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INTRODUCTION 

Buffalo is an important domestic ruminant spectes which contributes 

substantially to our national economy. India has 78.83 million buffaloes out of 

198.80 million of the world population (FAO, 1994). It is a principal dairy animal 

of our country and contributes 55 per cent of the total milk production (Anon., 

1999). Buffalo rearing in India is mainly preferred to cattle as it is better 

convertor of feed and produces milk with high fat percentage. In addition, it 

provides meat, hides, offals, draught power, manure besides fuel for the Indian 

ruralities. This species is reared mainly by landless, small and marginal farmers. 

In spite of the above all contributing aspects, there are some constraints for buffalo 

rearing to exploit full genetic potential for better growth and production. The 

productivity of ruminants in tropical countries like India is low due· to the non­

availability of quality feed or imbalanced feeding and unfavourable climatic 

conditions. Feed alone contributes 70 per cent of the total cost of animal raising, 

out of which major portion is shared by concentrate feeding. In our country, major 

constraint is non-availability of quality feed, and feeding is largely based on post­

harvest agricultural residues, some grains, agro-industrial by-products and weeds 

harvested from crop fields. Although efforts are ?eing made to increase green 

fodder availability but requirements are hardly met due to a wide gap between 

demand and supply. 
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Furthermore, poor growth rate in young buffaloes is one of the important 

factors for poor performance. Generally, in villages young buffaloes are neglected 

in terms of feeding during the period in which growth potential exists. They are 

fed either poor quality roughages or kept on grazing with small amount of 

concentrate. The poor growth rate maybe due to inadequate nutrition associated 

with poor feeding by farmers. One more aspect related to mminant species to be 

stressed is loss of energy and proteins as gas production in mmen. Major loss is 

through methane and ammonia production in rumen. 

Hence, due to the handicap of non-availability of quality feed, poor growth 

rate, loss of energy and proteins through mmen metabolism; growth, production 

and feed utilisation can be improved either by feed processing technology or by 

using certain feed additives and growth promotants along with feed. Many 

researchers have improved performance of animal by using different feed 

additives and growth promotants like ionophores antibiotics, probiotics, hormones, 

certain chemicals etc. Ionophore-antibiotics like monensin (Richardson et a!., 

1976), Lasalocid (Herod et a/., 1979), Salinomycin (McClure et a/., 1980) and 

Narasin (Potter et al., 1979) have been widely used in developed countries to 

improve growth and feed utilisation. Out of these monensin is mainly and 

preferably used in these countries. 

Monensin is a polyether ionophore, antibiotic m nature, produced by 

Streptomyces cinnamonensin (Haney and Heohn, 1967). Action of this biological 
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compound affects microbial activity m rumen changing composition of 

microbiota. This, in tum, results systemic action in body like depression in feed 

intake when fed with high level of fermentable carbohydrates (Raun et a/., 1976), 

decreased acetate to propionate ratio (Richardson et a/., 1976), improved nutrients 

digestibility (Wedegaerther and Johnson, 1983) and feed efficiency (Potter et al., 

1979), depression of methanogenesis (Chalupa et a/., 1980), sparing of proteins 

(Dart et a!., 1978) and modified roughage intake (Pond and Ellis, 1981 ). 

However, most of the reports available in literature are based on research done on 

cattle in temperate climate and there is paucity of information on supplementation 

of monensin in tropical countries specially on buffaloes. Keeping in view the 

above facts, the present study was undertaken to evaluate the extent of positive 

changes which ultimately were expected to be reflected in growth and feed 

utilisation in Murrah buffalo heifers with the following broad objectives: 

1. To elucidate the effect of growth promotant on growth and nutrient 

utilisation. 

2. To study the effect of supplementation of growth promotant on certain 

blood constituents. 

3. To study the economics of using growth promotant. 



2. REVIEW OF LITERATURE 

Mo 'nensin, a growth promotant, has an influence on animal 

performance which is well established. This feed supplement is widely used 

to improve feed efficiency in exotic cattle. However, use of monensin as 

feed supplement is not yet tested in a systematic manner in buffaloes. 

Although, scanty and scattered informations are available on the exotic cattle 

and other species which are described in the paragraphs that follows : 

Effect of monensin on feed/nutrient intake 

The influence ofmonensin on feed intake is well established. In feedlot 

cattle trials several workers showed lower feed intake but unchanged gain 

(Embry and Swan, 1974; Hale et al., 1975; Raun et al., 1976). While others 

reported lower feed intake and increased in gain (Boisen et al., 1975; Sherod 

et al., 1975; Utley et a!., 1975). The depression in feed intake may be 

explained due to more energetic efficiency with increased molar proportion 

of propionate in rumen with monensin treated feed (Richardson et al., 1976; 

Raun et al., 1974). 

In a study, Davis and Erhart (1976) reported that when urea was added 

to rations containing monensin (9.5% CP-DM basis), CP increased to 11.5 

per cent (DM basis) and rate of gain increased as length of time urea was 

fed increased. Steers fed rations containing monensin consumed less feed 

and, therefore, less crude protein than those that received no monensin. 

Since, additional crude protein equivalent, fed as urea, resulted in improved 

gains; apparently, crude protein consumption was below optimum for steers 
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that received rations containing monensin without additional urea. Potter et 

a!. (1976) observed that when monensin dosages of200 mg/head/day or below 

were fed, with pasture or green chop feeding; it had no effect on dry matter 

consumption, while at 300 mg and 400 mg/head/day the intake was decreased 

5 per cent below control. This effect of monensin on feed consumption is 

different when cattle were fed high grain rations (Raun et a!., 1976). They 

observed decreased feed consumption at 750 mg level of monensin intake. 

This suggests monensin increased gain by providing the animal with more 

net energy per unit of feed consumed. 

Further, Raun et a!. ( 1976) observed reduced feed intake of 5 to 13 per 

cent by monensin at 11 and 33 ppm levels feeding and feed utilisation was 

improved. Perry eta!. (1975) reported in his experiment on beef steers fed 

monensin required 10 per cent less dry matter per kg gain (Brown et a!., 

1974; Embry and Ewan, 1974; Farlin et a!., 1975; Raun et a!., 1974 ). It 

indicates that the feed efficiency was Improved. Perry et a!. (I 975) was of 

the opinion that the observed effect of monensin on VFA production is in 

agreement with research reports from Lilly Research Laboratories (Brown et 

a!., 1974; Potter et a!., 1974: ; Raun et a!., 1974 · )· Brown et a!. (1974) 

reported highly significant, but much smaller ~ncreases in propionate ( 43.3 

to 44.7 vs 38.1%) due to added levels of from 5.5 to 44 ppm ofmonensin. 

Potter eta!. ( 1974) reported three pasture trials in which levels of from 50 to 

400 mg of monensin per head daily were compared to 0 level. In one 

experiment, no effect on VFA levels was obtained, whereas in a second 
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experiment significant decreases in acetate and butyrate and increases in 

propionate were obtained. Similar effects were obtained in the third 

experiment. Raun et al. (1974 1 ) added 0, 2.7, 5.5, 11, 22,44 and 88 ppm of 

monensin to cattle finishing diets and obtained significant increases in 

propionate, valerate and isovalerate, and decreases in butyrate from such 

treatments. 

Mooseley et al. (1977) reported less feed intake in monensin fed heifers 

which required 10 per cent less dry matter intake per kg gain in body weight. 

In an another experiment effects of monensin on forage intake and lactation 

of cows grazing low quality dry winter range grass were examined· in two 

trials by Mooseley et al. (1978). In trial 1, cows were fed a 30 per cent 

protein soybean meal supplement with 0, 50 or 200 mg of monensin per cow 

per day; and in trial 2, cows were fed the same supplement with 0 or 200 mg 

ofmonensin. Cow weight change during the winter was unchanged by adding 

200 mg of monensin to the supplement in both trials. Relative forage intake 

(trial 1) was reduced 13.6 per cent (P<.05) and 19.6 per cent (P<.05) when 

50 and 200 mg of monensin were fed, respectively. Grazing time in trial 2 

was reduced 14.6 per cent when monensin was fed at 200 mg. Moreover, 

Lemenager et al. (1978) reported that forage iptake was depressed (P<.05) 

from 9.61 kg on the control to 8.30 kg and 7.73 kg for the 50 and 200 mg 

treatments, respectively. 

Mac Cartar et al. (1979) explained in their study on 8rangus heifers 

supplemented with monensin @ 200 mg/animal with either 50 per cent 
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roughage and 50 per cent concentrate or 80 per cent roughage and 20 per 

cent concntrate diet that monensin reduced feed intake per kg gain @ 7. 7 

and 18.8 per cent, respectively when compared to control group. They reported 

similar dietary intake of M.E. and CP for all diets and found equivalent rates 

of daily gain (0.60 kg per head/day). 

Wahle eta/. (1985) explained the effects of monensin supplementation, 

33 mg/kg of barley or dried grass diets of sheep. Monensin supplementation 

had no significant effect on the estimated ME intake or live weight gain but 

increased proportion of propionate in rumen volatile fatty acids. Fontenot et 

al. (1993) conducted 3 trials in each of 3 trials 15 pens of 8 steers were fed 

on high maize-silage diets. In trials 1 and 2, three pens of 8 steers each were 

fed on high-maize-silage diets. In trials 1 and 2 three pens of 8 steers each 

were fed no additive, sorbitol 35 g, monensin 350 mg, sorbitol 30 g plus 

monensin 350 mg daily. In trial 1 pens were fed sorbitol 200 g per animal 

every 6 days, and in trial 2, 3 pens were fed sorbitol 60 g/day plus monensin 

350 mg/day. In trial 3, 3 pens were fed sorbitol 0, 20, 40 or 80 g/day per 

animal and 3 pens were fed 40 g/day after 56 days. All steers were fed 

monensin 350 mg/day. In trial 1, sorbitol had no effect on daily gain, and 

monensin increased (P<0.05) daily gain. Intake of DM was lower (P<0.05) 

for steers fed sorbitol (35 g/day). DM intake/gain was improved by feeding 

monensin (P<0.05) or sorbitol 35 g/day (P<0.07). The improvement amounted 

to 18 per cent when the additives were used in combination. In trial 2, daily 

gains were similar for the cattle fed all diets. DM intake was lower (P<0.05) 
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for steers fed monensin or sorbitol 60 g/day and was lower (P<O.l2) for the 

cattle fed sorbitol35 g/day. DM intake/gain was lower for cattle fed monensin 

and sorbitol, especially when fed in combination. In trial 3, daily gain was 

not consistently affected by feeding different levels of sorbitol. Improvement 

in feed efficiency was 12 per cent when sorbitol 20 g/day was fed, and 9 and 

6 per cent, respectively, with 40 and 80 g (quardratic response, P<0.06). 

Rate of passage was measured in 6 steers fed on a basal diet alone or plus 

sorbitol 35 g daily. Rm.oen ingesta, collected from these steers, were used to 

determine in vitro DM disappearance (IVDMD). Sorbitol did not influence 

the rate of passage or IVDMD. Supplementing sorbitol shows potential for 

increasing feed efficiency in finishing steers, especially in e;ombination with 

monensm. 

Wyatt eta/. (1989) studied the interactive effects of ammonia treatment 

of Bermuda grass hay and supplementary monensin (200 mg/head daily) in 

heifers. Each heifer was given 2.21 kg concentrate per day. They found that 

acetate : propionate ratio was decreased in rumen fluid 4 h after monensin 

supplementation. 

Stock eta/. (1995) foundreduced dry matter intake (P<0.01) and 

improved average daily gain, and feed conversion efficiency (P<O.Ol) when 

high grain (80%) diets were supplemented with either monensin 22 mg and 

tylosin 11 mg/kg or monensin 33 and tylosin 11 mg/kg. 

In a factorial design experiment 3) 3/4 Brazilian Gir-Holstein Y,earling 

bulls and steers were given to appetite diets of 58 per cent Napier grass 
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(Purpureum purpureum) silage and 42 per cent concentrates without or with 

monensin 200 mg daily. The adaptation period was 60 days starting from 10 

days after castration of steers. Monensin had no effect on weight gain, total 

feed intake or feed efficiency. Mean daily gain was significantly greater and 

feed efficiency better in bulls than in steers (1.03 and 0.76 g and 8.47 and 

10.51 kg/kg gain, respectively). Intake ofDM per unit metabolic weight was 

greater in bulls (Morais eta/., 1993). 

In a trial, Garza et a/. (1990) fed to Angu~ X Hereford heifers 80 per 

cent concentrate diet without (control) or with monensin 30 mg/day or 

lasalocid 220 mg/day, twice daily at 1.6 per cent body weight. The ionophores 

were hand mixed with the diet and offered daily in the morning. Water was 

allowed freely and the intake measured daily. Water intake was similar for 

the 3 groups, 5.9 gal/day. Rumina! evasion of drinking water was higher, 5.9 

gal/day. Rumen volume and rate of fluid passage were not altered by monensin 

or lasalocid compared with the control. DM in the rumen was 22 per cent 

higher with monensin. The increased residence time of DM in the rumen 

with monensin may partly explain why it often reduces feed intake. Similarly, 

Lemenager eta/. (1978) reported that intake of range grass was 16 per cent 

lower (P<O.Ol) when 200 mg monensin 'Yas added daily. 

Horn et a/. ( 1977) studied that forage intake was increased 13.1 per 

cent when 200 mg of monensin was fed; however, Pond and Ellis (1981) 

suggested that this amount of monensin may depress intake of poor quality 

forage and grazing cattle fed monensin may be consuming upto 15 per cent 
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more forage to achieve the higher gains under pasture conditions, however, 

the increased forage intake response may be related to the forage digestibility. 

Cross et al. (1994) conducted a digestion and nitrogen balance study 

with sheep using drought-stressed (DS) and normal (C) maize silage. Steers 

were given DS or C maize silage and monensin sodium (MS) 0 and 200 mg 

each daily. Diets were balanced to meet requirements for CP, calcium and 

phosphorus. Drought-stressed silage had higher DM, DPE and NH3-N content 

than C silage and steers given C silage required cotton seed oilmeal 

supplementation to meet requirements. Steers given DS silage had higher 

(P<O.O 1) silage DM intakes than those given C silage. There were no 

interactions between silage and MS and no differences among treatments of 

gain and feed efficiency. Steers given DS silage had higher (P<0.05) blood 

methaemoglobin and lower rumen acetate and a higher percentage of butyrate. 

Steers given MS had higher rumen propionate and a lower percentage of 

acetate. 

Thonney et al. (1981) showed that cattle fed monensin ate less (P<O.O 1) 

and gained more comparative to control. This result was possibly caused by 

the steers aversion to monensin supplementation which in turn decreased 

dry matter intake too drastically for them to maintain adequate energy intake 

above maintenance for efficient growth. Similar results were also reported 

by different workers (Richardson et al., 1976; Utley et al., 1975; Sherrod et 

al., 1975). 

Lemenager et al. (1978) reported less feed intake with monen~in 

supplementation of200 mg daily on forage intake. While, Potter et al. (1976); 



11 

Cross eta!. (1994) and Mooseley eta!. (1978) reported no change in feed 

intake when monensin was given 200 mg daily with pasture or green chop 

feeding. Similarly, Cross eta!. (1994) and Morais eta!. (1994) reported no 

effect on feed intake, weight gain and feed efficiency on monensin 

supplementation. 

In another study, when monensin at a level of 0, 11, 22 mg per kg DM 

was supplemented to Holstein steers fed 90 per cent concentrate either with 

soybean meal or urea addition, there was a decrease in DM intake but feed 

· and nitrogen utilisation was improved (Lana eta!., 1997). 

Krishan (1998) reported in milch buffaloes higher daily intake of DM 

(P<O.Ol) and TDN (P<0.05) while DCP intake was only apparantly higher in 

monensin treated group than control group. 

Many researchers have reported decreased feed or dry matter intake when 

animals fed on pastures or roughages with monensin supplementation (Perry 

eta!., 1975; Perry eta!., 1976; Mooseley eta!., 1978; Wahle eta!., 1985; 

Fontenot eta!., 1993). 

Effect of monensin on feed efficiency and body weight changes 

Maximum feed efficiency has been reported with monensin fed at 30 g/ 

t (33 ppm) of air-dry ration (Brown eta!., 1974; Raun et al., 1974). However, 

at that level a decrease in rate of gain has been observed by some workers 

(Davis and Erhart, 1975; Farlin eta/., 1975; Wilson eta!., 1975). Others 

have shown no effect (Brown eta/;, 1974; Embry and Swan, 1974; Sherrod 

et a/., 197 5). The reduction in feed intake produced by the 3 0 g/t level of 
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monensin is more prevalent early in the treatment period. It is possible that 

adapting cattle to a lower level ofmonensin such as 10 g/t prior to feeding 

the optimum level (30 g/t) may increase overall intake and improve 

performance. 

Davis and Erhart (1976) reported that 5 per cent urea treated air dried 

ration with monensin fed at 10 g/t ration for 7 or 21 days increased rate of 

gain 4.6 and 6 per cent, respectively, compared with rations containing no 

monensin. Monensin fed at 30 g/t ration throughout the feeding period 

produced gains below (P<.05) those· fed monensin at 10 g/t for 21 days, which 

might be due to lesser feed intake,.,.~;~·--"- monensin intake increased feed 

efficiency with slight variation among treatments. 

Gill et al. (1976) reported that when steers were fed corn silage with 

dry matter 14, 30, 75 per cent, respectively without and with monensin 300 

mg per day then monensin improved feed efficiency 6.0 per cent across all 

roughage levels (P<O.O 1) but had no effect on gain. These results were similar 

to those reported by Embry eta/. (1974), Parlin et al. (1975) and less than 

those reported by Davis (1975) and Raun (1974, 1975). 

Raun et al. (1976) observed a 17 per cent improvement in feed efficiency 

when cattle were fed high concentrate rations containing 33 ppm monensin. 

Utley et al. (1976) reported that heifers fed 200 mg of monensin per day 

during the growing trial gained 0. 76 kg/day compared with 0.68 kg/day 

(P<.05) for heifers fed the control diet. Average daily feed intakes and feed 

required per unit of gain were 6.8 and 5.8 kg for heifers fed monensin 

compared with 7.8 and 6.9 kg for controls. 
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Perry et al. (1976) explained that beef steers fed 33 ppm monensin for 

232 days gained at an identical rate (0.89 kg per day) with cattle receiving 

no monensin and is in agreement with the reports of Brown et al. (1974); 

Embry and Swan (1974) and Raun et al. (1974< ). Although, Potter et al. 

(1974) and Oliver et al. (1975) reported significant increases in the daily 

gain of cattle grazing pastures. Mooseley et al. ( 1977) showed that monensin 

supplemented heifers required I 0.9 per cent less DM intake per kg body 

weight gain. 

Two cattle growth trials were conducted by Tom eta!. ( 1979) to evaluate 

the performance response to monensin when supplementing diets with various 

sources and levels of protein. Growth trial I determined performance of 

growing steers fed two sources of supplemental protein [brewers dried grains 

(BDG) vs. urea two levels of diet crude protein (CP) (1 0.5% vs 12.5%) and 

two levels of monensin (0 vs 200 mg/head/day]. Their results indicated 

appreciable monensin response in feed/gain when fed in combination with 

BDG and amounted to a 16.3 per cent improvement on the 10.5 per cent 

protein treatment and an 8.7 per cent improvement for the 12.5 per cent protein 

treatment. Monensin addition with either level of urea supplementation had 

a tendency to decrease rate of gain and f~ed efficiency. This may indicate 

microbial protein synthesis is inhibited by the addition ofmonensin. Monensin 

was effective in altering volatile fatty acid (VFA) concentrations in favour 

of propionate (P<.05) on both BDG and urea supplemented diets. Rumen 

NH
3
-N concentrations were reduced by monensin. Steer growth trial 11 
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involved two protein levels~ supplied by soybean meal (SBM)~ (either 11.1 

or 13.1%) and two levels ofmonensin (0 or 30 g/908 kg offeed). Monensin 

addition supported an 8.1 per cent improvement in feed/gain on the 11.1 per 

cent CP rations, whereas only a 3.2 per cent improvement occurred on the 

13.1 per cent protein diets. The largest response in feed/ gain occurred on the 

lower protein diets (1 0.5% CP trial I and 11.5% CP trial II). Monensin 

additions did not appear to increase the protein requirement (as a percentage 

of the diet) for growing steers. 

Baile et a/. (1982) conducted a trial on 60 Holstein-Friesian heifers, 

initially weighing 196 kg. The animals were fed to gain 0.68 kg/day until 

calving on a ration without monensin, or were given the same ration with 

monensin at 200 or 600 mg daily. For heifers on the control and 2 monensin 

treatments, respectively daily gain averaged 0.60, 0.69 and 0.69 kg, feed 

intake 7.47, 7.46 and 7.43 kg and feed/gain 12.41~ 10.85 and 10.75. 

Coastal Bermuda grass forage was treated with sodium hydroxide or 

monensin, or both, processed into pellets and fed to growing calves. Calves 

fed on pellets that contained monensin gained 12.7 per cent faster (P<0.05), 

consumed 1.6 per cent less feed per day (P>0.05) and required 12.3 per cent 

less feed per unit of gain (P<0.05) than did control animals (Utley et a/., 

1982). 

Benet a/. (1982) reported that when 28 suckling male dairy calves on a 

commercial farm were given monensin supplements (from 750 m4 g/kg live 

weight to 3 5 mg/kg depending on age) from the age of 1 wk, and were 
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compared with those in a similar group not given monensin. During a 52-day 

suckling period, the supplemented calves gained 12 per cent faster than the 

non-supplemented calves, with little difference in the conversion ratio of 

metabolisable energy into live weight. During the subsequent 42 days, there 

was no difference between groups in daily gain, but the supplemented calves 

were 64 per cent more efficient than the non-supplemented calves in the 

conversion of metabolisable energy into live weight. 

Two growth trials conducted by Lana eta!. ( 1997) to evaluate the-effects 

of monensin on amino acid sparing. When Holstein steers were fed a 90 per 

cent concentrate diet ::;upplemented with soyabean meal (13.5% CP), DM 

intake, average daily gain (ADS) and efficiencies of feed and nitrogen 

utilization were greater than with urea (P<O.l 0). Monensin improved ADG 

with both nitrogen supplements (P<0.01), but the positive effects ofmoneusin 

on efficiencies of feed (P=0.12) and nitrogen (P=0.26) utilization were greater 

for soybean meal than for urea. Increasing amounts of monensin (0, 11 or 22 

mg/kg of DM) caused a linear increase in DM intake with urea. Die.ts with 

soyabean had greater intakes than diets with urea (P<O.Ol); the greatest intake 

was of a soyabean diet with monensin at 11 mg/kg of DM. Holstein steers 

fed soyabean meal at 13.5 per cent CP had lower DM intake and greater 

efficiencies of feed and nitrogen utilization than steers fed 16.7 per cent CP 

(P<O.l 0). CP level had no effect on ADG. Monensin always increased the 

efficiencies of feed and nitrogen utilization (P<0.05), but these trends were 

greater for diets with 16.7 than for those with 13.5 per cent CP. Overall, 
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monensin decreased DM intake (P<0.01), but this effect was greater for 16.7 

per cent than for 13 .5 per cent CP. Because the positive effects of monensin 

on net energy for gain (P=O .16) and efficiency of nitrogen utilization (P=O .26) 

were greater for soyabean meal than for urea, it seemed that monensin was 

sparing amino acids. 

Ak et al. (1995) reported that when five groups of lambs were fed from 

1 to 29 days of age on a diet supplemented with monensin 0, 10, 15, 20 or 25 

mg/kg. Average daily body weight gain was 349.8, 374.5, 369.8, 393.2 and 

368.7 g, respectively. Feed conversion ratio was 4.81, 4.47, 4.06, 4.30 and 

4.30 kg feed/kg gain, respectively. 

Patil eta!. ( 1996) conducted a trial with 12, 4-month-old Malpura lambs 

which were divided into 3 groups of 2 males and 2 females each, individually 

fed on monensin 0 (MC), 11 (mll) and 22 (M22) mg/kg concentrate mixture 

(600 g daily) and allowed to graze on pasture. Average daily gain in body 

weight was 82.65, 106.12 and 123.46 g (males) and 70.4, 93.87 and 1 Oil .08 

(females) in MO, Mil and M22 treatments, respectively. It is suggested that 

monensin had a significant effect on intake of concentrate mixture and 

liveweight gain. 

Cross eta!. (1994) and Morais eta!. (1993) reported no effect on weight 

gain and feed efficiency with supplementation of monensin. Thonney et al. 

(1994); Stock et al. (1995); Wyatt et al. (1989) have confirmed earlier reports 

that monensin depressed feed intake and increased weight gain and feed 

efficiency. 
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Effect of monensin on digestibility, utilisation and nutritive value of ration 

Dinius et al. ( 1976) reported that when monensin was blended with a 

forage diet at levels of 0, 11, 22, 33 ppm and fed to determine its effect on 

cotton fibre, no difference in cellular digestibility from cotton fibre in 

response to monensin level were observed. Similarly, DM digestibility was 

not affected when cotton fabric strips placed in vivo for 72 hours. In vivo 

DM, CP, cellulose and hemicellulose digestibility was not affected. 

Lemenager et a!. (1978) showed that IVDMD results of esophageal 

samples taken during the intake trials were used to calculate forage intakes. 

Dinius et al. (1976) reported no change in in vivo digestibilities of dry matter, 

crude protein, hemicellulose and cellulose of orchard grass hay when monensin 

was added. The estimated forage digestibilities based upon IVDMD 

techniques were 41.7, 38.2 and 39.8 per cent for December, February and 

March intake trials, respectively. Estimated forage composition was 50.42 

per cent acid detergent fiber, 7.51 per cent lignin, 3 8.49 per cent cellulose 

and 3.53 per cent protein. Based upon lignin content of forage and feces, 

total tract digestibilities for the 0, 50 and 200 mg monensin treatments were 

(%);dry matter, 48.0, 48.5, 47.8; acid detergent fiber, 52.5, 52.1, 52.1; and 

cellulose, 67 .4, 67 .6, 68.1, respectively. 

Poos et a!. (1979) reported that lambs fed either brewer's dried gain 

(BDG) or urea supplemented diets without monensin retained more nitrogen 

than lambs fed 30 mg ofmonensin per day (P<.05). This decrease in nitrogen 

retention was the result. of a significantly greater urinary nitrogen loss. 
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Nitrogen digestibilities were not influenced by addition ofmonensin. Between 

sources of supplemental nitrogen, however, lambs fed urea apparently had 

more nitrogen digested (P<.05). 

DM digestibilities were reduced by monensin (P<.05). This decrease 

amounted to 5.5 percentage units and 2.8 percentage units for BDG and urea 

diets, respectively. This decrease in DM digestion may be a reflection of a 

decreased fiber digestibility observed by others (Simpson et al., 1976; 

Simpson, 1978) in vitro when rumen inoculum was obtained from animals 

not previously exposed to monensin. In vivo studies by Dinius et al. (1976) 

indicated no effect on DM or fiber digestibility when steers had been fed 

monensin 21 days prior to initiation of the trial. These results may indicate a 

possible adaptation to monensin and could explain the decrease in DM 

digestion observed in this trial, as lambs were pre fed for only 10 days prior 

to collection of data. Dinius et al. (1976) found no reduction in cellulose 

digestibility when anin.~als had been adapted to monensin for a 21-day period. 

Russel et al. (1980) reported that monensin was fed at levels of 0 and 33 

ppm in a series of digestion and metabolism trials to determine its effect on 

utilization of high grain diets and on rumina! parameters in yearling steers. 

l\1onensin had no effect (P>.05) on apparent digestibility of dry matter, gross 

energy or starch when fed with a 90 per cent corn diet (10.5% crude protein, 

dry matter basis). Monensin in this corn based diet tended to increase crude 

protein digestibility (63 .4 vs 61.3%) and decrease rumina! ammonia 

concentration (2.5 vs 6.5 mg/100 ml) measured 3 hr post-prandially (>.05). 
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In metabolism trials with a 76 per cent sorghum grain diet (11. 7% crude 

protein, dry matter basis), monensin improved apparent digestibility of crude 

protein (P<.05) but not dry matter or gross energy (P<.05). Retention of 

nitrogen, expressed as a percentage of nitrogen intake, tended to improve 

(24 vs 20%) in response to monensin addition to the sorghum grain-based 

diet (P> .05); a similar trend was observed (P> .05) for nitrogen retention 

expressed as a percentage of nitrogen absorbed ( 41 vs 36%). Total rumina! 

volatile fatty acid (VFA) concentrations measured 3 hr post-prandially were 

not altered by monensin fed with either diet. The proportion of acetic acid 

decreased (P<.05) and that of propionic acid increased (P<.05) in response 

to monensin fed with the corn-based diet. Monensin did not appreciably alter 

proportions of VFA when fed with the sorghum grain-based diet. Results 

suggest that a possible improvement in N utilization may account for some 

of the benefits of feeding monensin with high grain diets. 

Rogers et a/. ( 1982) explained that when four rumen fistulated steers 

were fed a diet (50% concentrate mixture and 50% corn silage) ad libitum 

with 33 ppm monensin supplementation then DM and DM digestibility was 

improved apparently over without inonensin supplementation. EE and ADF 

digestibility increased non-significantly. Starch digestibility increased 

significantly (P<0.1 0) and crude protein digestibility was enhanced with a 

significant improvement (P<0.05). Increase in CP digestibility may be 

explained in past by the decrease in feed intake. However, others observed 

similar trends for increasing CP digestibility with monensin even when feed 

intakes were equalized. 
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Ricke eta!. (1984) conducted two experiments to evaluate metabolism 

and rumen fermentation responses of lambs fed monensin or lasalocid 3 3 

ppm kg/DM in alfalfa-corn diet. Experiment I was a lamb metabolism trial. 

In experiment 2 ruminally canulated sheep were used and cotton thread 

cellulose and soybean nitrogen disappearance were measured by the in situ 

dacron bag technique. In experiment one, DM and fibre (ADF, NDF, 

hemicellulose) digestibilities were not influenced by monensin treatment. 

Absorbed nitrogen was not increased by monensin. In experiment 2 cellulose 

disappearance was not affected by monensin indicating that there was no 

adaptive response by rumen cellulolytic bacteria. VFA pattern was affected 

in rumen as reported earlier by Richardson eta!. (1976). 

Wedegaertner eta!. (1983) reported that six 300 kg steers were each fed 

a 70 per cent cracked corn plus corn silage diet at two levels of intake above 

maintenance with and without 3 mg monensin/kg·75 body weight (W·75). A 

changeover design was used. Dietary energy and nitrogen were partitioned 

by duplicate, 22 h indirect respiration calorimetry measurements of heat and 

methane production on each animal concurrent with 7 -d total feces and urine 

collection trials. Feed and feces were analysed for energy, N, starch and 

neutral detergent fiber (NDF). The partial efficiency and( or) heat increment 

of metabolizable energy (ME) used .for gain and maintenance was partitioned 

by regression of energy storage vs intake. At equalized gross energy intakes 

(adjustments made by covariance), monensin improved (P<.Ol) the apparent 

digestibilities of energy, from 71.8 to 74.8 per cent; NDF, from 50.5 to 57.5 
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per cent, and crude protein from 61.6 to 65.8 per cent. Methane production 

averaged 5. 7 per cent of the control gross energy ( GE), but was reduced by 

26 per cent (P<.O 1) by monensin additions. Metabolizable energy was 

increased (P<.O 1) from 63.3 to 66.8 per cent of gross energy intake by 

monensin, resulting in an increase (P<.01) in retained energy (64.7 to 72.3 

kcal/W· 75
). Heat produlltion was increased (P<.05) by monensin, but only in 

proportion to the increased ME. Daily energy retentions adjusted to equal 

ME intake were similar with or without monensin (69.9 vs. 67.1 kcal/W·7s). 

No significant effects of monensin on the heat increment of ME use for 

maintenance or gain were observed. Both NEm and NEg were improved by 

approximately, seven per cent by monensin. 

Tharnton eta/. (1981) conducted an experiment on growing steers with 

low,medium, high roughage diets supplemented with or without 200 mg 

monensin. Dry matter digestibility and N retention were not statistically 

altered, both tended to increase with monensin. 

Faulkner et al. (1985) reported that when the influence of monensin 0, 

6.1, 12.2, 18.3 or 36.6 mg/kg on diet fibre digestibility, microbial protein 

synthesis and ruminal escape of dietary protein was evaluated in 2 steer 

metabolism trials. A growth trial was made to study possible interactions of 

forage quality and monensin level. In metabolism trial 1, four steers with 

rumen cannula were assigned to 4 monensin levels in a 4 x 4 Latin square 

design to measure fibre digestibility, rate of passage and protein metabolism. 

In metabolism trial 2, five steers with duodenal cannula were assigned to 5 
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monensin levels in a 5 x 5 Latin square design to measure fibre digestibility, 

bacterial N flow and plant N flow. In the 2 metabolism trials, the level of 

monensin influenced organic matter (OM) digestibility, neutral detergent fibre 

(NDF) digestibility and rumina! NDF digestibility quadratically, with the 

intermediate levels of monensin being superior to the high level of monensin 

or no monensin. A quadratic increase in particulate disappearance rate 

(P=0.09) and no effect (P0.95) on liquid disappearance were also observed 

in trial 1. In trial I, monensin level quadratically decreased (P=O.IO) the 

bacterial protein concentration and increased (P=0.02) the ratio of total 

N :diaminopimelic acid in whole rumen contents. In trial 2, no overall 

difference in duodenal N flow (P0.64) or flow of individual amino acids 

(P=0.46) was observed. In the growth trial, no interaction of maize stalk 

quality and monensin was observed (P<0.3 8). Monensin linearly decreased 

feed intake (P0.09) and quadratically affected daily gain (P0.03) and feed/ 

gain (P=0.07). The 100 mg level, which corresponds to the 18.3 mg/kg level 

in the metabolism trials, was superior to the 0- or 200-mg level in this trial 

(P=0.07). 

Cottyn eta!. (I 983) showed the effects of monensin 24 and 29 and of 

avoparcin 24 to 31 and 61 to 64 mg/kg DM o~ digestibility aud rumen volatile 

fatty acids were investigated with wethers. Diets consisted of 85 per cent 

maize silage and 15 per cent concentrate. Monensin resulted in significantly 

depressed digestibility of DM and crude fibre. The efiCct on the digestion of 

ether extract and N-free extract was variable while organic matter and crude 
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protein digestibility were not significantly affected. Avoparcin about 30 mg/ 

kg had no effect on organic matter, crude protein and N-free extract 

digestibility. DM, ether extract and crude fibre digestion was variable. Higher 

concentrations of avoparcin depressed digestion of DM, crude fibre and N­

free extract compared with control, monensin and avoparcin about 30 mg/ 

kg. The effect on organic matter and crude protein differed between the trials. 

Monensin and avoparcin decreased acetic acid concentration and increased 

the amount of propionic acid, although this effect was observed only in one 

of the two trials with avoparcin about 30 mg/kg. Avoparcin gave the lowest 

acetate; propionate ratio compared with control and monensin. 

Ricke eta!. (1984) conducted an experiment on lambs which were given 

a diet based on lucerne and maize without or with monensin or lasalocid 33 

mg/kg. Digestibility of DM and fibre was not influenced by monensin or 

lasalocid. Absorbed nitrogen was increased with lasalodd but not with 

monensin. No direct or adaptive rumen effects on cellulose or nitrogen 

disapproprionate concentration and lowered the acetate:propionate ratio; only 

monensin decreased rumen ammonia. There was no difference in 

concentration of ammonia or volatile fatty acids (VFA) 2 and 4 h after feeding. 

When pool size was considered, sheep giyen monensin had lower total 

quantities of rumen ammonia at 8 and 12 h after feeding. Both additives 

decreased acetate: propionate ratios at 6 and 12 h. Lasalocid increased acetate, 

propionate and total VFA pool size at 12 h. 

Beede eta!. ( 1986) conducted digestion and metabolism experiments to 

estimate effects of monensin in low-protein diets. Monensin supplementation 
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(27 mg/kg diet DM) of steers (303 kg) given 8. 7 per cent crude protein 

increased (P<O.Ol) apparent N digestibility and N retention and decreased 

(P<O.O 1) percentage of N apparently absorbed lost in urine. Apparent 

digestibilities of DM, gross energy and acid detergent lignin were increased 

(P<0.05). Digestibilities of neutral detergent and acid detergent fibre were 

not affected by monensin. In growing wether goats (15 kg) given 8.5 per cent 

crude protein, monensin (23 mg/kg diet DM) improved (P<0.01) apparent N 

digestibility and apparent N absorption. Urinary N excretion also increased 

(P<0.05), resulting in no difference inN retention. Monensin did not affect 

digestibilities of DM or gross energy. Efficiency of feed conversion and 

average daily gain were improved with monensin supplementation of growing 

goats fed on a low-protein, high-roughage diet. Monensin resulted in typical 

shift of acetate-to-propionate ratio in both experiments. Results suggest that 
. . . 

improved N utilization may account for some benefits of feeding monensin. 

Lebzien et al. (1986) reported that when during two 4-week periods 4 

low-yielding Black Pied cows with rumen fistula and duodenal cannula had 

a diet of maize silage 62 and concentrate, including minerals, 3 8 per cent. 

Mean daily intake of DM was 9.1 kg. Diet was supplied alone or with 

monensin @ 33 mg/kg DM. With monensin apparent digestibility of crude 

protein increased significantly, but that of other nutrients was unreduced 

significantly during 3 h after the morning feed and propionic acid increased 

from 17 to 35 per cent of total fatty acids, with corresponding reduction in 

molar proportions of acetic and butyric acids. Amount of organic matter 
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fermented in the rumen and break-down of dietary protein were not affected 

by monensin. Utilization of degradable dietary protein for microbial protein 

synthesis decreased with monensin from 81 to 61 per cent and urinary N 

excretion increased significantly. Net synthesis of thiamin was reduced 

significantly) but thiamin requirement was met with both treatments. 

Pomar et a!. ( 1989) showed in two trials) 36 Holstein calves 19 to 20 

weeks old and 48 rams were used in a 2 x 3 x 2 factorial designed study wiih 

2 ground roughages (lucerne or timothy grass) in pelleted diets (20, 40 or 

60%) and addition ofmonensin 0 or 33 mg/kg to investigate diet digestibility. 

Calves and rams were fed on the test diets ad libitum for a period of 8 and 5 · 

weeks) respectively, before the digestibility trial. DM digestibility in both 

species and energy digestibility in calves were significantly higher for lucerne 

diets than for timothy diets; however, digestibility of crude pro~ein (CP) in 

both animal species and of cell walls (neutral detergent fibre; NDF) in calves 

was lower in lucerne diets. Digestibility of acid detergent fibre (ADF) and 

NDF fractions increased but DM digestibility decreased when roughage 

content in the diets increased; the reduction in DM digestibility was greater 

with timothy than with lucerne. ~ddition ofmonensin did not affect digestion 

coefficients ofDM, ADF and NDF in calves and rams. However, a monensin 

x roughage level interaction indicated a decrease of ADF and NDF 

digestibility in calves fed on 20 per cent roughage and an increase of ADF 

and NDF digestibility in calves fed on 60 per cent roughage. 

Morounek eta/. (1989) conducted trial on six calves) initially 3 weeks 

old, kept in metabolism crates and fed on milk with free access to starter and 
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meadow hay, were weaned at 8 weeks old. Monensin 0.5 mg/kg 0.75 was 

given or not given until 10 weeks old. Monensin decreased rumen volatile 

fatty acid concentration, acetate/propionate ratio, butyrate and increased 

propionate. Digestibility of DM, organic matter, crude protein, nitrogen free 

extract and crude ash was not different between groups, but digestibility of 

lipids significantly increased in monensin-fed calves. Serum cholesterol, 

calcium and leukocyte count increased in the monensin-fed calves. 

Lee et al. (1990) reported that when 12 entire male Korean native goats 

were given diets at 80 per cent of ad libitum intake containing 80 per cent 

concentrate, 20 per cent ground orchard grass hay and monensin 0, 22 or 33 

mg/kg. Monensin decreased DM intake (Ps 0.05) and increased digestibility 

of DM, crude fibre, neutral detergent fibre and energy (Ps 0.05); changes 

was greater for monensin 22 than for 33 mg/kg. Monensin did not affect 

nitrogen retention. As monensin increased, rumen propionic acid 

concentration increased (Ps 0.05), and butyric acid content and acetic acid 

to propionic acid ratio decreased (Ps 0.05). With monensin, rumen pH and 

microbial protein concentration increased (Ps 0.05), but there was no change 

in rumen viscosity and ammonia-nitrogen concentration, or plasma NH3-N 

and urea-N concentration. 

Sun eta!. (1991) conducted a 4x4 Latin square design experiment, 4 

steers 228 kg BW, were fed on l3ermudagrass or orchard grass hay ad libitum 

with 0.5 per cent BW of ground maize and monensin 0 or 200 mg. Niether 

intake nor digestibility were significantly affected by monensin but monensin 

tended to reduce intake and digestibility with Bermudagrass. 
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Araujo eta!. (1991) conducted a trial on 16 Holstein-X Brahman steers, 

were given diets of maize silage, hay and concentrate with 2.6 per cent fibre 

(groups 1 and 2) or diets of maize silage and concentrate with 15 per cent 

fibre (groups 3 and 4) without (groups 1 and 3) or with (groups 2 and 4) 

monensin 120 mg/kg. Mean intake ofDM was 9.47, 8.43, 6.75 and 5.02 kg/ 

day in the 4 groups, respectively. Digestibility ofDM was 48.82, 51.95, 49.49 

and 75.85 per cent, protein 60.22, 61.82, 59.12 and 78.38 per cent and fibre 

38.25, 52.74, 27.20 and 53.04 per cent. Results indicate that inclusion of 

monensin in the diet increases DM digestibility. Its use in high-fibre diets is 

recommended. 

Fredrickson et a!. ( 1993) conducted a trial on 8 ruminally cannulated 

cross-bred steers grazing native Slue groma range land to evaluate effects of 

monensin ruminal delivery device {MR DD) and forage rumina! digestion. 

Three periods were assessed, mid-August, early October and mid-November. 

Release ofmonensin was 68 mg/day. Intake, DM digestibility, rumina! passage 

rates, retention time, pH and ammonia were not affected by (M RDD). In 

situ NDF disappearance at 96 hours was decreased by MRDP (68 vs 65% for 

control and MRDD respectively). As grazing season progressed, intake 

declined. At 98 hour in situ NDF was greatest in August and least in 

November. 

Fahmy eta!. (1993) reported that ground maize stalks containing 60 per 

cent moisture were treated with various chemical reagents to study their 

effects on in vivo digestibility or organic matter (OM), neutral detergent fibre 
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(NDF), hemicellulose (HMI), acid detergent fibre (ADF) and cellulose (CELL) 

in 24 mature wethers. Effect of monensin addition 0 or 10 mg/kg DM feed 

was studied. The crude protein content of maize stalks was increased by 

8.19 and 11.88 per cent on treatment with urea or urea plus sulphur dioxide, 

and S concentration was increased by 1.35 and 3.1 per cent by S0
2 

or urea 

plus S02 treatment. As wethers refused to eat these high S diets, they were 

diluted with the control diet. Digestibility of OM, NDF, HMI, ADF and CELL 

was significantly improved when urea-treated maize stalks or urea plus S0
2 

treated maize stalks wt.re fed, compared with control maize stalks. S0
2 

pre­

treatment significantly increased OM and NDF digestibility of maize stalks. 

Zinn and Borques ( 1993) showed in 2, 2 x 2 factorial design trials, 100 

crossbred cattle and 96 Holstein steers were given diets wi~h net energy for 

maintenance 2.27 and net energy for gain 1.57 Meal/kg containing 75 per 

cent steam-flaked maize, 4 per cent yellow grease and 12 per cent forage and 

monensin 0 or 33 mg/kg and 0 or 0.75 per cent sodium bicarbonate; There 

were no interactions between supplemental NaHC03 and monensin on growth 

or rumen and total tract digestion. There were no treatment effects on average 

daily gain, DM intake, feed efficiency or net energy value of the diet. NaHC03 

did not influence rumen or total tract digestion of organic matter (OM), starch, 

and nitrogen, rumen pH, or rumen volatile· fatty acids molar proportions. 

Monensin decreased (6.6%, P<O.l 0) rumen OM digestion. However, 

differences in rumina! digestion were compensated for by increased (3.2%, 

P<0.05) postrumen OM digestion. Effects ofmonensin on total tract digestion 

of OM, ADF, N, starch arid gross energy were small. 
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Gallaway eta!. ( 1993) reported in 3 Latin square experiments Holstein 

steer calves were fed on late vegetative 8ermudagrass ( Cynodon dactyl on) or 

mature Bromegrass (Bromus inermis) free choice, protein supplement, maize 

0 or 7.2 g/kg body weight and lasalocid or monensin 0, 0.5 or 1.0 mg/kg 

body weight. In experiment 1, neither lasalocid nor monensin 0.5 mg affected 

intake or digestion with either forage source. In experiment 2, neutral 

detergent fibre digestibility was not reduced by ionophores and was slightly 

greater (P<0.05) for ionophores at 1.0 than at 0.5 mg. Digestible organic 

matter intake with bermudagrass was slightly greater with ionophores 1.0 

than 0.5 mg, but an opposite difference between ionophore levels occurred 

with bromegrass (ionophore level x forage source interaction, P<0.07). The 

concentration of total volatile fatty acids in rumen fluid at 4 h post-feeding 

was lower (P<0.05) for monensin than for lasalocid; the acetate to propionate 

ratio was decreased by ionophores. 

Su eta!. ( 1993) reported that when in an experiment, 24 Nubian x Taiwan 

goats were fed on a diet supplemented with monensin 0, 15 and.30 mg/kg. 

Feed intake was similar for all 3 diets. Compared with the unsupplemented 

control diet, monensin 15 mg/kg increased weight gain by 3.6 per cent and 

feed conversion efficiency by 8.2 per cent. However, the higher level of 

monensin reduced performance to below that of controls. Digestibility 

coefficients determined in vivo and in vitro were higher for the diet with 

monensin 15 mg/kg than for the other 2 diets. For the 3 diets, the percentage 

of propionate generated in a continuous fermentation system was 18.2, 32.7 

and 32.0, respectively (P<O.OS). 
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Patil et a!. ( 1996) reported that grazmg Malpura lambs were 

supplemented with concentrate mixtures containing monensin 0, 11 and 22 

mg/kg, respectively. Daily concentrate intake decreased linearly (P<O.O 1) 

with increasing monensin, while roughage DM intake was significantly higher 

in monensin groups. Nutrient digestibility was comparable among groups 

except for DM which was significantly higherin monensin groups. Nitrogen 

retention was highest in group 3, followed by groups 2 and 1. 

A feedlot and a metabolism trial were conducted by Zinn et a!. (1994) 

to evaluate the interaction of forage (lucerne hay 2.5 vs 5%; sudangrass hay 

7.5 vs 15%) level ( 10 vs 20%) and monensin (0 vs 28 mg/kg, air-dry basis) 

on utilization of a steam-flaked maize-based finishing diet. Treatment did 

not affect growth or site and extent of digestion of organic matter (OM), 

ADF, nitrogen and starch. Monensin intake did not influence average daily 

gain (ADG), DM intake, feed conversion efficiency, estimated net energy 

(NE) value of the diet or ruminal and total tract dig~stibility of OM, ADF 

and starch. Monensin decreased (14.5%, P<O.l 0) passage of microbial N to 

the small intestine and rumen digestion of feed N ( 1 0.4%, P<0.05). Rumen 

digestibility ~of ADF, OM and starch were not affected by forage intake. 
\ ·, 

However, rumen digestibility of feed N was 20 per cent greater (P<0.05) 

with the high-forage diet. High forage intake decreased total tract digestion 

of OM (2.4%, P<0.05), DE (2.7%, P<0.05) and ME (4.8%, P<O.Ol). It is 

concluded that failure of monensin to elicit a growth response in feedlot 

steers given a steam-flaked maize-based finishing diet is not due to differences 

in dietary forage level. 
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Duff et al. ( 1995) reported in an experiment conducted on canulated 

beef steers fed ad libitum on 90 per cent concentrate diet without or with 

monensin 200 mg/day. The in vitro dry matter digestibility of concentrate 

diet was significantly higher than the controls. 

Haimoud et al. ( 1996) reported when three non-lactating cows with 

rumen, duodenal, and ileal cannulae were used in a 3 x 3 Latin square design 

to evaluate the effect of oral avoparcin and monensin on fibre, starch and 

nitrogen digestion. Cows were fed on 3 high-forage (48% maize silage, 35% 

Italian ryegrass hay) diets; the control diet had no additive, and the others 

contained avoparcin or monensin 33 mg/kg DM. Neither additive affected 

apparent total tract digestibilities of organic matter, fibre, starch or N. 

Avoparcin and monensin reduced rumen breakdown of fibre, starch and dietary 

N. Efficiency of bacterial N synthesis was unchanged, and passage of bacterial 

N to the small intestine was not. modified. Compared with the control, 

additives caused a greater proportion of feed starch, N, and total amino acids 

to be digested in the small intestine than in the rumen. Diets containing 

avoparcin or monensin increased availability of total essential amino acids 

in the smaii intestine compared with control diets. Post-rumen digestion of 

fibre was greater for diets supplemented with antibiotics, because cows 

compensated digestion in the ·lower forestomach. 

Gado ( 1997) conducted an experiment on twenty four male Baladi goats 

at 10 months of age with an average weight 13.1 kg were randomly assigned 

to three treatments for 90 days. Goats were given concentrate mixture feed 
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(CM) to cover the maintenance requirements of TDN and CP while berseem 

hay (BH) was given ad libitum. Rations were supplemented with monensin 

0, 20 and 40 mg/head daily. Monensin levels improved (P<O.OS) nutritive 

value as % total digestible nutrients (TDN). Feed conversion (kg/kg) also 

improved (P<O.OS) and the apparent nitrogen retention decreased in thee 

moriensin supplemented groups. 

Su et al. (1997) did a trial when a total of 48 Nubian Taiwan native 

crossbred goats were randomly allotted to 6 groups and individually fed one 

of 6 rations (A, B, C, D, E, F) which contained monensin 0 (A, B, C) or 15 

mg/kg (D, E, F), 0 (A, D), 0.5 (D, E) or 1 per cent urea (C, F). Results 

showed that there was no difference in daily intake and daily weight gain of 

goats among treatments. There was no difference in feed conversion efficiency 

of goats except for goats given diets E and F. §oats fed on diets A and D had 

better digestibility of organic matter, nitrogen, NDF and ADF than those fed 

on diets E and F. 

Earlier reports have shown no effect on DM digestibility of animals fed 

with monensin (Dinius et al., 1976; Lener(ger et al., 1978). Similar were the 

findings of Ricke et a!. ( 1984 ), Morounek et a!. (1989), Zinn et a!. ( 1998), 

Lebzein et al. (1986). Russel et al. (1980) reported no change of DM 

digestibility with grain diets at 33 ppm level of monensin fed to steers. 

Improved OM digestibility have been reported by Wedegaertner et al. (1983) 

at a significant level (Faulkner et al., 1985; Beede eta/., 1986; Fahmy eta!., 

1993, Zinn and Borques, 1993 ). DM digestibility have been reported increased 
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significantly (Lee eta/., 1990; Araujo eta!., 1991; Patil et al., 1996) while 

non-significant imrovement have been reported by Rogers eta/. ( 1982) and 

Su et a/. ( 1993 ). Depressed digestibility of DM is reported by Sun et a/. 

(1991) which was non-significant. Poos et al. (1979) and Cottyn et al. (1983) 

explained a significant decrease in DM ·digestibility when wethers 

supplemented with monensin. 

Fibre digestibility was reported to be increased by Pomar et al. (1989) 

when monensin was given 33 mg/kg with 60 per cent roughages to calves. 

Thornton et a/. (19 ) reported significant (P<O.O 1) increase in ADF 

digestibility with roughage diet plus 200 mg monensin. While Rogers et al. 

( 1982) were of the opinion of non-significant increase. Gado et a/.·( 1997) 

reported increased fibre digestibility. Pomar eta/. ( 1989) reported decreased 

fibre digestibility at 20 per cent roughage level in calves when fed 33 mg 

monensin, while no effect on digestibility when calves and rams were offered 

roughage less than 10 per cent with 33 mg monensin. 

Sun et a/. (1991) reported that fibre digestibility decreased at a non 

significant level, but Patil et al. (1996) and Zinn et al. (1994) reported no 

effect on fibre digestibility as well as ether extract when animals supplemented 

with monensin. CP digestibility .reported by Araujo et al. (1991) was 

significant, while Zinn and Barques ( 1993) reported apparent increase in CP 

digestibility with monensin treatment. 

Patil et al. (1996) reported no effect on CP digestibility in goats with 

11, 22 mg monensin feeding while Cottyn et al. (1983) reported non­

significant decrease of CP digestibility in wethers. 
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Effect of monensin on body measurements 

Mooseley et al. (1977) reported significant change in heart girth of beef 

heifers fed with monensin but no change in body length and height over 

control group on grazing while in another experiment with high energy ration 

observed significant increase of body height and length but girth was not 

affected with monensin treatment. · 

Patil et al. (1996) explaianed when three groups of 4 lambs, 4 months 

old, were allowed 8 h grazing supplemented with concentrate 8.6 kg/day 

plus monensin sodium 0, 11 or 22 mg/kg concentrate. Increasing monensin 

resulted in increased body length, body height at withers, pelvis girth and 

heart girth. Generally, the increases in body measurements were more 

pronounced in male Iambs. 

Effect of monensin on blood parameters 

Glucose has been long regarded to be involved in control of feed intake 

in monogastric animals, but does not seem to be involved in regulation of 

meal size in ruminants (Baile and Della-Fera, 1981 ). In spite of the low 

absorption of glucose, ruminants seems to utilize almost as much glucose on 

a body weight basis as other animals when compared at the basal state (Ballard 

et al., 1969). Blood glucose concentration in ~uminants are known to be little 

affected by the level of feeding (Rook and Line, 1961; Malik eta/., 197 4 ). 

The normal level of blood glucose in large ruminants including buffaloes 

has been reported to vary between 30-60 mg/100 ml under standard feeding 

and management (Satchidonandam and Venkatayam, 1962; Koneko and 

Cornelius, 1970 and Malik et al., 1974). 
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The important role of plasma protein in animal body under thermal stress 

conditions is due to its high water holding cap(}city and maintaining the 

viscosity of blood (Abou-Akkadda eta!., 1973). Pandey and Roy (1968) also 

reported that since serum protein influences the water retaining capacity of 

animal, the high concentration in buffaloes would favour heat regulation under 

hot conditions. The normal level of plasma protein in buffalo calves has been 

reported to vary between 6-9 g/100 ml (Raghavan and Mullick, 1962; Malik 

eta!., 1974 and Hussain eta!., I 975). Effect of the plane of nutrition on the 

plasma protein profile in cattle and buffalo are conflicting (Bhatia et al., 

1972; Ducker et al., 1985; Tsankova et al., 1985). Tsankova et al. (1984) 

found: that variation in protein content with energy constant jn diet of 

lactating buffaloes resulted in differences in protein content of blood. 

It was noted that total protein in blood was greater in buffaloes given 

more protein in the diet. 

Lindsay (I 970) demonstrated that blood glucose concentration increased 

slightly at the lower dosage. The small increases observed in glucose may be 

due to an increased conversion of propionic acid to glucose. Raun et al. 

(1976) observed that blood glucose level and urea nitrogen tended to increase 

with the feeding of monensin at levels below 44 parts per million. Puri et al. 

(1994) studied that values of blood glucose increased significantly (P<O.O 1) 

in monensin fed animals which may be due to the increased ruminal propionic 

acid, a glucose precursor. These findings corroborate the observations of 

Potter et al. ( 1976) and Grings and Males (1988). Ali Haimoud eta!. (1995) 
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reported that monensin sodium 33 mg/kg increased the plasma glucose levels 

in lactating cows (3.6 vs 3.1 mM) than control cows. Cows treated with 

sodium monensin had significantly higher plasma glucose concentrations than 

untreated cows, however, treatment did not significantly influence plasma 

urea nitrogen or cholesterol concentrations (Abe eta/., 1994). 

Maanen eta/. (1978) investigated that blood glucose pool size was not 

changed significantly by addition of 150 mg monensin daily in Holstein 

bullocks. Horton et a/. ( 1980) conducted a study in bullocks which were 

given diets without or with monensin 33 mg/kg and barley was 30, 50, 70 
' 

and 90 per cent and found that plasma glucose was not affected by amount of 

barley or monensin, whereas plasma urea nitrogen increased with larger 

amounts of barley. Walker eta!. (1980) demonstrated that in the last third of 

pregnancy, 100 Hereforri cows were allocated to 4 treatments; 100 per cent 

of their feed requirements without monensin, 95 per cent of full feed + 50 

mg monensin daily, or 90 per cent of full feed with monensin 200 or 300 mg 

per day and found no effect on serum proteins, urea nitrogen and glucose. 

Badawy eta/. ( 1996) reported that 100 mg monensin per head daily did not 

alter plasma glucose level, urea concentration, total protein and cholesterol 

in prepubertal buffalo heifers aged 10-14 months. No significant differences 

in plasma concentration of glucose and urea was observed between monensin 

treated and control multiparous Holsein cows post partum (Stephenson et 

a/., 1997). 

Lober eta/. (1986) indicated that blood glucose concentration decreased 

when 1000 mg monensin daily was given in fattening bulls. Serum urea tended 
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to decrease in primiparous Holstein cows when monensin 300 mg per day 

per cow was added to the high forage diet but did not change when it was 

added to the low forage diet (Ramanzin eta/., 1997). 

Abe et a/. (1992) reported that monensin, salinomycin and lasalocid 

were injected into jugular veins of Holstein steers, weighing about 266 kg, 1 

h after morning feed. Jugular blood samples were taken from -15 to 240 min 

after administration. Monensin caused a rapid increase in plasma glucose. 

Puri et al. (1994) showed when four rumen-fistulated buffaloes, were 

fed on a mixture of wheat straw plus concentrate without or with monensin 

150 mg/day. After 25 days of feeding, rumen fluid and blood was sampled 

before feeding, and 3 and 6 h later. In rumen fluid, the molar percentage of 

propionic acid was increased and that of acetate was decreased by"monensin. 

Monensin also increased blood glucose concentration. 
\ 

Ale et a/. ( 1994) explained when a randomised trial was conducted to 

determine the effects of sodium monensin on plasma metabolite 

concentrations. Cows treated with sodium monensin in a controlled-release 

capsule had significantly lower plasma beta-hydroxybutyrate (BHB) 

concentrations and tended to have significantly higher plasma glucose 

concentrations than untreated cows. Treatment. did not significantly influence 

plasma free fatty acid, urea nitrogen or cholesterol concentrations. Despite 

higher plasma glucose concentrations and lower plasma BHB concentrations. 

Duff eta/. (1994) reported that beef steers treated with monensin had 

no differences in serum cholesterol level over untreated steers. 
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McMillan et al. (1995) reported that pregnant cows given a rumensin 

capsule at 66 days before calving or left untreated. Rumensin treatment had 

no effect on glucose concentration in plasma. 

Cinar et al. (1995) reported that 29 Holstein calves in 4 groups were 

given a commercial diet providing daily monensin 0, 50, 100 or 500 mg/ 

head. Average liveweight at the start of feeding was 74.8, 73.8, 75.7 and 

72.4 kg; and at the end 93.1, 97.8, 183.3 and 104.5 kg, respectively. There 

were no significant differences between groups in average concentrations of 

thyrokine and triiodothyronine in blood serum estimated weekly. However, 

values significantly differed for serum glucose, 60.00, 64.37, 74.12 and 73.75 

mg/100 ml, and for insulin, 35.63, 37.16, 40.68 and 42.76 fU/ml. 

Yalcin et al. (1995) explained when monensin 7 or 14 mg/kg diet was 

given to 30 weaned female Merino sheep, 1.5 to 2.0 months old, for 6 weeks. 

There was no significant effect of monensin on pH and concentrations of 

urea-nitrogen and ammonia-N in rumen fluid, and on concentrations of ketone 

bodies, glucose, total lipids, total cholesterol, calcium, inorganic phosphorus, 

copper and zinc in blood serum. 

Stephenson et al. (1997) reported that when fed 32 g ruminal bulls to 

holstein cows 50 days before predicted calving. Treated cows had lower 

plasma concentrations of glucose, free fatty acid (FFA) and beta-hydroxy 

butyrate than control cows prepartum, indicating that monensin influenced 

energy metabolism. There were no significant differences in plasma glucose 

concentrations, FFA and BHBA over control group post-partum. Urea 
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concentration increased significantly in all cows pre-partum but no significant 

change in plasma urea concentration were found with monensin 

supplementation. 

Duffield eta!. (1998) reported that in Holstein milch cows and heifers 

monensin treatment significantly reduced serum beta-hydro)(ybutyrate 

concentrations at weeks 1, 2 and 3 after calving and significantly increased 

blood sugar concentrations dt!ring weeks 1 and 2 of lactation. In addition, 

monensin treatment significantly reduced the loss of body condition score 

and decreased serum activity of aspartate aminotransferase during the 

postpartum period. Concentrations of serum urea were significantly higher 

during weeks 2 and 3 after calving for cows that were treated with monensin. 

Monensin treatment had no effect on the concentrations of calci urn, 

phosphorus, or total protein. 

Hegazy ( 1997) reported that when for 70 days before calving and 120 

days after it, 7 buffalo cows were given 150 and 200 mg/kg monensin per 

head daily in the feed respectively. Seven pregnant buffalo cows were not 

given monensin (controls). The feeding of monensin significantly improved 

calf body weight at 120 days of age and the body condition score of cows at 

calving and the next conception. The cows g~ven monensin had significantly 

higher plasma propionate and insulin concentrations, and significantly lower 

plasma acetate and urea concentrations, than controls. 

Krishan eta!. ( 1998) conducted a trial on murrah milch buffalo which 

were supplemented with 100 mg monensin per animal per day. He reported a 
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significant increase in blood glucose and total protein while significant 

decrease in blood urea and cholesterol levels. 

Moro~ek eta/. ( 1989) reported in calves fed with milk and calf starters 

plus monensin 0.5 mg/kg W0·75 increased level of serum cholesterol. 

Badaway et a/. ( 1996) reported in monensin treated cows plasma, 

neutrophil migration towards a chemoattractant was significantly greater than 

treated cow::;. It was hypothesised lower neutrophil chemotaxis with lower 

glucose concentrations. 

Stephenson eta/. (1996) investigated in buffalo heifers (1 0·14 months) 

treated with and without 100 mg monensin/day. Blood samples collected 

monthly tested for Haemoglobin (Hb) and packed cell volume (PCV). These 

values were not affected significantly with monensin supplementation. 

Mor(Wnek et al. (1989) reported when calves fed with milk and calf 

starter, showed leucocyte count increased. 

Effect of monensin on rumen pH and VFA concentration 

Research has shown that feeding monensin to cattle and sheep decreases 

the molar percentage of acetic acid and increases propionic acid in the rumen. 

It has been suggested that increased propionate production is energetically 

more efficient (Raun et al., 1976; Richardnon et al., 1976; Hungate, 1966; 

Wolin eta!., 1960). Recent in vitro work (Chalupa eta!., 1978) showed that 

monensin significantly increased the efficiency with which digestible 

carbohydrate was converted to volatile fatty acid (VFA). Ruman fluid taken 

from steers fed monensin contained more (P<.05) propionate and less (P<.05) 
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butyrate than that from steers fed no monensin. Since propionate is more 

efficiently produced by ruminants than either acetate or butyrate (Hungate, 

1966), improved feed efficiency with monensin apparently resulted from the 

steers recovering a greater amount of useable energy from the ration which 

produced a decrease in feed consumption with no significant change in rate 

of gain. Gillet a!. ( 1976) reported depressed acetate to propionate ratio when 

corn silage (75% DM) was fed with monensin. 

The efficiency of rumina! fermentation may be limited by the relative 

inefficiency of the acetic acid and butyric acid fermentations (Shaw et al., 

1960). The propionic acid fermentation is more energetically efficient and 

theoretically reduces the large loss of methane associated with the production 

9f acetic and butyric acids (Wolin, 1960; Hungate, 1966). Apart from the 

energy savings associated with the fermentation which yields propionic acid, 

the efficiency of utilization of propionic acid in the ruminant tissues may be 

higher than that of acetic acid (Blaxter, 1962). Smith (1971) has reviewed 

this subject and concluded that additional research was needed to define the 

heat increment of the individual volatile fatty acids when they are utilized 

by ruminants. In addition, Eskeland et a!. (197 4) reported that propionic 

acid, increased nitrogen retention in ruminan.ts more than either acetic acid 

or butyric acid. Such a response to propionic acid may be mediated through 

a sparing of protein from gluconeogenesis, as both are precursors of glucose 

or propionic acid may be superior to acetic or butyric acids when serving as 

the energy source for protein synthesis. Monensin was tested in three In vitro 
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rumina! fermentation systems. Monensin caused a shift in the proportions of 

fermentation end product acids with very little effect on total acid production. · 

At 1 ppm in the concentrate substrate system, monensin increased propionic 

acid 50 per cent and decreased both acetic and butyric acids. Similar changes 

were observed when monensin was tested in vivo in concentrate and pasture-

fed fistulated cattle. In a subsequent non-fistulated cattle feeding experiment, 

I 00 and 500 mg monensin/head/day increased the molar proportion of rumina! 

propionic acid from 31.9 to 41.0 and 43.5 per cent, respectively, while the 

molar proportions of acetic acid and butyric acid were each decreased. Total 

rumina! volatile acid concentration was unchanged by monensin. Monensin 

maintained this effect on the rumina! acids throughout the 14 8-day 

experiment. 

Potter eta!. (1976) reported that when animals kept on pasture or green 

feeding with monensin supplementation, the molar proportions of ruminal 

acetic and butyric acids were each decreased and propionic acid increased 
' 

from 19.2 per cent in control group to 26.9 per cent in the 400 mg monensin 

fed group. Hence decreased energy losses improved daily gain, efficiency of 

feed utilisation. 

Danius eta!. (1976) reported decreased.acetate molar concentration and 

incresed propionate concentration in steers fed forage with 11, 22 and 33 

ppm respectively. Total VFA concentration remained unchanged. 

Perry eta!. (1976) showed in an experiment that rumen fluid from heifers 

fed monensin contained less (P<0.05) acetic acid, more (P<.05) propionic 

acid and less (P<.05) butyric acid than did rumen fluid from control animals. 
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Mooseley et al. ( 1977) showed similar pattern of change in VFA 

concentration as Potter et al. (1974) and Richardson et al. (1976). Lemenager 

et al. (1978) reported that rumina! acetate.and butryrate were consiqtently 

decreased and propionate was increased when 200 mg of monensin was fed 

in lactating cows (Lemenager eta!:, 1978). 

Lemenager et al. (1978b) reported in steers fed on winter range grass 

with monensin, was a decrease in acetate, increase in propionate but 

unaffected butyrate concentration. 

Volatile fatty acid analysis of rumen samples obtained 5 hr post-feeding 

support the propionate enhancer effects of monensin as reported in vitro and 

in vivo (Richardson et al., 1974; Potter et al., 1974). Monensin decreased 

acetate/propionate ratios while total VFA concentration tended to be increased 

for these treatments. The decreased acetate/propionate ratio on urea diets 

with monensin did not support an improvement in feed efficiency. This 

contradicts studies involving urea-monensin combinations in finishing trials 

reported by Davis and Erhart (1975, 1976) and Martinet al. (I 976). However, 

the diets used in their trials did contain substantial quantities of plant protein, 

supplied as corn, with supplemental urea additions amounting to less than 1 

per cent of ration dry matter. The trial repqrted herein contained 1.3 or 2.1 

per cent urea. 

Rumen NH
3
-N levels were lower for rations containing monensin vs 

their respective controls lowering of NH
3
-N levels have been reported in 

vivo by Dinius et al. (1976) which may be due to monensin effect on urease 

activity, absorption, proteolysis and protein synthesis (Tom et al., 1979). 
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Whitestone eta!. ( 1981) in his studies observed linear decrease in acetate 

production while propionate production did not change but molar 

concentration increased in ruminal fluid o( steers fed. Hay and concentrate 

diet (60:40) with 4 mg monensin per kg diet. 

McCarter et a!. (1979) explained in his study on pure bred brangus 

heifers that when monensin 200 mg per animal was fed with either roughage 

:concentrate (50:50) or (80:20) levels in both condition propionate proportion 

increased and acetate and butyrate decreased. 

Shell eta!. (1983) showed with a study on four rumen-fistulated steers) 

averaging 315 kg during two experimental periods were used in a replicated 

2 x 2 Latin square study designed to determine the effects of monensin 

supplementation on rumen volatile fatty acid (VFA) production, pH and liquid 

volume. A 72 per cent steam-flaked, sorghum grain diet was fed twice daily 

at 0700 and 1700 hat 2.0 per cent of live body weight. Production·rates were 

determined at 11 times during a 24-h feeding cycle by short-term in vitro 

incubations of whole rumen contents. Monensin increased moles/1 00 mol 

(P<.05) and production rate (J.Lmoles liter·1, min·1
; P> .01) of propionate and 

depressed moles/1 00 mol ( <.0 1) and production rate (P<.05) of butyrate. 

Moles of acetate/100 mol were not affected (P>.05) by monensin. Daily 

propionate production (moles) as increased (P<.O 1) by 37 per cent by 

monensin. Monensin increased total production of acetate (11 %) and total 

VFA production (16%), both nonsignificantly. Both rumen pH and liquid 

volumes were increased nonsignificantly by monensin. 
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Fuller eta!. ; ·. 981) determined efficiency of fermentation of high grain 

and roughage substrate with and without.monensin 33 or 44 ppm. Individual 

VFA production generally shifted without affecting total VFA production. 

High concentration diet demonstrated depression of butyric and isovaleric 

acid production. However, no effects ofionophore upon total VFA, acetic or 

valerie production. While others (Richardson eta!., 1976; Raun eta!., 1974) 

reported increased propionic acid molar concentration. Monensin addition 

to roughage substrate showed a less consisteJlt effect on VFA pattern than 

did to high grain substrates. Ionophore reduced methane losses with both 

grain and roughage diets. 

Rogers et a!. ( 1982) explained that when four rumen fistulated steers 

were fed a diet (50% concentrate mixture and 50% corn silage) ad libitum 

with 33 ppm monensin supplementation, it decreased molar proportion of 

acetate and increased that of propionate. Monensin increased production of 

both acetate and propionate. However, large increase in production of 

propionate production appears to account for more of the increased propionate 

molar concentration. Increased tota.l volatile fatty acids production per kg 

DM intake with monensin supplementation re.sults from decreased feed intake 

thereby increasing rumina! retention time of DM and potentially extent of 

digestion. Efficiency of nitrogen utilisation was not altered. Further they 

observed no effect on rumina! pH with monensin supplementation. 

Rogers and Davis ( 1982) reported that the effects of feeding dietary 

supplements of monensin and sodium bicarbonate singly or in combination 
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on production of rumen volatile fatty acids, nitrogen balance, and rumen 

water kinetics were studied. Four rumen fistulated steers were given to 

appetite a diet of concentrate mix 50 per cent and maize 50 per cent in a 4 x 

4 Latin square design with a 2 x 2 factorial arrangement of treatments. Sodium 

bicarbonate increased feed intake, water intake, rumen pH, fluid dilution 

rate, and decreased both molar proportion and production rate of propionate 

in the rumen. In contrast, monensin did not change significantly rumen fluid 

dilution rate or rumina! pH but did decrease the molar proportion of acetate 

and increase that of propionate. Monensin increased production of both 

acetate and propionate in the rumen; however, the large increase in propionate 

production seemed to account for more of the increase in molar proportion 

of propionate in the rumen. Increase in total volatile fatty acid production/ 

kg DM eaten with monensin seemed to result from decrease in feed intake, 

thereby increasing rumina! retention time of DM and potentially the extent 

of digestion. Efficiency of nitrogen utilization was not altered by either 

sodium bicarbonate or monensin. 

O'Kelly et al. (1988) explained in their findings when 6 Hereford steers 

with rumen cannulae were given 1 feed of lucerne hay 5 kg daily then for 30 

days (days 1 to 30) steers were not given or given monensin 33 mg/kg feed 

(as 1 dose). During days 31 to 33 lucerne hay was given in 4 equal feeds and 

during days 34 to 40 lucerne hay was given by automatic feeder in equal 

feeds at 1-h intervals in metabolism cages. Compared with untreated steers 
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those given monensin had reduced ammonia concentrations, protozoa species 

concentrations (except Dasytricha) and molar concentrations of iso-butyric 

and n-butyric acids in the rumen, and increased molar concentrations of 

propionic acid. 

Zorilla eta!. (1991) conducted a trial for 2 weeks with 11 mature rumen-

cannulated cattle which were fed on 80 per cent concentrate basal diet 

followed by 5 weeks on diets containing no ionophores (control), monensin-

tylosin 300 mg/day continuously, lasalocid 300 mg/day continuously or daily 

rotation of monensin-tylosin and lasalocid followed by a 3-week withdrawal 

~ ' 

period Samples of rumen contents were taken weekly 2 h after the morning 

feed. Monensin plus tylosin tended to be more effective than other treatments 

at depressing total gas and methane production. In vitro ammonia 

concentration and rumen pH were not altered by diet. No synergistic 

effects on rumen microbial fermentation activity were apparent from 

the daily rotational ionophore programme compared with the mean 

of monensin-tylosin or lasalocid fed individually. It was. suggested 

that in vitro batch culture procedures can rapidly screen ionophore 

feeding programmes. 

Clary eta/. (1993) explained in a fact0rial design 192 feedlot steers 

which were fed for 116 days on maize-based finishing diets containing 0 or 

4 per cent tallow without (control) or with lasalocid (L) 31, monensin 25 

plus tylosin 10 mg/kg (MT), or daily rotation of L and MT (LMT). Fat and 

ionophore interacted for DM intake (P<O.l 0), average daily gain (P<O.O 1) 
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and gain:feed (G/F) (P<0.05). Compared with 0% fat, 4% fat decreased 

(P<0.005) DM intake by steers given MT by 8.9%. In 0% - fat diets, MT 

increased (P<0.05) average daily gain and G/F compared with control or L; 

however, this increase was negated or reversed in 4%-fat diets. Fat and 

ionophore interacted (P<0.16) on dietary net energy (NE) concentration. In 

the 0%-fat diet, MT increased NE for maintenance and NE for gain by 5.1 

and 7.0%, respectively, but MT had no effect on NE concentration of the 

4%-fat diet. Alternate feeding of L and MT did not increase performance 

above that ul separate, continuous feeding. In a metabolism study 6 rumen 

fistulated steers were fed on the same diets except that the LMT treatment 

was not included. Rumen digesta kinetics were not altered by addition of fat 

or ionophores to the diet. Fat and ionophore interacted (P<0.05) for molar 

proportions of rumen acetate and propionate. Acetate was decreased (P<0.05) 

and propionate was increased (P<0.05) by ionophore addition to the 

0%-fat diets; however, when 4% fat was fed, neither L nor MT affected 

acetate or propionate. Results suggest that the response of finishing 

cattle to ionophores may be altered by fat supplementation. 

Vagnoni et al. (1995) reported in a growth trial using crossbred beef 

steers and a metabolism trial using Holstei? steers (trials 1 and 2), were 

conducted to evaluate the effects of ammonia treatment (3% of hay DM, 

added as anhydrous NH
3

) compared with urea, supplementation with or 

without monensin supplementation of mature 'Alicia' bermuda-grass hay­

based diets for steers. Supplementation with monensin or urea decreased 
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rumen total volatile fatty acid (VFA) concentrations. Monensin also decreased 

the rumen acetate:prppionate ratio (P<O.OO 1) and increased rumen pH 

(P<0.05). Decreased concentrations of VFA and lower forage digestibilities 

observed with monensm supplementation in experiment 2 may explain the 

failure of monensin to affect ADG in experiment 1. 

Duff et ·{. (1995) reported in an experiment conducted on canulateq 

beef steers fed ad libitum on 90 per cent concentrate diet without or with 

monensin 200 mg/day. At 24 and 48 hours of incubation, monensin had lower 

acetate and higher propionate proportions in the rumen contents. 

Dinius et al. (1976) observed when monensin was blended with forage 

diet at levels of 0, 11, 22 and 33 ppm and fed to steers had not affected 

rumina! pH. 

Pretreatment rumen pH values were similar for control and monensin 

treatment group (Utley et al., 1976). 

Lambs fed with either urea or Brewer's dried grain (BDG) with monensin 

showed no rumina! pH change. Similarly, no effect of monensin 22 or 3 8 

ppm/kg diet was observed on rumina! pH in Iambs in another experiment 

(Poos et al., 1979). 

Perry et al. (1975) showed decreased molar proportions of acetate, 

butyrate, valerate while increased molar proportions of propionate. Maruenek 

et al. (1989) reported decreased total VFA molar proportions and decreased 

acetate to propionate ratio in calves supplied with monensin 0.5 mg/kg W0
·
75

• 
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Economics of feeding with monensin 

Davis and Erhart (1975) reported that cost per kg gain in monensin 

supplemented steers was lower than unsupplemented steers, when animals 

were fed with air dry ration treated with 5 per cent urea. 

Krishan ( 1998) reported in milch buffaloes the cost of feeding per buffalo 

per day and cost per kg milk production did not differ significantly from 

control group. 



MATERIALS AND METHODS 

The experiment was conducted at the Animal Fann of the Department of 

Animal Nutrition, CCS Haryana Agricultural University, Hisar. 

Experimental Animals 

Twelve MuiTah buffalo heifers ranging between age group of 16 to 26 

months were taken from Buffalo Research Centre of the Department of Livestock 

Production and Management, CCS HAU, Hisar. The heifers were divided into 

two groups of six each on the basis of neamess in their body weight and age. 

(Table 1). 

Treatment and Feeding 

The heifers were allowed 15 days adjustment period prior to start of the 

experiment and experiment was conducted for 120 days. Ration was computed at 

the level of 110 per cent as per ICAR (1998). The heifers were offered 

concentrate, green sorghum and wheat straw for feeding during the experimental 

period. The concentrate mixture, offered, was prepared using barley grains 16 

parts, wheat broken 16 parts, deoiled rice-polish 32 parts, cotton seed cake I 6 

parts, mustard cake (expeller) 16 parts besides· min~ral mixture 2 parts, common 

salt 2 parts, having 19.33 per cent CP (Table 2). The details of experimental 

animals allocated to different treatments are: 



Table 1. Distribution of experimental animals under different dietary 
treatments 

Treatment S. No. Heifer No. Initial body weight 

(Kg) 

1. 1241 116 

2. 1226 120 

T 1 (Control) 3. 1210 186 

4. 1204 206 

5. 1188 208 

6. 1194 215 

Average 175.16±16.95 

1. 1247 120 

2. 1227 138 

T 2 (Treatment) 3. 1192 172 

4. 1201 200 

5. 1196 204 

6. 1207 216 

Average 175.00±14.53 



Table 2. 

Feed 

Concentrate 
mixture 

Greenjowar 

Wheat straw 

Chemical composition of feeds and fodders offered to 
experimental animals 

Dry 
matter 

('X)) 

89.6 

25.09 

87.29 

On dry matter basis (0/o) 

CP EE CF NFE Ash 

19.33 5.36 9.53 54.28 11.50 

5.78 2.25 24.63 56.34 11.00 

3.12 1.59 33.87 50.92 I 0.50 



54 

T1 - In this group, the heifers were offered weighed quantity of concentrate 

mixture at a fix rate of two kg per animal/day. In addition, green sorghum, wheat 

straw were offered to meet the daily requirements. This served as a control group. 

T2 - In this group, the heifers were fed as in T1. In addition, monensin was fed @ 

50 mg/day/animal for first seven days and thereafter @ 100 mg/animal/day, 

mixing thoroughly in concentrate mixture. Ration was computed fortnightly 

according to body weight changes to meet the daily requirements. All feeds and 

fodders were offered once during 24 hours at fix time in the morning hours. 

Chemical composition of feed and fodder is presented in Table 2. 

Housing of animals: Heifers were kept in loose houses and were allowed to move 

freely except at the time of feeding. Clean and fresh drinking water was made 

available ad libitum for 24 hours in the sheds. All heifers were kept under similar 

managemental conditions. 

Observations and Sample Collections 

Body weight: Heifers were weighed before feeding and watering in the morning 

time fortnightly for two consecutive days throughout the experimental period and 

their weights were recorded. 

Feed intake: The feed intake was determined on the basis of weighed quantity 

offered of concentrate mixture, green sorghum and wheat straw and then weighing 

refusals for two consecutive days at fortnightly intervals. Dry matter intake was 

assessed for each animal of different treatment groups. Representative samples of 
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concentrate mixture, greeil sorghum, wheat straw were drawn. The samples were 

weighed for dry matter. Similarly samples of refusals were also taken. These 

dried samples were analysed for proximate principles (AOAC, 1995). 

Body measurements: Following measurements were recorded at fortnightly 

intervals during the experimental period. 

1. Body length: It was measured from point of shoulder to pin bone. Each animal 

was kept straight and squared on four-legs on even floor and measured the 

length. 

1 Height: It was measured from the floor to the highest point at the wither of 

animal. 

3. Chest girth: The circumference of body over the chest of the animal just 

behind the point of elbow was measured for this purpose. 

Digestibility and digestion trial: At the end of exp~rimental period, a digestion 

trial of seven days was conducted for the estimation of digestibility of nutrients. 

During this period daily record of feed and fodder offered, refusals and faeces 

voided were maintained. The faeces of previous 24 h were collected manually in 

galvanised iron buckets covered with lids to avoid loss of moisture. 

The samples of feeds, refusals and faeces were analysed for proximate 

principles (AOAC, 1995) and digestibility of nutrients was estimated. The DE and 
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ME values of feed were calculated according to Rostocl< equations published by 

Schiemann et al. (1971). 

The sampling of feeds: The samples of feeds and feed refusals were collected 

daily during digestion trial. About 100 g of fresh sample of each feed offered was 

collected and weighed for dry matter. Similarly samples from refusals also taken. 

These weighed samples were kept in an oven at 1 00±5°C for 24 h and then 

weighed to find out dry matter. These dried samples were grindcd by Wiley mill 

and preserved for fmiher analysis and analysed for proximate principles (AOAC, 

1995). Nitrogen was estimated by Macro-Kjeldahl's Method. 

Sampling of faeces: Faeces voided daily during previous 24 hours by the 

individual animals were weighed. After thorough mixing of the faeces, 

representative sample was taken for determination of dty matter and nitrogen. For 

dry matter determination, 1 /50th point of total faeces was spread in weighed 

Enamel trays and dried in oven at 100±5°C for 24 hours. The dry weight was 

recorded and samples were preserved for further analysis after grinding. Samples 

were analysed for proximate principles (AOAC, 1995). 

For nitrogen determination, 1/1 ooth part of total faeces was weighed and 

preserved in measured quantity of 40 per cent sulphuric aid (w/v) in wide mouth 

plastic bottles. Nitrogen was estimated by Macro-Kjeldahl's Method. 

Blood samples: Blood samples were collected from each animal before feeding in 

the moming time at fortnightly intervals. Samples for haematological values 
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estimation were collected usmg anticoagulant EDTA (Ethylene diamine-tetra 

acetate) disodium salt, in 5 ml glass vials. Quantity of EDTA used was I mg/ml 

of blood collected in vials. Blood samples for biochemical tests were collected in 

test tubes using heparin anticoagulant. Heparin concentration was 400 IU/ml and 

quantity used was 10 mg ~er ml of the blood. 

Blood samples collected in EDT A anticoagulant were analysed 

immediately for estimation of haematological values and samples collected in 

heparin anticoagulant were centrifuged @ 3000 rpm for 30 minutes for separation 

of plasma. Plasma was separated from each sample separately, collected in capped 

plastic vials and stored in refrigen:.tor at 4°C for further analysis. 

Sampling of rumen liquor 

Rumen liquor sam!Jles were collected with the help of stomach tube using 

negative suction. Samples were collected once at 0 hour (before feeding) and at 4 

hour (post-feeding) at a gap of 5 days toward the end of experimental period. The 

samples collected were strained through 4 layer muslin cloth and immediately 

their pH was recorded with digital pH meter (NIC, 333). Strained rumen liquor 

was mixed with formic acid 50 per cent (v/v) in the ratio of 9:1 and centrifuged at 

3600 rpm for 10 minutes. The supernatants then were stored in small capped 

plastic vials at 4°C in a refrigerator for subsequent fractionation of volatile fatty 

acids by Gas-liquid Chromatography (GLC). 
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Analytical Techniques 

The various analytical methods were employed for the analysis of samples 

of feeds, refusals, faeces, blood and rumen liquor. 

Proximate Principles Analysis 

Samples of feeds, refusals and faeces were analysed for proximate 

principles using AOAC (1995) methods. Samples were analysed for dry matter 

(DM), crude protein (CP), cmde fibre (CF), ether extract (EE) and mineral matter 

(Total ash). 

Digestible and Metabolizable Energy 

The digestible energy (DE) and metabolizable energy (ME) content of the 

experimental rations were calculated by Rostock equations based on digestible 

coefficients of proximate nutrients, published by Schiemann et al. (1971) which 

are as under: 

DE (meal/kg DM) = 5. 72xCP+9.05xEE+4.38xCF+4.06xNFE 

ME (meal/kg/OM)= 4.49xCP+9.05xEE+3.6lxCF+3.66xNFE 

Blood Analytical Techniques 

Haemological Techniques 

Haemoglobin: Haemoglobin (Hb) was estimated by Hellige Sahli's 

haemoglobinometer method. Five drops of N/10 hydrochloric acid were taken in 

measuring tube. Blood (0.02 ml) was drawn with the help of haemoglobinometer 
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pipette from a vial corresponding the animal number. Blood from external surface 

of pipette was wiped out with the help of finger. Then it was transferred in 

measuring tube containing N/10 hydrochloric acid. The pipette was rinsed well by 

repeatedly drawing and expelling th~ acid from it and the tube was shaken well to 

mix the contents. It was allowed to stand for five minutes and Nil 0 hydrochloric 

acid was added drop by drop in it and contents were mixed with the help of a glass 

on each addition until the colour matched with standard. The level of fluid (lower 

meniscus in measuring tube was the reading of haemoglobin, expressed in g/dl of 

blood. 

Estimation of Total Erythrocytic Count 

Total Erythrocytic Count (TEC) was estimated using Neubauer's counting 

chamber. The red blood cells (RBC) diluting pipette was filled with blood upto 

the mark 0.5 from the vial corresponding to animal number, the outer surface of it 

was wiped of blood and then it was filled with RBC diluting fluid upto the mark, 

101. This made its dilution 200 times. The contents then mixed properly and 

charged in the counting chamber. After waiting two minutes Erythrocytes were 

counted into five squares of the chamber under high power of microscope. The 

calculations were made by multiplying the total cells in 5 squares with 10,000 and 

TEC values were expressed in millions/cmm. 
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Total Leucocytic Count 

Total Leucocytic Count (TLC) was estimated using Neubauer's counting 

chamber. The white blood cells (WBC) diluting pipette was filled with blood upto 

the mark 0.5 from a vial conesponding to animal number. Outer surface of it was 

wiped out and then it was filled with Gower's WBC diluting fluid upto the mark, 

II. This made its dilution 20 times. The contents then were mixed properly and 

charged in counting chamber. The leucocytes were counted into four squares of 

the chamber. The calculations were made by multiplying the total cells in four 

squares with 50 and TLC values were expressed in thousands/cmm. 

Haematocrit value (Packed cell volume) 

Packed cell volume (PCV) was estimated using Microhaematocrit method. 

Disposable capillary tubes were filled 2/3 with blood from vials conesponding to 

animal numbers. Capillaries were filled up 2/3 by capillary attraction and surface 

tension. The end, free of blood, was sealed with plasticine. These were placed in 

the grooves of the microhaematocrit centrifuge opposing one another with sealed 

ends away from the centre. The centrifuge was covered and tightened. Samples 

were centrifuged at 15,000 rpm for two minutes. The haematocrit values were 

read using microhaematocrit reader. The· PCV values were expressed as 

percentage. 



Estimation of differential leucocytic count 

Blood smear was prepared using fresh blood from each animal and fixed by 

putting methanol on it for three minutes. The smears were flooded with one part 

of Giemsa' s stain and ten parts of distilled water. After 40 minutes, it was washed 

with distilled water for 30 seconds, dried in the air and examined under oil 

immersion of microscope. A total of 100 leucocytes in each slide were identified 

and differentially counted. 

Absolute values of erythrocytes 

These values were calculated from PCV, Hb and TEC as follows: 

Mean corpuscular volume: 

Mean corpuscular volume (MCV) calculated as 

PCV 
= x I 0 cubic micron (fl) 

RBCs in millions 

Mean corpuscular haemoglobin calculated as: 

Mean corpuscular haemoglobin (MCH) 

Hb in g/1 00 ml 
= ------- x 10 micro microgm (pg) 

RBCs in millions 

Mean corpuscular haemoglobin concentration calculated as : 
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Mean corpuscular haemoglobin concentration (MCHC) 

Hb in g/1 00 ml 
= 

PCV 

Biochemical techniques 

x 100 per cent 

Plasma glucose, total protein, urea and cholesterol were estimated as per 

methods detailed in operating manual of Auto-Blood chemistry Analyser (BTR-

810, see Appendices I, II, III, IV respectively). 

Volatile Fatty Acids (VFA) in Strained Rumen Liquor (SRL) 

Individual volatile fatty acids were fractionated by the method proposed by 

James and Martin (1954) and developed by Annison (1954) and Bernard and 

Boucque (1968) using (GLC) gas-liquid chromatograph (Hewlett Packard Model 

5890A), attached with an integrator. Chromosorb-101 packed in steel and 

stainless column served as stationary phase. The flow rate of nitrogen gas, used as 

mobile phase was 60 ul/min while the pressure of fuel viz. Hydrogen gas used for 

flame ionization detector was 10 pound per inch. The temperature of injector, 

column, flame ionisation detector was set at 200, 170 and 21 0°C, respectively. 

One ul of sample was injected into column to obtain peaks. One ul of a standard 

mixture, containing 50, 20, 5, 20, 5 meq/1 of acetic, propionic, butyric, n-butyric 

and isovaleric acid respectively, was injected before and after every 4 samples as 

reference. 

The concentration of VF As in the liquor was calculated as : 
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VFA in test sample (meq/1): 

Peak area of unknown 
---------- X Concentration of VF A in standard 
Peak area of standard 

Economics of supplementation with growth promotant 

To calculate the economics of feeding with growth promotant, quantity of 

feed and fodder required were maintained during the experiment The cost of 

compounded ingredients used for experimental ration viz., barley grain, wheat 

grain, deoiled rice polish, mustard cake, cotton seed cake were Rs. 53 8, 550, 21 1, 

533, 750 per quintal. Common salt Rs. 78/40 kg and mineral mixture Rs. 40/kg. 

Cost of green jowar was Rs. 53.00 per quintal and wheat straw Rs. 130.00 

per quintal. 

Statistical Analysis 

The results obtained with regard to various parameters were statistically analysed 

as per the methods detailed in Snedecar and Cochran ( 1989). 



RESULTS AND DISCUSSION 

Voluntary Feed Intake 

Dry matter intake 

Average daily dry mater intake during the experimental period under 

treatments is presented in Table 3. Dry matter consumption expressed either in 

absolute amount (Kg/day) as per 100 Kg body weight or per Kg metabolic body 

size was statistically similar in both the treatments. This was in agreement with the 

observations of Potter et al. (1976), Cross et al. (1994) and Morais et al. (1993). 

However, apparently lower intake was observed in monensin supplemented group 

which might be due to improved energetic efficiency with increased molar 

proportion of propionate in the rumen with moncnsin supplementation 

(Richardson e! al., 1976; Raun eta!., 1974). The lower dry matter intake was 

. reflected by more gain in body weight (Table 3) in monensin supplemented group 

(T2). This was reflected by a relative lower dry matter intake (McCartar et a!., 

1979; Wahle et al., 1995). The trend of low dry matter intake in earlier r.:ports 

were observed by Davis and Erhert (1976), Raun et al. (1976), Mooseley et al. 

(1977, 1978), Wyatt eta!. (1989) and Stock eta!. (1995). 

Feed intake is influenced by several factors like quality and palatability of 

feed, age of animals, environmental temperature and feeding management 

including feeding frequency. 



Table 3. Body weight changes and average dry matter· intake of 
animals under different dietary treatments during 
experimental period 

Attribute 

Initial body weight (Kg) 

Final body weight (Kg) 

Total body weight gain (Kg) 

Average daily gain (Kg) 

DM intake (Kg/day) 

DM intake/1 00 Kg b.w. (Kg) 

DM intake/ W0
·
75 Kg (g) 

Each figure is an average of six observations. 

** p < 0.01. 

T1 

175.10 
±16.95 

249.20 
±16.98 

74.10 
±5.08 

0 6' .r . 10 

±0.042 

4.96 
±0.10 

2.40 
±0.05 

90.28 
±1.30 

Treatments 

T2 

175.00 
±14.53 

261.00 
±15.69 

86.00** 
±2.92 

0.716** 
±0.024 

4.88 
±0.09 

2.29 
±0.06 

87.06 
±1.91 
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Body Weight Changes and Feed Efficiency 

Body weight changes 

The total body weight gain and average daily gain of heifers during the 120 

days experimental period have been presented in Table 3. The body weight 

changes recorded at fortnightly intervals have been presented in Fig. I. Total body 

weight gain was statistically significant (P<O.Ol) in monensin supplement group 

(T2). The average daily body weight gain increased significantly (P<O.Ol) in T2 

group. The present findings corroborate with Davis and Erhart (1976), Raun et al. 

(1976), Wyatt et al. (1989), Stock et al. (1995), Thonney et a. (1981). The 

increase in body weight in T 2 was due to increased efficiency of feed and nitrogen 

utilisation (Lana et al. , 1997). Monensin supplementation has a protein spaf·ing 

effect (Dart et al., 1978). Because monensin increased molar proportion of 

propionate in rumen which is a precursor of glucose (Richardson et al., 1976). 

·Due to sufficient availability of glucose in the body, amino acids are not utilised 

by gluconeogenesis and hence growth is promoted by more protein deposition. 

So, in this study body weight gain was achieved significantly higher due to more 

feed utilisation efficiency, increased molar proportions of propionate and more 

protein utilisation post ruminally in monensin s~pplemented group (T2). 

Feed efficiency 

The dty matter (DM), digestible crude protein (DCP), crude protein (CP) 

and TDN intake per Kg body gain have been shown in Table 4. The intake of DM, 



Table 4. Nutrient intake per kg gain in body weight and gain per kg 
nutrient intal{e under different dietary treatments 

Attribute 

Nutrient inta){e per Kg gain: 

DM intake (Kg) 

CP intake (g) 

DCP intake (g) 

TDN intake (Kg) 

Gain per Kg nutrient intake 

Gain/Kg DM intake (g) 

Gain/Kg CP intake (Kg) 

Gain/Kg DCP intake (g) 

Gain/Kg TDN intake (g) 

Each figure is an average of six observations. 

**P<O.Ol; *P<0.05 

TJ 

9.26 
±0.13 

884.83 
±73.66 

528.50 
±12.69 

4.73 
±0.38 

111.00 
±7.52 

1.16 
±0.08 

1.85 
±0.12 

217.66 
±15.40 

Treatments 

Tz 

7.71** 
±0.27 

750.83** 
±23.96 

469.33** 
±1 0.90 

4.28** 
±0.17 

130.00** 
±4.43 

1.33* 
±0.04 

2.13* 
±0.05 

235.33* 
±9.11 
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CP, DCP and TDN was statistically significant (P<0.01) in monensm 

supplemented group (T2). DM intake per Kg gain was decreased significantly 

(P<O.Ol). This observation is in accordance with Fontenot et al. (1993) and 

McCartar ( 1979). The increased feed efficiency with monensin supplementation 

was also observed by Lernenager eta/. (1978), Davis and Erhart (1976), Raun et 

al. (1976), Potter et al. (1976), Utley et al. (1976) and Richrdson eta/. (1976). 

However, Cross et al. (1994) in sheep and Morais et al. (1993) in cattle did not 

find any change of feed efficiency with monensin supplementation. Monensin 

increased feed efficiency in cattle on both roughage and concentrate diet. 

Therefore, present findings are in accordance with these workers. 

However, efficiency is termed as intake per unit gain but in this study 

reverse of this i.e. gain per unit intake was also depicted. Gain per Kg DM, CP, 

. DCP and TDN was statistically significant (P<O.Ol) in monensin treated group 

(T 2). It was revealed that monensin supplementation decreased feed requirements 

per unit gain in body weight through growing period in buffalo heifers. 

Body Measurement 

Growth is a complex phenomenon and is difficult to define in simple tenns. 

Growth is often taken as an increase in body weight. However, an anima! can 

show skeletal growth without putting on weight by loosing water or fat from the 

body. Therefore, a combination of body weight and body measurement was 

employed. In this study, gain in body weight and size (length, height and chest 



Table 5. Average daily increase in body measurements (em) of animals 
under different dietary treatments during experimental period 

Attribute Treatments 
T1 Tz 

Body length 
Initial length 118.16 116.33 

±1.66 ±1.91 

Final length 135.33 136.50 

±1.30 ±1.57 

Total increase 17.17 20.17 

±0.28 ±0.56 

Daily increase 0.140 0.170 

±0.003 ±0.005 

Body height 
Initial height 111.66 112.33 

±1.19 ±1.37 

Final height 125.50 125.16 

± 1.01 ±1.33 

Total increase 10.84 12.83 

±0.60 ±0.26 

Daily increase 0.090 0.110 

±0.005 ±0.002 

Chest girth 
Initial girth 134.33 141.00 

±1.92 ±1.91 

Final girth 152.83 160.66 

±1.82 ±1.75 

Total increase 18.50 19.60 

±0.24 ±0.44 

Daily increase 0.160 0.163 

±0.002 ±0.004 

Each figure is an average of six observations. 
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girth) were used as measurements of growth. The average daily increase i11 body 

length, height and chest girth of buffalo-heifers under the treatments have been 

presented in Table 5 and Figs. 2, 3 and 4. The average daily increase in body 

length was 0.140+0.003 and 0.170+0.005 em in T1 and T2 treatments, respectively 

and the corresponding figures for body height and chest girth were 0.090±0.005 

and 0.11 0±0.002, and 0.160±0.002 and 0.163±0.004 em respectively. Although 

the differences were not significant but an increasing trend in all the variable of 

body measurement was observed in heifers supplemented with monensin (T2) as 

compared to control group (T 1). This increasing trend of body measurements in T 2 

may be because of better feed utilisation by the heifers of this group. These 

findings are in accordance with Patil et al. (1996). However, Mooseley et al. 

( 1977) reported significant change in hea1t girth of beef steers but no change in 

. body length height when supplemented with monensin. In another experiment 

with high energy ration, he observed significant increase of body height and length 

but girth was affected with monensin treatment. 

Nutrient Digestibility and Nutritive Value of Ration 

The data pertaining to the digestibility o~ proximate principle by the buffalo 

heifers under treatments are presented in Table 7. The digestibility coefficient for 

D M, 0 M and NFE were highly significant (P<O. 01) while that of CP and EE were 

significant (P<0.05) in monensin supplemented group (T2) but CF digestibility 

was unaffected statistically due to monensin supplementation. DM digestibility 



Table 6. Nutrient intake of experimental animals during the 
digestion trial under different dietary treatments 

Attribute Treatments 

Tt T2 

DM intake (Kg/day) 5.55 5.51 
±0.09 ±0.10 

DM intake/ 100 Kg b.w. (Kg) 2.32 2.21 
±0.07 ±0.06 

DM intake/W0
·
75 Kg (g) 74.25 69.98 

±2.09 ±l.75 
Total CP intake (g/day) 530.00 526.66 

±1 0.32 ±1 0.54 
CP intake/1 00 Kg b.w. (g) 223.57 215.44 

±14.54 ± 15.43 
CP intake/ W0

·
75 Kg (g) 8.74 8.52 

±0.38 ±0.45 
DCP intake (g/day) 317.12 336.67 

±11.06 ±15.22 
DCP intake/100 kg b.w. (g) 135.19 137.57 

±13.02 ±1 0.75 
DCP intake/ W0

·
75 Kg (g) 5.27 5.70 

±0.41 ±0.43 
TDN intake (Kg/day) 2.83 3.00 

±0.06 ±0.08 
TDN intake/1 00 Kg b.w. (Kg) 1.19 1.22 

l!:o. 09 ±0.06 
TDN intake/ W0

·
75 Kg (g) 46.83 48.31 

±2.61 ±1.91 

Each figure is an average of six observations, 



72 

has been reported to be increased significantly (Lee et a!., 1990; Araujo et a!., 

1991; Patil et a!., 1996) while statistically not-significant but improved DM 

digestibility have been reported by Rogers et a!. (1982) and Su et al. (1993). 

Depressed digestibility of DM was reported by Sun et al. (1991). Another reports 

by Poos el al. (1979) and Cottyn et al. (1983) explained a significant decrease in 

digestibility when wethers supplemented with monensin. Some earlier reports 

have shown no effect on digestibility coefficient for proximate principle (Dinius et 

a/., 1976; Lerncnager eta/., 1978; Faulkner el a!., 1985; Ricke eta/., 1982). 

Increased OM digestibility has been reported by Wedegarther et al. (1 983), 

Faulkner et al. (1985), Beede et al. (1986), Fahiny ef al. (1993) and Zinn and 

Borques (1993). These findings are similar to this experiment indicating higher 

OM digestibility. 

CP digestibility was repotied to be increased by Araujo et a!. ( 199 I), Zinn 

and Barques (1993). These earlier CP digestibility reports are in accordance with 

the findings of this work with monensin supplementation. Fibre digestibility was 

explained to be increased by Rogers eta!. (1982), Thornton et al. ( 1981) and Gado 

eta!. (1997). While Sun eta!. (1991) reported decreased fibre digestibility with 

monensin treatment. Patil et al. (1996) reported no effect on fibre digestibility as 

well as ether extract (EE) digestibility with monensin supplementation in goats. 

In our experiment digestibility coefficients of DM, OM, EE, CF have been 

found increased by monensin supplementation. This compound increases in 



Table 7. Nutrient digestibility and nutritive value of rations under 
different dietary treatments 

Attribute 

Digestibility coefficient (0/o) 

Dry matter 

Organic matte~-

Cmde protein 

Ether extract 

Crude fibre 

Nitrogen-free extract 

Nutritive value 
DCP (%) 

TDN (%) 

DE (Meal/Kg DM) 

ME (Meal/Kg DM) 

Each figure is an average of six observations. 

** P < 0 01· * P < 0 05 
0 ' 0 

T1 

53.48 
±0.65 

55.25 
±0.33 

62.70 
±1.45 

59.45 
±1.00 

41.28 
±0.97 

59.38 
±0.82 

5.71 
±0.14 

51.07 
±0.46 

2.18 
±0.01 

1.88 
±0.01 

Treatments 

Tz 

58.68** 
±0.85 

60.73** 
±0.92 

66.81 * 
±1.46 

62.16* 
±0.46 

43.81 
±l.l6 

65.51 ** 
±1.20 

6.10* 
±0.13 

55 .50** 
±0.59 

2.37** 
±0.02 

2.04** 
±0.02 



rumen propionate molar concentration, depresses methanogenesis and has a 

protein spacing effect, which might be a supporting explanation for increased 

digestibility coefficients. These results were reflected by increased level of blood, 

total protein, blood glucose and decreased blood urea nitrogen level (Table 1 0) 

along with increased mol.ar concentration of propionic acid in mmen (Table 8). 

CF digestibility was not affected significantly. As in the total experimental period 

'Jf 120 days, during the digestibility trial DM, CP, DCP and TDN intake in 

treatment groups were similar (Table 6). 

The per cent DCP values obtained are 5.71 and 6.10. The DCP values were 

significantly (P<0.05) higher. The per cent TDN values obtained are 51.07 and 

55.50, and are highly significant (P<O.Ol) in T2 . Similar trends were also 

observed for DE and ME contents in the treatments. DE and ME values were 

2.18±0.0 1, 2.37±0.02, 1.88±0.0 1, 2.04±0.02 in T 1 and T2 groups, respectively. 

Both values were significant (P<O.Ol) m T2 group with monensm 

supplementation. 

Rumen parameters 

Mean values for pH and individual volatile fatty acids of rumen liquor 

collected at 0 and 4 H (post feeding) are presented in Table 8. 

pH of rumen liquor 

The pH of the strained mmen liquor (SRL) varied from 6.90 to 6.95 in both 

the treatments. However, there were no significant differences in pH between 



Table 8. Mean values of rumen pH and volatile fatty acids under 
different dietary treatments 

Treatments 

Attribute 0 hour 4 hour (Post- Difference of 
feeding) 0 and 4 hour 

T1 T2 T1 T2 T1 T2 

pH 6.95 6.94 6.90 6.90 0.050 0.040 
±0.01 ±0.01 ±0.06 ±0.06 ±0.00 ±0.001 

1 
Acetate (Meq/1) ?6.06 30.53 65.65 56.24* 29.59 25.71 

±2.04 ±2.55 ±2.72 ±2.42 ±2.93 ±2.22 

Propionate (Meq/1) 7.99 11.80* * 18.21 24.91 ** 10.2] 13.Jli< 
±0.49 ±0.76 ±1.45 ±0.44 ±2.46 ±2.03 

Butyrate (Meq/1) 3.98 4.30 6.17 6.89 2.18 2.59 
±0.52 ±0.30 ±0.81 ±0.62 ±0.87 ±0.84 

Each figure is an average of six observations. 

** p <0.01; * p <0.05 
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treatments. Normally pH of rumen is close to neutrality but it is influenced by diet 

composition and feeding practices. As the proportion of rapidly fermentable 

material entering the rumen is increased, the rumen pH is lowered. Rumen pH is 

also affected by feeding stage, reaching the lowest value at 2 to 6 hours post­

feeding and closely related to production of volatile fatty acids. In present study, 

the rumina! pH at 4 h (post feeding) in monensin supplemented group T 2 was not 

affected. Similar findings were reported by Davis et al. ( 1976), Utley et al. ( 1976) 

and Yalin et al. (1995). 

lVIolar proportion of volatile fatty acids (VFA) 

The mean values of molar concentrations of acetate, propionate and 

butyrate at 0 and 4 h have been presented in Table 8. The differences of molar 

concentrations of individual VF A between 0 and 4 h have been presented in the 

same table (Table 8). 

The acetate concentration at 4 h (post feeding) in monensin supplemented 

group (T2) was significantly lower (P<0.05) than the control. The propionate 

concentration was significantly (P<0.01) higher both at 0 and 4 h in T2 and 

difference at 0 and 4 hour (P<0.05). Our findings corroborated with earlier 

workers (Richardson et al., 1976; Lemanager et a f., 1978; Rogers et al., 1982; 

. Duff et al., 1995). Butyrate concentration was not affected significantly, however, 

there was a slight depression. The decreased butyrate concentrations were 

repmied by O'Kelly et al. (1988) in monensin supplemented group. The 
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depression in molar concentration and increase in propionate concentration was 

influenced by mode of action of monensin. Depression of formate and methane 

producing bacteria by monensin intraruminally enhances propionate production 

and depresses acetate production. 

Blood Parameters 

Haematological picture 

The mean haematological values have be~n presented in Table 9. The all 

haematological values are within normal range with monensin supplementation. 

This indicates that the haemopoetic system has not been affected by monensin 

supplementation. 

Blood biochemical constituents 

Mean values of different biochemical constituents of blood VIZ., plasma 

glucose, totai protein, cholesterol and urea are presented in Table 10. The mean 

glucose level increased 50.51±2.77 to 64.05±3.48 mg/dl in T2. The mean values 

of plasma glucose were not significantly different between treatments, however, 

the apparently increased glucose level was found in monensin supplemented 

group. This indicates more propionate utilisation for higher glucose level. 

Propionate is a precursor for glucose. This result was found in conformity with 

Potter et al. (1976), Auri et al. (1994) and Krishan (1998). Walker et al. (1980) 

and Stephenson et a!. ( 1997) reported non-significant differences in plasma 

concentration of glucose between monensin treated and control cows. Plasma 



Table 9. Mean haematological values during experimental period 
under different dietary treatments 

Attribute 

Hb (g/dl) 

PCV (%) 

TEC (1 06/cmm) 

TLC (1 03 I cmm) 

MCV (flt 

MCH (pg)++ 

MCHC (%) 

DLC 
Neutrophil 

Lymphocyte 

Monocyte 

Eosinophil 

Basophil 

Each figure is an average of six observations. 

++ pg- picogram (micro-microgram) 

+t1- Femto litre (~t3) 

T, 

10.72 
±0.] 0 
32.12 
±0.29 
8.30 

±0.26 
9.70 

±0.35 
38.43 
±0.62 
12.29 
±0.12 
33.46 
±0.31 

32.28 
±0.52 
62.82 
±0.51 
3.35 

±0.16 
1.52 

±0.08 
0.03 

±0.00 

Treatments 

T2 
10.56 
±0.1] 
32.86 
±0.32 
8.14 

±0.30 
8.96 

±0.29 
41.20 
±0.54 
13.17 
±0.14 
33.68 
±0.28 

33.82 
±0.77 
61.58 
±0.73 
3.25 

±0.24 
1.30 

±0.14 
0.05 

±0.00 



Table 10. Mean values of certain biochemical parameters during 
experimental period under different dietary treatments 

Attribute Treatments 

Plasma glucose (mg/dl) 

Plasma protein (g/dl) 

Blood cholesterol (mg/dl) 

Plasma urea (mg/dl) 

Each figure is an average of six observations. 

* P<-0.05. 

T1 T2 

60.61 

±2.77 

6.09 

±0.17 

92.81 

±2.77 

38.62 

±2.27 

64.05 

±3.48 

6.61 * 

±0.19 

88.62 

±2.83 

35.67 

±2.24 
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protein concentration mean values of the buffalo heifers were 6.09±0. 17 and 

6.6 1±0.19 g/dl in T1 and T2, respectively. 

Significantly (P<0.05) increased level of plasma protein was found in 

monensin supplemented group. This finding is in harmony with Krishan (1998). 

However, Walker et al. (1980) repotted non-significant effect of monensin on 

serum proteins in herd ford cows in contrast to the present study. In present study 

higher plasma proteins level in monensin supplemented group (T2) reflects better 

feed protein utilisation as indicated by body weight gain (Lana et al., 1997). 

The plasma urea level was lower, although not statistically significant, in 

monensin supplemented group than the control group (Table 1 0). This finding 

was in agreement with Walker et al. (1980), Abe et al. (1994), Stephenson et al. 

(1997), Ramanzin(1997), Heggazy (1997) and Duffield et al. (1998). Present 

study reflects that protein was degraded at a slower rate by rumina] 

microorganisms and lower ammonia levels assimilated from rumen to blood 

circulation in monensin treated group (T 2). It also reflects increased utilisation 

efficiency of pep tides or amino acids absorbed post-feeding. 

The plasma cholesterol values (mg/dl) of buffalo heifers were 92.8±2.77 

and 88.62±2.83 in T1 and T2 groups, respectively. Although the values were 

statistically not significant but lower values were obtained in monensin 

supplemented group (T2). It seems monensin supplementation in animals has 

hyphoholesterimic effecc in the body and may be helpful in reducing the mterial 



Table 11. Economics of feeding monensin during experimental period 

Attribute Treatments 

Cost of feed/fodder fed to heifers (Rs.) 
Cost of monensin tablets 
Assuming the cost of monensm 
dosage/day/heifer as 
(i) Rs.l/- (ii) Rs. 2/- (iii) Rs. 3/- (iv) 
Rs. 4/- and (v) Rs. 5/-. The additional 
cost of monesin supplementation during 
120 days to this group will be : 

Total cost (Rs.) 

Daily feed cost/animal (Rs.) 

Cost/Kg gain (Rs.) 

13753.00 13635.00 
Provided free of cost 

13753.00 

19.10 

31.00 

i) Rs. 720/­
ii) Rs. 1440/­
iii) Rs. 2160/­
iv) Rs. 2880/­
v) Rs. 3600/-

i) Rs. 14355/­
ii) Rs. 15075/­
iii) Rs. 15795/­
iv) Rs. 16515/­
v) Rs. 17235/-

i) Rs. 19.93 
ii) Rs. 20.93 
iii) Rs. 21.93 
iv) Rs. 22.93 
v) Rs. 23.93 

i) Rs. 27.83 
ii) Rs. 29.23 
iii) Rs. 30.62 
iv) Rs. 32.02 
v) Rs. 33.42 

The cost of concentrate mixture, green jowar and wheat straw was Rs. 530, 53 and 
130 per quintal, respectively. 
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blocks caused by excess cholesterol level. This result is similar to Krishan ( 1998). 

However, Yalin et al. (1995) reported no effect of monensin on serum cholesterol 

in merino lambs. Cholesterol low level may be reflected due to depressed acetate 

molar concentration in rumen which is a cholesterol precursor. 

Economics of Monensin Supplementation 

Feed cost per Kg body weight gain by the animals and the daily feed cost 

per animal are presented ir.. Table 11. As the monensin tablets were provided free 

of cost, it is difficult to calculate the exact cost per Kg gain. However, assuming 

that the cost ofmonensin dosage per day/heifer as Rs. 1, 2, 3, 4 and 5, the cost per 

Kg gain has been arrived at Rs. 27.83, 29.23, 30.62, 32.02 and 33.42 as compared 

to Rs. 31.00 in control group. It clearly shows that if the cost of monensin dosage 

is upto Rs. 3.00, it is economical to supplement monensin for better growth in 

buffalo heifers. 

It may be inferred that monensin supplementation is beneficial for growth 

in buffalo heifers without any ill effect. 



SUMMARY AND CONCLUSIONS 

An experiment was conducted to assess the effect of supplementation of 

monensin on growth and nutrient utilization, certain rumen parameters and blood 

constituents on twelve Murrah buffalo heifers. The animals were randomly 

divided into two groups of six each on the basis of neamess in their body weight. 

The experiment was carried out for a period of 120 days. An adjustment period of 

15 days was given before experiment. Animals were kept under similar 

managemental conditions. The animals in control group (T 1) were fed 

conventional concentrate mixture @ 2 Kg per head per day with green sorghum 

and wheat straw as per their requirements. In treatment group (T2) in addition, 

monensin was supplemented @ I 00 mg/day/animal. The fo11owing salient 

features were concluded from this study: 

During experimental period average OM intake expressed either in absolute 

amount (Kg/day) as pe1 100 Kg body weight per Kg metabolic body size was 

statistically not significant between groups. DM intake (Kg) per day was 

4.96±0. 10, 4.88±0.09 in T1 and T2, respectively. DM intake (Kg) per 100 Kg body 

weight was 2.40±0.05, 2.29±0.06 and DM intake (g) per metabolic size was 

90.28±1.30, 87.06± 1.91 in T1 and T2 groups, respectively. However, not 

significant but there was a depression in DM intake with monensin 

supplementation. Similarly intake of DM during digestion trial was 5.55±0.09, 
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5.51±0.10 Kg/day in T1 and T2, respectively. It also reflected depression in OM 

intake but not significant with monensin supplementation. DM intake per I 00 Kg 

body weight and per 111etabolic body size was 2.32±0.07, 2.21±0.06 Kg and 

74.25±2.09, 69.98±1.75 g respectively in T1 and T2 groups. There were not 

significant differences among treatments. Same trend was observed with CP intake 

either in absolute amount or per 100 Kg body weight or per metabolic body size. 

CP intake daily, per I 00 Kg body weight, per metabolic body size was 

530.00±10.32, 526.66±10.54; 223.57±14.54; 215.44±15.43; 8.74±0.38, 8.52±0.45 

g in T1 and T2, respectively. DCP intake daily, per 100 Kg body weight and per 

metabolic body s1ze were 317.12±11.06; 336.67±15.22; 135.1 9±1 3.02; 

137.57±1 0. 75; 5.27±0.41; 5. 70±0.43 g in T1 and T2, respectively. TDN intake 

daily and per 100 Kg body weight was 2.83±0.06, 3.00±0.08; 1.18±0.09, 

1.22±0.06 Kg respectively in T1 and T2 groups. TDN intake per metabolic size 

was 46.83±2.61, 48.31±1.91 gin T1 and T2, respectively. DCP and TDN intake 

was not significant yet there was noted an improvement of intake in monensin 

supplemented group (T2). 

Total body weight gain per animal and average daily gain were 74. 1 0::!:5. 08, 

86.00±2.92; 0.616±0.042 and 0.716±0.024 Kg respectively in T1 and T2 groups. 

Total body weight gain and average daily gain were highly significant (P<O.O I) in 

monensin supplemented group (T2). DM intake was 9.26±0.13 and 7.71±0.27 Kg 

per Kg gain in T1 and T2 treatments. It was highly significant (P<0.01) in T2 group 



with monensm supplementation. DM intake per Kg gam was decreased 

significantly (P<O.Ol), CP intake was 884.83±73.66, 750.83±23.96 g per Kg gain. 

The intake was decreaserl. significantly (P<O.Ol) in T1 and T2 groups. 

DCP intake was 528.50±12.69, 469.33±10.90 g per Kg gain in T1 and T2, 

respectively. DCP intake was increased significantly (P<O.Ol) in monensin fed 

group. TDN intake was 4. 73±0.38, 4.28±0.187 Kg in T1 and T2, respectively .. 

TDN intake per Kg gain was reduced significantly (P<O.Ol) with monensin 

supplementation. 

Body measurements (Body length, girth and height) were not affected with 

monensin supplementation. There were not significant differences among 

treatment groups. 

Digestibility of DM, OM and NFE was estimated as 53.48±0.65; 

58.68±0.85; 55.25±0.33; 60.73±0.92; 59.38±0.82; 65.51±1.20 per cent in T, and 

T 2 groups, respectively. DM, OM and NFE digestibility was increased 

significantly (P<O.Ol) in monensin supplemented buffalo heifers. EE digestibility 

was 59.45±1.00, 62.16±0.46 in T1 and T2 groups, respectively. It also increased 

significantly (P<0.05) in monensin treated heifers. CP digestibility was 

62.70±1.45, 66.81±1.46 in T1 and T2 respectively. It was significant (P<0.05) 

increased in monensin given group (T 2). CF digestibility was not changed 

significantly with monensin supplementation. 
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OCP and TON values ofration fed were 5.71±0.14, 6.10±0.13; 51.07±0.46; 

55.50±0.59 per cent, respectively in T1 and T2 groups. DCP was significant 

(P<0.05) in monensin treated group (T2) while TON was highly significant 

(P<O.Ol) in monensin treated group (T2). DE and ME values of ration were 

2. 18±0.0 I, 2.37±0.02, 1.88±0.0 1, 2.04±0.02 Meal/Kg OM respectively in T1 and 

T2 groups, respectively. DE and ME values of ration were significant (P..::._O.O l) 

with monensin supplementation. These nutritive values reflect better feed 

utihzation when monensin supplemented with feed to buffalo heifers. 

The pH values of strained rumen liquor (SRL) were not affected by 

monensin supplementation. The pH values varied 6.90±0.001 to 6.95±0.005 

between treatments. Rumina! acetate concentration was found significantly 

(P<0.05) decreased at 4 h (post feeding) in T2 while propionate concentration was 

found increased both at 0 and 4 h (post feeding) which was highly significant 

· (P<O. 05) at 0 as well as 4 h (post feeding) in monensin supplemented group. 

These observations indicates better energetic efficiency with increased propionate 

concentration in rumen which is a precursor of glucose., 

Monensin supplementation did not change haematological values 

significantly. So it can be used without any ill effect in heifers as in T2 group. 

Blood plasma glucose levels were 60.61±2.77 and 64.05±3.48 (mg/dl) in T1 and 

T 2 groups. There were not significant differences among treatments. However, 

there was increasing trend of glucose level in blood with monensin treatm~nt in 
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buffalo heifers. Blood plasma protein levels were 6.09±0.17, 6.61±0.19 g/dl in T 1 

and T2 groups, respectively. Protein level was increased significantly (P<0.05) in 

monensin supplemented heifers. This result provides support for better feed 

protein utilisation with monensin supplementation. Blood cholesterol and urea 

levels were not significantly changed with monensin supplementation. However, 

there was hypocholesteremia in monensin treated heifers and there was a slight 

decreasing trend in blood plasma urea levels in monensin supplemented animals. 

As the monensin tablets were provided free of cost, it is difficult to 

calculate the exact cost per Kg gain. However, assuming the cost of moncnsin 

dosage/day/heifer as Rs. 1, 2, 3, 4 and 5, the cost per Kg gain has been arrived at 

Rs. 27.83, 29.23, 30.62, 32.02 and 33.42 as compared to Rs. 31.00 in control 

group. It clearly shows that if cost of monensin dosage is upto Rs. 3.00, it is 

beneficial to supplement monensin for better growth in buffalo heifers. 

It may be inferred that monensin supplementation is beneficial for growth 

in buffalo heifers without any ill effect. 
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Appendix- r 

Procedure for estimation of plasma glucose 

Principle : Glucose is converted by glucose oxidase (GOO) into gluconic acid and 

hydrogen peroxide which in the presence (POD) oxidizes- the clu·omogen ( 4-

aminoantipyrine/phenol) to a proportional to the concentration of glucose in the 

sample and is measured at 510 nm. 

Reagents: 

1. Buffer/enzymes GOD, POD/chromogen/phenol 

2. Glucose standard (I 00 mg/dl) 

Preparation of solution 

Allow the vial to attain room temperature. Dissolve the contents of vial 

using deionised water free from contaminants. Make up the volume upto 200 ml 

or 500 ml depending upon the pack size and transfer into a clean and d1y amber 

coloured bottle. 

Assay procedure 
~--~~ 

Pipette into tubes marked Blank Standard Test 
I 
I 

I 

V..1 orking reagent !000 ul 1000 ul IIOOOul _I 
--- --

Distilled water 10 ul - -
Standard - 10 ul -

r--- ·----

Sample - - 10 ul 

Tvlix well and incubate for 15 minutes at 37°C. Switch on the instrument. 

thermcstat for 5 minutes. Allow sipping from each tube, tum by turn. Instrument 

provides value of glucose (mg/dl) concentration in each sample as follows: 

Absorbance of sample 
Glucose mg/dl = x Concentration of standard (mg/dl) 

Absorbance of standard 

! 
I 
I 

I 
I 
I 

i -, 
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Appendix- II 

Procedure for estimation of plasma total protein 

Principle : The peptide bonds of protein react with copper II 1ons m alkaline 

solution to form a blue violet complex (so called biuret reaction). Each copper ion 

complexing with 5 or 6 peptide bonds. Tartarate is added as a stabiJiser, while 

iodide is used to prevent auto-reaction of alkaline copper complex. The colour 

formed is proportiomll to the protein concentration and is measured at 546 nm. 

Reagents 

A. Copper 11 sulphate/potassium sodium tartaratc/potassiumliodide/sodium 

hydroxide 

B. Total proteins standard (6.0 g/dl) 

Reagent preparation : ready for use 

Assay procedure 

Pipette into tubes marked Blank Standard Sample 

Working reagent 1000 ul 1000 ul 1000 ul 
·-

Distilled water 20 ul - -

Standard - 20 ul -

I Sample - - 20 ul 

Incubate for 10 minutes at 37°C. Switch on the instrument, thermostat for 5 

minute~. Allow sipping from each tube, tum by tum. Instmment provides value 

of total protein (g/dl). Concentration in each sample as 

Absorbance of sample 
Total protein = x concentration of standard (g/dl) 

(g/dl) Absorbance of standard 



Appendix- III 

Procedure for estimation of bfood urea 

III 

Principle : Urea is converted by urease to ammoma which in presence of 

glutamate dehydrogenase (GLDH) combines with a-ketoglutarate (a-Kg). 

Reagents 

1. 2-oxoglutaratc.NADI-1/Urcase/GLDH/ ADP/Triss Buffer 

2. Urea standard (50mg/dl) 

Reagent preparation : 

Allow the reagent and Aqua-4 (supplied in Kit) to attain room temperature. 

Add the amount of aqua-4 indicated on the label to dissolve the contents of each 

bottle of subsh·ate and mix gently. Don't shake vigorously. 

Assay procedure 

Pipette into tubes marked Blank Standard Sample 
---

Working reagent 1000 ~tl 1000 ~d 1000 ~-tl 

Standard - 20 ~d -
----

Sample - - 20 ,Ld 

Mix well each tube contents and test immediately with the help of insmnnent. 

Determine absorbance changes (.0.A) for the standard and unknown samples by 

using formula : 

M = A1-A2 (Where A1 and A2 are two absorbance readings respectively 

from one sample by two sippings). 

~A of sample 
Urea cone. (g/dl) = -------X concenh·ation of standard (mg/cl]) 

.6.-\_ of standard 
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Appendix- IV 

Procedure for estimation of cholesterol 

Principle: The absorbance of chromophare (aminoeimine) is directly proportional 

to the cholsterol concentration in the sample. The absorbance is measured at 5 1 0 

nm. 

Cholesterol Esters 

Cholesterol +02 

CE 

co 

Reagents 

CE 

----11> 

co ----1> 

Cholesterol + Fatty acid 

Cholestereol-4, en-3-one:H20 

Cholesterol esterase 

Cholesterol oxidase 

1. Buffer/enzymes/chromogen 

2. Cholesterol standard 200 mg/dl 

Reagent preparation: 

Allow the reagent bottle and the aqua-4 (supplied in the kit) to attain room 

temperature. Add the amount of aqua-4 indicated on the label to contents of each 

vial. Swirl to dissolve, don't shake vigorously. 

Assay procedure 
---, 

I Pipette into tubes marked Blank Standard Sample -l Working reagent 1000 ~tl 1000 ~Ll 1000 ~d 

Distilled water 20 ~Ll - -

Standard - 20 ~1 -

Sample - - 20 ~Ll 

Mix well. Incubate at 37°C for 10 minutes. Switch on the instrument, thermostat 

for five minutes, first aspirate blank solution then standard followed by sample 

solutions from each tubes respectively. Readings for concentration of cholesterol 

I 



v 

in sample (meq/dl) are noted automatically on paper by instmment and formula 

used is : 

Absorbance of sample· 
Cholesterol = x concentration of standard (mg/dl) 

(mg/dl) Absorbance of standard 


