or when cows left the study. Body condition 

scores (BCS) were determined weekly on the same schedule as 

for BW. Body condition scoring is an accepted, noninvasive, 

subjective, quick, and inexpensive method to estimate the 

degree of fatness of cows (Waltner et al., 1993). Body 

condition scores were determined based on visual and tactile 

appraisal of subcutaneous fat in the caudal, dorsal regions 
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Table 2. Ingredient composition of TMR's and diet 
justification 

Total Mixed Rations 

INGREDIENTS A B C D 

Grain/Concentrate 46 42 38 38 

Whole Cottonseed1 15 13 7 7 

Cottonseed Hulls 4 6 7 7 

Alfalfa Hay- chopped 35 39 48 0 

Bermudagrass Hay-chopped 0 0 0 48 
I Whole cottonseed was ammoniated as required by Arizona law 
to reduce contamination of aflatoxin M1 in milk (Price, et 
al., 1982). 

The above diets were fed based on the following criteria; 

TMR A - >31.75 kg milk produced/day 
TMR B - 31.75-22.68 kg milk produced/day 
TMR C - <22.68 kg milk produced/day 
TMR D - prepartum ration (dry cow diet) 

In addition to milk production and stage of lactation, body 
condition score was also considered before changing diets 
(cows with a body condition score less than 3 were not 
changed to a lower NEL diet). All changes were made on 
individual cows and not for groups. 



Table 3. AVera?e nutrient composition of experimental 
diets. 

Percent 

Moisture 

CP 

NDF 

ADF 

Ash 

Ca 

P 

A 

9.6 

20.6 

43.9 

29.3 

8.6 

0.84 

0.58 

Total Mixed Ration (TMR) 

B 

11.1 

20.3 

43.3 

26.5 

8.7 

0.93 

0.58 

C 

12.7 

20.7 

44.3 

28.2 

9.2 

1.27 

0.54 

D 

10.7 

15.5 

58.0 

30.6 

8.2 

0.51 

0.51 

NE,2 1. 64 1. 60 1. 54 1. 52 
I All values are averages for the total treatment period. 
2 Calculated from NRC (1989) values for individual 

ingredients. 
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and were recorded on a scale of 1 (thin) to 5 (fat) with 

increments of 0.25 (Wildman et al., 1982). The same scorer 

for body condition was utilized throughout the entire study 

in order to maintain consistent evaluations. 

Reproduction Measurements 

The following data were recorded for each cow and/or 

group of cows in the study: pregnancy rate, conception 

rate, number of live births, length of lactation, services 

per conception, days open, number of abortions, number of 

stillbirths, and calving interval. Cows were also monitored 

for calving-related health problems (metritis/retained 

placenta) . 

Cows were observed regularly for estrus and were bred 

by artificial insemination. When a cow did not become 

pregnant by 200 days in lactation she was removed from the 

study when lactation ceased. Until 135 days in milk, only 

visual estrus detection was permitted, and no estrus 

detection aids (prostaglandins, gonadotropins, milk 

progesterone kits, kamar pads, etc.) were used. 

Health Measurements 

The following data were recorded for each cow in the 

study: cases of mastitis, displaced abomasums, milk fever, 

ketosis, and foot and leg related lamenesses. 
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Statistical Analysis 

Milk yield, feed intake, milk composition and feed 

efficiencies were covariately adjusted for milk-yield data 

obtained during the 28-d post-partum period of the first 

lactation. Covariate-adjusted data were analyzed using the 

general linear model procedure of SAS (1985) according to 

the following statistical model: 

Y ijkl = J.L + Ai + COVj + C k + Dl + e ijkl ; 

where J.L = treatment mean, 

A = treatment effect (a= a, 30, 60, and 90), 

cov = milk-yield (b= Xj - X), 

C = age at calving effect (c= 23 ... 92), 

D = month of calving (d= 1, 2, 3), and 

E = residual error. 

Least square means are reported for all variables analyzed 

using covariate adjustments. Differences between treatment 

means were compared using Duncan's New Multiple Range test. 

Regression analyses (linear, quadratic, cubic) were also 

conducted on all variables that had been analyzed using by 

the general linear model procedure (SAS, 1985). Regression 

analyses did not yield significant information, therefore, 

the results from the regression analyses are not presented 

in the dissertation. 
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RESULTS AND DISCUSSION 

Multiparous Cows 

Milk yield and composition, dry matter intake (DMI) , 

and milk production efficiency data for mUltiparous (MP) 

cows during the post-partum period (28) of the first 

lactation (PP1) are in Table 4. Dry matter intake, milk 

yields, and milk composition were not significantly 

different between treatment groups. Therefore, milk yield 

from this period was used to adjust data on a covariate 

basis for the balance of the trial. Although an increase 

was observed in milk fat and protein percent for MP cows 

receiving Flavomycin® compared to controls, differences were 

not significant. Efficiency of production of FCM was not 

significantly different between groups. Efficiency of 

production of SCM for MP cows receiving 90 mg/d Flavomycin® 

was significantly increased compared to controls and cows 

receiving 30 and 60 mg/d were intermediate. The lack of 

response in milk yield and composition and DMI to the 

antibiotic during the early post-partum period is not 

surprising because this is a period of adjustment to the 

lactation regimen and large changes in intake, milk 

production and body composition occur. 

Milk yield and composition, DMI, and milk production 

efficiency data for MP cows during the 305 d lactation 

period are in Table 5. Dry matter intake was significantly 
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increased for MP cows receiving 90 mg/d Flavomycin® compared 

to controls, and cows receiving 30 and 60 mg/d Flavomycin® 

had numerically higher DMI than controls, but differences 

were not significant. Milk yield during the 305 d lactation 

was significantly increased by the addition of Flavomycin® 

at 90 mg/d compared to controls. Yields for cows receiving 

30 or 60 mg/d were numerically increased over controls, but 

differences were not significant. Yields of 3.5% FCM and 

4.0% SCM followed the same pattern as milk yield. 

Flavomycin® fed MP cows showed numerical increases in 

both milk fat and protein percentages for the 305 d 

lactation period. Milk fat and protein yields were 

significantly higher during the 305 d lactation for MP cows 

fed 90 mg/d compared to controls. Multiparous cows fed 30 

and 60 mg/d were numerically higher in milk fat and protein 

yields than controls. Increases in milk fat and protein 

yield observed with the addition of Flavomycin® are due in 

part to the increase in milk production. Milk fat and 

protein percentage values were higher (approximately 0.25 % 

and 0.19 %, respectively) in this trial than in a previous 

trial at this site in which a similar diets were fed 

(Sullivan, et al., 1993). This difference may have been 

because the present study included a complete lactation; 

whereas, the trial of Sullivan et al (1993) used cows in 

early lactation when milk fat and protein generally are low. 
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Efficiency of production of 3.5% FCM and 4.0% SCM were 

higher (P<.lO) for MP cows receiving 90 mg/d Flavomycin® 

compared to controls during the 305 d lactation. The 

increases in milk yield offset the increased DMI for cows 

fed Flavomycin® and accounted for the significant increases 

observed in efficiency of milk production. 

Milk yield and composition, DMI, and milk production 

efficiency data for MP cows during the post-partum period 

(28) of the second lactation (PP2) are in Table 6. Similar 

to results of PP1, DMI and milk yields were not 

significantly affected by Flavomycin® during this period. 

However, dry matter intakes were much lower during this 

period than during PPl or the previous 305 d lactation 

period. The low DMI may be associated with an excessively 

fat condition of cows at second lactation calving. Excess 

fat also was reflected in the heavy BW and large losses in 

BCS as subsequently discussed. Milk fat and protein 

percentages were higher for MP cows receiving Flavomycin® 

compared to control. This follows the same pattern as the 

first 28 d of the first lactation period. 

Body weight and BCS data for MP cows are in Table 7. 

Body weights of cows receiving 30 mg/d Flavomycin® were 

significantly higher than those of all other groups at the 

start of the trial and this difference continued through the 

305 d lactation period for 30 mg/d compared to 90 mg/d cows. 
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These differences could not be explained by average age of 

cows, nor did they seem to affect level of production. No 

differences between treatments in BW were observed from dry

off of the first lactation on treatment through PP2. 

Moreover, changes in BW between PPI and dry off were not 

different between groups. 

Body condition scores for each period were not 

significantly affected by treatment, although BCS for all 

groups receiving Flavomycin® were numerically lower than 

control cows during the 305 d of lactation and at dry-off. 

Multiparous cows receiving 90 mg/d Flavomycin® had a 

significantly smaller change in BCS from PPI to dry off, 

compared to controls. This reduction of change in BCS may 

be associated with the increased DMI and the increased milk 

yield for cows receiving 90 mg/d Flavomycin® compared to 

controls. Waltner et al. (1993) observed that the amount of 

body fat at calving and the use of body fat, as estimated by 

BCS, are related quadratically to milk production and that 

BCS must be sufficient at calving to allow maximal milk 

production, but that excessive BCS loss during lactation 

results in suboptimal performance associated with lowered 

intake. Body weights of all groups during PC2 were quite 

heavy (815 to 892 kg) as reflected by the high BCS (3.72 to 

3.97) during that 4 wk precalving period. The reason for 

excessive body condition was probably because cows were fed 
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to much energy during the late lactation and dry periods,. 

Apparently rations C and particularly D were too high in 

proportion of grain/concentrate (Table 2). Loss in BCS 

between PC2 and PP2 averaged 0.75 points, which was 

considerably higher than the loss between PCl and PPI (0.39 

points). The low DMI of cows during PP2 might have been 

because of conditions of subclinical ketosis, often 

associated with rapid loss of BW. 

Days in milk, days open, calving interval, 

services/conception, and conception and pregnancy rates for 

MP cows are in Table 8. Multiparous cows receiving 

Flavomycin® at 30 mg/d had significantly more days in milk 

compared to controls, with 60 and 90 mg/d intermediate. 

Multiparous cows receiving Flavomycin® at 30 mg/d also had 

significantly more days open and a longer calving interval 

than all other groups. Services per conception for MP cows 

were not significantly different for Flavomycin®-treated 

groups compared to controls; although the controls were 

numerically lower. Cows receiving 30 mg/d Flavomycin® 

weighed more than the other groups, it is possible that this 

may have had an effect on reproduction. 

Reasons for termination from treatment of MP cows 

before PP2 are in appendix Table B. Removal of cows from 

the experiment was due mainly to breeding difficulties and 

was equally distributed among the 0, 30, and 90 mg/d 
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treatment groups. The three cows that died were on the 

lower treatment concentrations (1 on 0 and 2 on 30 mg/d) and 

their deaths were not related to intake of the antibiotics. 

Primiparous Cows 

Milk yield and composition, dry matter intake (DMI) , 

and milk production efficiency data for primiparous (PR) 

cows during the post-partum period (28) of the first 

lactation (PP1) are in Table 9. DMI was higher (P<.10) for 

cows receiving 90 mg/d Flavomycin® compared to the 60 mg/d 

or control groups. Also, PR cows receiving 60 mg/d 

Flavomycin® had lower (P<.10) DMI than cows receiving 30 

mg/d. These differences can be attributed to the rate at 

which individual cows became accustomed to their new diet. 

Milk, 3.5% FCM and 4.0% SCM yields were not significantly 

affected by Flavomycin® feeding in PR cows. Milk protein 

yield was lower (P<.10) for PR cows fed 30 mg/d than 60 mg/d 

Flavomycin®. This difference appeared to be due to 

variation among cows. Production efficiencies were not 

influenced by feeding Flavomycin® in PR cows. 

Milk yield and composition, DMI, and milk production 

efficiency data for PR cows during the 305 d lactation 

period are in Table 10. Dry matter intakes, milk yields and 

milk composition were not significantly different between 

treatment groups. Moreover, milk fat and protein 

percentages and yields and production efficiencies were not 
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significantly affected by feeding Flavomycin® to PR cows. 

Although PR cows were blocked according to calving date 

and a genetic potential index prior to the start of the 

trial, 39 PR cows were started on treatment and only 29 

completed the first lactation of the study (Appendix Table 

A). The large attrition of PR cows caused some 

rearrangement of the groups and may account for part of the 

lack of significance observed in primiparous cows; but as 

mentioned earlier, was not associated with treatment 

effects. 

The significant response in milk yield to 

supplementation of 90 mg/d of Flavomycin® in MP cows, but 

not in PR cows is somewhat difficult to explain. However, 

Sullivan et al. (1992) conducted a study in which PR cows 

injected with bovine somatatropin (BST) showed no 

significant response to treatment, but injection of BST in 

MP cows resulted in large positive responses. Possible 

reasons for the differing responses to treatment by younger 

versus older cows is that greater accretion of body tissue 

is occuring during first lactation, which might change the 

demands for absorbed nutrients compared to subsequent 

lactations. 

Milk yield and composition, DMI, and milk production 

efficiency data for PR cows during PP2 are in Table 11. Dry 

matter intake, milk yields, and milk composition were not 
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significantly different between treatment groups. Milk fat 

percentage was higher (P<.10) for PR cows fed 90 than 30 

mg/d Flavomycin®, with controls and cows fed 60 mg/d 

intermediate. Milk protein percentage was higher (P<.10) 

for 90 mg/d Flavomycin® than controls, with the 30 and 60 

mg/d groups intermediate. The differences observed during 

this period may be accounted for by the attrition of cows 

between lactations 1 and 2, resulting in a greater 

dissimilarity of treatment groups than at the initiation of 

the experiment. For example, there was a higher mean 

genetic index for the four remaining cows on 90 mg/d 

Flavomycin® (78) compared to the five remaining controls 

(12) . 

Body weight and BCS data for PR cows are in Table 12 

and were not affected by feeding Flavomycin® throughout the 

entire trial. Change in BCS between PP1 and dry-off was 

negative for all groups of PR cows, although, the change in 

BW for the same period was positive for all groups. This 

apparent discrepancy probably illustrates the growth 

conditions of the first lactation animals. 

Days in milk, days open, calving interval, 

services/conception, and conception and pregnancy rates for 

PR cows are in Table 13. Days in milk were not 

significantly different between groups, although cows 

receiving Flavomycin® had fewer days in milk compared to 
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controls. Days open and calving interval were significantly 

lower for PR cows receiving 60 or 90 mg/d Flavomcyin 

compared to controls. Services per conception for PR cows 

receiving 60 or 90 mg/d Flavomycin® were significantly lower 

than for PR cows receiving 30 mg/d Flavomycin®. It is not 

clear why differences in reproductive performance between 

treatments were observed. Reasons for termination from 

treatment of PR cows before PP2 are in appendix Table C. 

Similar to the MP cows, there was an equal distribution of 

cows removed from the different treatments, and the cause of 

attrition was due to difficulties in rebreeding. These 

reproduction problems were a reflection of those accuring in 

our University herd at that particular time. 

No significant differences between groups were observed 

in the health parameters measured in both multiparous and 

primiparous cows (see appendix Tables D and E). Multiparous 

cows had more (total number of cases) health problems than 

did primiparous cows (57 vs. 45, respectively). Differences 

observed in the health problems of older cows can be 

attributed to age. Older cows usually have more mastitis 

due to changes in mammary gland structure associated with 

age than do younger cows. Incidence of metritis and 

retained placenta also increases in older cows, usually due 

to wear and tear on the reproductive tract and to a greater 

incidence of mUltiple births. For both PR cows and MP cows 
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the occurance of foot and leg related lamenesses might be 

associated with the biannual visits of the hoof trimmer. who 

tended to remove excessive tissue from the hooves of cows. 

This problem has since been corrected. 
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Table 4. Least-square means by treatment of dry matter 
intake (DMI) , milk yield and composition, and milk 
production efficiencies in mUltiparous cows during 
the post-partum period (28 d) of the first 
lactation. 

ITEM 

N 

DMI, kg/d 

Milk, kg/d 

Fat, % 

, kg/d 

Protein, % 

, kg/d 

o 
8 

18.6 

33.7 

3.76 

1.2 

3.26 

1.1 

3.5% FCM, kg/d 32.8 

4.0% SCM, kg/d 30.6 

FCM/DMI 

SCM/DMI 

1. 76 

1. 65 

Flavomycin® (mg/d) 

30 

9 

19.7 

31.5 

3.73 

1.2 

3.36 

1.1 

32.5 

30.6 

1.71 

1. 61 

60 

9 

20.6 

33.5 

4.23 

1.3 

3.37 

1.1 

34.3 

31. 9 

1.70 

1.58 

90 

8 

20.0 

31.8 

3.99 

1.2 

3.31 

1.0 

33.4 

31.0 

1.69 

1. 57 

SEM 

0.98 

1.16 

0.13 

0.05 

0.04 

0.08 

1.08 

0.90 

0.05 

0.05 
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Table S. Least-square means by treatment of dry matter 
intake (DMI), milk yield and composition, and milk 
production efficiencies in multiparous cows during 
the 305 d lactation. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 

N 8 9 9 8 

DMI, kg/d 21. Sa 23.8ab 23.Sab 24.6b 

Milk, kg/d 23. Sa 26.4ab 26.0ab 29.Sb 

Fat, % 3.44 3.61 3.57 3.62 

, kg/d 0.8a 1.0ab 0.9ab 1.1b 

Protein, % 3.15 3.27 3.24 3.24 

, kg/d 0.8a 0.9ab 0.9ab 1. Ob 

3.5% FCM, kg/d 23.3 a 27.0ab 26.2ab 30.0b 

4.0% SCM, kg/d 21.8a 2S.3 ab 24.6ab 28.1b 

FCM/DMI 1.08c 1.14cd 1.11 cd 1.22d 

SCM/DMI 1.01c 1.07cd 1.04cd 1.14d 

a,b Least square means within rows with different 
superscripts differ (P<.OS). 

c,d Least square means within rows with different 
superscripts differ (P<.10). 

SEM 

1. 00 

0.91 

0.05 

0.07 

0.06 

0.06 

0.88 

0.83 

0.03 

0.02 
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Table 6 . Least-square means by treatment of dry matter 
intake (DMI) , milk yield and composition, and milk 
production efficiencies in multiparous cows during 
the post-partum period (28 d) of the second 
lactation. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 SEM 

N 4 4 8 5 

DMI, kg/d 14.7 12.9 12.9 14.2 0.89 

Milk, kg/d 22.2 22.4 22.8 24.8 2.10 

Fat, % 3.63 4.00 4.15 4.17 0.18 

, kg/d 0.8 1.0 0.9 1.0 0.09 

Protein, % 3.28 3.20 3.40 3.02 0.10 

, kg/d 0.8 0.8 0.8 0.7 0.06 

3.5% FCM, kg/d 22.2 23.9 24.7 26.6 2.36 

4.0% SCM, kg/d 21. 7 22.1 23.0 24.1 2.11 

FCM/DMI 1.49 2.12 2.03 1.92 0.12 

SCM/DMI 1.43 1. 96 1. 89 1.74 0.11 



Table 7. Least-square means by treatment of body weight 
(BW) and body composition score (BCS) in 
mUltiparous cows. 

Flavomycin® (mg/d) 

ITEM o 
N 8 

BW, PC1 744.1a 

BW, PP1 643.2~ 

BW, 305 d 672.9~ 

BW, dry off 761.7 

BW, PP1-drye 118.6 

BCS, PC1 3.39 

BCS, PP1 3.05 

BCS, 305 d 3.13 

BCS, dry off 3.59 

BCS, PP1-drye 0.53 c 

N 

BW, PC2 

BW, PP2 

BCS, PC2 

BCS, PP2 

4 

815.0 

734.'0 

3.72 

3.06 

30 

9 

797.2b 

678.7b 

705.6b 

788.8 

110.1 

3.54 

3.11 

3.04 

3.44 

0.33cd 

4 

892.2 

738.5 

3.97 

3.14 

60 

9 

744.4a 

657.5ab 

672.7ab 

756.9 

99.4 

3.44 

3.14 

3.09 

3.52 

0.38cd 

8 

845.4 

719.3 

3.76 

3.01 

90 

8 

726.9a 

635.4a 

656.2a 

731. 0 

95.6 

3.45 

3.07 

2.99 

3.30 

0.22d 

5 

851.6 

705.6 

3.81 

3.05 

a,b Least square means within rows 
superscripts differ (P<.05). 

c,d Least square means wi thin rows 
superscripts differ (P<.05). 

with different 

with different 

e Change between PP1 and dry off. 
1 All BW in kg. 

All BCS on scale of 1 to 
PP1 = post-partum period 
PP2 = post-partum period 
PC1 = pre-calving period 
PC2 = pre-calving period 

5 (Wildman et 
1st lactation, 
2nd lactation, 
1st lactation, 
2nd lactation, 

al., 1982). 
28 d. 
28 d. 
28 d. 
28 d. 

SEM 

12.7 

9.6 

10.6 

12.1 

7.0 

.058 

.048 

.063 

.075 

0.05 

16.7 

13.2 

.085 

.054 

54 
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Table 8. Least-square means by treatment of days in milk 
(DIM), days open, services/conception, and calving 
interval, conception and pregnancy rates in 
mUltiparous cows. 

ITEM 

N 

DIM 

Conception, % 

Pregnancy, % 

N 

Services/ 
conception 

Days Open 

Calving 
Interval, d 
a,b Least square 

superscripts 
c,d Least square 

superscripts 

Flavomycin® 

0 30 60 

8 9 9 

297.8a 372.0b 314.6ab 

88 78 89 

50 56 89 

4 4 8 

1. 22 2.47 2.06 

77.1 a 170. ab 106.9a 

346.0c 447.9d 386.1 c 

means within rows with 
differ (P< . 05) . 
means within rows with 
differ (P<.10). 

(mg/d) 

90 

8 

345.1 ab 

63 

63 

5 

2.14 

110.6a 

392.0c 

different 

different 

SEM 

9.65 

0.28 

10.7 

11.2 
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Table 9. Least-square means by treatment of dry matter 
intake (DMI) , milk yield and composition, and milk 
production efficiencies in primiparous cows during 
the post-partum period (28 d) of the first 
lactation. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 SEM 

N 7 8 8 6 

DMI, kg/d 14.9ac 16.0ab 13.9c 17.2b 0.81 

Milk, kg/d 22.3 25.8 22.3 25.1 0.79 

Fat, % 3.52 3.80 3.73 3.45 0.22 

, kg/d 0.8 0.9 0.9 0.8 0.06 

Protein, 9,-
0 3.23 3.21 3.19 3.23 0.09 

, kg/d 0.7 0.8 0.7 0.8 0.05 

3.5% FCM, kg/d 24.4 25.5 25.1 24.1 0.86 

4.0% SCM, kg/d 22.8 23.6 23.3 22.6 0.71 

FCM/DMI 1.63de 1.62de 1.80d 1.40e 0.05 

SCM/DMI 1.53de 1.50de 1. 67d 1.31e 0.05 

a,b,c Least square means within rows with different 
superscripts differ (P<.10) . 

d,e Least square means within rows with different 
superscripts differ (P<.Ol). 



57 

Table 10. Least-square means by treatment of dry matter 
intake (DMI) , milk yield and composition, and milk 
production efficiencies in primiparous cows during 
the 305 d lactation. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 SEM 

N 7 8 8 6 

DMI, kg/d 20.8 21.3 20.9 20.6 0.86 

Milk, kg/d 26.9 26.6 26.7 24.8 0.72 

Fat, % 3.55 3.52 3.61 3.66 0.09 

, kg/d 0.9 0.9 0.9 0.8 0.06 

Protein, % 3.28 3.29 3.26 3.28 0.03 

, kg/d 0.8 0.9 0.8 0.8 0.10 

3.5% FCM, kg/d 26.5 26.8 26.4 25.5 0.59 

4.0% SCM, kg/d 25.0 25.2 24.8 23.8 0.56 

FCM/DMI 1.27 1.26 1.27 1.24 0.19 

SCM/DMI 1. 20 1.18 1.19 1.16 0.18 
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Table 11. Least-square means by treatment of dry matter 
intake (DMI) , milk yield and composition, and milk 
production efficiencies in primiparous cows during 
the post-partum period (28 d) of the second 
lactation. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 

N 5 6 6 4 

DMI, kg/d 17.1 16.7 18.4 15.1 

Milk, kg/d 31. 9 30.7 32.8 28.1 

Fat, % 3.718b 3.458 3.748b 4.48b 

, kg/d 1.2 1.1 1.2 1.3 

Protein, !1,. 
0 3.008 3.158b 3.13 8b 3.29b 

, kg/d 1.0 1.0 1.0 1.0 

3.5% FCM, kg/d 32.5 30.7 34.3 32.2 

4.0% SCM, kg/d 29.8 28.5 31.8 29.5 

FCM/DMI 2.05 1. 75 1. 92 2.09 

SCM/DMI 1. 86 1. 63 1. 78 1. 93 
8, b Least square means within rows with different 

superscripts differ (P<.10). 

SEM 

0.75 

1.57 

0.17 

0.08 

0.05 

0.05 

1. 81 

1. 60 

0.07 

0.06 



Table 12. Least-square means by treatment of body weight 
(BW) and body composition in primiparous cows. 

Flavomycin® (mg/d) 

o 
N 7 

BW, PC1 669.6 

BW, PP1 578.7 

BW, 305 d 603.0 

BW, dry off 662.7 

BW, PP1-drya 83.9 

BCS, PC1 3.41 

BCS, PP1 3.07 

BCS, 305 d 2.82 

BCS, dry off 2.86 

BCS, PP1-drya -0.21 

N 

BW, PC2 

BW, PP2 

BCS, PC2 

BCS, PP2 

5 

751.4 

632.7 

3.25 

2.65 

30 

8 

673.1 

579.0 

601. 9 

673.9 

94.9 

3.47 

3.11 

2.77 

2.98 

-0.12 

6 

769.0 

634.8 

3.21 

2.57 

60 

8 

678.4 

568.5 

583.2 

653.2 

84.7 

3.55 

3.07 

2.80 

2.95 

-0.12 

6 

766.2 

619.8 

3.23 

2.67 

a Change between PP1 and dry off. 
1 All BW in Kg. 

90 SEM 

6 

667.7 10.3 

593.6 8.5 

618.1 7.7 

675.7 9.1 

82.0 7.3 

3.32 .054 

3.09 .049 

2.89 .051 

3.03 .039 

-0.06 0.04 

4 

767.5 10.8 

636.9 12.3 

3.26 .067 

2.67 .057 

All BCS on scale of 1 to 5 (Wildman et al., 1982). 
PP1 = post-partum period 1st lactation, 28 d. 
PP2 = post-partum period 2nd lactation, 28 d. 
PC1 = pre-calving period 1st lactation, 28 d. 
PC2 = pre-calving period 2nd lactation, 28 d. 

59 
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Table 13. Least-square means by treatment of days in milk 
(DIM), days open, services/conception, and calving 
interval, conception and pregnancy rates in 
primiparous cows. 

ITEM 

N 

DIM, d 

Conception, % 

Pregnancy, % 

N 

Services/ 
conception 

Days Open 

Calving 
Interval, d 

Flavomycin® (mg/d) 

o 
7 

379.7 

100 

71 

5 

30 

8 

354.5 

88 

75 

6 

15 6 . 1 a 127 . 2 ab 

435.0C 404.1cd 

60 

8 

336.9 

75 

75 

6 

90 

6 

329.0 

83 

67 

4 

a,b Least square means within rows with different 
superscripts differ (P<.10). 

c,d Least square means within rows with different 
superscripts differ (P<.05). 

SEM 

9.85 

0.20 

11.5 

11. 7 



CHAPTER 4 

EFFECT OF FEEDING VARYING AMOUNTS OF BAMBERMYCINS 

(FLAVOMYCIN®) ON RUMEN FERMENTATION PATTERN, RUMINAL 

PROTEIN AND FIBER DIGESTION IN THE DAIRY COW 

(METABOLISM TRIAL) 

SUMMARY 
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Three lactating Holstein cows each fitted with a 

duodenal T-type cannula and rumen fistula were used in a 3 X 

3 latin-square design to determine the effect of feeding 

Flavomycin® (0, 75, 150 mg/d) on rumen fermentation 

patterns, and ruminal and total tract digestion of 

nutrients. Cows receiving 75 mg/d Flavomycin® had 

significantly higher quantities of branched-chain VFA's 

compared to those fed 150 mg/d or controls. Compared to 

controls, ruminal fluid from cows fed Flavomycin® had lower 

acetate:propionate ratios and higher ammonia concentrations. 

Ruminal pH was not affected by the addition of Flavomycin®, 

nor were apparent ruminal and total tract digestibilities of 

DM, CP, and ADF. Apparent total tract digestibility of NDF 

was lower and proportion of bacterial CP in duodenal digesta 

was higher for cows fed 75 mg/d Flavomycin® compared to 

controls. 

INTRODUCTION 

Flavomycin® has been shown to promote growth of 

amylolytic and cellulolytic microorganisms in vitro, in 
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addition to reducing formation of carbon dioxide, methane 

and ammonia (Canfantaris, 1981). Propionate was increased 

and butyrate decreased during in vitro fermentation in the 

presence of Flavomycin® (Canfantaris, 1981). Flavomycin® 

also increased net microbial growth during in vitro studies 

with starch and NPN as substrates (Canfantaris, 1981). 

Until the present trial, no studies had been conducted 

to determine if Flavomycin® elicits the same responses when 

administered to lactating dairy cows as were observed in the 

in vitro experiments. 

The objective of this study was to determine the 

effects of feeding Flavomycin® on rumen fermentation 

patterns, and on protein and fiber digestion in the rumen, 

and total digestive tract of lactating cows. 

Materials and Methods 

This study was conducted at the University of Arizona 

Dairy Research Center at 2130 E. Allen Rd., Tucson, AZ, 

during the summer of 1991. 

Treatments 

Treatments levels of Flavomycin® were 0, 75, and 150 

mg/head/day. The appropriate dosages of Flavomycin® were 

fed in a feed supplement (454 g per animal per day) that 

contained steam-flaked milo, dry molasses and Flavomycin®, 

which was mixed similarly to the supplement used in Chapter 

3. See supplement mixing procedure (Table 14). 
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Table 14. Mixing procedure for Flavomycin® supplement. 

Flavomycin® activity- 4.4 grams/kg premix 
Assume a batch size of 113.4 kg per treatment level 
Assume a daily consumption of 454 g supplement/cow/day 

Treatment 
(mg!454g) 

o 
75 
150 

*5% overage included 

Flavomycin® Premix* 
(kg) 
o 
4.48 
8.95 

Carrier (kg) 
Grain Molasses 
102.06 11.34 

97.58 1l. 34 
93.11 1l. 34 
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Animals 

Three lactating Holstein cows each fitted with a 

flexible T-type cannula in the proximal duodenum and a rumen 

fistula were used in a trial employing a 3X3 Latin-Square 

with 21 d periods (17 d adjustment and 4 d sampling). All 

cannulae had a gutter-type flange similar to those described 

by Wanderley et al. (1985). Cows were fed "Diet A" used in 

the lactation trial (Chapter 3) during all periods. Cows 

were individually housed in 5 X 10 m pens, had free access 

to water, and were fed ad libitum (10% orts) once daily at 

1400 h. 

Ammonium sulfate (760 mg) enriched with 15N (80 atom %) 

was administered orally in gelatin capsules during the last 

4 d of each experimental period. Amount of 15N received by 

each cow was 200 mg/d. 

Sample Collections 

Feed offered and refused was recorded daily. Feed 

samples were taken weekly and composited for each 

experimental period. After oven-drying at 50° C, samples 

were ground in a Wiley mill (Thomas Wiley Laboratories, 

Swedesboro, NJ) fitted with a 2 mm screen. Cows were milked 

twice daily and the milk weights were recorded throughout 

all experimental periods. 

Duodenal digesta was sampled every 6 h during the last 

4 d of each collection period. Sampling was advanced 1 h per 
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day so as to evenly distribute collection hours. To obtain 

bacteria from duodenal digesta, each sample of duodenal 

contents (500 ml) was divided in half, homogenized in a 

Waring blender at low speed for 20 sec. to dislodge bacteria 

associated with rumen particulate matter and strained 

through four layers of cheesecloth. Strained fluid was then 

centrifuged at 2,000 x G to remove feed particles and 

protozoa. Supernatant was centrifuged at 18,000 x G to 

collect bacteria. After washing residue twice with 

distilled water, the bacterial pellet was oven-dried at 55° 

C and ground to a fine powder with a mortar and pestle. 

Remaining digesta (250 ml) was then dried at 55° C for 24 h 

and ground in a cyclone grinder (Udy Co., Ft. Collins, CO) 

fitted with a 1 mm screen. 

Fecal grab samples were taken every 12 h for 4 d from 

each cow. Samples were composited by period, dried at 50° C 

and prepared for analysis by grinding in the Wiley mill and 

cyclone grinder as previously described. 

Rumen fluid was sampled every 2 h for 24 h on d 3 of 

the collection period. Samples were divided in half and pH 

was measured immediately after collection using an 

ionanalyzer (Orion Research Inc., Cambridge, MA). The 

portion of the sample intended for ammonia analysis was 

acidified and frozen at -5° C until analyzed; and that 

intended for VFA analysis was frozen directly but not acidified. 
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Analytical Procedures 

Digesta and bacteria from the duodenum and feces were 

digested with sulfuric acid using a block digester (Goering 

and Van Soest, 1970). A Technicon autoanalyzer employing 

the Kjeldahl procedure (AOAC, 1980) was used for N 

determination of all samples. Nitrogen values were 

multiplied by 6.25 to obtain percentage crude protein (CP). 

In preparation for 15N analyses, aliquots of the acid

digested samples were steam-distilled (Barker and Volk, 

1964). The liberated ammonia was collected in 0.05 N HCI, 

and the resultant solution was dried on a drying block at 

95° C for 24 h. Samples were then analyzed for 15N using mass 

spectrometry by Dr. R. L. Mulvaney, Champaign, IL. The atom 

percent 15N in the samples was calculated from the N-28 to 

N-29 mass ratio following the methods of Bremner (1965) and 

Frota and Tucker (1972, 1978). The main steps of these 

procedures were summarized by Pessarakli (1981). 

Sensitivity of the method was determined to be 0.001%. 

Feed, digesta, and feces were analyzed for DM (AOAC, 

1980), CP (Kjeldahl method, AOAC, 1980), acid and neutral 

detergent fiber (Robertson and Van Soest, 1981), crude fat 

(ether extract, AOAC, 1980), and ash (muffle furnace, AOAC, 

1980). These analyses were conducted at the Chandler 

Analytical Lab, Chandler, Arizona. 



Acid detergent lignin concentrations (analyzed 

according to Goering and Van Soest, 1970) of digesta and 

feces were utilized as an indigestible marker to estimate 

digestibility of nutrient fractions. 
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Rumen fluid samples were analyzed for VFA using a gas 

liquid chromatograph (Varian) with flame-ionization detector 

and a 80/120 Carbopack B-DA/4% Carbowax 20M column according 

to Erwin et al. (1961). Rumen fluid samples that had been 

acidified at collection were analyzed for ammonia 

concentration according to Chaney and Marbach (1962). 

Calculations 

Dry matter flows from the duodenum were calculated 

using acid detergent lignin (ADL) as the digesta marker. 

Steady state passage of marker during the sampling period 

was assumed. Proportion of bacterial crude protein in 

duodenal digesta crude protein (BCP/DCP) was determined by 

the 15N ratio method (Sadik et al., 1990). Values for 

bacterial samples were matched with digesta samples from 

which they were isolated and the formula used was: 

15N enrichment of digesta / 15N enrichment of bacteria 

Enrichment is defined as the percentage of 15N 

occurring in biological samplings in excess of that 

occurring in non-enriched N, which averaged 0.362 % of the 

total N. 



Statistical Analysis 

All data were analyzed for analysis of variance using 

the following model for a Latin-Square (SAS, 1985): 

Y i j k = ~ + Ai + B j + Ck + e i j k ; 

where ~ = treatment mean, 

Ai = treatment effect (i= 0, 75, 150), 

Bj = cow effect (j= 1, 2, 3), 

Ck = period effect (k= 1, 2, 3), and 

e ijk = residual error. 

68 
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RESULTS AND DISCUSSION 

Ruminal VFA, pH and ammonia values are in Table 15. 

Ruminal pH was not significantly affected by feeding 

Flavomycin®, although cows receiving Flavomycin® had 

numerically lower ruminal pH values than controls. Rumen 

ammonia concentrations were higher (P<.10) in cows receiving 

Flavomycin® than in controls. The overall high levels of 

ruminal ammonia observed during this trial can be attributed 

to ammoniated cottonseed in the TMR. However, the increase 

in ammonia levels observed when feeding Flavomycin® suggests 

that this antibiotic stimulates proteolytic-type bacteria 

and/or protozoa in the rumen (Cafantaris, 1981). 

Neither total ruminal VFA nor acetate concentrations 

were affected by feeding Flavomycin®. Propionate 

concentration were numerically increased by feeding 

Flavomycin®, but treatment differences were not significant. 

Butyrate and valerate concentrations were not affected by 

treatment; whereas, iso-butyrate and iso-valerate 

concentrations were higher (P<.05) in cows fed 75 mg/d 

Flavomycin® compared to those fed 150 mg/d or controls. 

Concentrations of 2-methylbutyrate also were higher (P<.10) 

in cows fed 75 mg/d Flavomycin® compared to those fed 150 

mg/d. Acetate:propionate ratios were lower (P<.05) in cows 

receiving 75 or 150 mg/d Flavomycin® compared to controls. 

The lower acetate:propionate ratios observed for cows fed 



Flavomycin® in this study might relate to the higher milk 

protein percentage and greater efficiency of milk yields 

observed in MP cows in our lactation trial (Chapter 3) . 
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Apparent ruminal and total tract digestibilities are in 

Table 16. Apparent DM digestibility in both the rumen and 

total tract were not significantly affected by Flavomycin®, 

although a slight decrease in DM digestibility was observed 

when cows fed Flavomycin® were compared to controls. 

Apparent crude protein digestibilities in both the rumen and 

total tract were not significantly affected by Flavomycin®, 

nor was apparent ruminal digestibility of NDF. The higher 

ruminal ammonia concentrations in cows fed Flavomycin® might 

indicate more ruminal digestion of protein, but this effect 

could have been masked by the influx of endogenous urea into 

the rumen (AI-Dehneh, 1992). Apparent total tract 

digestibility of NDF was lower (P<.10) for cows fed 75 mg/d 

Flavomycin® compared to the control cows, with those fed 150 

mg/d being intermediate. Apparent ADF digestibility in both 

the rumen and total tract was not significantly affected by 

Flavomycin®, although a decrease in total tract ADF 

digestibility was observed when Flavomycin® was fed. 

Cows receiving 75 mg/d Flavomcyin had a significantly 

higher proportion of bacterial CP to total CP in duodenal 

digesta than did control cows (Table 17) and those receiving 

150 mg/d Flavomycin® were intermediate. The higher ammonia 
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concentrations in ruminal fluid of Flavomycin®-fed cows are 

consistent with greater availability of the products of 

degradable protein (ammonia, amino acids, and peptides) for 

microbial protein synthesis (Wallace and Cotta, 1988). 

Enrichment of 15N in duodenal digesta and bacteria are in 

appendix Table F. Cow 932 had lower levels of enrichment 

compared to the other cows this may be accounted for by her 

higher DMI (28 kg/d versus 17 kg/d). 

The conclusions drawn from rumen fermentation and 

digestibility data might be limited by the small number of 

cows (it was initially planned to use 6 cows in a double 3X3 

Latin-square design but health problems associated with the 

intestinal cannulation allowed for only the single square) 

and large variation inherent in such studies. However, the 

observation of decreased acetate to propionate ratios due to 

numerically increased ruminal propionate and decreased 

acetate (though not significant), and a higher proportion of 

microbial protein in total CP (implying a higher quality of 

protein available for intestinal absorption) tend to support 

the findings of higher milk and milk protein yields observed 

in the MP cows in the lactation trial and may also be 

resonpsible for the increases seen in clean wool growth in 

sheep (Aitchison et al. 1988, 1989; Murray et al. 1990). 

Ruminal effects similar to those observed in this study were 

associated with improved performance resulting from steam 
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flaking compared to dry rolling of grains (Oliveira et al. 

1992; Poore et al. 1993); which implies that feeding 90 mg/d 

of Flavomycin® increased conversion of energy to product in 

lactation diets. 



Table 15. Least-square means of ruminal volatile fatty 
acids and rumen pH and ammonia by treatment in 
lactating cows. 

Flavomycin® (mg/d) 

ITEM 0 75 150 SEM 

Rumen pH 6.02 5.79 5.77 0.10 

Rumen Ammonia, mg/dl 16.22c 28.16d 24.18d 2.56 

Ruminal VFA 

Total VFA, mMolar 128.84 130.74 133.19 9.64 

VFA, mole/100 mole 

Acetate 78.94 74.37 77.04 5.96 

Propionate 28.58 34.98 33.93 3.65 

i-butyrate 1.29a 1.40b 1.28a 0.02 

Butyrate 15.86 15.38 16.66 1.20 

2-methylbutyrate o .92cd 0.96c 0.73d 0.07 

i-valerate 0.87a 1. 03 b 0.89a 0.03 

Valerate 2.38 2.63 2.67 0.25 

Acetate:propionate 2.82a 2.34b 2.36b 0.12 
a,ts Least square means within rows with different 

superscripts differ (P<.05). 
c,d Least square means within rows with different 

superscripts differ (P<.10). 
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Table 16. Least-square means of apparent percent 
digestibility of nutrients by treatment in 
lactating cows. 

ITEM 

Dry Matter 

Ruminal 

Total Tract 

Crude Protein 

Ruminal 

Total Tract 

NDF 

ADF 

Ruminal 

Total Tract 

Ruminal 

Total Tract 

Flavomycin® (mg/d) 

o 

32.55 

69.06 

26.51 

74.55 

75 

24.14 

63.57 

28.92 

75.10 

33.69 7.31 

49.89a 40.50b 

24.73 

42.06 

-9.70 

32.82 

150 

23.20 

63.37 

19.42 

69.74 

18.36 

43.80 ab 

20.64 

35.35 
a,b Least square means within rows with different 

superscripts differ (P<.10). 

SEM 

4.69 

2.00 

6.57 

2.37 

9.71 

2.35 

14.91 

2.56 
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Table 17. Proportion of bacterial crude 
in duodenal digesta 1 • 

Flavomycin® (mg/d) 

COW 0 75 150 

6 69.49 95.27 90.03 

302 65.74 82.01 79.06 

932 71.63 76.84 67.55 

MEAN2 68 . 95 a 84 . 71 b 78 . 88 ab 

I Determined by the 15N ratio method 
(Sadik et al., 1990). 

2 SEM = 3.40 

protein 

a,b Least square means within rows with 
different superscripts differ (P<.05). 
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During the lactation trial milk, 3.5% FCM, 4.0% SCM 

yields; milk fat and protein percentages and yields were 

increased in mUltiparous cows receiving 90 mg/d Flavomycin® 

compared to non-treated cows (controls). All increases 

approached linearity. Feeding Flavomycin® to primiparous 

cows did not significantly affect milk yields or 

composition. Multiparous cows receiving 90 mg/d Flavomycin® 

had higher DMI and efficencies of milk production compared 

to controls, with cows receiving 30 and 60 mg/d being 

intermediate. Body condition scores and BW were not 

affected by feeding Flavomycin® to mUltiparous or 

primiparous cows. Primiparous cows receiving 60 or 90 mg/d 

Flavomycin® had fewer days open and a shorter calving 

interval than cows receiving 30 mg/d or controls. 

During the metabolism trial cows receiving 75 mg/d 

Flavomycin® had significantly higher quantities of branched

chain VFA's compared to those fed 150 mg/d or controls. 

Flavomycin® feeding significantly reduced acetate:propionate 

ratios compared to controls. Ruminal ammonia concentrations 

were significantly increased in cows receiving Flavomycin® 

compared to controls and ruminal pH was not affected; 

neither were ruminal, nor total tract digestibilities of DM, 

CP, and ADF affected by the addition of Flavomycin®. Total 
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tract digestibility of NDF was significantly lower for cows 

receiving 75 mg/d Flavomycin® compared to controls. Cows 

receiving 75 mg/d Flavomycin® had a significantly higher 

proportion of bacterial CP in duodenal digesta than 

controls. 

The trend towards increased milk yields and 

efficiencies in multiparous cows fed Flavomycin® suggest 

that Flavomycin® would be beneficial when fed to mUltiparous 

cows. Flavomycin® did not have a negative impact on rumen 

fermentation patterns nor on apparent nutrient 

digestibilities, and there was an increase in the proportion 

of bacterial CP in the duodenal digesta. The increase in 

milk protein (percent and yield) observed during the 

lactation trial may be due to the increase of bacterial CP 

entering the small intestine observed in the metabolic trial 

and/or as a result of the increase in propionate which would 

result in a sparing of dietary amino acids from 

gluconeogenesis. 
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Table A. Reasons for removal of primiparous cows from the 
study. 

COW TRT' DOT2 Reason for leaving trial 

370 

372 

377 

380 

384 

394 

403 

404 

407 

1255 

I TRT 
2 DOT 

= 
= 

o o 
30 53 

90 41 

60 17 

90 30 

o 29 

o 25 

not pregnant at start of study 

never came into milk (average milk 
production less then 4kg/d) 

would not let down milk without 
oxytocin injection 

died after displaced abomasum 
surgery post-partum 

euthanized (split-pelvis during 
calving) 

pericarditis (hardware disease) 

euthanized (Coliform mastitis post
partum) 

60 64 intra-abdominal hemorrhage 

o 0 not pregnant at start of study 

90 44 acute pertinitis (ruptured small 
intestine) 

assigned level of Flavomycin® (mg/d). 
days on Flavomycin® (pre- and post-partum) . 
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Table B. Reasons why mUltiparous cows did not complete the 
post-partum period of the second lactation on 
trial. 

cow 
176 

276 

289 

299 

33"1 

344 

348 

1124 

1131 

1179 

1208 

1230 

2139 
1 TRT 

o 
90 

30 

o 
30 

30 

90 

o 
90 

o 
30 

30 

Reason 

Died prior to parturition 

Did not become pregnant 

Milk fever at parturition/ euthanized 

Did not become pregnant 

Not bred after 1st calving-uterine 
abcess/metritis 

Aborted after 200 DIM 

Did not become pregnant 

Did not become pregnant 

Did not become pregnant 

Milk fever at parturition/ died 

Dystocia/metritis - died 5 d post
partum 

Did not become pregnant 

60 Did not become pregnant 
= assigned level of Flavomycin® (mg/d). 
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Table C. Reasons why primiparous cows did not complete the 
post-partum period of the second lactation on 
trial. 

COW TRT1 Reason 

361 60 Did not become pregnant 

391 60 Did not become pregnant 

396 0 Did not become pregnant 

399 30 Became pregnant after 200 DIM 

1249 30 Did not become pregnant 

1250 90 Became pregnant after 200 DIM 

1251 0 Became pregnant after 200 DIM 

1267 90 Did not become pregnant 
I TRT = assigned level of Flavomycin® (mg!d) . 
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Table D. Summary of health traits measured (number of 
cases) and calving information for multiparous 
cows. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 

1st Lactation, N 8 9 9 8 

Mastitis 10 4 5 7 

Displaced Abomasum 0 0 0 0 

Milk Fever 2 2 0 1 

Foot and Leg 1 2 1 2 

Metritis/Retained 1 2 1 1 

Ketosis 0 0 0 0 

Abortion 0 1 0 0 

Still births 0 0 0 1 

Live births 10 10 9 7 

Twin births 2 1 0 0 

2nd Lactation, N 4 5 8 5 

Mastitis 1 2 0 2 

Displaced Abomasum 0 0 1 0 

Milk Fever 1 2 1 0 

Foot and Leg 0 0 0 0 

Metritis/Retained 2 0 2 1 

Ketosis 0 1 1 0 

Still births 0 4 1 0 

Live births 4 3 7 5 

Twin births 0 2 0 0 
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Table E. Summary of health traits measured (number of 
cases) and calving information for primiparous 
cows. 

Flavomycin® (mg/d) 

ITEM 0 30 60 90 

1st Lactation, N 7 8 8 6 

Mastitis 5 6 4 3 

Displaced Abomasum 0 0 0 1 

Milk Fever 0 0 0 0 

Foot and Leg 2 4 2 2 

Metritis/Retained 0 1 1 0 

Ketosis 0 0 0 0 

Still births 1 1 1 2 

Live births 6 7 7 4 

Twin births 0 0 0 0 

2nd Lactation, N 5 6 6 4 

Mastitis 0 0 1 0 

Displaced Abomasum 0 0 0 0 

Milk Fever 0 1 0 0 

Foot and Leg 1 2 2 2 

Metritis/Retained 1 1 1 2 

Ketosis 0 0 0 0 

Still births 0 1 0 0 

Live births 5 6 7 4 

Twin births 0 1 1 0 



Table F. 15N Enrichment of Duodenal Digesta and 
Duodenal Bacteria 1 • 

Flavomycin® (mg/d) 

ITEM COW 0 75 150 

Bacteria 6 .03776 .02896 .02918 

302 .02674 .02685 .02731 

932 .02104 .02124 .02502 

Digesta 6 .02624 .02759 .02627 

302 .01758 .02202 .02159 

932 .01507 .01632 .01690 
For calculation of 15N enrichment, standard value 
of 0.362 was substracted from observed values. 
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