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CHAPTER I 

INTRODUCTION 



1 

G ENERAL OVERVIEW 

A great deal of effort has been spent attempting to increase total production 

and efficiency of mi lk production by dairy,cows. Some of th is effort has been 

expended in  the study of rumen fermentation with the ai m of discovering 

methods of manipulati ng ru men fermentation to increase production  from dai ry 

cows. One ru men modifier, monensin sodium,  has been widely studied and is 

a very effective method of manipu lat ing rumen fermentation and increasi ng 

feed conversion efficiency in g rowing beef catt le. Despite ample evidence 

co ncerni ng the effects of ionophores on weight gain i n  cattle ,  i nformation on 

the effects of monensin ,  and other  ionophores, on the milk and mi lk component 

production  of lactating dai ry cows is very l imited. This thesis is concerned with 

the effects of monensin sodium on the mi lk production of pasture-fed lactati ng 

dairy cows. 

This chapte r describes the pasture-based system of dai ry production 

used in New Zealand. The effects of monensin sodium and other related 

ionophores, in the context of digestion  and metabo l ism in the lactating 

ru minant, are discussed . Effects of ionophores on g rowing beef cattle , 

lactati ng beef cows and lactating dairy cows are reviewed. The mode of action 

of ionophores on the rumi nal microbial cel ls and subsequent effects on ru minal 

fermentation and the products suppl ied to the host animal are also covered. 

Relationsh ips between the known effects of ionophores on ruminant digestion 

and the responses observed in lactating dairy cows are discussed. Fi nal ly the 

information  which is lacking and the area of study re lated to this thesis are 

outl i ned. 



2 

NEW ZEALAN D DAIRY PRODUCTION 

A low production cost system,  using pasture fed in situ, al lows the New 

Zealand dairy industry to sel l  produce o n  the world market at competitive 

prices despite its re lative iso lation  from the markets. Improving the efficiency 

of conversion of pasture to mi lk wou ld enhance the competitiveness of the 

industry .  Furthermore ,  most of the milk produced in New Zealand is  processed 

and manufactured i nto component products of varying value on the world 

market. Hence alteri ng composition  of milk to enhance production of hig h 

value components could be beneficial to the New Zealand dai ry farmer. 

Dai ry farms i n  New Zealand are generally classified into two groups,  

seasonal su pply and town mi lk farms. In  1 988 seasonal supply farms made up 

93% of a l l  dairy farms and had an average herd size of 1 58 cows. Town 

supply farms made up 7% of the total herds and had an average herd size of 

1 43 cows (New Zealand Dairy Board 1 988). In an attempt to uti l ize the 

massive investment in  milk processi ng faci l ities during the period of low 

production (i .e .  wi nter) ,  several New Zealand dai ry companies have recently 

encouraged "out of season" mi lk production from seasonal supply farms by 

payi ng premium prices for mi lk produced at this t ime. This also ensures a 

steady supply of mi lk for domestic consumption and for export of short she lf­

l ife p roducts such as yoghurt. 

Commercial  dai ry production i n  New Zealand is pasture-based and 

seasonal in nature .  Pastu re dry matter (DM) accumulation and feed quality is 

h ig hest duri ng the spring season .  Consequently on most farms the herd is  

managed in such a way as to calve du ring late winter/early spring i n  an attempt 

to match maximum pasture g rowth rate with maximum feed requ i re ments of 

the herd ,  which occurs duri ng early to mid lactation .  

Rotational g razing,  of  predominantly peren nial ryegrass/white clover 

pasture ,  is used to manage feed by maintai ning pasture growth rates, produce 

pasture with a high feeding value and manipulate feed supply to meet the 

herd's futu re require ments. Stocking rates of up to 1 50 cows/ha/day are often 

used in order  to increase competition for pasture and i ncrease "harvesting 

efficiency". Hence cows may often not be provided with an al lowance h ig h  
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enough to enable maximum voluntary i ntake , especially during periods of poor 

pasture g rowth such as winter when low soil temperatures preclude rapid 

pasture g rowth ,  or  su mmer when pastu re is under moisture stress and in a 

reproductive phase of g rowth. Under pasture feeding conditions there is  a 

substantial negative energy balance i n  early lactation.  This negative e nergy 

balance has effects o n  mi lk and mi lk  component yields and feed conversion 

efficiency (FCE) .  

A l l  h igh produci ng dai ry cows are i n  negative energy balance during early 

lactat ion and pastu re-fed cows appear to be in a greater state of negative 

energy balance compared to concentrate-fed cows. Furthermore due to its 

chemical composition ,  autumn pasture appears to be conducive to a g reater 

negative energy balance and therefore reduced mi lk production when 

compared to spring pasture. Processes which affect digestive efficiency can 

increase the energy supply to the cow, reduce the mag nitude of negative 

energy balance, and therefore i ncrease mi lk production .  This increased energy 

supply wou ld be of benefit to a l l  cows in early lactation ,  but cou ld be of greater 

value to cows mi lking in  the autu m n  than those mi lking in  the spring. One 

possib le method of increasing digestive efficiency is throug h the use of rumen 

modifiers.  
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RUMEN MODIFIERS 

Rumen modifiers are defined as agents which modu late se lected pathways of 

microbial metabol ism (Chalupa 1 977). A number of products such as 

ant ibiotics , buffers (sodium bicarbonate, or magnesium oxide) ,  o r  ionophores 

have been used to manipulate rumen fermentation .  Carboxylic polyether 

ionophore antibiotics are a fami ly of chemical compounds produced by 

fermentation  of specific bacteria. Monensin sodium is a common ionophore 

produced by the bacteria Streptomyces cinnamonesis. Narasin , tetronasin ,  

lysoce l l i n ,  laid lomyci n ,  lasalocid ,  and sal inomycin are simi lar ionophores, 

produced by the same fami ly of bacteria, which have been tested or are 

commercially avai lable. By 1 984 there were over 70 known ionophores 

(Sche l l i ng 1 984). Monensin sodiu m  was approved for feeding to beef catt le i n  

t h e  Un ited States in  1 976. By 1 978 over 80% of cattle in  feedlots were fed 

monensi n .  Such rapid acceptance attests to its effectiveness at i mprovi ng 

feed conversion efficiency in g rowing beef cattle (Owens 1 980) . After several 

years of widespread use ionophores continue to improve animal efficiency and 

performance which suggests that sensitivity of ru men microbes is re latively 

stable and that the pattern of resistance in the ionophore-resistant species is 

due to a fundamental difference between microbial ce l ls (Russel l  and Strobe! 

1 989) .  

Substances capable of i nteracting stoichiometrical ly with metal ions ,  

thereby servi ng as a carrier  by which these ions can be transported across 

b imolecu lar l ipid membranes, are defined as ionophores (Ovch inn ikov 1 979). 

l onophores are able to sh ie ld and localise the charge of ions and faci l itate the ir  

movement across membranes. They are hig hly l ipophi l ic substances which 

are toxic to many bacteria, protozoa, fungi and higher organisms and therefore 

fit the classical definit ion of antib iotics (Pressman 1 976) .  

A l l  ionophores have simi lar modes o f  action but monensin is  the  on ly one  

being tested to  any extent in  New Zealand. This review wi l l  the refore 

concentrate on monensin but other ionophores wi l l  be considered where 

appropriate. 
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EFFECTS OF RUMEN MODIFIERS ON PRODUCTION 

1 )  G rowing beef cattle 

Most data on the effects of ionophores relate to research and com mercial use 

of mone nsin with growing beef catt le .  Goodrich et al. (1984) sum marised data 

from trials invo lving nearly 16,000 catt le and used regression techniques to 

determine ove ral l  (across-trial) effects of monensin on anim al performance . 

With diets contain ing high leve ls of readi ly fermentable carbohydrates ( i .e .  

concentrate-based diets) ,  ionophores generally depress voluntary feed intake 

(VFI ) ,  but average dai ly gai n  (ADG) is not decreased and FCE is improved. 

When ruminants are fed diets contain ing considerable �-l i nked carbohydrates 

( i .e .  roughages) , ionophores do not depress VFI but ADG is i mproved, again 

resu lt ing in improved FCE (Bergen  and Bates 1984). Average (± standard 

deviat ions) responses to monensi n treatment were; a 1.6% (± 8.5%) increase 

i n  ADG ; a 6 .4% (± 5.0%) reduction  in VFI ; and 7.5% (± 6 .5%) reduction in  

feed/1 00 kg gain (Good rich et a l .  1984). Therefore FCE was substantial ly 

i ncreased o n  average but, as is c lear from the standard deviations of these 

means, the variation in response was conside rable . 

Good rich et al. (1984) fou nd that ADG of catt le accou nted fo r the largest 

amount of variation in change in ADG. I n  trials where ADG was low, monensi n 

i mproved ADG more than in  trials where ADG was h igh.  This suggests that 

cattle which are inefficient in  converting feed to gain respond more to 

monensi n than high ly efficient catt le,  or  that cattle on poorer quality diets show 

a better response. However, cattle with hig her  OM intake , and therefore a 

h igher metabolisable energy ( ME) i ntake of the same type of concentrate diet, 

responded better in terms of ADG to monensi n than catt le with low OM, and 

therefore reduced ME, intakes. These two ideas seem contradictory at fi rst 

because generally cattle that have h igh ADG have a correspondingly high ME 

i ntake . Th is  apparent anomaly is l ikely due to  the use of  data which were 

expressed as percentages. Al l  treatment responses were expressed as a 

percentage of the control g roup. As an example,  cattle  with a low ADG of 0 .5 

kg/day and showing a 1 0% response to monensin re lative to the control g roup 

would have an ADG of 0.55 kg/day. However cattle gai ning at 1.5 kg/day and 
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showi ng the same 0.05 kg/day response to monensin ,  re lative to the control 

g roup,  wou ld have shown on ly a 3% i ncrease in AOG. Cattle fed monensin on 

pasture have shown increases i n  rate of  gain of up to  17%, but VF I  of 

monensi n-treated grazing animals has not been measured (Sche l l ing 1984). 

The effect of monensi n on voluntary feed intake is variable.  In trials 

where VFI was low, monensi n-fed catt le consumed more OM than controls 

whi le monensin reduced VFI when OM intake was high (Good rich et al. 1980). 

Monensi n consistently reduces feed:gain ratio (FCE) and therefore must 

reduce energy requirements per u nit gain ,  improve dietary energy value or 

both (Goodrich et  a l .  1984). Goodrich and Thompson (1980) reported 

apparent digestibi l ities of 71.6% and 72 .8% for catt le and sheep fed contro l 

and monensi n-contai ning d iets respectively. The FCE response of monensin­

treated animals was generally g reater i n  cattle that required a large amou nt of 

feed OM/1 00 kg gain  (i .e .  i n  cattle that had low FCE).  Maximum improvement 

i n  feed efficiency was at an ME concentration of 12.1 MJ ME/kg OM and 

response was reduced when diets co ntain ing ME concentrations above or  

below this level were fed. 

2) Lactatin g  beef cows 

Several authors have studied the effect of ionophores on mi lk production of 

lactating beef cows and the subsequent g rowth rate of their calves. M i lk 

productio n  of beef cows was measured using either a mi lking machine o r  the 

weigh-suckle-weigh method. The i nformation from beef cows is  usefu l but 

must be treated with some caution because generations of genetic selection  

for different production t raits i n  dai ry and beef b reeds have created vastly 

different animals. Dai ry cows normally produce 15 to 50 litres (I) of mi lk per 

day whe reas mi lk production from beef cows has usually been measured at 

betwee n  4 and 10 I per day. Beef cows are not normally energy-l imited for 

m i lk production as is the case with high yielding dai ry cows, particu larly i n  early 

lactation .  

Mi lk yield of lactating beef cows was either not affected (Lemenager et al. 

1978a; Hixon et al. 1982a; Hixon et al. 1982b; G riggs and Males 1988) o r  
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reduced ( Renn ick et al. 1982) by monensin treatment. Hixon et al. (1982a) 

found that lasalocid fed to beef heifers i ncreased mi lk production on a low 

e nergy diet, but not on a high e nergy  diet, and therefore suggested that 

ionophore supplementation to d iets marginally deficient i n  energy may improve 

mi lk  product ion and calf performance with beef cows. Mi lk com position from 

beef cows has not been appreciably affected by monensin treatment 

(Lemenager et al. 1978a; Ren nick et al .  1982; G riggs and Males 1988) . 

Althoug h few changes were observed in  terms of milk o r  mi lk component 

production fo l lowing ionophore treatment, i ncreased ADG of calves suckl ing 

monensin-fed cows has been observed (Lemenager et al. 1978a; Griggs and 

Males 1988) .  This suggests that the calves of monensi n-fed cows utilized mi lk 

and/or forage more efficiently or  that the nutritional value of the mi lk was 

i ncreased (although this was not detected by standard analyses for fat and 

protei n content) . I n  some cases calves may have had access to monensin 

supplement as wel l  which wou ld have confounded comparisons with respect to 

m i lk yield of the dam. 

Voluntary feed intake of lactating beef cows is reduced (Lemenager et al. 

1978a) or unaffected (Rennick et al . 1982) by monensin treatment. 

3} Lactating  dairy cows 

I nformatio n  on the effects of ionophores o n  dairy catt le is quite l imited. I n  

some cases the trials have been done with a smal l number o f  animals o r  over 

a very short ti me period,  therefore the adaptation period necessary for the 

rumen microbial popu lation to stabil ise with treatment was i nadequate. 

Several i mportant variables in the data, such as stage of lactation and diet of 

the cows, could also have had large effects on the resu lts. 

Monensin treatment has been shown to i ncrease mi lk production of 

pasture-fed cows (Pankhurst and McGowan 1978; Kube et al. 1988;  Lynch et 

al. 1990) . Cows fed m ixed roughage and concentrate diets have also shown 

i ncreased mi lk productio n  when treated with monensin (Mohsen and E I ­

Keraby 1981; Van Beukelen et a l .  1984). However Pankhurst et al .  (1977) 

fou nd n o  effect of monensin treatment on m i lk production of cows fed ad lib or  

85% ad lib cut pasture i n  stalls. 



Milk fat content was reduced by monensin treatment (Pankhurst et al. 

1977; Pankhurst and McGowan 1978; Van Beukelen et al. 1984 ;  Kube et al. 

1988). In cases where milk yield was i ncreased and fat content decreased, 

monensin treatment did not change fat yield (Mohsen and EI-Keraby 1981 ; 

Lynch et al. 1990) .  

Mi lk protein  content was either u nchanged (Pankhurst et a l .  1977; 

Pankhurst and McGowan 1978 ; Kube et al. 1988 ;  Lynch et al . 1990) or 

i ncreased (Mo hsen and EI-Keraby 1981) in response to monensin treatment. 

Therefore protein  yield i ncreased or stayed constant. 

Pankhu rst et al. (1977) reported that monensin reduced VFI Ievel 

although Pankhurst and McGowan (1978) found no change. Kube et al. 
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(1988) found that cows fed monensin had sl ightly h igher lactational 

persistency , possibly due to a reduced rate of uti l ization of body fat in early 

lactation ,  although body weight data were not given .  Milk fat from treated cows 

contained a lower proportion  of long chain fatty acids (LCFA) , i ndicating 

reduced uti l ization of body reserves (Kube et al. 1988) 

·Seve ral experimenters measured the effect of lasalocid on mi lk 

productio n  of lactating dai ry cows. Lasalocid reduced mi lk yield (Johnson et al . 

1988), o r  had no effect ( Beede et al. 1986 ; Dye et al. 1988 ; Weiss et al . 1990). 

Milk fat % and yield were reduced (Dye et al. 1988 ; Johnson et al. 1988) or 

u nchanged (Beede et al. 1986; Weiss et al .  1990) .  Lasalocid generally had no 

effect on protein % (Beede et al. 1986 ; Dye et al .  1988; Johnson et al .  1988; 

Weiss et al. 1990) but in  one case protei n yield was reduced due to the 

reduced milk yield (Johnson et al .  1988). A Iati n square experimental design 

with three levels of lasalocid dosage and a control g roup was used by Dye et 

al. (1988) .  This experi mental design wou ld cause control periods to 

immediate ly fol low t reatment periods which cou ld al low serious carry-over 

effects if the mod ificat ions to ru men metabol ism caused by the ionophore did 

not sto p  immediately upo n  cessation of the treatment. Therefore this desig n 

cou ld have affected the resu lts and masked possible treatment effects. 

I n  summary responses of dai ry cows to ionophores have been variable.  

I n  most cases mi lk yie ld has remained constant o r  i ncreased, fat % has 

decreased and protei n  % has remained constant. Consistent patterns of 



response are difficult to determine because of the wide range of experimental 

methods used, the relatively small n um ber of experi ments conducted and the 

generally smal l  responses (where they occu r at a l l ) .  

9 
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NUTRIENT UTILIZATION BY THE DAIRY COW 

The conversion of feed to mi lk by the dairy cow involves many mechanisms. 

Feed consumed by the cow is i n itially digested and fermented by the rumen 

bacteria, protozoa and fung i ,  providing nutrients primari ly for microbial g rowth 

(Hu ngate 1966) . Byproducts of th is digestion and the microbial mass so 

generated are avai lable as nutrients for the host animal .  

Acetic, propionic, butyric ,  iso-butyric, valeric and iso-valeric  volati le fatty 

acids produced as byproducts of anaerobic fermentation by the rumen 

m icrobes are absorbed direct ly across the rum en epithel ium.  Undigested food 

material and the microbial m ass pass out of the rumen into the host's intestinal 

system whe re enzymatic digestion ,  s imi lar to that of monogastric animals,  

takes place. A small  amount of g lucose (Lindsay 1978) and vitamins and 

minerals are absorbed in the smal l  i ntestine.  Protein  is broken down to 

peptides and amino acids and absorbed into the blood stream in  the smal l  

i ntesti ne.  The relative quantities and proportions of these nutrients suppl ied to 

the host by fermentation ,  d igestion, and absorption are important in  

determin ing the pote ntial m i lk and mi lk component production of the cow. Milk 

and mi lk component yield i s  particu larly dependent on the production of 

g lucose , volati le fatty acid s  (VFA) , amino acids, and LCFA from feed . 

Mi lk vo lume produced by the cow is large ly determined by lactose 

secret ion of the mammary g land. G lucose is the main carbon substrate for 

lactose synthesis (Oidham and Em mans 1989) and propionate is the p ri mary 

precu rsor  for g lucose. I n  a ruminant animal g luconeogenesis in the l ive r and 

kidney is  the primary suppl ier of g lucose (Oidham and Emmans 1989) because 

s; 1 0% of circu lating g lucose is actually absorbed intact from the 

gastroi ntestinal tract (Lindsay 1978). Acetate and P-hydroxybutyrate tend to 

be used as lipid precu rsors , thus they are cal led "l ipogenic" volati le fatty acids. 

P ropionate , iso-butyrate , valerate , and iso-valerate VFA's produced in the 

rumen  are normal ly u sed as g lucose precursors are called "g lucogenic" 

(Li nd say 1 978). 

The level of m i lk fat and protei n  produced by the cow is dependent on the 

leve l of precursors supp lied to the mammary g land. About 50% of the fatty 
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acids in  mi lk fat are synthesized with in the mammary g land from acetate (40%) 

and �-hydroxybutyrate (1 0%) . Of the rem ain ing 50%, most is synthesized from 

preformed plasma trig lyceride in  the b lood (Oidham and E mmans 1 989). Short 

chai n fatty acids (C4 to C1 o) i n  mi lk are synthesized fro m  acetate and �­

hydroxybutyrate. Fatty acids in mi lk with 1 8  or more carbon atoms are 

synthesized from blood plasma trig lycerides and fatty acids in m i lk with chai n 

lengths between  1 0  and 18 carbon atoms orig inate from either source. Long 

chain fatty acids can be absorbed from the gut or from mobi l isation of LCFA 

from body tissue. 

Fermentation of digestion end-products such as hexoses and amino 

acids is accompanied by substantial  losses in  both energy and amino-nitrogen .  

Many nutrit ionists have attempted to min imise this loss of  nutrie nts by altering 

dietary ing redients or their re lative  proportions. Several feed additives 

includi ng monensin sodiu m  are used in  attem pt to i mprove efficiency of 

rumi nant d igestion or reduce bloat. These agents may inf luence mi lk yie ld and 

composition by altering the balance of absorbed n utrients. Increases i n  

acetate, g lucose and protein  supply have positive effects on m i lk yield ; 

i ncreases in acetate, butyrate and LCFA supply have positive effects o n  mi lk 

fat content; increases in  propionate and protein supply have positive effects on 

mi lk protein content; and increases in propionate and g lucose supply may have 

negative effects on mi lk fat content (Thomas and Martin 1 988). 
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MODE OF ACTION OF MONENSIN 

1 )  Mode of action on microbial cel ls 

All  livi ng cel ls,  including those of ru mina! microbes, requ i re maintenance of 

specific ionic g radients between i nternal and external ce l l  f lu ids. Bacteria often 

contain much higher  concentrat ions of solute than does the external 

environment (Pressman 1 976) .  lonophores act as proton (H+) couriers in one 

direction  and metal cations in the opposite di rection across a membrane. 

Sodium (Na+) and potassium ( K+) are examples of metal cations com monly 

transported by ionophores. I ntact membranes are requi red for ionophore 

activity. I nterference with normal ion g radie nts plays a dominant role i n  the 

mode of action of ionophores with i n  the ru men ( Romatowski 1 979 ; lsichei and 

Bergen 1 980). Monensin has been shown to dissipate proton g radients across 

the cel l  membranes causing the cel l  to uti l ize its total i ntrace l lu lar ATP 

reserves to regenerate the p roton g radient in  Bacillus subtiles (Jol iffe et al .  

1 98 1 ) and has also been shown to dissipate the transmembrane Na+ gradient 

of several bacteria (Andu et al .  1 982; Kitada and Horikoshi 1 982) . 

Gram negative bacteria are general ly ionophore-resistant due to 

biochemical mechanisms which can overcome the reduction in transmembrane 

ion g radients caused by i onophores (Bergen and Bates 1 984; Russel l  and 

Strobel 1 989) .  P rotozoa, fu ng i ,  and g ram-positive bacteria which lack a 

p rotective outer membrane ,  and therefore lack the abil ity to overcome the ion 

g radient reduction ,  are usual ly se nsitive to ionophores (Russell and Strobe! 

1 989).  Reports about the  effects on rumen micro bes agree that monensin is a 

metabo l ic in hibitor of hydrogen- and formate-producing bacteria, and 

stimu lato ry  to succinate- and prop ionate-producing bacteria (Bergen and Bates 

1 984; R usse l l  and Stro be l 1 989) .  Monensin has also been fou nd to be 

i nh ibitory to 4 of 7 strains  of lactic acid-producing bacteria but was not 

inh ibitory to th ree strains  that ferment lactate to propionate (Denn is et al .  

1 981 ) .  

The intracel lu lar p H  o f  most bacteria appears to b e  hig h ly regu lated and 

constant at around 7 .6  to 7.8 whi le  the pH of rumen fluid ranges from 5.7 to 7.3 
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(Bergen and Bates 1 984). Whe n  the pH of the rumen  fluid increases the 

transmembrane proton g radient decli nes and vice versa. The relative 

concentrat ions of Na+ and H+ may play an i mportant ro le i n  the physiological 

activity of monensi n (Bergen and Bates 1 984) . Additio n  of sodium bicarbonate 

(NaHC03) as a buffer to monensin-contain ing diets b locked the normal shift i n  

ru mina! VFA productio n  to  propionate (Weber 1 979; Roge rs and Davis 1 982). 

Most of the monensin resu lts are from beef catt le which were fed 

concentrate-based diets known to cause acidic fermentation and wou ld 

therefore be expected to be associated with a h igh transmembrane H+ 

gradient and low pH i n  the ru men fluid. Perski et al . ( 1 9 82) showed that 

monensi n complete ly i nhibited methane production of Methanobacterium 

thermoautotrophicum when the extrace l lu lar sodiu m  concentration was low 

and the pH of the rumen  flu id was 6.0.  At a h igher pH of 6. 7 the effect was 

dramatically reduced and at a pH of 7.5 the effect of monensin on m ethane 

production was completely e lim inated. Therefore the effect of monensin on the 

ru mina! microbes is g reatest when the pH of the rumen  f lu id is low and this 

effect is reduced as the pH of the ru men fluid increases. 

In  sum mary ionophores al low ions to flow across normal healthy cel lular 

membranes. This action reduces the internal-external ion g radient which is 

necessary for normal metabol ism of m icrobial cells. Some strains  of m icrobes 

can overcome th is reduction in ion g radient and are therefore res istant to 

ionophores. The ionophore-sensitive strai ns which produce hydroge n ,  

ammonia, and lactate are reduced in  nu mber. Reduction  o f  the i o n  g radient o r  

i ncrease in  pH o f  the  rumen fluid reduces the effectiveness o f  ionophores. 

2) Rumen system mode of action 

The basic mode of action of monensi n is  to modify the movem ents of ions 

across biological membranes. l t  i s  assumed that the basic mode of action 

resu lts in  the system modes of action which can be consolidated i nto seven 

categories. Monens in  treatment has been associated with modificatio n  of: 



a) Rumen volati le fatty acid production .  

b )  Rumen gas production .  

c )  Rumen protein digestion  

d)  Rumen di lution rate and ru men fi l l level .  

e) Vo luntary feed intake. 

f) Feed digestibi l ity. 

g) Other responses. 

a) Volati le fatty acid production 
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The most commonly observed change in  rumen fermentation associated with 

feeding ionophores is decreased molar proportions of acetate and butyrate, 

with a concomitant increase in  propionate production (Richardson et al .  1 976 ; 

Chalupa 1 977 ; Bergen and Bates 1 984 ;  Russell and Strobe l 1 989) and 

therefore a decreased acetate to propionate ratio (Goodrich et al. 1 984; 

Schel l ing 1 984). This increased propionate production at the expense of 

acetate, rather than a si mple increase in total VFA productio n ,  has been 

docu mente�ri,easure ment of total VFA production levels in  rumen f luid 

( Richardson et al .  1 976) and by isotope di lution tech niques (Van Maanen et al .  

1 978) in cattle. In most experiments the concentration of total VF A in  rumen 

f lu id has not been altered by monensin treatment ( Richardson et  al .  1 976) .  

Volati le fatty acids are absorbed in the  same proportions as they are p resent in  

the rumen fluid so that the proportions present in  rumen fluid are a close 

approximation of the ratio of VFA's absorbed by the host (Richardson et al .  

1 976).  

Fermentation of g lucose to pyruvate by rumen microbes is  associated 

with production of hydrogen .  The largest quantities of hydrogen  are used in  

the formation of propionate and butyrate from pyruvate and i n  the reduction of 

carbon dioxide to methane (Chalupa 1 980). The differences i n  production  and 

uti l ization of m etabol ic hydrogen cause the efficiency of fermenting hexose to 

acetate, propionate , and butyrate to be 62%, 1 09%, and 78% respective ly 

(Hungate 1 966; Chalupa 1 980). Therefore the metabolically useful energy 



recovered in  fermentation end products can be i ncreased by enhancing the 

production of propionate and to a lesser extent butyrate at the expense of 

acetate. 
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Propionate is more flexible as an energy source for the h ost, having the 

potential of bei ng used for g luconeogenesis or  for di rect oxidation via the citric 

acid cycle (Bergen and Bates 1 984 ; Russel l  and Strobe! 1 989) .  The g lucose 

so produced can be used fo r oxidation or as a carbon skeleton for non­

essential  amino acids (Russell and Strobel  1 989).  

lonophore treatment has not altered the concentration of total VFA in 

ru men fluid of beef catt le ( Richardson et al .  1 976) , lactating beef cows 

(Lemenager et al. 1 978b ; Rennick et al .  1 982;  Griggs and Males 1 988) o r  

lactating dai ry cows (Van Beukelen et a l .  1 984; Kube e t  al. 1 988) .  A reduction 

in total VFA concentration  was found in rumen fluid of lactati ng dairy cows by 

Pankhurst et al .  ( 1 977) , Dye et al. ( 1 988) and in  a second experi ment by Van 

Beukelen et al. ( 1 984) . The reduction i n  total VFA productio n  fou nd by Van 

Beukelen et al. ( 1 984) could be a result of taki ng the samples five days after 

treatment com menced, at which t ime the microbial populatio n  may have been 

in a state of change and therefore not completely adjusted to the treatment. 

lonophore treatment has also been associated with decreased rumina! 

proportions of acetate and butyrate , and increased propionate i n  growi ng beef 

catt le (Bergen and Bates 1 984) , lactating beef cows (Lemenager et al. 1 978b; 

Rennick et al. 1 982; G riggs and Males 1 988) , and lactati ng dairy cows (Dye et 

al .  1 988; Joh nson et al . 1 988). Weiss et al. ( 1 990) fou nd that on day 7 of the 

treatment period,  lactating dai ry cows fed lasalocid had a lower ru mina! acetate 

to propionate ratio than controls. However by day 28 the effects on VFA 

proportions and energetic efficiency had disappeared suggesting that the effect 

was short l ived and that the ru mina! adaptation to lasalocid is less than 28 

days. Dye et al. ( 1 988) found that total VFA concentratio n  of rumen f lu id was 

reduced and that the proportion of acetate was reduced i n  lactating dai ry cows 

t reated with ionophores. 

The response of rumina! VFA production to ionophore treatment has 

been relatively consiste nt in  all catt le, i .e .  l itt le o r  no change in  total VFA 

production ,  a reduction in mo lar proport ions of acetate and butyrate and an 

i ncrease i n  the proportion of propionate. Most of these data are from animals 
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fed concentrates. This change i n  VFA production appears to be beneficial to 

g rowing beef cattle because of the increased efficie ncy of energy metabol ism. 

However it i s  not wel l  docu mented if this altered nutrient balance is 

advantageous to lactati ng dairy cows. 

b) Gas production 

lonophore feeding reduces methanogenesis but ionophores are not particu larly 

toxic to methanogens (Russel l  and Strobe I 1 989) .  Hydrogen- and formate­

produci ng bacteria, protozoa and fu ngi are inh ibited by ionophores but 

succinate- and propionate-producing bacteria are more tolerant (Bergen and 

Bates 1 984; Russe l l  and Strobel 1 989). lt appears that reduced 

methanogenesis is due to reduced production of hydrogen , the pri mary 

substrata of methanogenesis, i n  the rumen.  Al l  reports indicate reduced 

methane productio n  in  concentrate-fed beef cattle (Joyner et al. 1 979 ; 

Thornton and Owens 1 98 1 ; Bergen and Bates 1 984) but the leve l of in h ibition 

ranges from 4% to 31 % (Bergen and Bates 1 984) .  

Methane production ,  which can be as h igh as 1 2  1/day in a mature 

bovi n e ,  can represent a loss of feed energy of as m uch as 1 2% ( Russe l l  and 

Strobel 1 989).  S i nce the ru men is an anaerobic ecosystem, substrata 

oxidations must be closely coupled to reduction reactions. When 

methanogenesis is decreased the concentrations of  other  reduced products, 

such as propionate, increase at the expense of acetate and more feed energy 

is avai lable for p roductive pu rposes (Russel l  and Strobel 1 989) .  

c) Protein uti l ization  

A considerable p roportion of  the protein consum ed by ruminants is  fermented 

to ammonia and volatile fatty acids by rumen microbes. The pri mary goal 

when manipu lat ing ruminant nitroge n  transactio ns is to increase the balance 

and level of amino acids entering the smal l  i ntestine from the rumen (Chalupa 

1 977). Because ruminal ammonia production often exceeds the capacity of 

the ammonia-uti l is ing species to absorb it ,  ammonia can accum ulate i n  the 
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rumen. Excess ammonia is absorbed across the rumen wal l and conve rted to 

urea by the l iver. Some urea is recycled back to the rumen  but m uch of it is 

lost in u rine .  

Monensin reduces ammonia productio n  in vitro and in vivo (Bergen and 

Bates 1 984;  Schel l ing 1984 ; Russe l l  and Strobel 1989) and th is decrease is 

probably associated with a reduction in the extent of rum i na! p rote in  

degradation (Schel l ing 1 984 ; Russe l l  and Strobe! 1989) .  Decreases i n  

ammonia concentration of the ru men fluid ,  which are also com m on ly 

associated with monensin treatment, are consistent with depressed 

deamination and/or proteo lysis. lonophores inh ibit the g rowth of proteolytic 

ru mina! bacteria and therefore in hibit deg radation  of p rotein and peptides. 

Adaptation of the microbes to ionophores may be an i mportant factor in 

the efficacy of ionophores with respect to the protei n-sparing effect. Poos et 

al. ( 1 979) showed that, in steers adapted to monensin ,  less bacterial n itrogen 

(N) reached the small intestine and the proportion of d ietary protei n  reachi ng 

the small i ntesti ne increased relative to that in untreated animals.  Monensin 

increased amino acid flow on a diet co ntai n ing dried brewers g rai ns but not on 

a diet where u rea was the only nitrogen  sou rce. However Beeve r  et al. ( 1 987) 

found that monensi n had no sig nificant effect on n itrogen digestion  when 

steers were fed a diet of mixed perenn ial ryegrass and white clover, or  white 

clover only, possibly because the adaption period al lowed i n  that study was 

on ly 1 4  days. 

lonophores have been associated with reduced rumi na! degradation of 

dietary protei n  when the ani mal is fed concentrate diets contain ing intact 

p rotei n .  Decreases in  ammonia concentration of the rumen flu id,  which are 

also com mon ly associated with monensin treatment, are C�.'Jsistent with 

depressed deamination or proteolysis. 

d) Rumen fi l l  and rate of passage.  

Rumen fi l l  and rate of  passage play a major role in rum inant digestion. These 

factors have a di rect effect on the extent and site of digesti on ,  the extent of 

m icrobial fermentation and the end products of fermentat ion and N uti l i zation .  
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Di lution rate is general ly h igher in  animals fed forage vs concentrate diets 

(Chalupa 1 977) . Est imates of di lution rates for i ndividual animals eating the 

same d iet can have large variation ,  indicating individual differences. The many 

complexities of this system mode of action preclude a fu ll understanding of the 

effects at this point (Schel l ing 1 984) .  The whole area of study related to 

di lut ion rate and its effects on digestive products is incomplete and no clear 

cause and effect re lat ionship has been determined .  

Increasing the flow of  the f lu id fraction from the ru men,  by any means 

such as addition of artificial sal iva or poly-ethylene g lycol ,  is associated with 

decreased proportions of p ropionate and increased acetate, butyrate and 

microbial amino N flow. Stoichiometric calcu lations indicate lower fermentative 

efficiency at h igher di lut ion rates because less hydrogen  is recovered in VF A 

(Chalupa 1 977; Sche l l ing 1 984). Increasing the f low of sol ids wh ich do not 

requ i re pregastric digestion wi l l  reduce losses incu rred in  fermentation of 

carbohydrate and amino nitrogen .  However, sol ids which requi re microbial 

deg radation, such as fibre , may be digested less completely in  the ru men.  The 

reserve ferme ntation capacity of the large  intestine may compensate for al l  or 

a portion of this reduced digestio n  (Schel l ing 1 984) . Th is suggests that the 

reduced VFI associated with monensin treatment is actually a response to the 

reduced rumen outflow rate. 

lonophores decrease ru men turnover rate and i ncrease rumen fi l l  

(Schel l ing 1 984) and may be the cause of most of the associated systems 

effects. Monensin consistently decreased the rumi na! rate of passage, of 

steers and heifers fed coastal bermuda grass pasture, by an average of 1 5.2% 

(Pond et al .  1 980) . Rumen l iquid turnover rate and sol ids turnover rate were 

reduced 31 % and 44% respective ly by monensin treatment (Lemenager et al. 

1 978b) . Rumen l iquid vo lume was reduced by monensi n but rumen d ry matter 

vo lume remai ned constant. H owever in a second trial when steers were l imit­

fed a high concentrate diet, VFI was constant yet monensin sti l l  decreased 

rumen turnover rate (Lemenager et al. 1 978b) .  Fau lkner et al. ( 1 985) found 

that ru men outflow rate of particulate matter was increased but l iquid outflow 

rate was not changed by monensin treat ment. 

Several possible explanations exist for the decreased rumen turnover 

rate (Schel l ing 1 984) .  Rumen turnover rate may be decreased as a response 

to reduced VFI. However Le menager  et al. ( 1 978b) found that rumen outflow 
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rate decreased even when feed intake was l imited and therefore constant. 

The associated reduction in ru men tu rnover rate would then be a cause for and 

not an effect of reduced intake. 

Although a g reat deal remai ns unknown about ru men outflow rate and its 

specific effect on rumen products, the rumi na! responses to ionophores 

discussed previously mimic the responses of an artificial ly i nduced reduction in  

rumen  turnover rate very closely. The selective reduction i n  number  of  some 

micro bes could reduce the rate of carbohydrate digestion and the extent of 

prote in  digestion i n  the rumen. This would reduce the rumen  outflow rate and 

change the pattern of VFA production .  The simi larity in mag nitude  and 

response would point to most other responses being an effect of the altered 

ru men fi l l  and tu rnover rate (Schel l ing 1 984) . 

e) Volu ntary feed intake 

The effect of monensin on VFI is we l l  docu mented. Monensin reduces VFI 

about 1 0.7% in  cattle fed high conce ntrate diets and about 3% in cattle fed 

roug hage diets (Bergen and Bates 1 984 ; Schel l ing 1 984) . Some of the 

depression observed in  experiments may be due to introduci ng cattle abruptly 

to monensin.  Other studies i ndicate a 5% reduction in  VFI after 1 1 2 days on 

the treatment (Schell ing 1 984). Johnson et al. ( 1 988) found that lasalocid 

reduced VFI of dairy cows when added to a diets contain ing h igh fat levels. 

Voluntary feed intake reductio n  could be due to a decrease in rate,  but 

n ot necessari ly extent, of ru minal digestion. If rate of digestio n  is reduced and 

passage out of the ru men via the omasal orifice is l imited by particle 

coarseness, the increased time required to complete particle s ize reduction 

would increase rumen retention time and slow rumen turnover (Schel l ing 

1 984). The decreased energy intake may be offset by com p ensating factors 

such as : 



1 )  i ncreased propionate production 

2) reduced methane productio n  

3 )  reduced heat loss 

4) reduced time grazing 

5) reduced metabolic faecal energy loss 
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Th is wou ld explai n the reduction  in  VFI, along with the associated increase in 

ME values of feeds, and therefore no associated reduction in  an imal 

performance. 

f) Digestib i l ity modification 

Addition of monensi n reduced the apparent dry matter  digestibi l ity of harvested 

range g rass in vitro with inocu la from both contro l and monensin-adapted 

steers but the reduction was of g reater mag nitude in the contro l  g roups 

(Le menager et al .  1 978b). Monensi n-treated steers fed a high fibre cornstalk­

based diet supplemented with 20% of a high quality protei n  supplement had 

increased apparent organic matter and neutral detergent fibre digestibi l ity , 

re lative to controls ,  with intermediate leve ls of monensin (1 2 .2 and 1 8.8 parts 

per mi l l ion)  bei ng superior to a h igh leve l (36.6 parts per mi l l ion )  of monensin 

(Fau lkner et al. 1 985). Monensin did not affect digestibi l ity of cotton fibre , 

dietary carbohydrate or n itrogen when i ncubated in vitro with ru men fluid from 

steers fed a chopped orchard grass hay diet (Dinius et al .  1 976) .  Cel lu lose 

digestibi lity fro m  cotton strips was not affected in vivo (Din ius et al .  1 976) 

however monensin treatment reduced the rumina! acetate :propionate ratio. 

- Digestib i l ity of dry matter ,  crude protein ,  hemicel lu lose and ce l lu lose were not 

affected (Din ius et al .  1 976) .  Fi le et al. ( 1 980) found that organic matter 

digestibi l ity of g round ,  pel leted lucerne fed to lambs was not affected by 

monensi n althoug h the rumina! acetate :propionate (Ac:Pr) rat io was 

decreased. Apparent digestibi l ites of OM and protein showed no change with 

lasalocid treatment (Johnso n  et al .  1 988).  However Dye et al .  ( 1 988) found 

that crude protein digestibi lity was increased by lasalocid treatment .  

Changes i n  nitroge n digest ib i l ity associated with monensin are affected 

by the nature and level of protein i n  the diet. I ncreased nit rogen digestibi lity 

has been shown in sheep, goats and cattle when  ionophore-contain ing diets 
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were fed (Schel l ing 1 984). However when  urea was fed the  results were 

i nconsistent. Again factors such as rumen fi l l  and rate of passage which have 

been shown to affect protein  digestibi lity independent of ionophore treatment 

may be invo lved (Schel l ing 1 984). Poos et al. (1 979) found that monensin 

reduced d ry  matter digestibi lity and nitrogen retention .  However, by days 40-

46 of treatment ,  the values for these parameters were simi lar in the t reatment 

and contro l  g roups indicating the possibi lity of an adaptation effect. 

Goodrich and Thompson (1 980) , in a summary of six studies,  stated that 

monensi n i ncreased apparent digestib i l ity of protein by 6.5% (58.6% vs 62.4% 

digestibi lity ) .  The greatest response to monensi n in  ADG , reductio n  i n  VFI , 

and improvement in  FCE occurred in  diets that contained preformed protein  as 

opposed to non-prote in  nitrogen .  Thus these data may also suggest a 

reduction i n  the magnitude of protein digestion i n  the rumen associated with 

monensin t reatment. This wou ld allow an increased supply of amino acids, 

which are commo nly the most l im iting nutrient to i ncreased productio n .  

The effects of monensin on digestibi lity are variable and often 

unfavourable during the adaption period. Several studies suggest that 

monensin may i nitial ly produce a negative effect on apparent digestibi lity 

fol lowed by a sl ight increase , but this has not been thoroug h ly studied 

(Schel l ing 1 984). 

In vitro experiments with mixed ruminal microbes h ave often shown a 

decrease in  cel lu lose digestion  after the addition of monensin .  Many in vivo 

studies showed no decline in  fibre digestibi l ity duri ng monensin treatment 

although feed intake generally decreases (Russell and Strobe l 1 989) .  When 

i ntake decli nes the di lution rate of sol id material from the ru men decreases and 

there is a longer period of time for digestion .  Rumen ce l lu lo lytic bacteria  are 

very sensitive to a decl ine in pH and therefore ce l lu lose digestion cou ld be 

enhanced by decreases in lactate p roduction and a rise i n  ruminal  pH 

associated with ionophores. This is  a good example o f  a case where the  effect 

in vivo may be quite different from that observed in vitro and may explai n  why 

cellu lose d igestion is not normally decreased in vivo, as expected,  when 

ionophores are fed. 

Overal l  it appears that monensi n does result in a s l ight improvement i n  

protei n digestibi lity in  many different conditions. Much o f  t h e  early work was 

done with in vitro cultu res which wou ld not adapt like a n ormal rumen  cu ltu re .  
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g) Other  responses 

Monensin appears to i ncrease M E  values of feeds by increasing hydrogen 

retention in  p ropionic acid and s l ightly increasing OM digestibi l ity. In  addition  

monensin may reduce ru minal methane energy loss and reduce fasting heat 

p roduction .  Taken co l lectively these modifications of energy metabol ism are 

sufficiently large to explain differences between contro l  and monensin­

containing d iets in  feed efficiency of beef catt le (Goodrich et al. 1 984) .  

Several other responses have been commonly noted when ionophores 

are fed. Van Maanen et al. (1978) found that g lucose turn over increased 14% 

when monensin was fed . Increased g lucose production  from the increased 

propionate supply has been shown to reduce the use of amino acids for 

g luconeogenesis in  the l iver (Beede et al .  1976). 

lonophores have also been associated with reduced incidence of bloat 

and reduced lactic acidosis (Bergen and Bates 1984). Bloat is a common 

disorder i n  rumi nants and is  particu larly com mon when an imals are fed pasture 

which is g rowing rapidly and contai ns significant quantities  of legume species. 

3) Monensin Mode of Actio n  in Relation to Mi lk Production Responses 

The responses of dai ry cows, in terms of m i lk production ,  to ionophore 

treatment can general ly be explai ned by the systems modes of action .  

H owever the data from lactat ing dairy cows are very l im ited and come from 

widely varying feeding p rogrammes and treatment lengths. Most o f  the 

p revious work has involved concentrate diets rather than the pasture feedi ng 

system used in New Zealand. 

Monensi n and lasalocid have been shown to i ncrease propionate 

production and decrease acetate production in the rumen.  The lactating dai ry 

cow i n  early lactation i s  i n  a state of negative e nergy balance and therefore the 

change in  VFA production cou ld al low more metabol ical ly usefu l energy to be 

produced from the same amount of feed. The form of this increased energy 
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supp ly would h ave two potential benefits to mi lk production.  I ncreased 

propionate would increase the leve l of g luconeogenic p recurso rs and therefore 

allow hepatic g·lucose production to increase. This in turn cou ld al low 

i ncreased mammary lactose synthesis and increase total mi lk  vo lume. A 

second benefit would be to reduce the need for amino acids as g luconeogenic 

precu rsors.  This fact, coupled with the reduction of rumen d ietary proteo lysis, 

cou ld al low increased amino acid avai lability to the mam mary g land. Th is  

wou ld explai n the abi l ity of  ionophore-treated cows to  i ncrease mi lk volu me ,  

maintai n protein  content and therefore increase protei n  yield. 

The fact that ionophores reduce acetate and butyrate p roduction would 

suggest a reduction in the level of mi lk fat precu rso rs .  This could explain why 

mi lkfat content is normally reduced or  unchanged , and therefore fat yield 

remains unchanged or decreases, in  treated cows. A selective i ncrease i n  

protei n but not fat yield could be financially advantageous t o  t h e  New Zealand 

dairy industry. 
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AUTUMN VS SPRING MILK PRODUCTION 

Autumn and winter mi lk production has often led to s ignificantly lower peak 

production per cow during early lactation and reduced production  per hectare 

when compared to spring and sum mer production ( Baldwin 1 989) .  Lowered 

mi lk production at this t ime has not been ful ly researched but decreased rates 

of gain of sheep and catt le on autumn pasture as opposed to spring pasture 

have been attributed to differences in  the chemical composit ion of the pastu re 

(Lqnsdale and Taylor 1 971 ; During and Weeda 1 972 ; Joyce and Brunswick 

1 975). These factors may also affect mi lk production .  Chemical analysis has 

shown that the largest s ing le difference in compositio n  is the leve l of water­

so luble carbohydrate i n  the plant material (Corbett et al .  1 966 ; Scott et al .  

1 976 ; Beever et al .  1 978; MacRae et al .  1 985). Autu m n  pastures with low 

soluble carbohydrate levels have been shown to produce a rumen 

fermentation which has a hig h  acetate :propionate ratio compared to that of 

spring pastures. The reduced growth rate of sheep and catt le is attributed to 

inefficient uti l i zation of metabolisable energy (ME) because of a shortage of 

reducing agents, such as nicotinamide adenine dinucleotide phosphate 

(NADPH) ,  which are normally produced fro m  oxidation of propionate and 

g lucose . As a result the acetate is used in  the less efficient tricarboxylic acid 

(TCA) cycle. Therefore any method of manipu lati ng the rumen fermentation to 

increase the propionate production of pastu re-fed cows in autu mn may h ave a 

double benefit for the lactat ing dai ry cow. First , the increased supply of 

g lucose precursors would al low increased lactose synthesis and therefore mi lk 

p roduction. Second,  an i ncrease in the level of reduci ng agents wou ld al low 

more efficient uti l ization  of absorbed acetate and may increase total mi lk fat 

production. 
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APPLICATION OF MONENSIN TO THE NEW ZEALAN D SITUATION 

Based o n  previous resu lts it is reasonable to expect positive effects of 

monensin treatment on milk production  i n  the New Zealand dai ry p roduction 

system .  Because the amount of data from trials invo lving ionophore-treated 

cows is so l im ited, many questions remain. Monensin and other ionophores 

have wel l  documented anti-coccidial and anti-bloat effects i n  a l l  types of catt le. 

The bloat effect has been li nked to a marked depression of rumen f luid 

viscosity (Bergen and Bates 1 984). Monensin is presently used in  dai ry cows 

as a m ethod of bloat control but the effect of ionophores on mi lk production is 

unclear. 

The optimum dosage leve l for beef cattle has been well establ ished but 

treatment level for dai ry cows has historically been estimated from beef cattle 

resu lts and therefore needs clarification .  Perhaps a lower leve l of treatment 

than the common 330 mg/day wou ld provide more subtle ru men manipu lation 

and the refore favourable mi lk production resu lts. Furthermore the most 

appropriate t iming of ionophore treatment is not well researched. The lactati ng 

cow in early lactation is in negative energy balance to an extent that the l imited 

improvement in efficiency provided by ionophores could be of litt le productive 

consequence. However in late lactation or the dry period this i ncreased 

efficiency might be of g reater benefit. lonophores have traditional ly been 

adm in istered to beef cattle fed ad lib concentrate diets. However, g razing 

dai ry cows are at t imes, such as late spring,  l imit fed to manage pasture 

qual ity. The effects of ionophores on mi lk production at different levels of 

feeding is not known. The effects of different feeding p rogrammes on ru mi na! 

d igest ion parameters such as rumen outflow rate, methane production ,  and 

fib re digestion ,  are relatively well characterised for concentrate diets but not so 

well for fresh forage diets. lt i s  also we l l  known that the rumen pH ,  and 

the refore the ion g radient between the internal and external environment of the 

rum ina! bacteria,  is critical to the activity of ionophores. However it i s  not 

known if the rumina! paramete rs of a forage digestion are suitable for optimum 

ionophore activity. Analysis of a feed quality by ionophore treatment 

i nte raction  on m i lk production would also suggest the type of supplemental 

feed which wou ld best complement pasture and monensin treatment. The 

overal l  effect of treatment on m i lk and mi lk component p roduction of 

i on ophore-treated pasture-fed cows has not been characterised. 
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PURPOSE AND SCOPE OF THIS INVESTIGATION 

As discussed previously, there is evidence that monensin treatment i ncreases 

mi lk and mi lk protein  yields wh i le reducing or not affecting mi lk fat y ie ld ,  at 

least i n  concentrate-fed cows. The situation is  less clear with respect to 

g rowi ng animals, pri mari ly because of h istorical l im itations i n  the admin istration 

of rumen modifiers to this group. 

Rumen modifiers m ust be administered to the animal in  accurate and 

consistent doses in order to be effective . With housed animals th is is 

commonly done by mix ing the material in the feed ration ,  however treatment of 

pastu re-fed dairy cows has, unti l  recently, requi red dai ly drench ing .  The 

drenching method has the disadvantages of being labour  i ntensive and 

potentially dangerous due to dosage i naccu racies. Recently the deve lopment 

of i ntrarumi nal control led re lease capsu les (CRC) has al lowed accu rate ,  

consistent and safe administration of  compounds which require smal l  dosages, 

such as ionophores, to g razing l ivestock. Thus the potential now exists for 

widespread use of ru men modifiers i n  g razing animals. 

The nutritive value of autumn pasture ,  as measured by the g rowth rate of 

sheep and cattle and by chemical analysis, has been shown to be lower than 

that of spri ng pasture .  Therefore the possibi lity of a differential response to 

monensin treatment, i n  terms of mi lk and mi lk component productio n ,  in the 

two seasons does exist .  A study to determine the extent of such a t reatment x 

season interaction wou ld ideally be carried out using a single g roup of cows, 

m anaged in  such a way as to have equal numbers of autumn- and spri ng­

calving cows on the same farm. l t  wou ld also be necessary to have the two 

g roups at the same physiological state , i .e .  stage of lactation ,  when measuring 

m i lk production parameters in  each season. The necessary level of resources 

and lead tim e  for this type of trial however make it impractical ,  particu larly on 

commercial ly-o riented farms which tend to  have either  spri ng- o r  autum n­

calving herds. Alternatively pasture cou ld be cut in  one season and stored , 

l ikely by freez ing ,  for feeding in  the other  season.  Preservation does however 

affect subsequent chemical composit ion and digestion characteristics of 

forage , therefore this method is not appropriate . Thus no s imple m ethod exists 

of comparing i nteractions between  monensin treatment and pasture type 

(autumn vs spring) in a single experiment free of confounding effects such as 
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the d ifferent management practices on different farm types ,  and other seasonal 

effects (eg . photoperiod). The strategy adopted in this study was to measure 

the effect of monensin sodium treatment on mi lk and m i lk component 

production in  autumn-calving cows on one farm and in  spring-calving cows on 

a nearby farm. The studies were l i nked by examin ing the effect of monensi n 

on the rumi na! digestion characteristics of fresh-cut autumn- and spring­

pasture , s imi lar to that fed to the cows, in  a single group of ru minal ly-fistu lated 

castrated male sheep. The sheep were not lactating therefore the effect of 

treatment was not confounded with physiological state of the an imal .  

The objectives of th is study were therefore to : 

1 .  Examine the effects of monensi n sodium, delivered by i ntrarum i nal 

control led release capsule , on  lactational performance , liveweig ht ,  condit ion 

score and blood parameters in  autu mn- and spring-calving cows on two 

separate farms. 

2. Determine whether there are monensin treatment x age i nteractions in 

lactational performance , i .e .  whether monensin is more effective i n  stimu lating 

the performance of young vs older cows. 

3. Examine i nteractions between  the effects of monensin treatment and 

pasture type (autumn vs spring) on rumen digestive function  and blood 

parameters in non-lactati ng sheep. 
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The effects of monensin sodium,  admin istered at the rate of 320 mg/day for 

1 00 days by intraruminal control led release capsu le,  on lactational 

performance and re lated parameters were examined in pasture-fed lactating 

dai ry cows. The study was conducted in  two seasons,  with 60 autumn- and 60 

spri ng-calving Friesian cows divided i nto two balanced groups,  t reatment and 

contro l .  Responses were measu red in terms of yie ld of mi lk, fat and protein ,  

l iveweig ht, condit ion sco re and plasma leve ls of i nsul in, g lucose, 13-

hydroxybutyrate, urea and non-esterified fatty acids (NEFA) . 

The effect of season and monensin treatment on rumina! d igestion 

characteristics was measured in a s ingle g roup of  rumi nally-fistu lated castrated 

male sheep which were housed indoors in m etabo lism crates and fed fresh-cut 

autumn and spring pastu re simi lar to that fed to the cows. Responses were 

assessed in  terms of rumina! vo lati le  fatty acid (VFA) molar proportions ,  

ru mina! ammonia and pH levels, feed apparent digestib i l ity and nitrogen 

balance. B lood parameters ,  simi lar to those measured in  the cows, were also 

evaluated. 

Autumn pasture had significantly lower pro port ions of water-so lub le 

carbohydrate (P<O.OS) ,  cel lu lose (P<O.OS) and l ign in (P<O.OS) and increased 

pectin (P<O.OS) , hemicel lu lose (P<O.OS) and crude protein (P<0. 1  0)  levels 

when compared to spring pasture. Voluntary feed intake by sheep of autu mn 

pasture was lower (P<0.00 1 ) than that of spring pasture and was s ignificantly 

(P<O.OS) reduced by monensin treatment. Monensin treatment sig n ificantly 

decreased the molar proportions of acetic acid (P<0. 1 0) and butyric acid 
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(P<0.001 )  and increased the molar proportions of p ropionic acid (P<0.00 1 ) and 

minor VFA's (P<0 .01 ). N itrogen retentio n  of the sheep was significantly 

(P<0.05) reduced by monensin treatment. P lasma g lucose leve ls were 

i ncreased (P<0 . 1  0)  by monensin treatment during the fourth 5-day col lection 

period in  both seasons. 

The monensin treatment did not s ignificantly affect mi lk o r  m i lk 

component yield of the cows i n  either season .  There was a t re nd towards 

increased mi lk and protein  yield in monensin-treated cows of the spring-calving 

g roup but this difference did not attain statistical significance. The age x 

monensin treatment interaction was sig nificant (P<0.05) for m i lk yield of spri ng­

calving cows, 2- and 3-year old cows having increased mi lk y ie ld as compared 

to the remain ing age g roups. The spring-calving cows had sig nificantly 

(P<0.05) higher plasma urea levels when treated with monensin .  The autumn­

calving cows showed significantly (P<0.05) h igher plasma g lucose levels and 

reduced loss of body condit ion (P<0 . 1  0)  in  response to monensin t reatment. 

Although monensin treatment altered ru mi nal VFA proport ions i n  the 

sheep in  a manner consistent with previous reports, these effects were not 

associated with improved lactational performance in  the cows. Thus wh i le 

monensin sodium admi nistered by contro l led re lease capsu le may be a usefu l 

method of control l ing bloat in  cows it does not appear to give re l iable 

responses in  lactational performance. 
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INTRODUCTION 

Several m ethods are presently avai lable to manipu late rumen fermentation 

with the u lti mate goal of i ncreasing mi lk and mi lk component yie ld of lactating 

dairy cows. However most techniques necessitate daily treatment of the cow 

with "rumen modifiers" , common ly by mixing the compounds i n  the feed ration .  

The deve lopment of int raru minal control led-re lease capsu le techno logy has 

al lowed the treatment of g razing ani mals, such as pasture-fed dairy cows in 

N ew Zealand,  with rum e n  modifiers. One such ru men modifier, monensin 

sodi u m ,  i s  now being used com mercially in  New Zealand to reduce bloat but 

effects of this treatment on lactational performance are not clear. 

Data explain ing the effects of ionophore treatment on weight gain of 

concentrate-fed growing beef cattle are abu ndant but information on the effects 

on mi lk and mi lk component production of pasture-fed lactating dairy cows is 

confl icti ng .  Monensin treatment has reduced vo luntary feed intake, i ncreased 

average daily gain  and i ncreased feed conversion efficie ncy of concentrate-fed 

growi ng beef cattle (Bergen and Bates 1 984). These production responses 

are be lieved to be caused by several modes of action ,  the most important of 

which is  altered rumina!  volati le fatty acid production i .e .  an increase i n  

propionate production at the expense of acetate and butyrate production 

(Schel l ing 1 984) . Monensin treatment has increased m i lk yield of dai ry cows 

fed pasture (Pankhurst and McGowan 1 978 ; Kube et al. 1 988; Lynch et al .  

1 990) ,  o r  mixed roug hage and concentrate diets (Mohsen and El-Ke raby 1 981 ; 

Van Beukelen et al .  1 984). However Pankhurst et al .  ( 1 977) found that 

monensin treatment did not affect mi lk production of cows fed ad lib or  85% ad 

lib cut pasture in  stal ls. Mi lk fat content was reduced by monensi n  t reatment 

(Pankhurst et al. 1 977 ;  Pankhurst and McGowan 1 978; Van Beukele n  et al. 

1 984 ;  Kube et al. 1 988).  In cases where mi lk yield was i ncreased and fat 

content decreased ,  monensi n treatment did not change fat yield (Mohsen and 

EI- Ke raby 1 98 1 ; Lynch et al .  1 990). Mi lk protein  content was either u nchanged 

(Pankhurst et al .  1 977;  Pankhurst and McGowan 1 978;  Kube et al .  1 988 ;  

Lynch et  a l .  1 990) o r  i ncreased (Mohsen and EI-Keraby 1 981 ) in  response to  

monensin treatment. The refore protein  yield increased or  remained constant. 

This evidence suggests that monensin treatment increases mi lk and protei n ,  

but n ot fat, yield o f  lactati ng dairy cows. 
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Recent developments i n  marketing o f  New Zealand dairy products have 

e ncou raged i ncreased autum n/winter mi lk production as compared to 

p roduction during the more t raditional spri ng/sum m e r  season.  However the 

leve l of autu mn/winter mi lk p roduction ,  i n  terms of i ndividual cow peak y ie ld or 

m i lk y ie ld per hectare (ha) , has been shown to be lower than that of 

spri ng/summer production ( Baldwin 1 989).  Causes of lower production at this 

t ime are not fu l ly researched. However, decreased rates of gain of sheep and 

catt le on autumn pasture as compared to spring pastu re have bee n  attributed 

to diffe rences in the pasture chemical composition .  Therefore the possibi lity 

exits of differential responses to monensin treatment, in terms of m i lk and mi lk 

component production ,  in the two seasons. 

Commercial use of the intraruminal control led-re lease capsule has 

faci litated the consistent and accu rate administration of small quantities of 

compounds such as rumen  modifiers to g razing livestock. The objective of th is 

study was therefore to examine the effect of monensin treatment, admin istered 

by int raruminal control led-release capsu le ,  on the lactational performance of 

autu mn- and spri ng-calvi ng cows fed pasture. 
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MATERIALS AND METHODS 

Experiment 1 :  Autumn-calving cows 

Sixty mu ltiparous Friesian cows aged between two and eleven years were 

selected from a single dai ry herd at No. 1 Dai ry Farm , Massey University. 

These ani mals were randomly assig ned to either treatment o r  contro l  g roups. 

The groups were balanced for age ,  breeding index and production index, as 

wel l  as pre-trial period l iveweight, condition score ,  mi lk yield, fat y ie ld and 

protei n yie ld .  The groups had equal nu mbers of cows aged 2 ,3,4,5 and � 6 

years 

The sixty experimental ani mals were ru n together  with a herd of 1 1 0 

cows under commercial conditio ns at No. 1 Dai ry Farm , Massey University. 

The cows were grazed on mixed pe renn ial ryegrass/white clover pastures and 

had access to ample clean water at all t imes. Cows were m i lked at 0530 and 

1 530 h dai ly. 

The t reatment g roup was administered monensin sodium (320 mg/day) 

by intraru m inal control led release capsule (Rumensin Anti-B loat Capsu le , 

E lanco Products, Auckland, New Zealand) , with an expected payout of 1 00 

days , com mencing on Apri l  1 7, 1 989. Treatment commenced at an average of 

47 days post-calving. 

Mi lk yield and compositio n  were measured at two-weekly i ntervals 

com mencing 1 day before treatment. At each sampling , evening and morning 

mi lk yie lds  were recorded using "Tru-test" mi lk meters and composite p .m ./a. m.  

samples were tak:n _.  Cows were weig hed, condition scored and blood 

sampled every 4 weeks ,  commencing at 0900 h i mmediately after the morn ing 

m i lking of  test day. Condition  score of each animal was assessed by 

averaging  values of thre e  independent scorers at the t ime of weigh ing at 

weeks 0 and 1 2  relative to treatment, using the scoring system described by 

H olmes and Wi lson ( 1 984).  

B lood was sampled by tai l venipuncture at the t ime of weigh ing .  An 8 

m i l l i l itre ( ml) b lood sample was withdrawn into EDTA vacutainers ("Neotube", 
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N ipro Medical I ndustries Ltd , Tokyo) and immediately placed on ice . Plasma 

was harvested by centrifugation  at 3000 g and 4°C for 20 minutes. The 

plasma was then transferred into dupl icate vials and stored at - 1 2°C. 

Experiment 2: Spring-calving cows 

Experiment 2 was carried out with an identical protoco l to experiment 1 with 

the fo l lowing exceptions. 

Experi ment 2 began on September 7 1 989 at Massey No.  4 Dai ry Farm. 

The total herd size on the farm was 260 cows and the average days in  

lactation at commencement of  the trial was 49. 

Experiment 3: Sheep fed fresh cut pasture in autumn and spring 

Twe lve 1 -year-old castrated male sheep were selected from the flock of 

rum i nally fistu lated animals at the Sheep and Beef Cattle Research Unit, 

Massey Un iversity. The ani mals had been fistu lated at 6 months of age and 

duri ng the experiment had 65 mi l l imetre (mm) inner  diameter ( ID) can nu lae . 

The sheep were randomly divided into two groups ,  treatment and contro l ,  

which were balanced for l iveweight. 

The sheep were housed indoors at the Animal Physiology Un it (A.P .U. ) ,  

Massey University during the  two experimental periods which began on April 

1 4, 1 989 and September 6, 1 989. Each study consisted of a 1 0  day 

adjustment period fol lowed by fou r  consecutive 5-day col lection periods. The 

an imals were kept in  individu al metabol ism crates, tethe red around the neck 

with a co l lar but otherwise were al lowed free movement in  the crate. The 

flooring of the m etabol ism crates consisted of a series of expanded mesh 

g rates and a solid galvanised pan which al lowed the daily col lection of u rine  

and faeces in  separate fractions. 

The treatment g roup was admin istered monensin sodiu m  ("Rumensin", 

E lanco Products, Auckland, New Zealand) in  the form of a premix which 
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contained 1 0% active monensin sodium. Individual dosages were weighed out 

into t issue paper and calcu lated so they were equivalent to the dosage 

received by the cows based on a "gram of active ingredient per kg LW0.75" . 

Equal portions of the treatment were administered a.m.  and p .m .  by passing 

the paper pel let contain ing the premix into the rumen via the rum e n  cannu la. 

All feeding ,  feed refusal weig hing and faeces and urine col lection was 

done at 1 600 h dai ly.  The diet, of perennial ryegrass/white clover pasture, was 

obtained from paddocks at Massey No.  1 Dairy Farm (autumn)  and Massey 

No .  4 Dairy Farm (spring) respectively. Paddocks from which the pasture was 

cut were selected to be of simi lar composition to those being grazed by the 

cows in experim e nts 1 and 2 respective ly. Fresh pasture was cut dai ly at 

1 400 h with a sickle bar mower , raked into pi les and transported to the A .P .U.  

i n  large bins. 

The sheep were fed approximately 40% of their dry matter al locat ion i n  

the ir individual feed bin .  The remai ning 60% of the feed allocation was placed 

on an i ndividual overh ead belt feeder which was cal ibrated to de liver an equal 

portion of fresh pasture into the feed bi n each hour. Therefore the animals had 

access to fresh feed conti nuously. Total dry matter allocation was offered at 

approxi mately 1 . 1 0  t imes the previous day's consumption. Feed refusals were 

weighed each day and a 200 g sample was oven dried for 24 hours at 90°C to 

determine refusal dry matter conte nt. Each day a selection of random samples 

from the feed offered were mixed and sub-sampled. Duplicate 200 g samp les 

were oven dri ed for 24 hours at 90°C to determine dry matter content. A 

subsample of each days feed was pooled into a bulk sample for the five day 

col lection period . This bulk sample was subsampled, freeze dried and ground 

through a 1 m m  screen for subsequent analysis .  

Faeces were col lected from each animal and frozen in a p lastic bag . The 

faeces were bu lked for each five day col lection period, then at the end of each 

period allowed to thaw and mixed. From this a 300 g sample was oven dried 

for 72 hours at 90°C to determine faecal dry matter content. A 300 g sample 

was a lso freeze dried , ground through a 1 mm screen and stored for 

subsequent analysis. The 24 hour urine  production was col lected i nto a bucket 

containing 1 00 ml 50% (v/v) su lfuric acid (H2S04) to reduce the pH below 3.0 

and el imi nate n itrogen loss by volati l ization .  Buckets were removed at 1 600 h 

dai ly and the total dai ly uri ne volume measured in  a graduated cyl inder. A 5% 
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and frozen .  
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Rumen fluid was sampled at 1 000 h on the day immediately p rior  to the 

start of monensin treatment and then at the end of each five day period. 

Rumen f lu id was sampled through a rumen sampler wh ich consisted of a 

hol low brass cylinder 1 00 mm long , 1 5  mm outer diameter (OD) with a series 

of 2 mm holes along its length .  The brass section was attached to a plastic 3 

m m  OD tube which was 270 mm long. Ru men fluid samples were taken by 

attaching  a 30 ml  syri nge to the plastic tube and drawing f luid through the 

ru men sampler. The fi rst 1 5  ml of  rumen fluid was discarded. Duplicate 1 0  ml  

samples were added to 2.5 ml of  1 M H2S04 saturated with mag nesium 

sulphate, centrifuged for 20  minutes at 2000 g and stored at -20°C u nti l 

analysed for ammonia. For VFA analysis, duplicate 5 ml  samples were added 

to 1 ml of metaphosphoric acid/formic acid (1 8 .  75% w/v I 25% v/v) p rote in 

precipitant. One ml of 0.52% v/v isocaproic acid internal standard was added 

to one of the duplicates for use as an internal standard and 1 ml d ist i l led water 

was added to the other for use as a control  sample. Both samples were 

centrifuged at 2000 g tor 20 minutes. The pH of rumen fluid was determined 

i mmediately o n  a PHM 61  Laboratory pH metre (Radiometer, Copenhagen 

Ltd . )  after calibration with pH 7.0 and pH 4.0 buffers. 

Blood was sampled by jugu lar venipuncture at 0800 h on the morn ing of 

ru men fluid sampl ing.  An 8 ml blood sample was withdrawn into E DTA 

vacutai ners ("Neotube", N ipro Medical I ndustries Ltd , Tokyo) and i mm ediately 

placed on ice. Plasma was harvested by centrifugation at 3000 g and 4°C for 

20 m inutes. The p lasma was then transferred to duplicate vials and stored at -

1 2°c. 

Chemical analyses 

Milk samples were analysed for fat and protein content using an i nfra-red mi lk 

analyser ("Milko-scan", N .  Foss E lectric ,  Denmark) . 

Blood plasma was analysed for concentrations of : insu l in  by a doub le 

antibody radio immunoassay (Flux et al .  1 984) using bovine  i nsu l in  (Sigm a  
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Catalogue No. 1-5500 ,  23.4 I U/mg) for iodination and reference standards ;  

g lucose , by the autoanalyser method of Rosevear et  al. ( 1969) ; N E FA,  us ing 

the modified colourimetric method described by McCutcheon and Bau man 

( 1986) ; �-hydroxybutyrate using the method of Wil l iamson and Mel lanby 

( 1974) ; and urea by the autoanalyser  method of Marsh et al. ( 1965) .  I ntra- and 

i nter-assay coefficients of variation were : i nsul in 8.9%, 12.2%; g lucose 

0 .5%,  1.0%; N E FA 2.6%,3.8%; �-hydroxybutyrate 2.5%,4.8%; and urea 

1.0%, 1.3%. 

Al l nitrogen analyses were done using the Kje ldahl method on a Kje ltec 

Auto 1 030 Analyser. Carbohydrate analysis of the feed samples was by the 

sequential carbohydrate extraction method of Bailey ( 1967). The 

concentrations of hemice l lu lose and cel lu lose were determi ned by photometric 

m easu rement of reducing sugars in neutral ised extracts of the i r  respective 

i ndividual fractions .  

VFA analyses were carried out by gas chro matography (Carlo-Erba 

H RGC 5300) on a "007'' bonded phase capi l lary co lumn (Quadrex Corp .  

U.S.A. ) .  I nteg ration of  ch romatogram peaks of molar proportions of  VFA's was 

calcu lated using the "Maxima 820" computer package (Waters ,  Divis ion of 

Mi l l ipo re .  U. S .A. ) .  

Statistical analyses 

For the purposes of the analyses ,  cows in experiments 1 and 2 were classified 

according to their age and treatment g roup (monensin vs contro l ) .  Effects of 

these treatments (treated as fixed effects) and their  fi rst o rder  interact ions,  on  

mi lk yie ld , fat yield , protein  yield, liveweight ,  condition score and plasma insul in 

and metabo lite concentrations were tested by repeated measu res analysis of 

variance. Analyses were conducted separately for each experiment. Although 

i ncluded in  the model ,  the terms age,  tim e  and thei r interaction are not 

discussed because they did not re late to hypotheses which the experiment 

was designed to test. Where i nteraction effects were significant the 

corresponding main effects are not reported because they cannot be tested 

(Tables 1,3 ,4) . 
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Sheep in  experi ment 3 were classified according to their treatment g roup 

(monensin vs contro l )  and season .  Effects of season ,  treatment g roup ,  

co l lection/sampl ing period and thei r f irst order i nteractions o n  dry matter  i ntake , 

d ry matter  i ntake per u nit metabo lic liveweight ,  feed digestibi l ity , nitrogen  

balance , ru men fluid VFA mo lar proportions and blood i nsu l in  and  m etabo lite 

concentrations were i n itial ly tested by repeated measures analysis of variance 

with co l lection/sampl ing ti me as the repeated measure.  None of the 

interactions between  col lection/sampl ing period and the other main effects 

were significant ( i .e .  effects of season and monensin treatment were constant 

across the fou r  col lection or sampli ng periods).  Accordingly, data were poo led 

across the col lection/sampling periods and univariate analysis appl ied to data 

averaged across the whole 20-day period after i nitiation of monensin 

treatment. Parameters that had pre-treatment values were analysed using this 

value ,  nested with in  season, as a covariate adjustment. If the covariate was 

found to be non-significant it was removed from the model. I n  the p rese nce of 

s ignificant interaction effects, main effects are not reported because they 

cannot be tested. A l l  statistical analyses were conducted using the 

general ised l inear models (G.L.M.) procedure of the S.A.S. statistical package 

(S.A. S. 1 985). 



RESULTS 

Experi ment 1 :  Autumn calving-cows 

Milk production, l iveweight and condition score 

The effects of monensin treatment on mi lk yield, fat yield, prote in  yie ld, 

l iveweight and condition score of autu mn-calving dai ry cows in experiment 1 

are shown in Fig u re 1 and Figu re 2 .  Yie lds of the production parameters 

decreased as the lactation conti nued. Liveweight and conditio n  score both 

showed decreases as lactation progressed . 

38 

Monensi n treatment did not affect the lactational performance over the 

enti re experi mental period. However there was a monensin treatment by age 

and a monensin treatment by time interaction on fat yield (P<0 . 1  0, Table 1 ) .  

ANOVA of fat y ie ld at each i ndividual time showed that monensin t reatment 

s ignificantly (P<0 .05) reduced fat production only at two and ten weeks after 

in it iation  of treatment. Although the re was a significant age by treatment 

i nteraction o n  fat yield, the response did not change i n  a regular manner with 

age suggesting that the interaction was a chance effect (Table 2) .  Monensi n 

treatment sign ificantly (P<0 . 1  0) red uced the extent of loss of body condit ion 

during the experiment but had no effect on liveweig ht (Figure 2 and Table 1 ) .  
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Table 1 .  Significance of effects of monensin treatment ,  monensin treatment by 

age interaction and monensin treatment by time  i nteraction,  on m i lk y ie ld (MY), 

fat y ie ld (FY), protei n  yield (PY), liveweight (LW) and condit ion score (CS) of 

cows, experiment 1 .  

Variable MY FY py LW CS 

Monensin (M) N S  N/A N S  NS + 

M x Age N S  + NS NS NS 

M x Ti me N S  + NS NS NS 

N/A not applicable 

Table 2. Effects of monensin treatment on fat yields (kg/day) of cows 

classified by age g roup ,  expe ri ment 1 .  

Age Control Treatment % Changea 

2 .523 .407 -22.0  

3 .440 .51 4 + 1 7.0  

4 .557 .582 +4 .5  

5 .708 . 644 -9 .0  

�6 .645 .586 -9 .0  

a Response to monens in  expressed as a percentage of the contro l  g roup y ie ld 
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Figure 1 .  Yie ld of m i lk (upper panel ) ,  fat (middle pane l) and protei n  ( lower 

panel) of 30 control (--) and 30 monensin-treated (- - - -) cows at each 

sampl ing t im e ,  experiment 1. Weeks of treatment are expressed relative to the 

day of monens i n capsule administration ,  day 0. Vertical bars represent 

standard e rrors about the mean. 
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Figure 2. Uveweig ht (upper panel) and condition  score ( lower panel) of 30 

control (--) and 30 monensin-treated (- - - -) cows at each sampl ing ti me ,  

experiment 1 .  Weeks of treatment are expressed relative to  the  day of 

monensin capsu le adm inistrat ion ,  day 0 .  Verticar bars represent standard 

e rrors about the m ean. 
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Plasma hormone and metabolite levels 

The effects of monensin treatment on plasma levels of insu li n ,  g lucose , 

�-hydroxybutyrate , u rea and NEFA of lactating dai ry cows i n  experiment 1 are 

shown in Fig u re 3 and Figure 4. I nsul in and g lucose levels i ncreased as the 

lactation  prog ressed however �-hydroxybutyrate and u rea levels general ly 

decreased with t ime. N EFA leve ls were inconsistent over time .  

Monensin treatment significantly (P<0.05) increased g lucose levels 

(Table 3) .  There was a significant (P<0.05) monensin treatment by tim e  

i nteraction o n  �-hydroxybutyrate level and ANOVA at each t ime showed that 

monensin t reatment sig nificantly (P<0 .1  0) reduced the �-hydroxybutyrate leve l 

on ly at 4 weeks after the start of treatment. 

Table 3. Significance of effects of monensin treatment, monensin treatment by 

age interaction  and monensin treatment by time i nteraction ,  on plasma i nsu lin 

( IN ) ,  g lucose (G L) , �-hydroxybutyrate (BHB) ,  urea (UR) and N EFA levels of 

cows, experi ment 1 .  

Variable I N  GL BHB UR NEFA 

Monensin (M) N S  * N/A N S  N S  

M x Age NS NS NS N S  N S  

M x Ti me NS NS * N S  N S  
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Figu re 3. P lasm a  insu l in  (upper panel) and g lucose (lower panel)  levels of 30 

contro l (--) and 30 monensin-treated (- - - -) cows at e ach samp ling time ,  

experiment 1 .  Weeks of  treatment are expressed relative to  the day of 

monensi n capsu le administration ,  day 0. Vertical bars represent standard 

e rrors about the  mean. 
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Figure 4. Plasm a  �-hydroxybutyrate (upper panel ) ,  u rea (middle panel) and 

NEFA (lower pane l) leve ls of 30 control (--) and 30 monensin-t reated (- - - -) 

cows at each sampl ing t ime,  experi ment 1 .  Weeks of treatment are expressed 

re lative to the day of monensi n capsule administration,  day 0 .  Vertical bars 

represent standard e rrors about the mean. 
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Experiment 2: Spring-calving cows 

Mi l k  production, l iveweight and condition score 

The effects of monensin treatment on milk yield, fat yield , protein yield , 

l iveweig ht and condition score of spring-calvi ng dairy cows in  experiment 2 

are shown in Figure 5 and Figure 6. As in  experiment 1 ,  the yield of mi lk and 

mi lk com ponents decreased as the lactation progressed. Liveweight tended to 

i ncrease and condition  score decreased sl ightly with t ime. 

These parameters were al l unaffected by monensin treatment over the 

e nt ire experi mental period. There was a significant monensin treatment by 

age i nteraction on mi lk yield (P<0.05) and fat yield (P<0. 1 0) (Table 4) .  Table 5 

shows that both 2- and 3-year old cows had a smal l  but positive increase i n  

mi lk y ie ld in response to monensin treatment. However a consistent response 

across ages was not apparent. Likewise while the age by monensi n treatment 

inte raction on fat y ie ld was significant , the response did not change 

consistently across ages (Table 6). Th is suggests that both of the interactions 

were chance effects.  

There was also a significant (P<0.0 1 ) monensin treatment by age 

i nte raction on condition score . The mean condition score of each age g roup  

(Table 7), agai n shows that the response did not change across ages 

con sistently , suggesting that the interaction was a chance effect. 
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day of monens in  capsule administ rat ion, day 0 .  Vertical bars represent 

standard errors about the mean. 



480 

-460 

-

5 . 0  
C1:) - 4 . 9  
c::> 
<..':) 4 . 8  

en 
4 . 7 

c::::: 
c::> 4 . 6  

:= 4 . 5  
-,:::J 

c::::: 4 . 4  
c::> 

c..:> 4 . 3  

- - - - - - r 
r - -

0 

I 
I - - - - - - - - - - -

e a 1 0  1 2  

I 
- - - - - - -

4 . 2 ������������-r--� 
0 2 6 a 1 0  1 2  

_VVeek o'f Trea:trnen't 

Figure 6. Uveweight (upper panel) and condition  score (lower  panel) o f  30 
contro l (--) and 30 monensin-treated (- - - -) cows at each sampl ing t ime ,  
experiment 2. Weeks of treatment are expressed re lative to  the  day o f  
mone nsin capsu le administratio n ,  day 0. Vertical bars represent standard 
errors about the mean.  

47 



48 

Table 4. Significance of effects of monensin treatment, monensin treatment by 

age i nteraction and monensin treatment by time i nteraction ,  on mi lk yield (MY), 

fat y ie ld (FY) ,  protein y ie ld (PY) , liveweight (LW) and condition score (CS) of 

cows, experi ment 2 .  

Variable MY FY py LW CS 

Monensin (M) N/A N/A NS NS N/A 

M x Age * + NS NS ** 

M x Time N S  N S  NS NS NS 

Table 5.  Effects of  monensin treatment on mi lk  yields (kg/day) of  cows 

classified by age group ,  experiment 2. 

Age Control  Mo nensin % Changea 

2 1 4. 77 1 5.03 +1 .8 

3 1 4.76 1 5.22 +3.2 

4 1 9. 1 1 1 9 . 1 3  0.0 

5 1 9 .25 1 7.44 -9.4 

;;::6 1 8.03 2 1 .85 +21 . 1  

a Response to monensin expressed as a percentage of the control g roup yield 
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Table 6.  Effects of monensin treatment on fat yie lds (kg/day) of cows 

classified by age g roup ,  experiment 2 .  

Age Control Monensin % Changea 

2 .598 .661  + 1 1 .5 

3 .690 .597 - 1 3 .5 

4 .81 5 . 785 -3. 7  

5 .760 .765 +0 .6  

�6 .762 .853 +1 1 .9 

a Response to monensin expressed as a percentage of the control g roup yield 

Table 7. Effects of monensin treatment on co ndit ion score of cows classified 

by age g roup, experiment 2 .  

Age Contro l  Monensin % Changea 

2 4.43 4.64 +4.7 

3 4.77 4.40 -7.8 

4 4.99 4.44 - 1 1 .0 

5 4.44 4.83 +8.8 

�6 4.63 4.45 -3.9 

a Response to monensin expressed as a percentage of the control g roup 

conditio n  score . 
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Plasma hormone and metabolite levels 

The effects of monensin treatment on plasma levels of i nsulin ,  g lucose , 

13-hydroxybutyrate , u rea and N E FA of lactating dai ry cows in  experiment 2 are 

shown i n  Figure 7 and Figure 8. I nsul in level was variable and glucose 

decreased rapidly between 4 and 8 weeks of treatment. 13-hydroxybutyrate 

and u rea increased steadi ly unti l week 8 of treatment and then appeared to 

decrease rapidly. N E FA concentrations were relatively consistent across t ime. 

Monensin treatment sig nificantly (P<0.05) increased plasma urea levels but 

had no effect on the concentrations of insul in or the other metabolites 

(Table 8) .  

Table 8 .  Significance of  effects of  monensin treatment, monensin treatment by 

age interaction and monensin treatment by time i nteraction ,  on plasma i nsul in 

( I N ) ,  g lucose (GL), 13-hydroxybutyrate (BHB), urea (UR) and NEFA leve ls of 

cows, experiment 2.  

Variable I N  GL BHB UR NEFA 

Monensin (M) NS NS NS * NS 

M x Ag e  NS NS NS NS NS 

M x Ti me NS NS NS NS NS 



-

c::: 

eooo 

6000 

4000 

3000 

2000 

1 000 

0 

4 . 0  

::::"'3 . 8 
-

c::> 
e 3 . e 
E 

-3 . 4  
a:> 
en � 3 . 2 

c..!:' 3 . 0  

0 

I ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' , ' ' ' ' ' ' ' 
/ ' 

4 e 

0 2 4 e 

�--------

a 

a 

1 0  1 2  

1 0  1 2  
Wee k  of Trea:t:rnen't 

51  

Figure 7. Plasma i nsul in (upper panel) and g lucose (lower panel) leve ls of  30 

control  (--) and 30 m onensin-treated (- - - -) cows at each sampl ing ti me ,  

experi ment 2 .  Weeks of  treatment are expressed relative to  the  day of 

monensin capsu le admin istration ,  day 0. Vertical bars represent standard 

errors about the mean. 
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Figure 8. Plasma f3-hydroxybutyrate (upper panel ) ,  urea (middle panel) and 

N EFA (lower panel)  levels of 30 control  (--) and 30 monensin-treated (- - - -) 

cows at each sampl ing t ime,  experi ment 2. Weeks of treatment are expressed 

re lative to the day of monensi n capsule admin istration, day 0. Vertical bars 

represent standard errors about the mean. 
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Experiment 3: Sheep fed fresh cut pasture in autumn and spring 

Pasture chemical  analysis 

The effects of season on the chemical analyses of pasture cut from paddocks 

g razed by the cows and fed to sheep during the autumn and spri ng are shown 

in Table 9 .  Season had a sig nificant effect on al l  chemical components but did 

not affect the g ross energy value of the pasture .  The pectin (P<0 .00 1 ) , 

hemice llu lose (P<0.05) and crude protei n (P<0 . 1  0) contents were sign ificantly 

h igher  in autum n  pasture than in spring pasture .  The water-so luble 

carbohydrate (P<0.05),  ce l lu lose (P<0.05) and l ig n in (P<0 .05) contents were 

s ignificantly lower in  the autu mn pasture compared with spring pasture. 

Table 9. Che mical characteristics (mean ± standard deviation)  of autu mn and 

spring pastu re fed to sheep, experiment 3.  

Componenta Autumn Spring Sig n ificance 

So lu ble carbohydrate 7.72±1 . 1 8  1 3.80±1 . 1 8  * 

Pectin  1 0.05±0.35 3.45±0.35 *** 

Hemice llu lose 1 3.66±0.46 1 0. 06±0. 46 * 

Cel lu lose 8 .75±0.60 1 3. 1 1 ±0.60 * 

Lig n in  4. 1 6±0 .58 8.55±0.58 * 

G ross energy 1 8.67±0 . 1 4  1 8.43±0 . 1 4 NS 

Crude protein 26. 63±1 . 25 23.20±1 .25 + 

a A l l  components, except g ross energy, are expressed as a percent of total dry 

m atter. Un its of g ross energy are MJ/kg OM. Crude protein  was calculated as 

% n itrogen x 6 .25. 

Voluntary feed intake, feed apparent digestibi l ity and n itrogen balan ce 

Table 1 0  shows the mean values of vo luntary feed intake (VF I ) ,  voluntary feed 

i ntake per un it metabolic l iveweig ht ( l iveweight0 .75) (VFI/MLW) , apparent 
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digestibi lity and nitrogen balance poo led across the fou r  5-day col lection 

periods in contro l  and monensin-treated sheep fed autumn or spri ng pasture in 

experiment 3.  

Table 1 0. Mean (± standard deviation) of voluntary feed intake (VFI) ,  voluntary 

feed intake per  unit metabol ic l iveweight (VFI/MLW) , apparent digestibi lity (A 

Dig) and nitrogen balance (N Bal) i n  control  and monensin-treated sheep fed 

autumn or spri ng pasture ,  experiment 3. 

Groupa 

Autum n  contro l 720±1 50 

Autumn treatment 690±1 90 

Spring contro l 1 1 1  0±1 60 

Spring treatment 1 020±1 60 

a G roups of 6 animals. 

VFI/MLWc 

50.0±1 0.0 

48.0±1 2.0 

63.0±1 1 .0 

59.0± 6.0 

b Voluntary feed i ntake in  g OM per day. 
c VFI/M LW g OM/kg liveweight0 .75;day. 
d Apparent digestibi lity of pasture OM 
e Nitrogen balance , g of  n itrogen per day 

A Oigd 

.81 ±.04 7 .4±5.3 

.8 1 ±.08 5.6±5.8 

.83±.03 1 9.5±4. 8  

.87±.03 1 6. 1 ±2 .9  

Season had a significant effect on  VF I  (P<0.001 ) ,  VFI/MLW (P<0.00 1 ) and 

nitrogen balance ( P<0.00 1 ) , all of these parameters being lower with autumn 

com pared to spring pasture. Apparent digestibi lity of the autum n  pasture was 

significantly (P<0 .0 1 ) lower than that of spring pasture. Monensin treatment 

also significantly ( P<0.05) reduced VFI ,  VFI/MLW and n it roge n  balance (Table 

1 1  ). N itroge n  i nta_ke (P<0.001 )  and faecal N output (P<0.001 ) were 

s ignificantly increased with spri ng pasture compared to autum n  pasture 

(Tables 1 2  and 1 3) .  Monensin treatment significantly reduced (P<0.05) faecal 

n itrogen loss however neither season or monensin treatment had an effect on 

u ri nary N output. 
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Table 1 1 .  Significance of effects of season,  monensin treatment and season 

by monensin t reatment i nteraction on vo luntary feed intake (VF I ) ,  vo luntary 

feed i ntake per u nit metabo lic l iveweight (VFI/MLW) , apparent digestibi lity (A 

Dig) and nitrogen balance (N Bal) in control  and monensin-treated sheep fed 

cut pasture in autumn and spring ,  experiment 3. 

Variable VFI VFI/MLW A Dig N Bal 

Covariate ** + NEa N E  

Season (S) *** *** ** *** 

Monensi n (M) * * NS * 

S x M  NS NS NS NS 

a Not est imated 

Table 1 2. Mean (± standard deviation) of nitrogen (N) intake , uri nary nitrogen 

output and faecal nitrogen output, i n  contro l  and monensi n-treated sheep fed 

cut pasture in  autumn and spring ,  experiment 3. 

N i ntake Urine N Faecai N 

Autumn contro l 29. 1 ±7.ob 1 7. 1 ±4.4 4 .5±1 .0  

Autumn treatment 27. 1 ±8.5 1 7.5±4.6 4 .0±1 .4 

Spring control 42.0±5.9 1 5.8±3.3 6 .7±1 .3 

Spring treatment 37.2±5.0 1 5.8±4.2 5.3±1 .3 

a G roups are 6 ani mals. 
b Mean ± standard deviation  of nitrogen flows measured in g/day. 
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Table 1 3. Sig nificance of effects of season ,  monensin treatment, and season 

by monensin treatment interaction on n itrogen (N) intake , u ri nary nitrogen  

output and faecal nitrogen output o f  sheep fed cut pasture in  autu mn and 

spring ,  expe ri ment 3. 

Variable 

Season (S) 

Monensin (M) 

S x M  

N intake 

*** 

NS 

NS 

Rumen volatile fatty acid production 

U ri ne N 

NS 

NS 

NS 

Faecai N 

*** 

* 

NS 

The effects o f  season and monensin treatme nt on the  molar proport ions of 

acetic ,  propionic,  butyric and minor VFA's i n  the ru men fluid (pooled across 

sampling t imes) of sheep are shown in Tab le 1 4. Acetic acid constituted the 

largest molar proportion VFA in  the ru men fluid with propionic measuring 

approximately 30% of that of acetic. The three minor VFA's ,  iso-butyric , iso­

valeric and valeric ,  are grouped together. 

Table 1 4. Mean (± standard deviation)  ru mi na! molar proportions of acetic, 

propionic, butyric and minor volati le fatty acids in  control and monensin-treated 

sheep fed cut pasture i n  autumn and spri ng ,  experiment 3. 

Groupa Acetic Propionic Butyric Minor  

Autumn contro l  68.5±2.7 1 8.2±1 . 6  8.8±1 .7  4 .4±1 . 0  

Autumn t reatment 66.9±3.8 22.0±4.3 7.0±2 .0  4.2±0.8  

Spri ng contro l  66.3±2.3 20.2±1 .7  1 0.0±1 .2 3.5±0 .8  

Spri ng treatment 64.6±3.2 24.2±3.8 8.2±1 . 7  2.9±0.7 

a Groups are 6 animals 
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Season had significant effects on mo lar proportions of butyric (P<0 .01 ) 

and propion ic acid (P<0 . 1  0) , both being increased in  the spring compared to 

autumn (Table 1 5) .  Monensin treatment significantly decreased the mo lar 

proportions of acetic acid (P<0 . 1  0) ,  butyric acid (P<0.001 ) and the minor VFA's 

(P<0.01 )  and increased the molar proportion of propionic acid (P<0.001 ) .  

Table 1 5. Sig nificance o f  effects o f  season ,  monensin treatment and season 

by mone nsin tre atment interaction on molar proportions of acetic, propionic, 

butyric and minor  volati le fatty acids in control  and monensin-treated sheep fed 

cut pasture in autumn and spring ,  experiment 3. 

Variable Acetic Propionic Butyric Minor 

Covariate + NS NS NS 

Season (S) NS + ** NS 

Monensin (M) + *** *** * *  

S x M  NS NS NS NS 

Rumen produ ction of l ipogenic and g lucogenic VFA's 

The molar p roportions of l ipogenic (acetic and butyric) and g lucogenic 

(propionic ,  iso-butyric, valeric and iso-valeric) VF A's , and the ratio of l ipogenic 

to g lucogenic VFA, in rumen fluid of the sheep is shown in Table 1 6. 
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Table 1 6. Molar proportions (mean ± standard d eviation) of l ipogenic (acetic 

and butyric) and g lucogen ic (propionic, iso-butyric, valeric and iso-valeric) 

VFA's , and the ratio of l ipogenic to g lucogenic VFA, in rumen fluid of control  

and monensin-treated sheep fed cut pastu re i n  autumn and spring ,  experiment 

3. 

G roup Lipogenic G lucogen ic Li p:Giu 

Autumn contro l  77.5±.69 22.5±.70 3. 46±. 1 8  

Autumn treatment 73.2±.69 26.9±.76 2 . 72±. 1 7  

Spring contro l 76.6±.65 23.4±.65 3.27±. 1 7 

Spring treatment 73.2±.76 26.8±.76 2 .74±.20 

Season had a sig n ificant effect on each of  these parameters .  The level of 

l ipogenic VFA's, as a proportion of the total VFA in ru men f luid, was h igher i n  

the autum n  than in  the spring. Mone nsi n treatment significantly (P<0 .0 1 ) 

i ncreased the proportion of g lucogenic VFA and reduced ( P<0.00 1 )  the 

proportion of l ipogenic VFA. As a result the ratio of  l ipogenic to g lucogenic 

volati le fatty acids was also sig nificantly (P<0 .00 1 ) decreased (Table 1 7) .  

Table 1 7. Significance of effects o f  season ,  monensin t reatment and seaso n 

by monensin treatment interaction on the ru minal proport ions of l ipogenic and 

glucogenic VFA and the ratio of l ipogenic to glucogenic VFA of control and 

monensin-t reated sheep fed cut pasture in autumn and spring ,  experiment 3. 

Variable 

Season (S) 

Monensin (M) 

S x M  

Lipogenic 

* 

*** 

NS 

G lucogenic Lip :G iu 

+ + 
** *** 

NS NS 
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Rumen ammonia level and pH 

The mean concentrations of ammonia and the pH leve l of rumen fluid from 

control and monensi n-treated sheep fed cut pasture i n  autumn and spri ng are 

given i n  Table 1 8. 

Table 1 8. Mean (± standard deviation) rumina! ammonia and p H  leve ls of 

control and monensin-treated sheep fed cut pasture i n  autumn and spring ,  

experi ment 3 .  

Groupa Ammoniab p H  

Autumn control 1 8.2±1 .9  6 .8±.07 

Autum n  t reatment 1 8.6±2 . 1  6 .7±.08 

Spri ng control  1 7.3±2.0 6 .6±.07 

Spring t reatment 1 7.7±1 .9 6.4±.08 

a G roups are six an imals 
b Ammonia measu red in mg N H3-N/I rumen fluid 

Season had a significant (P<0.01 ) effect on pH ,  autumn pastures tendi ng 

to p roduce rumen fluid of a h igher pH than spring pastures. Monensi n 

treatment did not affect either parameter (Table 1 9). 

Table 1 9. Significance of effects of season ,  monensin treatment and season 

by monensin treatment interaction on rumina! ammonia concentrat ion and pH 

of contro l  and monensin-treated sheep fed cut pasture in autum n  and spring ,  

experi ment 3. 

Variable 

Season (S) 

Monensin (M) 

S x M  

Ammonia 

NS 

NS 

NS 

pH 

** 

NS 

NS 
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Plasma hormone and metabol ite levels 

The effects of monensin treatment on plasma levels of insuli n ,  g lucose, 

p-hydroxybutyrate , u rea and NEFA in  sheep fed cut pastu re i n  autumn and 

spri ng are shown in Figure 9 and Figure 1 0. Al l  parameters were adjusted for 

the pre-treatment value (time 0)  nested within season .  Insul in appeared to 

decrease as the trial progressed with the exception  of the contro l group i n  the 

spri ng which had one h igher level at the end of the th ird sampl ing period . 

Glucose levels were re latively consistent across the sampl ing times. P­

hydroxybutyrate levels were quite variable across sampling t imes. U rea and 

N E FA leve l both tended to decrease with time in the autumn and increase with 

t ime in  the spring .  

G lucose levels we re sign ificantly lower (P<0.01  ) ,  urea level was 

significantly (P<0 .00 1 ) h igher and P-hydroxybutyrate leve ls were significantly 

(P<0. 1 0)  lower in  the autumn than in the spring (Table 20). 

Table 20. Significance of effects of season ,  monensin t reatment and season 

by monensin treatment interaction on plasma insul in ( IN ) ,  g lucose (GL) ,  p­

hydroxybutyrate (BHB ) ,  urea (UR) and NEFA levels of sheep fed cut pastu re in 

autumn and spring ,  experi me nt 3.  

Variable I N  GL BHB UR NEFA 

Covariate ** NS + *** *** 

Season (S) N S  ** + *** N S  

Monensin (M) N S  NS NS NS N S  

S x M  NS NS NS NS N S  



500 
-- 400 E --
:;:>soo 

-
c:: - - 200 

0 

e.o 
-==:. s . s  
<::) e: s. o  
E 

-4.5 
Cl.:) en <::) 4.0 
c..:> 

-= 3. 5  
� 

2 3 4 

-- -- - -....... - -

3.0 �����--��--��--��--� 
"1 2 3 4 

Co l l ection Period 

Figure 9. Plasm a  i nsul in (upper panel) and g lucose (lower panel) levels of 6 

control sheep fed autumn pasture (--), 6 monensin-treated sheep fed 

autum ri  pastu re (- - - -) , 6 control sheep fed spring pasture (- · - · -) and 6 

monens in-treated sheep fed spring pasture (---) , experi ment 3. Vertical 

bars represent pooled standard errors about the mean. 

6 1  



1 . 4 

-
--

� 1 . 2 E 
E 

-

I 

1 4  
-1 2  
--

<::::) 1 0  E 
E 

- a a::s 
Cl.:) 
-

� 6  

0.5 
--o.4 
--

c:::::::r 
Cl.:) 0 . 3  
E 

-
-=C 0.2 
LL. 
L.L...I 
:::::z::: 0 . 1 

0 . 0  

..... 

. _,.� - - - - � 
.I 

- - - - -::...>-- -

---- ------------
- -

------

1 

,.. ,.. ,.. ,.. ,.. 
,.. ,.. ,.. ,.. ...... 

� =-.:---= 

1 

2 3 

I ,.. ' ' ' ' ' ' ' 
' ' ' ' ,..... - - ..c  / . ->< -/ ......... -

I ._ --...:_;; � 

2 3 
Col lection Period 

- --..... 

4 

I 

4 

62 

Figure 1 0. P lasma J3-hydroxybutyrate (upper panel ) ,  urea (middle pane l )  and 

N EFA (lower panel )  levels of 6 control sheep fed autumn pasture (--) ,  6 

monensin-treated sheep fed autum n  pasture (- - - -) , 6 control  sheep fed spring 

pasture (- • - • -) and 6 monensin-treated sheep fed spring pasture (---) , 

experiment 3 .  Vertical bars represent pooled standard errors about the mean. 



DISCUSSION 

The pu rpose of this study was to determine the effect of monensi n sodium ,  

de livered by  intrarumi nal control led re lease capsu le ,  on  the lactational 

performance of autu m n- and spring-calving pasture-fed dai ry cows. Of 

particu lar interest was the possibi lity that the effectiveness of the monensin 

treatment in  stimulating lactational performance might vary between the 

seasons. 
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Autumn and spring pasture derived from the dai ry farm paddocks and fed 

to sheep,  showed marked differences in  chemical analysis due to season .  

Water-soluble carbohydrate levels we re lower in  autu mn pasture than in  spring 

pastu re as was found by previous authors (Corbett et al. 1 966 ; Scott et al. 

1 976 ; Beever et al. 1 978 ; MacRae et al. 1 985). However if pectin is included 

with water soluble carbohydrate i n  rapidly digestible carbohydrate (R) ( i .e .  

water soluble carbohydrate + pectin)  the proportion of  R in  pasture of both 

seasons was simi lar. The proport ion of structu ral carbohydrate (S) ( i . e .  

hemice l lu lose + ce l lu lose + l ign in)  was higher in  spring pasture than i n  autumn 

pastu re ,  in contrast to previous results (Corbett et al. 1 966 ; Beever et al. 1 978 ; 

MacRae et al .  1 985) . Hence the ratio of structural carbohydrate to rapidly 

digestib le carbohydrate was higher ( 1 . 83) in spring pasture than in autumn 

pasture ( 1 .46 ) ,  again i n  contrast with previous resu lts (Corbett et a l .  1 966;  

Beever et  al .  1 978 ; MacRae et al .  1 985). U nfo rtunately comparison of  results 

of various laboratories is difficult due to variation in  the analytical methodo logy. 

Season had dramatic effects on the digestive parameters of the pasture 

measured in the sheep. The VFI of spring pasture was approximately 26% 

h igher than that of autu mn pasture .  Such variation across season cou ld 

account for the previously observed difference in performance of g razing 

sheep (Lonsdale and Taylor 1 971 ; During and Weeda 1 972 ; Joyce and 

Brunswick 1 975) . Apparent digestibi lity of spring pasture was also h igher than 

that of autum n  pasture. This suggests a positive relationship between  

appare nt digestib i l ity and VFI  as has been reported previously (Holmes and 

Wi lson 1 984). I ncreased digestibi lity is associated with an increase in the rate 

of rum ina! degradation of feed and therefore an i ncrease i n  the rate of ru mina! 

outflow. Hence the animal can i ncrease VFI when rumen capacity l imits 
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i ntake. The variation i n  apparent digestib i l ity across season cou ld not have 

been predicted from the carbohydrate analysis as the proportion of S was 

h igher in spring pasture than in autumn pasture .  Digestibi lity of individual 

carbohydrate components was not measured in  this study however previous 

work (Corbett et al. 1 966 ;  Beever et al .  1 978) fou nd actual digestibi l ity, in the 

reticula-rumen ,  of hemicel lu lose and cellu lose from spri ng pasture to be 

significantly higher than that of the same components in autu mn pasture .  It is 

also possible that the variation in  the ratio of hemicellu lose : cel lu lose across 

seasons (spri ng 0 .77 ,  autumn 1 .56) cou ld explain the increased apparent 

digestibi l ity of spring pasture and therefore increased VFI of spring pasture ,  

even thought the ratio o f  S :R carbohydrate was higher in spring pasture .  

Chemical analysis of pasture ,  using presently avai lable methods, does not 

provide a rel iable indication of the intake and/or digestibi lity of pasture across 

seasons. 

The h igher ratio of S :R carbohydrate found in spring vs autumn pasture 

would suggest that spring pastu re should produce a rumen fermentatio n  with a 

higher Lip :G iu VFA ratio (Van Soest 1 982;  Preston and Leng 1 987). However 

this study found that spring pasture produced a ru men fermentation with 

increased molar concentrations of propionate and reduced molar proportions 

of acetate and butyrate and therefore a decreased Lip :Giu VFA ratio ,  s imi lar to 

previous reports (Corbett et al .  1 966;  Beever et al .  1 978) . Re lationships 

between the chemical composition of pastu re and ru mina! VFA proport ions 

clearly require further study. 

The nitrogen balance of spring pastu re fed sheep was higher than that of 

autumn pasture fed sheep, apparently as a resu lt of the dramatically i ncreased 

VFI  and concomitant i ncrease i n  nitrogen intake. While faecal N output was 

also h igher with spring pasture compared with autumn, the digestib i l ity of N 

was s imi lar  (autumn control 0 .85,  spri ng contro l  0 .84). Rumen ammonia levels 

also remained re latiye ly consistent across seasons. Therefore the observed 

i ncrease i n  n itrogen balance associated with spring pasture cou ld have been 

due to an i ncreased rumen bypass and absorption of protein (microbial and/or 

dietary prote in)  i n  the small i ntestine as was fou nd by MacRae et al. ( 1 985). 

The uti l ization  of absorbed N also appeared to differ between seasons. 

Whi le the u rinary N output of the sheep was s imi lar across seasons,  u rinary N 

output expressed as a percentage of N i ntake was 59% for the autum n  pasture 
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fed sheep and 38% for the spring pasture fed sheep. Autumn pasture also had 

a h igher ratio of p rotein to carbohydrate, compared to spring pasture. Autumn 

pasture probably had a lower metabolisable energy value, due to lower 

digest ib i l ity , re lative to spring pastu re. These differences, together with the 

marked i ncrease in VFI , in favour  of the spri ng pasture could account for the 

observed d ifference in nitrogen balance across season. Seasonal variation in  

nitrogen digestion ,  s imi lar to  that observed in  the sheep across season ,  may 

also be manifested in the lactating dairy cow, and cou ld explain h igher mi lk 

yields associated with spring pastu re compared to autumn pasture. 

Rumen f lu id pH was lower when the diet was spri ng pastu re (mean 6.50) 

compared to that of autumn pasture (mean 6.75) . Both of these values are 

h igher than the o ptimum pH value for ionophore activity, considered by Bergen 

and Bates (1 984) and Perski et  a l .  ( 1 982) to be approximately 6.0.  Therefore 

the pH of rumen f luid typical of ryegrass/white clover digestion may be too h igh 

(basic) to faci l itate maxi mum ionophore responses. 

The i ncreased proportio n  of g lucogenic VFA associated with spri ng 

pastu re could al low increased g lucose production compared to autumn 

pasture .  P lasma glucose levels of the sheep were significantly lower with 

autumn pasture as compared to spri ng pasture suggesting a positive 

re lationship across seasons between ru mina! propionate production  and 

plasma g lucose levels. Of the remaining blood metabolites measured in the 

sheep, o n ly �-hydroxybutyrate and u rea levels were effected by season. 

P lasma �-hydroxybutyrate leve ls were lower with autumn pasture which 

corresponds to the reduced rumina! molar proportion of butyrate observed 

compared to that of spring pasture. Plasma urea levels were also lower with 

autu mn pasture although u ri nary N output was unchanged as compared to 

spring pasture. 

Monensin treatr:nent has been shown to consistently reduce VFI of 

g rowing beef cattle (Bergen and Bates 1 984; Schel l ing 1 984), and has been 

associated with i ncreases in apparent digestibi lity of feed although the effect 

o n  digestibi lity has been variable.  With the sheep monensin t reatment reduced 

VFI in both seasons but did not alter apparent digestibi lity of the pasture. 

Ruminal VFA proportions showed the characteristic response to ionophore 

treatment fou nd previously (Bergen and Bates 1 984; Schel l ing 1 984, Russe l l  

and Strobe l 1 989) with the proportion of propionate bei ng increased and the 
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p roportions of acetate and butyrate bei ng decreased i n  response to monensin 

treatment. Therefore the ratio of rumina! Lip :G iu VFA was also decreased by 

monensin treatment of the sheep. Thus monensin t reatment could be 

associated with i ncreased g lucose production of grazing ani mals fed 

ryeg rass/white clover pasture . The treatment had consistent effects o n  rumina! 

VFA proportions i n  both seasons and therefore changes in chemical 

composition of the pasture , at least with in the range of values found in this 

experiment ,  did not i nfluence the effectiveness of monensin treatment in 

altering ru mi na! VFA proportions. The lack of a co l lection period by treatment 

i nteraction on VFA proportions suggests that the treatment acted quickly 

(with in five days) and was consistent over the total twenty-day experi mental 

period. 

The two experi ments with dai ry cows are strictly speaking not comparable 

because they were carried out on differe nt farms. However the previously 

discussed practical constraints , and the fact that the two farms were in very 

close proxim ity to each other, does allow some general comparison. Table 21 

shows the average mi lk, fat and protei n  yields per day and the mean plasma 

i nsu l in and hormone leve ls of the 30 contro l cows of experiment 1 and 2 .  The 

lactational paramete rs were all h ig her in experi ment 2 (spring)  than in 

experiment 1 (autum n) .  Thus the increased nutritional value of spring pasture 

compared to autu mn pasture , as measured with the sheep,  was also 

associated with higher mi lk and milk component yie lds of dairy cows. Of the 

blood metabol ites 13-hydroxybutyrate and N E FA appeared to exhibit seasonal 

differences. Plasma 13-hydroxybutyrate levels were higher in spring which 

could be associated with the increased rumina!  butyrate production detected in 

the sheep with spri ng pasture compared to autumn pasture. N EFA levels were 

h igher in  the cows fed autumn pasture as wou ld be expected if these cows 

were in g reater negative energy balance and were therefore mobi l iz ing larger 

amounts of body tissue as compared to the cows of experiment 2 (spring) .  

Therefore it agai n appears that the lactational performance of the cows i n  the 

two seasons was c losely re lated to the digestive parameter changes of the 

sheep and could be accou nted for, to large extent, by the chemical 

composition  of the pasture and/or the VFI .  
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Table 21 . Mean (± standard deviation)  yield of mi lk ,  fat, and protein  and the 

plasma levels of metabolites of the 30 contro l cows in experiment 1 (autumn)  

and 2 (spring ) .  

Parameter Experiment 1 Experiment 2 

Mi lk  ( 1/day) 1 3. 6±2. 1 1  1 8. 1 ±3. 1 2 

Fat (kg/day) 0 .6 1 ±0. 1 3  0 .77±0. 1 3  

P rotein  (kg/day) 0 .44±0.08 0 .60±0 . 1 1 

I nsu l in  (pg/ml) 420. 8±1 020 . 1  562.5±1 090.6 

G lucose (m mol/1) 3.42±0.32 3.43±0.28 

13-hydroxybutyrate (mmol/1) 1 .45±0.23 2.54±0.33 

U rea (mmol/1 ) 7. 6 1 ±0.74 6 .31±0.58 

N EFA (meq/1) 0 .269±0.83 0 .085±0.05 

Mi lk and mi lk component yie lds of autumn-calvi ng cows in experiment 1 

were not affected by monensin treatment. Milk fat y ie ld of the treatment g roup 

was reduced at two sample periods, however mi lk and protein yie lds re mai ned 

u nchanged. If the high ru mina! pH level found in the sheep is characteristic of 

the rumen fermentation of dai ry cows fed ryeg rass-clover pastures ,  the 

monensin treatment effect could have been substantially reduced compared to 

the effect when concentrate diets have been fed and cou ld explain the lack of 

response of pasture-fed cows in terms of lactational performance in either 

season.  However monensin treatment was associated with an i ncreased 

p lasma g lucose level i n  the autumn-calving cows, as was a lso found with the 

sheep fed autu mn pasture, possibly from an associated increase in  the leve l of 

rum ina! p ropionate of the monensin-treated cows. The loss of body condition ,  

as measured by cc:mdition  score , was sl ightly lower in  the t reatment g roup of  

experiment 1 .  The com bi nation of reduced l iveweight loss, together with the 

absence of a change in lactational performance, would suggest that monensin 

treatment s l ightly i ncreased the efficiency of energy recovery fro m  feed. This  

has been clearly demonstrated with growing ionophore-treated concentrate-fed 

beef cattle (Bergen and Bates 1 984;  Goodrich et al .  1 984 ; Schel l ing 1 984;  

Russel l  and Strobe !  1 989 ) . 
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In experiment 2 (spring ) ,  monensin treatment again failed to p roduce 

significant changes in the lactational parameters even thoug h the g raphs 

appear to  show a t rend of  increased mi lk  and protein yield. The mean 

increase in  m i lk y ie ld attained in  experiment 2 (0.81 1/day) was of simi lar 

mag nitude to that found previously ( 1 . 0 1  1/day) with monensin-treated spring­

calving cows (Lynch et a l .  1 990) .  The mean increase in  protein  yie ld (0.09 

kg/day) of the spri ng-calving monensin t reatment g roup, although not 

significant , was of g reater mag nitude than the increase (0.03 kg/day) found by 

Lynch et a l .  ( 1 990) under a very simi lar experimental situat ion. The age by 

monensin treatment effect on mi lk yield did show a moderate i ncrease i n  mi lk 

yield of 2 and 3 year old cows, which are sti l l  g rowing and might therefore have 

increased g lucose requirements, but not the mature (4,5 ,�6 year o ld) aged 

cows. This cou ld be explai ned if i ncreased propionate and therefore g lucose 

production occurred in the treated cows compared to the contro ls. Plasma 

g lucose levels of the treatment cows however we re not observed to increase 

with monensin treatment. The large metabolic need for glucose, for lactose 

production during lactation ,  could h ave precluded a measurable increase in  

plasma g lucose level of  the monensin treatment g roup even i f  i ncreased 

glucose producti on did occu r. The you nger 2 and 3 year old cows may 

however have gained some small advantage from monensin treatment. I n  

contrast , t h e  age by monensin treatment effect o n  fat yield did not appear to 

show any consiste nt response of treatment in physiological ly different (age) 

cow groups. 

Monensin treatment was associated with increased plasma urea levels in 

the spring-calving cows in experi ment 2 and a reduction in N retention of the 

spring pasture-fed sheep. One possible explanation is that monensin 

treatment cou ld have been associated with increased rumina! protei n  

degradatio n ,  and therefore increased p lasma urea levels, however th is would 

be in  d i rect contrast to previous fi ndings where monensin reduced rumina! 

protei n deg radation 
_
i n  beef catt le (Bergen and Bates 1 984 ; Schel l ing 1 984) , or  

d id not change rumi na! protei n  degradation in  sheep (Beever et  al .  1 987). 

Determinat ion of a rumina! protei n  sparing effect of monensin would require a 

more detai led experimental p rotocol i ncluding measurement of protei n  entering 

the duodenum.  Alternatively protein absorbed by the cow, as amino acids, i n  

excess of the host animal's actual amino acid requirements cou ld be 

catabol ised by the l iver (gluconeogenesis) to provide additional energy, and 

reduce the mag nitude of negative energy balance. Gluconeogenesis, using , * n"v -
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acids as substrata, produces u rea as a byproduct. Thus the i ncreased plasma 

urea levels associated with monensin treatment of the cows i n  experiment 2 

could be associated with reduced ru minal protein degradation and i ncreased 

ami no acids supplied to the cow. 

Previously the volume of i nformation  about the comparative nutritive value 

of spri ng vs autum n  dai ry pasture was small .  This study has contributed some 

i nformation in  this area, however better understanding of nutritio n  of the 

pasture-fed lactating dairy cow requ i res detailed information in  several 

rem ain ing areas. As is we l l  known by many researchers,  present chemical 

analysis methods, particu larly of pasture ,  appear to be inadequate when the 

i nformatio n is to be used to predict ruminal digestion parameters and the level 

of nutrients and blood metabo lites suppl ied to the host animal.  Research to 

match improved chemical analysis with observed in vivo resu lts is necessary. 

A computer model uti l is ing such improved chemical analysis  could accelerate 

identificat ion of key areas which are l imiting g rowth and performance of 

g razing animals.  For example the expected response of a g rowing or  lactating 

ani mal to a change in  diet such as from spring to autu mn pasture cou ld be 

est imated . S im i larly estimation of the chemical compositio n  of the appropriate 

supplement to be fed with pasture i n  order to optimise growth rate o r  

lactat ional performance cou ld i ncrease perfo rmance o f  all g razing livestock. 

Knowledge related to effects of monensin sodium on lactational 

performance of pasture-fed cows has also been increased. Again a number of 

re lated areas of study deserve fu rther consideration.  Monensin treatment may 

provide positive lactational performance if the level of feed al location and 

hence VFI is i ncreased. Lactating dai ry cows al located several levels of 

pastu re intake , either as g razed pasture or as cut pasture fed in stal ls, and 

t reated with monensin wou ld provide information in this area. Treatment of 

non- lactating cows with monensin may increase the conversion efficiency of 

feed to l iveweight, as is common with beef catt le, which could increase 

lactat ional pe rformance during the subsequent lactation and therefore increase 

the FCE of pasture to mi lk o n  a total farm basis. Increased g lucose production 

associated with monensin treatment may support increased milk yie lds i f  cows 

are treated p rior to partu rition .  The rumen microbial system wou ld then be ful ly 

adjusted to t reatment when g lucose requirements were the h ighest, duri ng 

early lactatio n .  A possible related benefit cou ld be reduced i ncidence of 

ketosis. An experiment with several monensin dosage leve ls wou ld aid in  
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determination of the dose-response relationship with respect to lactational 

performance of lactat ing cows. Subsequent trials involving ionophore 

treatment of pasture fed- livestock should have as part of the experimental 

design ,  a strict reg ime of ru men fluid sampl ing,  by stomach tube if ruminal ly 

fistulated animals are not avai lable, to determine the start- and end-t ime of 

rumina! parameter changes caused by ionophore treatment. This wou ld also 

al low identification of reduced monensin effective ness due to hig h rumina! pH ,  

if such an  effect does exist. 

In  sum mary monensin treatment did not positive ly or negatively affect the 

lactational performance of autu mn- or spring-calving cows fed fresh pastu re. 

Monensin may i ncrease mi lk and protein ,  but not fat, yield in some specific 

ci rcumstances .  The pri mary value of the product to the New Zealand dai ry 

farmi ng industry appears to be its abil ity to contro l bloat. Hence the farmer  

should judge the value of  ionophore treatment respective to  the  value of  bloat 

contro l ,  but cannot automatically assume that i mproved lactational 

performance wi l l  also result from monensin treatment. 
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