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Abstract
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Twelve cannulated male growing bucks (goats) were used in a 56-day study to determine
the effect of monensin on ruminal and blood characteristics on animals receiving 10 mg of monen-
sin solution daily through the rumen cannula.

There was slight increase in body weights of treated animals. Monensin increased signifi-
cantly (P<0.001) the level of blood glucose and decreased (P<0.001) the concentration of plasma
lactic acid, urea and magnesium. Serum albumin, cholesterol, sodium, chloride, potassium and cal-
cium were not affected after treatment.

In the rumen fluid, there was a significant decrease in rumen ammonia (P<0.001), the molar
proportion of acetic acid (P<0.001) and acetate: propionate ratio (P<0.05). A significant increase
(P<0.001) in the level of propionic acid was detected. Other volatile fatty acids and the pH of the
rumen were not affected.
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Monensin is a biologically active compound produced by the fungus Streptomyces cinamonensis. It is a carbo-
xylic polyether ionophore. It is classified as an ionophore because it facilitates transport of monovalent cations
across membranes (Pressman 1976).

Monensin was found to alter rumen fermentation and increase the efficiency of feed utilization by growing and
finishing cattle (Potter etal. 1976; Boling etal. 1977; Dinius and Baile 1977). The change in the fer-
mentation pattern is brought about by the fact that monensin changes the rumen ecology. It enhances the growth of
some microorganisms and inhibits the growth of others, this in turn changes the concentration of the products of
fermentation towards a more beneficial effect to the host.

Although monensin is extensively used in Europe and the United States, as a feed additive, it has not been
introduced in this country before.

As part of an extensive study in the use of monensin as growth promotor for local breeds of ruminants in this
country, the present work aims at investigating the basic biochemical changes, reported as associated with monen-
sin in cattle, in young growing goats in the Sudan.

Materials and Methods
Animals and feed
Twelve healthy Nubian bucks (Capra hircus), aged 5-7 months and weighing 1015 kg, were fitted with rumen
cannulae and housed in separate pens. Throughout the experimental period, the animals were fed on mature dry
Abu-70 forage (Sorghum vulgaris, var.). Samples of Abu—70 analysed for chemical composition according to the
A. 0. A. C. (1970) contained (on DM basis) 5.2 % CP (0.83 % N), 1.8 % EE, 25 % CF and 8.1 % ash. Water and
food were available ad libitium.

Experimental procedure

The animals were kept for two weeks of adaptation period before the start of the experiment. The experiment
began by dividing the animals into two groups, six each, group C (control) and group M (treated with monensin).

The sodium salt of monensin (crystalline potency 885 mg/kg), obtained from Lilly Research Centre, England),
was suspended in water and each animal in group M received an equivalent of 10 mg monensin daily through the
rumen cannula for 56 days. At the end of the treatment period, blood (10 ml) was collected into heparinized tubes.
Plasma was collected by centrifugation of the blood at 900 g for 10 minutes, then stored at —20 °C, pending analy-
sis. Another blood sample was collected from the opposite jugular vein for serum preparation.

Rumen fluid was obtained by a syringe fitted with a rubber tubing and inserted through the cannula. Rumen fluid
(5 ml) was sucked from each animal and transferred to small vials, containing 0.5 ml formic acid as preservative, for
determination of volatile fatly acids (VFA). Another rumen sample was collected for the other determinations. Body
weights were recorded at the start and at the end of the experimental period. Food intake was also observed.
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Biochemical analysis

Blood glucose was determined by the method of Hy varinen and Nikkila (1962). Plasma urea and serum
albumin were determined by the methods of Evans (1968) and Bartholomew and Delaney (1966), res-
pectively. The enzymatic-colorimetric method of Allain et al. (1974) was used for the determination of choles-
terol. Lactic acid in plasma was determined by the method of Barker and Summerson (1941), while 8-hydro-
xybutyrate was estimated according to Willamson and Mellanby (1974). Serum Ca, Mg, K and Na were
determined by atomic absorption spectroscopy. Chloride concentration in serum was determined by chloride meter
(Corning EEL-920~Chloride meter).

In the ruminal fluid, VFA were determined by gas liquid chromatography. Ammonia was assayed by the
phenolhypochlorite method (Chaney and Marbach 1962) and pH was determined using a Digital Jurgens
PH 90 Ingold pH-meter.

Statistical methods
The reported values are means + SD. Comparisons between the means were conducted using Student’s t test.
P higher than 0.05 was considered non-significant.

Results

It is evident from Table 1 that administration of monensin resulted in a significant in-
crease (P<0.001) in the level of glucose, while there was a significant decrease (P<0.001) in
the level of plasma urea and plasma lactic acid. Albumin, cholesterol and 8-hydroxy-
butyrate concentrations were not affected by the treatment.

Tabie 1
C ion of selected bolites and el in the blood of normal and monensin treated goats

Parameter Control Treated
Glucose (mg/dl)** 423+1.2° 54.4+2.20
Urea (mg/dl)** 17.4£0.82 11.3+1.1°
Cholesterol (mg/dl) 79.0+24 81.0+1.6
Lactic acid (mg/dl)** 14.2+0.6* 8.5+1.40
Albumin (g/dl) 34104 32%03
B-hydroxybutyrate (mmol/L) 0.65+0.02 0.62+0.3
Na (mmol/L) 147.2%1.8 152.0+1.4
Cl (mmol/L) 102.0£3.0 103.3+2.7
K (mmol/L) 2.86+0.2 2.9+03
Mg (mmol/L)* 0.83+0.03* 0.52+0.02"

Means on the same line having different superscripts are significantly differentat: * P<0.05
** P<0.001

As for serum electrolytes, there was a significant decrease (P<0.05) in the concentration
of Mg in animals treated with monensin and a slight non-significant increase in the Na level.
Other electrolytes, Cl, K and Ca seemed to be unaffected by the treatment.

Results of the parameters investigated in ruminal fluid are presented in Table 2.

Table 2
Effect of monensin on rumen volatile fatty acids concentration, pH and NH,

Parameter Control Treated
pH 6.5+0.3 6.310.1
NH, (mg/d1)** 26.0£2.72 17.3+1.5%
Tmal VFA (mmol/L) 778124 75.2+2.6
Acetic** 66.7+1.2* 63.4%1.3"
Propionic** 20.1+0.82 23.5+0.7°
Butyric* 9.21+0.1 9.4+0.2
Iso-butyric* 0.8+0.2 0.7+0.3
Valeric* 1.3+0.5 1.1+£0.6
Iso-valeric* 1.8+0.3 27402
Acetate: Propionate ratio* 3.3+0.12 2.74£0.2°

Means on the same line having different superscripts are significantly different at: * P<0.05
** P<0.001
*+ Molar proportions of individual fatty acid expressed as per cent
of total VFA concentration
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There were no significant changes in the rumen fluid pH and total VFA molar concentra-
tion between the two groups. However, there was a significant decrease (P<0.001) in the
level of rumen NH,; in treated animals.

The acetic acid concentration, when calculated as percentage of the total VFA, was signi-
ficantly reduced (P<0.05) by the treatment while the percentage of propionic acid was
significantly increased (P<0.05) and consequently there was a significant decrease in the
acetate: propionate ratio. Other VFA (butyric, iso-butyric, valeric and iso-valeric) were not
affected by monensin treatment.

The body weights at the start of the experiment were 14.5+1.2 kg for the control animals
and 14.7%1.6 kg for the group to be treated with monensin. At the end of the experiment,
the average body weight of the controls was 16.4+0.8 kg and that of the treated group was
17.61+1.2 kg. Although there was an increase in body weight of the treated animals, the
increase was found non-significant. It is worth mentioning that animals treated with monen-
sin were observed to be slightly anorexic, as was judged from the food residue collected each
morning.

Discussion

A long cherished dream of nutritionists has been to manipulate and improve the efficiency
of ruminal fermentation. This has meant to increase ruminal propionic acid yield, depress
ruminal deamination of amino acids and methanogenesis.

In this study, the level of rumen NH, and consequently plasma urea, was found to be sig-
nificantly reduced. This implies that deamination of amino acids by rumen microbes was also
reduced. The amino acids instead of being degraded for energy purposes will pass through
the digestive tract to be absorbed by the intestine and ultimately used by the animal for build-
ing its own proteins. Similar results were reported by Nockels etal. (1978), Owens et
al. (1978) and Schelling (1984) in cattle. One of the reasons reported to explain this is the
fact that monensin causes 66 % decrease in ruminal urease activity (Starner etal. 1984).

Monensin treatment in this experiment increased the blood glucose level. Presumably this
is related to the increase in the molar proportion of propionate, which is the main
precursor of glucose in ruminants, by gluconeogenesis (Conn and Stumpf 1987). Pro-
pionate was increased at the expense of acetate without affecting the total VFA production.
This is in agreement with the finding of Richardson etal. (1976) in cattle.

The increase in rumen propionate will have a sparing effect on glucogenic amino acids.
Instead of being degraded for energy purposes, they will be used for the repair and building
of animal tissues because the increase in glucose will satisfy the energy requirements of the
animals.

From the foregoing considerations, one should expect that monensin would cause a sig-
nificant increase in the body weights of animals. This did not take place in this experiment
possibly because treated animals were slightly anorexic. Similar findings were reported by
Bergen and Bates (1984). However, the anorexia noticed in treated animals was not
severe enough to cause starvation because the level of 8-hydroxybutyrate was lower than
0.7 mmol/1. Plasma 3-hydroxybutyrate concentration has been used as an index of nutrition-
al status in sheep, with a value of 0.7 mmol/l indicating undernutrition (Russel etal. 1977).
This, taken together with serum albumin concentrations which were similar in the control
and monensin treated animals, indicates that these animals are not utilizing their body reser-
ves because serum albumin concentrations are related to changes in body protein contents
(Sykes and Thompson 1979).

Monensin has been shown to have affinities for a number of cations including K, Na, Ca
and Mg (Pressman 1976). In this study, with the exception of Mg, there was no signifi-
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cant change in the concentration of these cations in the sera of treated goats. The lowering
in the level of Mg indicates high affinity of monensin and its ability to carry this cation across
the lipid bilayer compared with other cations.

A further advantage of monensin is that it lowers the level of lactlc acid (Table 1); this will
prevent lactic acidosis in animals when engorged with grains and will also maintain rumi-
nal pH. Dennis etal. (1981) reported that monensin inhibits the growth of ruminal lacta-
te producers without inhibiting lactate utilizers.

It can be concluded that monensin can be used successfuly as a growth promoter in goats
provided that further studies are made on the appropriate dose and its relation to the quality
of food available to these animals. Other growth promoters like anabolic implants (Zeranol,
progesterone-estradiol or testosterone-estradiol) are expensive and less convenient for use
in goats.
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Metabolicky profil bachorové tekutiny a krve u nubijskych koz
po poddni monensinu

Utinek monensinu na n&které biochemické parametry krve a bachorové tekutiny byl
sledovan u mladat nubijskych koz po dobu 56 dni. Kiizlata dostdvala denn€ v roztoku
10 mg monensinu pomoci Zalude¢ni kanily. U pokusnych zvifat byl zji$t€n mirny vzrist
té€lesné hmotnosti. Signifikantni zvy$eni (P<0.001) bylo zji§t€no v hladinach krevni glu-
koézy; signifikantni sniZeni (P<0.001) bylo zaznamenéno v koncentracich kyseliny mlé¢-
né, moc¢oviny a hof¢iku v plazmé&. Poddvani monensinu neovlivnilo sérové hladiny albu-
minu, cholesterolu, sodiku, chloridd, drasliku a vapniku. V bachorové tekuting byl zji§-
tén vyrazny pokles v koncentraci amoniaku (P<0.001), v molérnim podilu kyseliny octo-
vé (P<0.001) a v poméru acetatu k propionatu (P<0.05). Byl detekovén signifikantni
vzrust hladiny kyseliny propionové (P<0.001). Dalsi t€kavé mastné kyseliny a pH bacho-
ru nebylo ovlivnéno.

MeTaGonuyeckuit npocunb py6LOBOA XHAKOCTH
¥ KPOBW HYGMACKMX KO3 NOCNE Aa4U MOHEH3UHA

lMpoBoaunM nccnepoBaHNs BO3AEACTBUS MOHEH3VHA Ha HEKOTOPbIE GUOXMMUUYECKME napaMe-
TPbl KPOBM W XXWUAKOCTH pybua KO3NAT B TeueHue 56 cyTok. Kosnstam aasany 10 Mr MOHEH3MHa
B pacTBOpe B CYTKY C MOMOLLbIO XENYJ0HHON KaHIONM.

Ha noAonbITHLIX )XKMBOTHBIX YCTAHOBUAM HE3HAUMTENbHOE YBENMYeHWe Macchl Tena.
CywectBeHHoe ysenuuenue (P < 0.001) BbISBUAK B YPOBHSAX FNIOKO3bl KPOBM; CYLUECTBEHHOE
noHmkenme (P < 0.001) - B KOHUEHTPALUM MONIOYHON KNCNOTbI, MOYEBMHBI U Markus B rnasme.

[laua MOHeH3MHa He OKa3ana BNMSIHME Ha CbIBOPOTOUHbIA YPOBEHb anbOyMuHa, XonecTepuHa,
HaTpus, XNOPHUAOB, Kanus y KanbLms.

B »maxocTy py6ua 6bino yCTaHOBNEHO BbIPA3UTENLHOE MOHUIKEHWE B KOHLEHTPALIMN aMM1aKa
(P <0.001) B MONsipHOI A0ONE KUCNOTBI.
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