Effect of Different Ionophore Treatments on Some

Rumen Metabolic Measures of Steers

Jamal Abo Omar *

ABSTRACT

Twelve 380 kg beef steers were fed a 90% concentrate, cracked corn- based diet at 85% of ad libitum. Steers were divided into three daily ionophore treatment groups, Monensin - Tylan (MT), Lasalosid (L) or rotation of MT and L (MTL). Each daily dosage of Monensin and Tylan was 2.7 and 1.1 mg per BW,7S, respectively. Lasolosid additions were given at 3 mg per BW'75 daily. Ruminal samplings were taken on d 0, 2, 5, 16 and 45 after beginning ionophore treatments. A conventional digestibility trial was conducted with nine steers (three per treatment) at day 34 of feeding the ionophore and lasted for six days. Digestible energy (83.7%), urinary losses (3.3%) of total feed energy and the ratio of ME/DE (90%) did not differ across treatments. Methane losses were from 17 to 37% less on d 2 and 5 for MT and MTL treatments but increased quadratically (PO.05) on d 16 and 45 so that production exceeded d 0 levels. Treatment L did not affect methane production. Acetate to propionate and to butyrate ratios were reduced (PO.05) by MT and MTL with no effect for L addition. These data suggest that methane suppression does not persist beyond two weeks of ionophore treatment and a daily rotation of ionophores had no digestive or metabolic advantage over feeding MT daily. Further research is recommended to investigate the proper dose, componation and duration of ionophores supplementation in order to achieve the best results out of the fattening operations.

KEYWORDS: ionophore, energy, lasalosid, monensin, fattening, steers.

INTRODUCTION

Ionophores are biologically active compounds used in feedlot operations to improve efficiency of feed utilization in growing and finishing cattle (Ives et al., 2002). Because ionophores have been shown to affect the rumen microbes, there has been interest in attempting to control the rumen fermentation by feeding these compounds. It is well documented that monensin changes the molar proportion of Volatile Fatty Acids (VFA) by increasing propionate and decreasing acetate (Richardson et al., 1976; Maas et al., 2001), decreasing ruminal methane (Joyner et al., 1979; Wedegaertner and Johnson, 1983; Rumpler et al., 1986), increasing protein digestibility (Beede et al., 1980; Ives et al., 2002), decreasing ruminal deamination (Schelling et al, 1977; Ives et al., 2002), and decreasing ruminal proteolysis

* Department of Animal Production, Faculty of Agriculture, An-Najah National University, Nablus, Palestine. Received on 6/2/2002 and Accepted for Publication on 11/1/2004.

(Hanson and Klopfenstein, 1979; Kung et al., 2000; Duff et al., 1994). However, Rumpler et al. (1986), reported methane suppression persisted for only two weeks after lasalocid was added to the diet.

It has been suggested that ruminal microbes could adapt to an ionophore (Dinius et al., 1976; Herod et al., 1979, Witt et al., 1980), so rotation of ionophores may reduce microbial adaptation (Galyean and Owens, 1987) and prove beneficial in practical feeding programs.

This study was conducted to determine the effect of monensin-tylan or lasalocid or a daily rotation of these two treatments on concentration of fatty acids, ammonia and digestibility. This is not a straight comparison between ionophores since no antibiotic was included with lasalocid, but represents commercial usage.

Materials and Methods Twelve calves averaging 380 kg were used for the experiment. The animals were dewormed with thiabendazole and intramuscularly injected with a vitamin mixture containing 1,000,000 IU of vitamin A, 150,000 IU

- 1 7 8 -

J _{of vitamin D-2 and 2,000 1U of vitamin E. prior to}

initiation of the experiment. All steers were implanted with J Synovex S. Each animal was halter broken, gentled and placed in digestion stalls for ten days prior to the experiment starting. Throughout the experiment, the steers - were fed a 90% concentrate diet formulated to meet NRC (1984) requirements. Proximate analysis and percent composition of this diet are presented in Table (1).

-* The feed intake of each steer was maintained at 85% ad libitum throughout the experiment. The ad libitum intake was established by averaging the intake of seven ~* feeding days during the ten days adaptation period.

The twelve steers were randomly assigned to one of the three treatment groups, Monensin-Tylan fed daily (MT), Lasalocis fed daily (L) and alternating between Monensin-Tylan one day and Lasalocid the next (MTL).

With half given in the morning and half given in the evening meal, ionophores were fed with the daily feed — allowance. Monensin was fed to steers at the rate of 2.7 me per BW75 with 1.1 mg per BW*75 of Tylan daily. Lasalocid was fed to steers at the rate of 3 mg per BW" —^ daily. No antibiotic was included. The same

concentration was maintained throughout the experiment. Tylan was used along with Monensin to achieve "— conditions similar to common commercial feedlot J practices.

Methane production was estimated for each steer " using the equation described by Czerkawski (1972) as:

J _{% Methane = 8.0 - 0.113 propionate concentration.}

L^{-J Calculations were made at days 0, 2, 5, 16 and 45.}

A 6-day conventional digestion trial was conducted after d-34 of treatment with nine of the steers, three steers

L^{from each treatment, to determine metabolizability.}

Nitrogen content of feed and feces was determined according to the micro kjeldhal procedure (AOAC, 1980).

-"* Gross energy content of feed, feces and urine was measured using automatically controlled Parr Adiabatic oxygen bomb calorimeter* (AOAC, 1980).

Ruminal fluid was obtained from each steer 15 h after | feeding, using a stomach tube. The first portion of the collection was discarded and the subsequent 100 ml was saved. The pH was determined immediately then the fluid I j was strained through four layers of cheese cloth. One portion of the strained ruminal fluid was mixed at a ratio

L: _{j * Parr Instruments, Molina, Illinois, USA, (AOAC, 1980).} L

of 5:1 with 25% metaphosphoric acid to be used for VFA analysis (Erwin et al., 1961). The other portion was preserved with mercuric chloride and stored for ammonia measurements. Samples for VFA determination were centrifuged at 10,000 RPM for ten minutes and the supernatant stored at - 12C for subsequent analysis. Concentrations of VFA were determined by gas-liquid chromatography procedures of Erwin et al. (1961) using a Shimadzu instrument**. Ammonia concentration was measured using 3 ml of rumen fluid samples via the MgO procedure of Bermner and Keeney (1965).

Data were analyzed using SAS (1986). This study was designed to examine the treatment by time interaction in a repeated measures design. The initial measurements on d 0 were not included in the analysis of variance, however, they were used for comparative purposes and were used as a covariate in some analyses.

Results and Discussion Calculated methane production was initially depressed by as much as 37% below pre-treatment levels but increased over time of treatment in a quadratic manner (P<0.01) for treatment MT and MTL (Table 2). For treatment MT and MTL, methane production decreased on d 2 and 5 but increased afterwards. Meanwhile, none of these changes were different for treatment L. Methane production averaged 4.0% of GEI for treatment L (Table 2).

Similar to data of Rumpler et al. (1986) treatments with L, as well as, MT and MTL did not suppress methane production in steers fed with a high concentrate diet over the entire feeding period. Where there was an initial suppression, methane production had increased to initial levels by d 16. Initial methane suppression was more rapid for MT than MTL, suggesting suppression effects were delayed by the MT and L rotation. The lack of depression in initial methane in steers fed L containing diets agreed with results of Delfino et al. (1988) who reported lack of L effect on methane depression on steers fed a high concentrate diets. However, it is in contrast with results of Rumpler et al. (1986) who confirmed the effect of L on initial methane suppression. The typical response is not clear, however, the different fermentation pattern, i.e. high butyrate, of steers assigned to lasalocid perhaps should be noted.

Ionophore treatments did not differ in their effect on

** Shimadzu 8A GC Model, Shimadzu Corporation, Analytical

Instrument Division, Koyoto, Japan.

Effect of Different lonophore... Jamal Abo Omar

digestibility of DM and energy (Table 3). Steers fed the lasalocid averaged lower (P<0.05) digestibility of CP than MT or MTL treatments. Little effect among treatments was observed on digestibility measurements. The trend for lower DM digestibility with L treatment was consistent with the literature when cattle were fed with a high concentrate diets (Berger et a!., 1981) or high roughage (Paterson et al., 1983; Kirk et al., 1994; Maas et al., 2001) diets. Unlike data of Peterson et al. (1983), we observed a lower digestibility of CP with treatment L.

Urinary losses of energy did not differ across treatments. Losses of energy as methane, when measured after 45 d of feeding ionophores, also did not differ across treatments.

The pH of rumen fluid samples was not affected by ionophore or day of treatment. Approximately 20% of the samples were found to have a pH of 7 or above indicating that the attempts to avoid saliva dilution were not always successful. Ammonia concentration in these rumen fluid samples averaged lower during the first three sampling periods than prior to ionophore treatments but non of these changes were significant.

Molar proportions of VFA (Table 4) are expected to accurately reflect treatment effects, unbiased by the probable saliva dilution. Molar proportions of acetate held approximately constant over the experiment regardless of treatment. Molar proportions of propionate increased during the early days of treatment but declined in a quadratic manner (PO.05) after ionophore addition for MT and MTL treatments. Propionic acid concentrations were inversely related to methane production over days of treatment. They were generally consistent with stoichiometric transfer of H 2 described by Czerkawski (1972), where propionic acid formation competes directly with nethane formation for the available hydrogen.

Additionally, molar percentages of propionate and butyrate were inversely related over days of treatment. These observations are evident in the erratic fermentation pattern and changes in propionate, butyrate and methane observed on d 16 for all treatments. Acetate to propionate ratio (A/P) decreased from when MT and MTL treatments began but then increased (PO.05) quadratically with day after ionophore treatment began. Treatments MT and MTL appeared to reduce the A/P, however, an erratic fermentation was detected in a high A/P on day 16 for both treatments. There was no change in A/P due to time for treatment L. Molar proportions of butyrate did not differ among treatments or due to day after ionophore feeding began. There was some evidence of a group difference (P<0.13) prior to treatment. Prior to ionophore addition (d 0), the molar proportions of acetate and butyrate were generally greater and propionate lower for steers allotted to treatment L verses steers which were to receive treatments MT and MTL.

Eventhough the component losses were not significantly different, there was some evidence of a metabolizabihty effect (Table 3). The ME value for treatment L was less (P<0.05) than the ME for MT and MTL. The high ME/DE ratios observed for all treatments is similar to other published results of high concentrate diets fed to cattle (Deramus, 1972; Moe et al., 1972; Brasher, 1973; Byers, 1974). However, these values were unlike the average value accepted by NRC (1984).

In conclusion, this study suggests that methane suppression does not persist beyond about two weeks for ionophore treatments and a daily rotation of ionophores had no digestive or metabolic advantage over feeding MT daily.

It is recommended that further research is needed to investigate the best procedure and does for ionophores to exert its effect on the parameter measured. The potential advantages of ionophores in fattening operations deserve this effort.

Implications The suppression of methane by ionophores fed with high grain diets to feedlot cattle when observed, persist for less than 16 days. This action is unlikely to account for major long term effectiveness of ionophores. Rotation between ionophores does not appear to provide metabolic or digestive efficiency advantages.

- 180 -

Dirasat, Agricultural Sciences, Volume 31, No. 2, 2004

Table 1. Composition of the diet fed to steers during the ionophore rotation experiment.

Feed constituent Cracked corn Chopped alfalfa Supplement* Chemical composition** Crude protein, % NDF% ADF% GE (Mcal/kg) NEm (Mcal/kg) NEg (Mcal/kg) P,% Ca, % Na, % K,% Mg, %

Percent of dry matter 80 10 10 14.7 27 23 4.49 2.22 1.54 0.36 0.59 0.03 0.57 0.15 *supplement composition: 85% SBM, 1.2% limestone, 0.286% salt, o.ol4% premix***.

* Calculated from NRC (1984) except for crude protein and GE which were by analysis, see text.

***Premix specifications: 3.9% Fe, 3.7% S, 12% I, 4% Mg, 2% Mn, 0.125% Cu, 0.18% Zn,^0.01% Se.

Table 2. Effect of MT, L or MTL on methane losses as percent of gross energy intake over 45 days of treatment to a 90% concentrate diet.

Treatmentab MT L MTLC

0 3.8 3.9 4.1

2 2.6 3.6 3.4

5 2.7 4.2 2.6

16 4.3 3.9 6.0

45 4.2 4.3 5.6 "residual standard deviation.

b Day x treatment interaction (P<0.09). c Quadratic effect due to day after treatment began (P<0.05).

-fable 3. Estimation of digestibility and metabolizability during week six of ionophore treatment (3 steers per treatment). Ionophore treatment3 MT L MTL RSDC

BW(kg)

373 357 406

DM intake, g/MBS/D 69.8 67.5 74.8

DIGESTIBILITY,% DM CP Energy 82.8 68.3 84.8 79.7 66.4b 81.0 84.3 67.9 85.5

4.5 2.0 5.5

Losses,%GEI UE CH4 ME,% 3.6 4.4 76.9 3.8 4.9 72.T 2.6 5.0 77.6

6.2 Monensin-tylan (MT), Lasalocid (L), and rotation between these (MTL).

b Treatment L difference (P<0.05). c Residual standard deviation.

K ^{- 1 8 1 -}

Effect of Different Ionophore... Jamal Abo Omar

Table 4. Effect of MT, L or MTL on ruir

treatment to 90% concentrate diet. Item/trt Acetate, Moiar% (RSDa= 4.9) MT L MTL Propionate11, Molar% (RSD= 9.3)

MT° L MTLC Butyrate, Molar% (RSD= 9.3) MT L MTL Acetate/pro ionate1',

MTC L MTLC Total VFA,mmole MT L MTL pH MT L MTL

0

48.5 51.5 49.3

36.0 28.8 36.3

7.8 11.5 7.3

1.36 1.92 1.39

64.5 72.8 73.5

6.8 6.7 6.6 inal volatile fatty 2

44.7 53.3 44.5

41.8 26.0 42.0

8.8 10.5 7.0

1.08 2.19 1.05

67.4 63.6 90.1

6.5 6.6 6.3 acids and 5

44.7 49.0 45.5

42.5 34.3 44.0

7.7 10.0 5.1

1.04 1.54 1.04

71.3 73.8 81.8

6.8 6.9 6.2 pH over 45 days of 16

45.3 50.0 48.8

37.3 34.3 23.5

10.5 8.5 17.0

1.62 1.45 2.55

93.9 69.6 65.4

6.0 6.6 6.4

45

45.3 47.3 44.0

39.5 33.0 33.0

8.2 12.0 9.0

1.14 1.59 1.46

76.1 84.1 120.5

6.7 6.5 5.8

Residual standard deviation.

b Day x treatment interaction during d 2 to d 45 (P<0.02).

c Quadratic effect due to day after treatment began (P<0.05).

REFERENCES

AOAC. 1980. Official Methods of Analysis (13th ed.).

Association of Official Analytical Chemists, Washington, D.C.

Beede, D.K., Gill, N.W., Koenig, S.E., Lindsey, T.O.,

Schelling, G.T., Mitchell, G.E., Jr. and Tucker, R.E. 1980. Nitrogen Utilization and Fiber Digestibility in Growing Steers Fed Low Protein Diet with Monensin. J. Anim.Sci. 5: (Suppl. 1):5.

Berger, L.L., Ricke, S.C. and Fahey, G.C. Jr. 1981.

Comparison of Two Forms and Two Levels of Lasalocid with Monensin on Feedlot Cattle Performance. J. Anim. Sci. 53:1440.

Brasher, T.E. 1973. The Effect of Corn Processing on the Disappearance of Starch in the Rumen and Intestines of Beef Cattle. Colorado State University, Ph.D. Dissertation.

Bremner, J.M. and Keeney, D.R. 1965. Steam Distillation Methods for Determination of Ammonium Nitrate and Nitrite. Anat.Chem. Acta. 32:485.

Byers, F.M. 1974. The Importance of Associated Effects of

- 182-

Dirasat, Agricultural Sciences, Volume 31, No. 2, 2004

Feeds on Corn Silage and Corn Grain Net Energy Values. Colorado State Univ., Ph.D. Dissertation.

Czerkawski, J.W. 1972. Fate of Metabolic Hydrogen in the Rumen. Proc. Nat. Soc, 31:141.

Delfino, J., Mathison, G.W. and smith, M.W. 1988. Effect of Lasalocid on Feedlot Performance and Energy Partitioning in Cattle. J. Anitn. Sci. 66:136, Deramus, H.A., Jr. 1972. Effect of Previous Plan of Nutrition on the Efficiency of Energy Utilization by Beef Steers as Measured by Respiration Calorimeters and Slaughter Technique. Oklahoma State University, Stillwater, OK. M.S. Thesis.

Dinius, D.A., Simpson, M.S. and Marsh, P.B. 1976. Effect of Monensin Fed with Forage on Digestion and the Ruminal Ecosystem of Steers. J. Anim. Sci. 42:229.

Duff, G. C, Galyean, M. L., Branine, M. E. and Hallford, D.

M. 1994. Effect of Lasalocid and Monensin Plus Tylosin on Serum Metabolic Hormones and Clinical Chemistry Profiles of Beef Steers Fed a 90% Concentrate Diet. J. Anim. Sci. and Techno}. 72: 1049.

Erwin, E.S., Marco, G.L. and Emery, E.M. 1961. Volatile Fatty Acid Analysis of Blood and Rumen Fluid by Gas Chromatography. J. Dairy Sci., 44:1768.

Galyean, M.L. and Owens, F.N. 1987. lonophore Rotation Programs, Possible Mechanism(s) of Action. New Mexico Univ. Clayton Research Center Report, Los Cruses, NM, USA.

Hanson, T.L. and Klopfenstein, T.L. 1979. Adaptation of Lambs Fed Monensin. Amer. Soc. Anim. Sci., 69th Annual Meeting(Abstr), 1979, Washington, DC, USA.

Herod, E.L., Bartley, E.E., Davidovich, A., Bechtle, R.M., Sapienza, D.A. and Brent, B.E. 1979. Effect of Adaptation to Monensin or Lasalocid on Rumen Fermentation in vitro and the Effect of These Drugs on Heifer Growth and Feed Efficiency. J. Anim. Sci., 49 (Suppl. 1):374.

Ives, S. E., Titgemeyer, E. C, Nagaraja, T. G., Del Barrio, A., Bindel, D. J. and Hollis, C. 2002. Effects of Virginimycin and Monensin Plus Tylosin on Ruminal Protein Metabolism in Steers Fed Corn Based Diet with or Without Wet Corn Gluten Feed. J. Anim. Sci., 80: 3005.

Joyner, A.E., Brown, L.J., Fogg, T.J. and Rossi, R.T. 1979.

Effect of Monensin on Growth, Feed Efficiency and

Energy Metabolism Of Lambs.J. Anim. Sci., 48:1065. Kirk, D. J., Fontenot, J. P. and Rahnemas, S. 1994. Effect of Feeding Lasalosid and Monensin on Digestive Tract Flow and Partial Absorption of Minerals in Sheep. J. Anim. Sci., 72: 1029.

Kung, L. J. P. Bracht, and Tavares, J. Y. 2000. Effect of Various Compounds on in vitro Ruminal Fermentation and Production of Sulfide. Anim. Feed Sci. andTechnol., 84: 69.

Maas, J. A., Wilson, G. F., McCutcheon, S. N., Lynch, G.

A., Bumham, D. L. and France, J. 2001. The Effect of Season and Monensin Sodium on the Digestive Characteristics of Autumn and Spring Pasture Fed Sheep. J. Anim. Sci.. 79: 1052.

Moe, P.W., Flatt, W.P. and Tyrell, H.F. 1972. Net Energy Value of Feeds for Lactation. J. Dairy Sci., 55:945.

NRC. 1984. Nutrient Requirement of Domestic Animals, Revised Ed. Nutrient Req. of Beef Cattle. National Academy of Sciences, National Research Council, Washington, D.C. USA.

Paterson, J.A.,. Anderson, B.M., Bowman, D.K., Morrison, R.L. and Williams, J.E. 1983. Effect of Protein Source and Lasalocid on Nitrogen Digestibility and Growth by Ruminants../. Anim. Sci., 57:1537.

Richardson, L.F., Raun, A.P., Potter, E.L. and Cooley, CO.

1976. Effect of Monensin in Rumen Fermentation in vitro and in vivo. J. Anim. Sci., 43:657.

Rumpler, W.V., Johnson, D.E. and Bates, D.B. 1986. The Effect of High Dietary Cation Concentration on Methanogenesis by Steers Fed Diets With or Without lonophores. J. Anim. Sci., 62:1737.

SAS. 1986. SAS User's Guide: Statistics, 6th Edition. SAS Inst., Inc. Cary, NC. USA.

Scheliing, G.T., Spires, H.R., Mitchell, G.E. Jr. and Tucker, R.E. 1977. The Effect of Various Antimicrobial on Amino Acid Degradation Rates by Rumen Microbes. Fed. Proc, 37:411.

Wedegaertner, T.C. and Johnson, D.E. 1983. Monensin Effects on Digestibility Methanogenesis and Heat Increment of a Cracked Corn-silage Diet Fed to Steers. J. Anim. Sci., 57:168.

Witt, K.E., Owens, F.N. and Gill, D.R. 1980. Rumensin for Feedlot Steers: A Six-trial Summary. Oklahoma Agr. Exp.Sta. MP-107, 125.