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ABSTRACT

The current study was conducted to evaluate the effect of monensin on the
digestibilities of dry matter (DM), organic matter (OM) and crude protein (CP), ruminal
fermentation and the degradation kinetics of a basal diet (control) containing soybean
meal as a protein source. Three ruminally fistulated male sheep were used in a 3x3
Latin square design experiment to be fed on three rations; 1) control diet, 2) control
diet plus monensin at 30 mg/day and 3) control diet plus monensin at 50 mg/day. The
results showed that the addition of monensin to the diet had no significant (P>0.05)
effect on DM, OM and CP digestibilities. When animals were fed monensin diets, the
concentration of ammonia-N (NHs-N) was significantly (P<0.05) decreased from 14.6
to 12.15 and 11.99 mg/dl, for control diet and control diet plus monensin at 30
mg/day and control diet plus 50 mg/day, respectively. The molar proportion of
propionic acid was significantly (P<0.05) increased, while the molar proportion of
acetic acid was significantly (P<0.05) decreased with the addition of monensin.
Butyric acid was not significantly affected with the addition of monensin to the control
diet. The effective degradability of DM and CP was significantly (P<0.05) decreased
with the addition of monensin to the control diet. Microbial nitrogen leaving the rumen
was significantly (P<0.05) increased with the addition of monensin. These results
suggested that the addition of monensin to the diet including soybean meal as a
protein source could reduce ruminal protein degradation and enhance the amount of
total protein that reaches the post-ruminal tract.

Keywords: monensin,, digestion, soybean meal, rumen fermentation, degradability,
purine derivatives, microbial nitrogen synthesis.

INTRODUCTION

Monensin was the first ionophore to be shown to have a beneficial
influence on ruminant nutrition (Raun et al., 1976). Monensin increases
ruminal proportions of propionate and decreases methane production. Of the
many benefits attributed to monensin, decreased rumen ammonia
production (Chalupa, 1980) and an improved flow of dietary protein to the
abomasum (Dinius et al., 1976; Hanson and Klopfenstein, 1979; Poos et al.
1979) are believed to be among the most important. Van Nevel and
Demeyer, (1977) reported that addition of monensin to rumen fluid in vitro
apparently inhibited proteolysis, as measured by ammonia production from
intact casein. However, it now appears that proteolysis itself might not have
been affected, but that the observations were probably due to inhibition of
peptides or amino acid catabolism. The most important site of action of
ionophores on N metabolism is probably amino acid breakdown.
Accumulation of a-amino-N occurred when monensin was added to mixed
rumen organisms in vitro (Van Nevel and Demeyer, 1977; Wallace et al.



1981; Whetstone et al., 1981) and deaminating activity in rumen fluid of
cattle decreased when tetronasin was included in the diet (Newbold et al.,
1990). Recently, EI-Waziry and Kamel, (2001) studied the effect of monensin
on hay protein digestion in sheep. They found that the monensin had a
decreasing effect on the effective degradability of protein and dry matter.
Ruminant nutritionists have developed ways for reducing ruminal protein
degradation and increasing insoluble protein supplements, which are now
commonly applied. However, any good idea can be taken too far, and it is
now apparent that the rumen is sometimes starved for amino acid nitrogen.
Therefore, additional experiments are needed with ionophores such as
monensin to decrease the degradability of highly degradable proteins (such
as soybean meal) in the rumen and to increase the passage of amino acids
to the small intestine. The main objective of this work is to study the effect of
monensin on the degradation of dry matter and crude protein of both the
mixed diet and the protein source (soybean meal), digestibility, ruminal
fermentation and microbial nitrogen synthesis in the rumen of sheep.

MATERIALS AND METHODS

Animals and diets

Three males BarkixRahmani crossbred sheep with a mean live
weight of 47 kg, (S.D+1.45) fitted with ruminal cannula were used in a 3x3
Latin square design experiment. Animals were offered a control diet (Table
1) at 3% of a live weight. The diets were 1) control diet, 2) control diet plus
monensin at 30 mg/day and 3) control diet plus monensin at 50 mg/day.
Animals were fed twice daily at 0800 and 1600, and they had free access to
fresh water.

Digestibility trials

Digestibility trials (21 days for each treatment) were conducted using
three animals for each treatment. Animals for each treatment were separated
in individual pens. At the end of the preliminary period (d 15) rams were
equipped with bags fitted to the animals with harness for total faecal
collection. During the collection period (one week) accurate records were
kept for individual feed intake. Total faeces were collected once daily and
10% representative samples were kept in a refrigerator with citric acid until
analysis. Nitrogen, DM and OM were analyzed according to the methods of
AOAC (1990). NDF was determined according to Goering and Van Soest
(1970).

Rumen degradability measurement

Two polyester bags (Swiss Nylon Monofilament, Switzerland) of 7
cm x 15 cm and pore size of 45um were used at each incubation time. The
incubation times were 3, 6, 12, 24 and 48 h. Approximately 5 g of mixed diet
or soybean meal (ground to 2 mm) were placed in each bags. After removal
from the rumen, the bags were rinsed and manipulated in cold water until
the water ran clear, then squeezed prior to storing at -20°C. Later, bags
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were thawed and washed again in running tap water as described by Kamel
et al. (1995) to eliminate the microorganism attached to residual sample.
Two bags were washed in running water for 15 min. to determine the initial
water losses. The kinetics of DM and CP degradation were estimated by the
model of @rskov and McDonald (1979) as described in El-Waziry et al.
(2000). Ruminal outflow rate were assumed to be 0.05 per h according to
Kirkpatrick and Kennelly (1987).

Ruminal fermentation

Rumen contents obtained from fistulated sheep before feeding, 1, 3
and 6 h after feeding were strained through four layers of surgical gauze.
Rumen fluid (90 ml) were mixed with 10 ml 50% (v/v) H2SO4 and centrifuged
at 27,000 x g for 10 min. The supernatant was frozen at -20°C until analysis.
Ruminal NHs-N concentration was determined according to Chaney and
Marbach (1962), and volatile fatty acids were determined according to
Supelco, Inc. (1975).

Measurement of purine derivatives excretion

Animals were equipped with funnels for urine collection. Twenty-four
hours collection of urine was made for one week of each collection period.
Urine was collected from three animals into containers which had 75 ml
H2S04 (1 mol/l) (pH of the final urine < 3). The collected urine was then
diluted to a fixed volume of 5 L with water. One subsample was stored at -20
°C for determining of purine derivative (PD) according to the procedure of
Chen et al. (1990). The supply of microbial N (i.e. entering the small
intestine) was then calculated according to Chen et al. (1991).
Statistical analysis

Results were analyzed by ANOVA for a Latin square design using
the JMP procedure of SAS Institute, (1994).

RESULTS AND DISCUSSION

Digestibility trials

The composition and chemical analysis of the mixed basal diet is shown
in Table 1. Sheep fed rations supplemented with monensin had lower
(P<0.05) dry matter intake (DMI) than that of the control diet by 6% (Table
2). Monensin levels did not express statistical significant differences between
the two levels of monensin groups. Gado (1997) reported similar results with
goats fed concentrate mixture and berseem hay with the addition of
monensin at 20 or 40 mg/day. Joyner et al. (1979) found that monensin
decreased feed intake by 7% to 11% when lambs were fed monensin diet at
levels of 5, 10, 20, or 30 mg/kg diet. Isichei et al. (1977) found that daily feed
intake was not affected by the addition of monensin to diet. Reduction in
feed intake may be due to flavors of ionophore compounds or to that animals
regulate intake to maintain body energy balance (Nagaraja, 1995).
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Table 1. Formulation and chemical analysis of diet fed to sheep

Ingredients %

Berseem? hay 50
Ground corn 30
Soybean meal 12
Molasses 5.0
Lime stone 1.5
Sodium chloride 1.0
Vitamins 0.5
Chemical analysis(%)

DM 86.53
OMP 88.73
Cpp 14.32
NDFb 32.2

aTrifolium alexandrinum
PExpressed on DM basis

The addition of monensin did not improve (P>0.05) the apparent
digestibility of DM, OM and CP (Table 2). As the results, the digestibilities of
DM, OM and CP were 69.6, 73.7 and 76.7 for control diet, 68.8, 72.6 and
76.1 for control diet plus monensin at 30 mg/day and 68.1, 70.30 and 74.3
for control diet plus monensin at 50 mg/day, respectively. Similar results
were reported by Gado (1997) for goats fed concentrate mixture and
berseem hay with addition of monensin. Laurent et al. (1980) found that
monensin had no effect on OM and CP digestibility. There was no effect on
DM, OM and CP digestibility’s in calves fed wheat straw as basal diet with a
concentrate mixture when rumensin was added (Singh and Mohini, 1999). In
most of the earlier studies, no effects on DM and OM digestibility were
observed (Dinius et al., 1976; Beever et al., 1987). A decrease in DM
digestibility was reported by Lemenager et al. (1978), However, Thornton
and Owens (1981) reported an increase in DM digestibility. The contradictory
of the previous investigations may be due to the changes in fermentation
pattern in the rumen and different of the type and pattern feeding.

Table 2. Effect of monensin supplementation on dry matter intake (DMI),
and dry matter (DM), organic matter (OM) and crude protein (CP)
digestibilities by sheep fed mixed diet containing soybean meal
as a protein source (Mean * SE).

Monensin mg/head/day

Item

0 30 50
DMI g/head/day 1339.56+25.21° 1259.11+15.202 1250.25+20.112
Digestibilities, (%)
DM 69.6+1.2 68.8+1.0 68.1+2.1
oM 73.7+1.3 72.6+1.4 70.3+2.1
CP 76.7+1.2 76.1+0.9 74.3+2.5

ab Means within a row bearing different superscripts differ (P<0.05).
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Degradability in the rumen

Table 3 shows the degradation kinetics of DM and CP of the protein
source when it was incubated in the rumen of sheep fed the mixed diet
containing test protein. The soluble fractions (a) of both DM and CP were
significantly (P<0.05) reduced when monensin was added to the control diet.
The values of a were 21.84 and 18.84% of DM, and 33.27 and 27.27% of
CP for control diet and control diet with monensin supplement at 30 mg/day,
respectively. Monensin levels did not express statistical significant
differences between the two levels of monensin groups (30 mg or 50mg/day)
as shown in Table 3. The ruminally degradable fractions (b) of DM and CP
were significantly (P<0.05) decreased when monensin was added to the
control diet (Table 3). Degradation rate (c) of DM was not affected, however,
it was significantly (P<0.05) decreased in CP when monensin was added to
the control diet (Table 3). The effective degradability (ED) of DM and CP was
significantly (P<0.05) decreased when monensin was added to the control
diet. The ED values were 62.94, 56.94 and 57.55 of DM, and 71.25, 59.80
and 58.71 of CP for control diet, control diet plus monensin at 30 mg/day
and control diet plus monensin at 50 mg/day, respectively, (Table 3).

Table 3. Effect of monensin supplementation on the degradation
kinetics and effective degradability (ED) of dry matter (DM) and
crude protein (CP) of protein source incubated in the rumen of
sheep fed mixed diet containing tested protein (Mean+SE).

Item

Monensin mg/head/day

0 30 50

DM, %
at 21.84 +1.75 18.84 +0.852 18.90 £ 0.552
bt 66.41+1.12b 62.22 +1.202 61.65+0.952
ct 0.081 + 0.001 0.078 + 0.002 0.075 + 0.002
ED 62.94 +1.00° 56.94+1.012 57.55+1.252

CP, %
at 33.27 £+ 1.25°b 27.27+1.102 26.85+0.852
bt 58.94 +1.15b 55.44 £ 0.552 54.95+1.002
ct 0.091 + 0.002° 0.071+0.0012 0.069+0.001 2
ED 71.25 +1.65° 59.80 £ 0.952 58.71+1.002

! Estimated from the equation of @rskov and McDonald (1979).
ab Means within a row bearing different superscripts differ (P<0.05).

Table 4 shows the results of degradation kinetics of DM and CP of
mixed diet when it was incubated in the rumen. The results revealed that, the
values of a, b and ¢ had similar trends to those of protein source (Table 4).
The ED values of DM and CP of mixed diet were significantly (P<0.05)
decreased with monensin supplementation. There were no statistical
significant differences between the two levels of monensin groups (Table 4).
Goodrich et al. (1984) reported that protein degradability was decreased
when rumensin was added to the diet and their results were in agreement
with the results of the present study. Zhao et al. (1995) reported that the b, c,
and ED were decreased when salinomycin was added to goats at 30 mg/kg
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DM. Recently, EI-Waziry and Kamel (2001) reported that monensin reduced
ruminal degradation of hay protein. The earliest evidence that nitrogen
metabolism is affected by feeding ionophores came from the report of Dinius
et al. (1976) who found a decreased ruminal ammonia concentration in cattle
fed forage-based diet supplemented with monensin. lonophores appear to
affect ruminal degradation of peptides and deamination of amino acids to a
greater extent than affecting proteolysis as such (Van Nevel and Demeyer,
1977; Wallace et al. 1981; Whetstone et al. 1981; Newbold et al. 1990).

Table 4. Effect of monensin supplementation on the degradation
kinetics and effective degradability (ED) of dry matter (DM)
and crude protein (CP) of mixed diet incubated in the
rumen of sheep fed the same diet (MeanzSE).

Monensin mg/head/day

0 30 50

DM, %
at 22.30 + 1.45b 18.10 +£ 0.552 17.90 £ 0.552
bt 54.51 +1.22b 49.80+1.212 48.95 +0.952
ct 0.060 + 0.001 0.052 £ 0.002 0.049 £ 0.002
ED 52.03 £1.05° 43.49+1.212 42.13 +1.252

CP, %
at 25.30 £1.22b 19.7+1.142 19.12+0.652
bt 65.10 £ 1.11° 59.7 £ 0.652 58.0 £1.302
ct 0.071 +0.001° 0.061 +0.0012 0.059 + 0.0022
ED 63.50 + 1.55b 52.51+1.002 50.51+1.002

1 Estimated from the equation of @rskov and McDonald (1979).
ab Means within a row bearing different superscripts differ (P<0.05).

Fermentation in the rumen

Ruminal NHs-N concentrations were significantly (P<0.05)
decreased when monensin was supplemented to the control diet (Table 5).
The mean values of NHs-N concentrations of sampling times were 14.6,
12.15 and 11.99 mg/dl for control diet, control diet plus monensin at 30
mg/day and control diet plus monensin at 50 mg/day, respectively. Gado
(1997) reported that monensin had no effect on NH3-N concentration.
Recently, El-Waziry and Kamel (2001) found slight decreases in NHs-N
concentration with the supplementation of monensin to hay diet. The studies
of Dinius et al. (1976); Van Nevel and Demeyer, (1977); Wallace et al.
(1981); Whetstone et al. (1981); Newbold et al. (1990) have concluded that
the lower ammonia concentrations were mainly due to reduced proteolysis,
degradation of peptides and deamination of amino acids in the rumen.
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Table 5. Effect of monensin supplementation on volatile fatty acids and
ammonia nitrogen (NHs-N) in rumen liquor by sheep fed mixed
diet containing soybean meal as a protein source! (Mean * SE).

Monensin mg/head/day

Item 0 30 50
NHs-N mg/dl 14.6+0.85° 12.15+0.072  11.99+0.122
Acetate (A), molar % 64.31+0.13>  58.85+2.192  58.12+2.152
Propionate (P), molar % 21.13+3.61°  27.89+0.162 28.25+1.202
A to P, ratio 3.04+0.53° 2.11+0.62 2.06+0.012
Butyrate, molar % 13.13+1.2 11.30+0.15 11.2+1.2

Values are shown with a mean of sampling times.
ab Means within a row bearing different superscripts differ (P<0.05).

The molar proportion of acetic acid was significantly (P<0.05)
decreased when monensin was added to the control diet (Table 5). The
supplementation of monensin significantly (P<0.05) increased molar
proportion of propionic acid, but it slightly (P>0.05) decreased molar
proportion of butyric acid. The ratio of acetate to propionate was significantly
(P<0.05) decreased when monensin was added (Table 5). Singh and Mohini
(1999) reported that the VFA concentration did not vary among the groups,
while there was significant increases in propionate proportion and decreases
in the proportion of acetate and butyrate in the rumen of animals fed
rumensin. Similar results reported by Gado (1997) and Vuuren et al. (1983)
are in agreement with the present study of individual VFA. Ushida et al.
(1985) reported similar results for propionate and butyrate but there was no
effect on acetate with the addition of monensin at 20 mg/kg. Increased
propionate production could lead to better feed utilization and improved feed
conversion efficiency.

Purine derivatives excretion

The urinary purine derivatives measured as uric acid, allantoin and
xanthin+hypoxanthin are shown in Table 6. There were significant (P<0.05)
increases in the purine derivatives in the urine when monensin was added to
the diet and hence, there was a significant increase (P<0.05) in the
calculated flow of microbial nitrogen from the rumen (Table 6). The present
results are in agreement with the results of EI-Waziry and Kamel (2001), who
found an increase in the microbial nitrogen leaving the rumen when
monensin was added to hay diet. Yang and Russell (1993) reported that
monensin increased amino acid nitrogen passage from the rumen, and the
quantity passing from the rumen was dependent on the protein source. The
greatest response to ionophores such as monensin would be expected when
dietary protein is not excessive and is supplied in a soluble form likely to be
fermented rapidly in the rumen (Hanson and Klopfenstein, 1979).

YAV



Table 6. Effect of monensin supplementation on urinary purine
derivatives and microbial nitrogen leaving the rumen by sheep
fed mixed diet containing soybean meal as a protein source

(Mean + SE).
ltem Monensin mg/head/day
0 30 50
Allantoin, mmol/d 15.42+0.84 17.73+0.112 17.81+0.142
Uric acid, mmol/d 2.01+0.11°> 2.33+1.992 2.39+1.952
Xanthin+Hypoxanthin, mmol/d 2.61+3.58° 3.02+0.162 3.17+0.202
Total, mmol/d 20.04+0.51> 23.08+0.222 23.30+0.012

Microbial nitrogen leaving the rumen?, g/d 17.16+1.00P 19.76+0.142 19.95+0.182

values were calculated from urinary purine derivatives, (Chen et al. 1991).
ab Means within a row bearing different superscripts differ (P<0.05).

In conclusion, the results suggested that the addition of monensin to
the diet including rapidly degradable protein could reduce ruminal protein
degradation and enhance total amount of protein that reaches the post-
ruminal tract. In addition, the supplementation of monensin increased the
production of propionate and this increment could lead to better feed
utilization and improved feed conversion efficiency. These results suggested
that increasing the addition of monensin levels in the daily ration for sheep
from 30 to 50 mg/head/day did not show any significant beneficial effects on
the metabolism of the animals, and it is recommend to use the level of 30
mg/head/day.

REFERENCES

A.O0.A.C. (1990). Official Methods of Analyses. Vol. I. 15th ed. AOAC,
Arlington, VA.

Beever, D.E.; H.R. Losada; D.L. Gale; M.C. Spooner and M.S. Dhanoa
(1987). The use of monensin or formaldehyde to control the digestion
of the nitrogenous constituents of perennial ryegrass (Lolium perenne
cv. Melle) and white clover (Trifolium repens cv. Blanca) in the rumen
of cattle. Br. J. Nutr., 57: 57.

Chalupa, W. (1980). Chemical control of rumen microbial metabolism. In: Y.
Ruckebusch and P. Thivend (Ed.), Digestive Physiology and
Metabolism in Ruminants. pp. 325. MTP Press Limited, Lancaster.

Chaney, A.L. and E.P. Marbach (1962). Modified reagents for determination
of urea and ammonia. Clin. Chem., 8: 130.

Chen, X.B.; F.D. DeB. Hovell; E.R. @rskov and D.S. Brown (1990). Excretion
of purine derivatives by ruminants: effect of exogenous nucleic acid
supply on purine derivative excretion by sheep. Brit. J. Nutri., 63: 131.

Chen, X.B.; E.R. @rskov and F.D. DeB. Hovell (1991). The use of
intragastric infusion in studies on excretion of purine derivatives as a
measure of microbial protein supply in ruminants. Proc. 6th Int. Symp.
On Protein Metabolism and Nutrition, vol. 2 (Ed. B.O. Eggum, S.
Boisen, C. Borsting, A. Danfae and T. Hvelplund), pp. 67, National
Institute of Animal Science Research Centre, Foulum.

YAA



J. Agric. Sci. Mansoura Univ., 27(5), May, 2002

Dinius, D.A.; M.E. Simpson and P.B. Marsh (1976). Effect of monensin fed
with forage on digestion and the ruminal ecosystem of steers. J. Anim.
Sci., 42: 229.

El-Waziry, A.M. and H.E.M. Kamel (2001). Effect of monensin
supplementation on berseem hay-protein degradability, diet on protein
ruminal fermentation and microbial nitrogen synthesis in sheep.
Egyptian J. Nutrition and Feed, 4 (Special Issue) 3.

El-Waziry, A.M.; H.E.M. Kamel and M.H.M.Yacout (2000). Effect of bakers’
yeast (Saccharomyces cerevisiae) supplementation to berseem
(Trifolium alexandrinum) hay diet on protein digestion and rumen
fermentation of sheep. Egyptian J. Nutrition and Feed, 3: 71.

Gado, H. (1997). Nutrient utilization and growth performance of baladi goats
kids fed monensin sodium supplemented ration. Egyptian J. Nutrition
and Feeds, 1 (Special Issue): 91.

Goering, H.K. and P.J. Van Soest (1970). Forage fiber analysis (Apparatus,
reagent and some application) Agric. Hanbook no. 379. Agric. Res.
Serv. USDA, Washington, DC.

Goodrich, R.D.; J.E. Garrett; D.R. Gast; M.A. Kirick; D.A. Larson and J.C.
Meiske (1984). Influence of monensin on the performance of cattle. J.
Anim. Sci., 58: 1484.

Hanson, T.L. and T.J. Klopfenstein (1979). Monensin, protein source and
protein levels for growing steers. J.Anim. Sci., 48: 474.

Isichei, C.O.; D.B. Bates; W.G. Bergen and D.G. Fox (1977). Effect of
monensin and elfazepam on steers fed high corn silage rations. J.
Anim. Sci., 45: (suppl. 1) 42.

Joyner, A.E.; Jr., L.J. Brown; T.J. Fogg and R.T. Rossi (1979). Effect of
monensin on growth, feed efficiency and energy metabolism of lambs.
J. Anim. Sci., 48: 1065.

Kamel, H.E.M.; J. Sekine; T. Suga and Z. Morita (1995). The effect of frozen-
rethawing technique on detaching firmly associated bacteria from in
situ hay residues. Can. J. Anim. Sci., 75: 481.

Kirkpatrick, B.K. and J.J. Kennelly (1987). In situ degradability of protein and
dry matter from single protein sources and from a total diet. J. Anim.
Sci., 65: 567.

Laurent, F.; G. Blanchart and B. Vignon (1980). Effect of monensin on
nutritive value and nitrogen utilization in sheep and goats. Bulletin
del’EcoleNationale Superieure d’Agronomie et des Industries
Alimentaires.

Lemenager, R.P.; F.N. Owens; B.J. Shockey; K.S. Lusby and R. Tokusck
(1978) Monensin effects on rumen turnover rate, twenty four hour VFA
pattern, nitrogen components and cellulose disappearance. J. Anim.
Sci., 47: 255.

Nagaraja, T.G. (1995). lonophores and antibiotics in ruminants. In:
Biotechnology in Animal Feeds and Animal Feeding, (Edited by R.J.
Wallace and A. Chesson), Weinheim, New York, Basel Cambridge,
Tokyo, pp. 174.

YATAQ



Newbold, C.J.; R.J. Wallace and N. McKain (1990). Effects of the ionophore
tetronasin on nitrogen metabolism by ruminal microorganisms in vitro.
J. Anim. Sci., 68: 1103.

@rskov, E.R. and I. McDonald (1979). The estimation of protein degradability
in the rumen from incubation measurements weighed according to the
rate of passage. J. Agric. Sci. Camb., 92: 499.

Poos, M.I.; T.L. Hanson and T.J. Klopfenstein (1979). Monensin effects on
diet digestibility, ruminal protein by pass and microbial protein
synthesis. J. Anim. Sci., 48: 1516.

Raun, A.P.; C.0O. Cooley; E.L. Potter; R.P. Rathmacher and L.F. Richardson
(1976). Effect of monensin on feed efficiency of feedlot cattle. J.Anim.
Sci., 43: 670.

SAS, I., Inc. (1994). SAS User's Guid: Statistics. Version 2 edition. SAS
Institute, Inc., Cary, NC.

Singh, G.P. and M. Mohini (1999). Effect of different levels of rumensin in
diet on rumem fermentation, nutrient digestibility and methane
production in cattle. Asian-Aus. J. Anim. Sci., 12: 1215.

Supelco, Inc. (1975). GC separation of VFA C2-C25. Bull. No. 7498.
Supelco, Inc., Bellefonte, PA.

Thornton, J.H. and F.N. Owens (1981) Monensin supplementation and in
vivo methane production by steers. J. Anim. Sci., 52: 628.

Ushida, K.; A. Miyazaki and R. Kawashima (1985). Effect of monensin on
ruminal VFA and gas production of sheep fed high concentrate diet.
Japanese J. of Zootechnical Science, 56:822.

Van Nevel, C.J. and D.l. Demeyer (1977). Effect of monensin on rumen
metabolism in vitro. Appl. Environ. Microbiol., 34: 251.

Vuuren, B.G.; J. Van and J.W. Nel (1983). The effect of monensin on
carcass and wool traits of merino lambs. South African J. Anim. Sci.,
13: 91.

Wallace, R.J.; J.W. Czerkawski and G. Breckenridge (1981). Effect of
monensin on the fermentation of basal rations in the rumen simulation
technique (Rusitec). Br. J. Nutr. 114: 101.

Whetstone, H.D.; C.L. Davis and M.P. Bryant (1981). Effect of monensin on
breakdown of protein by ruminal microorganisms in vitro. J. Anim. Sci.,
53: 803.

Yang, C.M.J. and J.B. Russell (1993). Effect of monensin on the flow of
amino nitrogen from the rumen. J. Dairy Sci., 71(Suppl.1): 179
(Abstract).

Zhao, J.Y.; M. Shimojo; Y. Masuda and |. Goto (1995). Effects of
salinomycin on forage digestion and forage protein degradation in the
rumen of goats. Anim. Sci. Technol., (Jap) 66: 732.

YAV,



J. Agric. Sci. Mansoura Univ., 27(5), May, 2002

?U§Y\ihu[y‘;glLHJ4¢usggwd!
S sl daaa daa)
san A ) daaly o( b)) Aol 30 AS -l gald) Z LN acd

salall aan Clebae e (MoNnensiny g sall 5ills ai ) 4l jall o2a Caags
A8 3alall Jlad da A el A5 (S ol el LAl i g ) s Ay sumall 33l 5 Al
)mgﬁ\d}gégsg#&)&@c(\)&sﬁ\lﬂj&)ﬁgiﬁmg‘yﬁj&
0l Aglall (Y)esm/pa ¥ Janar ot gall Leal) Calicas &5 laal) Aaylall (Y) s
FOXOY AU a el aladtiuly A el Cresa g agr [ ane 00 Jamay (s gall L) Cilian
-;‘";gus@umms)
P e aladl) Saa i el e A giaall 3380l e Gl pall Cude Laie g o)
Ade cre JSI S i o Vv v fpae 11,895 1,0 () VEST ce (2,0 Lisal 558
QMLJM‘@h}eH/HVOJMM}AHLHXJ&JL@ALJM‘MQ)LJGA\
Of a5 5kl il Galeat) Ala 3 Lol a0 e o / o 0+ iy (i sal) L
als LAl (msla S 5 b (5 sina (il s oliisn s ) Gasla 38 g pina 53l 5 Sllia
(6 sma LR paa ) (i pall ALl ol 5yt pell ABlnly o gl (mela il
el 5 G (el y Bl oy el G e L sin (st sall i) il
dl;ju'aés‘_gjga}gaéwﬂiléh'a‘\de)ﬂ\f\m)d}_d},dl‘?jwjﬁglgm%\ﬁ
eS8 BS s Lsuall J58 S o A ginall A8al) (45 a5 bigaall 8 S G5 0
RAEPNY QJ\ B! RN O gl

YAVY



