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The Effect of Monensin, Lasalocid and A monensin /
lasalocid Rotation of Fungal Population in the Rumen of
Concentrate and Roughage Fed Steers.
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ABSTRACT

Two studies using three ruminally cannulated beef steers in the
first one fed a roughage diet (98% chopped alfalfa at maintenance) and
12 beef steers in the second fed limited ration (85% adlib intake )
composed of 90% concentrate diet { 80% cracked corn, 10% soybean
meal}, and 10% chopp-ed alfalfa were allotted to treatment groups
receiving a supplement of either monensin / tylan (m27.5 ppm / 11 ppm),
lasalocid (33 ppm) or a daily rotation of the two ionophores to examine
the effect of the ionophores on rumen population of anaerobic fungi
over time and the relationship between fungal numbers and methane
production. In the first study , nylon bags containing leaf blades of Smm
length were incubated for 24 hrs. in the rumen. Samples
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were counted on daysO,1,3,5,7,11,14,16,21,22,23,24,
and 28 . Fungi sporangia on blades were counted microscopically (00x).
Study 2 , steers were assigned as above and after methane production
was measured using indirect respiration calorimetry , samples of rumen
contents were collected by stomach tube pretreatment , and on days 2, §
, 16, and 45 after initiation of ionophore treatments . Differences of fungi
numbers over time and between treatments were not significant , yet ,
there was a trend of initial ionophore inhibition on fungi with limited

evidence of adaptation over time. There was a positive correlation ( P <
0.05) between fungi numbers and methane production . These results
indicate a fungal/methanogen interaction.
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Introduction

Rumen anaerobic fungi have been shown to act synergisticly
with methanogenic bacteria ( Bauchop and Mounfort , 1981 ; Mountfort
et. al., 1982 } and competitively with cellulolytic bacteria when the
bacteria have been inhibited by penicillin or streptomycin ( Akin et al.,
1983; Windham and Akin , 1984 and Akin , 1987 ). Monensin and
lasalocid are ionophores which are biologically active compounds used in
feedlot operations to improve efficiency of feed utilization in growing
and fimshing cattle . These have been shown to alter bacterial population
, selecting for propionate and succinate producers and suppressing
formate , Hyp, lactate , and butyrate producing bacterta ( Chen and Wolin
, 1979 ; Dawson and Boling , 1983 ;Bergen and Bates , 1984).

Monensin may also supress fungal and protozoal growth as well
( Elliott et al, 1987) . Some of the results of altering the microbial
population by ionophore supplementation include changes in volatile
fatty acid production in the rumen and a decline in methane production (
Schelling ,1984). The decline in methane production has been shown to
be a temporary effect suggesting an adaptation by the rumen microflora
(Rumpler , et al ., 1986).

One possible explanation for the resumption of methane
production in animals fed monensin is a synergistic interaction between
fungi and methanogenic bacteria . An increase in fungi number made
possible by a change in a niche in the rumen because ofionophore
feeding coupled with an adaptation by methanogenic bacteria might
result in the rebound of methane production seen in some trials (Rumpler
et. al. 1986).

The objective of this study was to examine the effect of
monensin and a monensin / lasalocid rotation on fungal numbers, in
steers fed two types of diets (total roughage and high concentrate ) and
to examine the relationship between fungal numbers and measured
methane production.
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Materials and Methods
Preliminary Study:

Leaf biades from an alfalfa hay bale were hand picked , placed in
nylon bags ( pore size of 40 um.) and suspended in the rumen of a
ruminally cannulated steer for 6, 12, 18 and 24 hours to determine the
optimal incubation period to obtain adequate fungal growth.

Study 1:

Three ruminally cannulated beef steers were fed a 98% chopped
hay diet at maintenance level twice daily at 07:00 a. m. and 4:00 p.m.
composition and chemical analysis of the diet are shown in (Table 1) .
Each steer was randomly assigned to one of three treatments : 27.5 ppm
monensin / 11.0 ppm tylan (M} 33.0 ppm lasalocid ( L) , and a continous
daily rotation of the two ionophores (M/L) . using these same
ionophores and concentrations . Nylon bags (40 um pore size )
containing leaf blades (carex spp.) of 5 mm length were incubated in the
rumen for 24 hoursondays 0,1, 3. 5,7, 11, 14, 16, 21, 23, 24, and 28.
Samples removed after 24 hours were rinsed with normal saline , treated
with 4% formaldehyde and stored until examination . after staining with
lactophenol cotton blue , fungi numbers were obtained by counting
sporangia under the light microscope at 100 x mangnigication . Four
counts were taken from each bag. Fungi were identified and measurd by
size and shape . The occular lens was calibrated using a stage micrometer
and standard microscopic procedures.

Study 2 :

Twelve beef steers were limit fed (85% ad lib ) a 90%
concentrate diet consisting of 80% cracked corn, soybean meal (10%)
and chopped alfalfa hay (10%) twice daily at 08:00 a.m. and 5:00 p.m.
(Table 2). Adapted steers were divided into two replicates of six steers
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each. Each steer was randomly assigned to one of the same three
treatments liabove. Prior to initiation of ionophore supplementation
rumen contents were obtained via stomach tube. Samples were handled
as above and stored for later counting .After methane production was
measured using indirect respiration calorimetry ; rumen contents were
sampled using a stomach tube . This occurred on days 2,5,16, and 45
after ionophore supplementation.

The experimental design used in the study was the complete
randomized design with repeated measures for single factor.

Results and Discussion

Preliminary Study :

The nylon bag incubation of alfalf hay leaf blades did not result
in adequate fungi numbers to quantify. This might be due to the soluble
carbohydrates in alfalfa were too rapidly digested (4-6 hr ) and were
unlikely substrate for fungal growth. The results tend to support the
findings of others ( Bauchop , 1979 ; Windham and Akin , 1984) that
concentrate rattons are not favorable for fungi growth.

Study 1:

Three types of fungi were observed and quantified for all three
treatments. Type A sporangia were oblong in shape and ranged from 10
- 20 um wide and 30 - 40 um long. Type B sporangia were oval in shape
and ranged from 20 - 40- um wide and 40 - 60 um lon. Type C sporangia
were darker , oval in shape and ranged from 40 - 80 um wide and 70 -
120 long. Although the fungi numbers were highly variable , there were
consistently more fungi counted with the roughage diet . The high
variability of the fungi indicate that the quantification techniques used
were not sensitive enough to detect and differences over time or between
treatments that may have been present,
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There was no significant difference in mean fungi numbers over
time or between treatments for L.M/L, and M (Table 3) For all three
treatments there was an initial decline of fungi numbers on day 1 ( 23.17
to 14.42) sporangia (S), per sqmm.L ; 30. 42 to 16. 42 §, M/]; 30.92 to
19.58 s, M ) although they were not statistically significant . The L
treatment remained relatively steady throughout the trial falling to allow
on day 14(10.58 S) and rising to a high on day 23 (68.08 S ). After the
itial reduction on day 1, the M/L treatment rebounded to near normal
on day 3 (26.0) and maintained a steady number until dropping to a low
of 508 S on day 14 which was a monensin day of the rotation then
recovered by day 16 (20.0 S) and maintained at this level for remainder
of the trial. It is interesting to note that the low days of fungi numbers ,
although not statistically different , were monensin days of the rotation .
Then M treatment declined steadily from the start of the trial until day 7
(30. 92 to 7 . 83 S) then recovered to 18 .75 S onday 11 and fully
recovered by day 16 (355 S) and maintained a steady level until the end
of the trial.

Study 2 :

Three types of fungi, as above , were observed and quantitated
for all three treatments. Mean fungi numbers over time and between
treatments were not significantly different (Table 4) . The fungi numbers
were considerably lower for these receiving the concentrate ration than
for the steers of the roughage diet with the highest number for all three
treatments of study 2 being 20. 83 S for the M/L group which compares
to the approximate base value for the study 1 steers . Initial fungi
numbers declined from the start of the ionophore supplementation for the
M (1,92 to 0.73 S)and (5.5 to 3.85 S) groups while increasing for the
M/L (2.81 to 4.54 S) group. The L treatment chlimbed to a high of 8. 11
S by day 5 and then gradually decreased to 6.69 S on day 45. The
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M treatment continued to decline to alow of 0.31 S on day 5 and then
increased to 6 .79 S on day 16 and reached a high of 9.98 S on day 45.
Fugi numbers reached a low (1.35 S)on day 5 for the M/L group and
then rose to a high of 20.83 S on day 16. Although decreasing 10 12.02
by day 45 , the numbers were still higher than at the beginning of the
trial.

Yet the imtial decline (although not significantly different ) for
the all treatments , except the M/L group ( this due primarily to slight
increases of the 2 steers on the L stagger and marginal decreases of the 2
steers on the monensin stagger) suggest a trend of fungal inhibition by
ionophore treatment and there is some evidence of adaptation over time .
Fungal monensin sensitivity in both studies support the findings of Elliott
et al. (1987). There is littie reported data on the effects of lasalocid on
fungi growth, and it may be that the amounts of lasalocid administered
here were inadequate for inhibition of fungi. This may have restricted the
effect of the M/L treatment as well,

The correlation between fungi numbers and methane production
(as % of gross energy intake ) for the individual treatments were
significant (P<0.05) relating high fungi numbers to high methane
production . Spearman rank correlations were for the M treatment r
0.053, L treatment r 0.89, and the M/L teatment r 0.69. Methane
production (Table 4) declined on day 2 for all three treatments and then
gradually increased untill day 45. After the imtial decline onday 2,
methane production for the L treatment rebounded to the control value
on day 5 then maintained until day 16 with a slight increase on day 45.
The treatment then rose slightly on day 5 while rising sharply on day 16
then dropping slightly on day 45. With methane production continuing to
decrease on day 5 ,the M/L group then rose sharply on day 16 and fell
slightly on day 45. For all three treatments methane production was
greater at the end of the trial than at the start with the increase being
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marginal for the L and M groups but with the M/L group having a
considerabnle increase (3.0% methane to 5.7% methane ).

The significant correlation between fungi numbers and methane
production indicate a relationship between methanogenic bacteria and
fungi as have found ( Buachop and Mountfort | 1981 ; Mountfort et al.,
1982 ) . Although the high vanability of the fungi counts render these
results inconclusive . This, along with the limited evidence of fungi
adaptation over time , agrees with the data obtained by Rumpler et al.
(1986) and does not disprove the possibility of a synergistic interaction
between fungi and methanogenes being resonsilbe for the resumption of
methane production.

Application :

Ionophores when used at certain levels in feed-lot operations
may increase profits. It 1s well documented that 1onophores have positive
effect in increasing rate of gain in feedlot amimals. This effect arised
through ionophore effects in inhibition of methanogen bacteria and fungi
population . Any supresion of both bacteria and fungi counts will
improve animals feed efficiency.
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Table (1)

Composition and Proximate Analysis of Diet Fed to
Cannulated Steers.

Ingredient Ye
Chopped Alfalfa Hay 98.0
. Supplement * 2.0
Chemical Analysis : **

% DM 94.3
% CP 17.9

% NDF 51.9

% ADF 42.6

% Lignin 89

% Ash 0.6

% EE 1.65
% NFE 37.01

* Suppiement : 85% Soybean meatl . 12 % Limestone , 2.86 % Salt,
14 % TMS premix (M 2075).
** DM = Dry maiter .
Cp crude protein
NDF Neutral detergent fiber
ADF = Acid detergent fiber
EE Ether extract
NFE Nitrogen free extract

It

Il

It
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Table (2)

Composition and Chemical analysis of the Diet Fed to
Steers During The Ionophore Treatments

Ingredient %o
Cracked Corn 80
ChoAlfalfa Hay 10
Supplement * 10
Chemical Composition * :
% CP 14.7

% NEm(Mcal/Kg) |2.2
% NEg(Mcal/Kg) [1.5

%P 0.36
% Ca 0.59
% EE 3.32
% NFE 73.00

* Supplement : 85% Soybean meal . 12 % Limestone , 2.86 % Salt,
.14 % TMS premix (M 2075).

**DM = Dry matter .
Cp = Crude protein
NDF = Neutral detergent fiber
ADF = Acid detergent fiber
EE = Ether extract

NFE = Nitrogen free extract
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Table (3)
Means of Fungi Numbers fer Individual Animals with
Standard Errors

Day Means of four Readings | Standard Error
Steer # Lasalocid
0 23.17 3.28
1 14.42 1.51]
3 38.75 591
5 26.67 457
7 23.50 4.45
11 21.17 1.45
14 10.58 1.53
16 33.58 5.52
21 39.75 3.86
22 31.33 5.55
23 68.08 10.07
24 48.75 5.83
28 4525 4.76
Steer # 2 ROTATION
0 30.42 4.19
1 16.42 2.34
3 27.00 451
5 32.67 7.04
7 2592 5.65
11 47.42 7.60
14 5.08 1.21
16 20.00 2.39
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Day Means of four Readings ; Standard Error
21 33.50 293
22 18.25 365
23 28.42 5.37
24 26.67 3.78
28 32.67 3.68

STEER # 3 MONENSIN
0 3092 8.12
1 19.58 3.37
3 17.58 474
5 11.33 1.54
7 7.83 0.98
H 18.75 262
14 17.58 1.84
16 35.83 5.36
21 31.83 4.76
22 20.08 2.49
23 30.83 488
24 25.42 2.30
28 28.33 5.62
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Table(d)

Means and Standard Errors of Fungi and Methane Production for
Steers Fed Lasalocid, Monensin Tylan or Rotation With Standard

Errors

(n=4)
Treatment |Pretrt Day 2 Day 5 Day 16 Day45

F* |M (F M |F M |F M |F M

Lasalocid
Mean 550 (4.0 |3.85|3.67 |8.11 425|708 |39 (6.69 |43
SE 519 (1.7 |1L.79 |12 |763 (29 |[395 [13 [519 (1.1
Monensin/
Tylan
Mean 1.92 (2.820.73 |2.65 |0.31 (2.7 |6.79 |43 (998 |42
SE 1.51 (1.1 |0.40 |047 1016 |06 |597 [1.4 [8.00 |06
Rotation
Mean 281 |40 (454 (34 (1352652083 (60 |12.02 (56
SE 232 |1.2 [1.83 [0.78 {066 [0.5 [1232 (1.7 |4.02 [0.8
* F=Fungi

M=Methane
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