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ABSTRACT

Background: Some additives are able to improve animal performance in growing and finishing periods. Monensin was first 
used to control coccidiosis in poultry and was extended to other animals, like ruminants, to act also as a growth promoter 
and improve cattle performance. In this species, monensin improves the synthesis of propionic acid in the rumen and 
decreases methane synthesis and protein degradation, resulting in better performance in protein and energy metabolism. 
The objective of this study was to evaluate the use of monensin controlled-release capsules on animals grazing Lolium 
multiflorum intercropped with Trifolium repens on metabolic profile and performance. 
Materials, Methods & Results: Thirty Hereford cows were randomly distributed into two groups: control (CG) and monensin 
group (MG). Monensin was individually administered by controlled-release capsules placed in the rumen through oro-
esophageal pathway. All animals were identified through earring and kept under the same management condition, grazing 
on upland pasture mixture of Trifolium repens and Lolium multiflorum. Data from biochemical profile and performance 
were collected during 45 days. Blood samples started on the day of monensin controlled-release capsule placement (day 
0) and continued in periods of 15, 30 and 45 days, after initial placement. Serum levels of albumin, glucose, urea, lactate 
dehydrogenase (LDH) and aspartate aminotransferase (AST) were evaluated using colorimetric diagnostic kits. In the ru-
men fluid, pH was measured and protozoa count was performed. All statistical analyses were made using software SAS. 
Albumin, AST, glucose, LDH and urea were analyzed through MIXED procedure and Tukey-Kramer test was applied for 
comparison of means. For average daily gain, the orthogonal polynomials test was applied. Treatments did not differ in 
BSC, body weight and average daily gain (ADG). None of these performance parameters were significantly affected by 
the addition of monensin. Blood biomarkers did not show statistical differences between treatments and markers of rumen 
activity did not suffer interference from monensin supplementation. There was only a tendency (P = 0.07) for the first 
time (0) to a higher pH value in CG. 
Discussion: Animals grazing in the finishing period, characterized by a continuous and linear weight gain, did not suffer 
any kind of stress situation. This condition did not provide a striking challenge that could reach the level of a metabolic 
change in animals. Facing feed shortages, or other stressful condition, supplementation with monensin and other additives, 
such as yeast, showed to be more effective, compared to animals in nutritional comfort. Weight gain increase is related to 
the expected changes in biochemical profile, as increased AST, glucose and LDH. The increase in AST levels on day 30  
(P < 0.0001) is explained by the greater weight gain of animals in the previous period (day 15, P < 0.0001), where there 
was a higher hepatic activity to meet this anabolism and also by AST been an enzyme indicator of liver activity. This 
study did not show statistical treatment differences in relation to ruminal pH but, just a trend (P = 0.07) of higher pH in 
CG which is not caused by monensin supplementation that occurred since the first time (0), when animals were moved to 
pasture and receiving the monensin capsule. Since there was a low consumption of monensin capsules, the results were 
consistent with environment conditions and the phase in which the animals were. The results were also in agreement with 
finishing period, metabolic changes and animal performance at the same moment.
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INTRODUCTION

Feed have historically represented 50-70% of 
the cost of production in beef enterprises, demanding 
some effort to search for ways to improve animal ef-
ficiency. A feed efficiency of 10% across the entire 
feedlot sector would reduce feed costs about US$ 1.2 
billion. Some additives are able to improve animal 
performance in growing and finishing periods [18].  
Monensin was first used for the control of coccidiosis in 
poultry and extended to other animals, like ruminants, 
to act also as a growth promoter and improve cattle 
performance by reducing or inhibiting the activity of 
ruminal microorganisms. More recently, monensin 
has been associated to environmental aspects, such as 
decreasing methane emission in cattle. 

In Brazil, lasalocid and monensin are the only 
ionophores approved for use in ruminants feed [19]. 
In this species, monensin improves the synthesis of 
propionic acid in the rumen and decreases methane 
synthesis and protein degradation, resulting in better 
performance in protein and energy metabolism [7].  
Positive effects on energy efficiency are the increasing 
in rumen propionate production, as a consequence of 
monensin resistance by the gram-negative bacteria, 
which reduce succinate to propionate, and a reduction 
in the gram-positive bacteria [16].

Therefore, the objective of this study was 
to evaluate the use of monensin controlled-release 
capsules on animals grazing Lolium multiflorum in-
tercropped with Trifolium repens on metabolic profile 
and performance. 

MATERIALS AND METHODS

The experiment was conducted on a farm in 
southern Brazil (located 33°41’28’’ S and 53°27’24’’ 
E). The experimental design was completely random-
ized with two treatments and considering each animal 
as an experimental unit. Thirty Hereford cows, with an 
average age of five years, body score condition (BSC) 
3.6 ± 0.3 and average of body weight 382.7 ± 2kg,   
were randomly distributed in a control group (CG) and 
a monensin group (MG). Monensin was individually 
administered by controlled-release capsules (Rumensin 
Capsule)1 placed in the rumen through oro-esophageal 
pathway supported by a specific applicator. The capsule 
used in this experiment contains ten tablets that release 
320 mg of daily monensin in the rumen.  

All animals were identified through earring and 
kept under the same management condition, grazing 
on upland mixed pasture consisting of 27% of white 
clover (Trifolium repens), 48.37% of ryegrass (Lolium 
multiflorum), 19.63 % of other species not categorized 
during the experiment and 5% of species in senescence 
stadium. Samples of pasture were collected for feed 
analysis (Table 1).

Data from biochemical profile and perfor-
mance were collected during 45 days. Blood samples 
started on the day of monensin controlled-release cap-
sule administration (day 0) and continued in periods 
of 15, 30 and 45 days, after initial assignment. Blood 
samples were collected by puncture of the coccygeal 
vein and divided in EDTA (10%) and glycolytic path-
way inhibitor (12% potassium fluoride) tube and one 
vial without anticoagulant. Immediately after collec-
tion, samples were centrifuged at 1800 g for 15 min 
and divided into two Eppendorff type tubes previously 
identified, one of which was frozen at -18°C and further 
cooled at 4°C. 

Serum levels of albumin2, glucose (Glucose 
Liquiform)2, urea (Urea CE)2, lactate dehydrogenase 
(LDH Liquiform)2 and aspartate aminotransferase 
(AST/GOT Liquiform)2 were evaluated using colori-
metric diagnostic kits measured in a spectrophotometer 
(FEMTO 435, FEMTO®)3. Ruminal fluid collections 
were performed on days 0, 30 e 45 by oro-esophageal 
probe linked to a vacuum pump. The pH of rumen 
fluid, after being filtered through lint, was measured 
using a portable potentiometer (pHep4®, HANNA)4. 
Subsequently, the fluid was strained through gauze to 
obtain 5 mL samples for protozoa counting [15].

At the time of slaughter, on average 92 days 
after placement of the capsules, they were recovered 
and individual consumption of monensin each animal 
was measured.

Data analyses were performed using SAS 
statistical software5. Means were analyzed using the 
MIXED MODELS method. Comparison of means 
was performed using the Tukey-Kramer test (P < 0.05) 
were considered significant. For non-parametric data, 
analyses with chi-square and logistic regression were 
performed. The model used was:

yijk = µ + αi + βj + πk + eijk 
were, yijk is the dependent variable,  µ the 

mean, αi is the effect of the animal, βj the period ef-
fect, πk is the treatment effect and eijk the residual 
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error. The adaptation to monensin inclusion was indi-
rectly evaluated according periods using orthogonal 
polynomial contrasts [26] to determine linear and 
quadratic effects of the monensin consumption on 
average daily gain. Treatment effects for average daily 

gain were tested for quadratic components through 
orthogonal polynomials. The period 1 refers to ADG 
between days 0 and 15 of the experiment, the period 
2 between days 15 and 30 and the period 3 between 
days 30 and 45.

Table1. Chemical composition of the diet during the experiment period.

Nutrient, % Day 0 Day 15 Day 30 Day 45
Dry matter 15.9 16.2 24.4 23.5

Crude protein 16.3 17.2 14.8 15.7
Neutral Detergent Fiber 49.6 47.9 57.9 61.5

Acid Detergent Fiber 25.6 58.18 62.31 ─
Crude Fat 2.4 2.4 ─ 2.5

RESULTS

No clinical signs of timpanism occurred. 
Consumption by animals fed monensin was 3.5 tab-
lets per animal (1.120 mg of monensin) below the 
recommended by the manufacturer which suggests the 
consumption of 10 tablets in 100 days.

Treatments did not differ in BCS, body weight 
and average daily gain (ADG), which were not sig-

nificantly affected by the addition of monensin (P > 
0.10) [Table 2].   

Blood biomarkers did not show any differences 
between treatments (Table 3).

Monensin supplementation did not affect 
markers of rumen activity (Table 4). There was only a 
tendency (P = 0.07) during the first day (0) to a higher 
pH value in CG.

Table 2. Performance of cows supplemented with monensin controlled-release capsule (MG) and control group (CG).

Parameters
Day 0 Day 15 Day 30 Day 45 P - Values

MG CG MG CG MG CG MG CG S.E. Group Period G*P

BSC 3.5c 3.7c 3.86a 4.0a 3.96a 4.0a 4.2b 4.3b 0.06 0.091 <0.0001 0.558

Body weight 382.6a 382.8a 396.0ab 3924ab 422.5bc 421.4bc 445.9c 442.2c 14.3 0.911 <0.0001 0.830
Different letters in the same row indicate statistical difference (P < 0.05) by Tukey test between periods; BSC: Body Condition Score.

Table 3. Blood biomarkers of cows supplemented with monensin controlled-release capsule (MG) and control group (CG).

Biomarker
Day 0 Day 15 Day 30 Day 45 P - values

MG CG MG CG MG CG MG CG SE Group Period G*P

Albumin (g/dL) 3.5 3.4 3.3 3.2 3.5 3.2 3.1 3.1 0.16 0.4676 0.2731 0.7185

AST* (U/L) 112.5ac 114.9ac 124.2ab 119.7ab 136.81b 126.5b 109.7c 111.2c 6.47 0.5564 0.007 0.7420

Glucose (mg/dL) 73.10a 77.90a 75.80a 77.30a 78.30ab 78.20ab 78.00b 85.50b 3.66 0.4294 0.0584 0.3988

LDH** (U/L) 428.6a 464.9a 465.6ac 482.8ac 491.8bc 498.8bc 535.6bc 507.7bc 27.36 0.7302 0.0336 0.6551

Urea (mg/dL) 42.4 46.50 42.3 44.3 45.9 46.7 41.2 40.4 4.04 0.5944 0.5947 0.9421

Different letters in the same row indicate statistical difference (P <  0.05) by Tukey test between periods; *Aspartate aminotransferase; **Lactate de-
hydrogenase.
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Table 4. Ruminal biomarkers of cows supplemented with monensin controlled-release capsule (MG) and control group (CG).

Parameter
Day 0 Day 30 Day 45 P - Values

MG CG MG CG MG CG S.E. Group Period G*P

pH 6.86a 7.06a 7.42b 7.53b 7.7c 7.77c 0.07 0.07 <0.0001 0.61

Protozoa (103/mL) 82 76 59 59 84 72 0.065 0.66 0.111 0.84
Different letters in the same row indicate statistical difference (P < 0.05) by Tukey test between periods.

Figure 1. Graph representing the quadratic effect of gain weight in animals supple-
mented with monensin controlled-released capsules (GM) and control (GC). The period 
1 refers to ADG between days 15 and 0 of the experiment, the period 2 between days 
30 and 15 and the period 3 between days 45 and 30.

DISCUSSION

The beginning of the trial was at the same time 
of cattle grazing in a mixture of Trifolium repens and 
Lolium multiflorum pasture, which generally shows 
higher levels of crude protein and energy, and higher 
digestibility of ryegrass pasture compared to native 
grasslands of Rio Grande do Sul state [11], as shown 
in Table 1. Animals kept grazing in the finishing pe-
riod, which is characterized by a continuous and linear 
weight gain, did not suffer any kind of stress situation, 
as shown in Figure 1. Thus, this condition did not pro-
vide a striking challenge that could reach the level of a 
metabolic change in animals. In a stressful condition, 
supplementation with monensin and other additives, 
such as yeast, showed to be more effective compared to 
animals in nutritional comfort [2], being in agreement 
with the results of the present trial.

Weight gain increase is related to the expected 
changes in biochemical profile, as increased AST, glu-
cose and LDH. The increase in AST levels on day 30 
(P < 0.0001) is explained by the greater weight gain of 
the animals in the previous period (day 15, P < 0.0001), 
where there was a higher hepatic activity to meet this 
anabolism and also by AST been an enzyme indicator 
of liver activity [10].

Albumin is considered the most sensitive 
metabolite for determining protein nutritional status. 
When albumin values are low, for a long period, it is 
possible to suggest an insufficient protein intake [22]. 
Serum albumin average was within the reference values 
established by [14]. It was suggest that a period of one 
month is required to detect significant changes in serum 
albumin concentration in ruminants due to the low rate 
of synthesis and protein degradation [21]. In this study, 
no significant difference in the levels of albumin were 
observed due to the short time between analyses.

Calving cows and ewes treated with monensin 
showed an increase in glucose levels, possibly due to 
an increasing of propionate in the rumen [8]. The find-
ing that glucose concentration was higher in animals 
treated with monensin was not consistently reported. 
In the same way, glucose levels were similar through-
out this study. Glucose concentrations did not differ 
between treatments (P > 0.05), probably due to the 
need for constant maintenance of this compound [6].

A number of studies in dairy cattle [9,12,23] 
reported an increase in blood, plasma or of urea serum 
concentration in animals treated with monensin. This 
effect reflects an increase in the flow or a non deg-
radation of protein in the rumen to the intestine [8]. 
Paradoxically monensin is able to reduce ammonia 
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concentrations in the rumen by selectively inhibiting 
deamination bacteria [25]. Values of urea in the bovine 
plasma range from 17 to 45 mg/dL, keeping the animals 
in this study, both GM and GC, within the reference 
limits [14].

There was no difference between treatments 
in LDH levels, which remained within physiological 
parameters, and these results are in agreement with 
other study which observed that a low blood LDH 
can dismiss the risks of clinical acidosis [4]. The pH 
values suggest that animals were not in subclinical 
acidosis and, therefore, corroborate the LDH results. 
Decreased blood lactate dehydrogenase concentration 
reflects the reduced need to metabolize lactate from 
tissue metabolism and absorption from the digestive 
tract [20]. In the present study, LDH values are below 
those found by other authors [1].

In the same way, it was not possible detected 
any differences (P > 0.05) between treatments in re-
lation to rumen pH, although a tendency (P = 0.07) 
of higher pH during the first period was observed in 
the CG group, the same moment when animals were 
moved to the pasture and receiving the monensin 
capsule, which could indicate a possible adaptation to 
the new diet. It was found an increase in rumen pH as 
a result of monensin utilization that possibly occurred 
due to a decrease on lactate producing bacteria, which 
could proliferate when monensin was not added to 
the diet [24]. Additionally, monensin would modulate 
rumen pH by controlling feed intake into more and 
smaller meals [17].

It is hypothesized that monensin does not affect 
methane production by inhibiting methanogens but 
instead inhibits the growth of bacteria, and protozoa, 
providing a substrate for methanogenesis [5]. The au-
thors concluded that the effect of monensin on methane 
levels in the rumen is related to the ciliate protozoa 

population and as this population adapted to monensin 
[13]. There was no difference between treatments in the 
total number of protozoa. The number of protozoa in 
the rumen fluid varies according the diet composition, 
time of feeding and the collection site in the rumen [3].

Benefits of monensin for feed utilization when 
cows are fed diets containing grain are not disputed, 
and no detrimental effects of monensin have been re-
ported with cows fed forages as a sole diet [27]. Since 
there was a low consumption of monensin capsules, 
the results were consistent with environment conditions 
and the phase in which the animals were. The results 
were also in agreement with finishing period, metabolic 
changes and animal performances at the same moment.

CONCLUSION

In conclusion, there is no influence of mo-
nensin addition in finishing cows grazing Lolium  
multiflorum intercropped with Trifolium repens on per-
formance and biochemical parameters, as they were not 
enough challenged since they were receiving sufficient 
amounts of nutrients during this period, implying in a 
low monensin consumption. 

MANUFACTURERS
1Elanco Animal Health. Auckland, New Zealand. 
2Labtest Diagnóstica SA. Lagoa Santa, MG, Brazil.
3Indústria e Comércio de Instrumentos, São Paulo, SP, Brazil.
4Hanna Instruments Brasil. Tamboré, São Paulo, SP, Brazil.
5SAS 9.1.3, Institute Inc. Cary, NC, USA.

Ethical approval. This research project was approved by the 
Ethics Committee for Animal Experimentation of UFPEL, 
under protocol number 3039/2014, in accordance to Brazilian 
Laws and ethical principles published by the Brazilian College 
of Animal Experimentation.

Declaration of interest. The authors report no conflicts of 
interest, and they alone are responsible for the content and 
writing of the paper.

REFERENCES

1	Arai T., Akira I., Akira T., Hisashi M., Megumi S. & Toshinori S. 2003. Comparison of Enzyme Activities in plasma 
and Leukocytes in Dairy and Beef Cattle. Journal of Veterinary Medical Science. 65(11): 1241-1243.

2	Arambel M. J. & kent B.A. 1990. Effect of yeast culture on nutrient digestibility and milk yield responses on early 
to midlactation dairy cows. Journal of Dairy Science. 73(6): 1560-1563.

3	Barbosa J.D., Ávila S.C., Dias R.V.C., Pfeifer I.B. & Oliveira C.M.C. 2003. Estudo comparativo de algumas provas fun-
cionais do fluido ruminal e de metabólitos sangüíneos de bovinos e bubalinos. Pesquisa Veterinária Brasileira. 23(1): 33-37.

4	Beauchemin K.A., Yang W.Z., Morgavi D.P., Ghorbani G.R., Kautz W. & Leedle J.A.Z. 2003. Effects of bacterial 
direct-fed microbials and yeast on site and extent of digestion, blood chemistry, and subclinical ruminal acidosis in 
feedlot cattle. Journal of Animal Science. 81(6): 1628-1640.



6

                                                                                                           C.F. Demarco, E. Schwegler, C.C. Brauner, et al. 2014. Monensin Controlled-release Capsules do not Change Performance and Meta-
bolic Profile in Unchallenged Beef Cattle.                                                                                                                  Acta Scientiae Veterinariae. 42: 1245.

www.ufrgs.br/actavet
1245

5	Bergen W.G. & Bates D.B. 1984. Ionophores: their effect on production efficiency and mode of action. Journal of 
Animal Science. 58(6): 1465-1483.

6	Blum J.W., Bruckmaier R.M. & Vacher P.Y. 1999. Insulin-dependent whole-body glucose utilization and insulin-
responses to glucose in week 9 and week 19 of lactation in dairy cows fed rumen-protected crystalline fat or free fatty 
acids. Domestic Animal Endocrinology. 16(2): 123-134.

7	Callaway T.R., Edrington T.S., Rychlik J. L., Genovese K.J., Poole T.L., Jung Y.S., Bischoff K.M., Anderson 
R.C. & Nisbet D.J. 2003. Ionophores: Their Use as Ruminant Growth Promotants and Impact on Food Safety. Current 
Issues in Intestinal Microbiology. 4: 43-51.

8	Duffield T.F., Rabiee A. R. & Lean I.J. 2008. A Meta-Analysis of the Impact of Monensin in Lactating Dairy Cattle. 
Part 1. Metabolic Effects. Journal of Dairy Science. 91(6): 1334-1346.

9	Duffield T. F., Sandals D., Leslie K.E.,  Lissemore K., McBride B. W., Lumsden J. H., Dick P. & Bagg R. 1998. Efficacy 
of monensin for the prevention of subclinical ketosis in lactating dairy cows. Journal of Dairy Science. 81(11): 2866-2873.

10	 Galvis R.D., Correa H.J., Ramírez N.F. & Soler W. 2003. Influencia de las alteraciones metabólicas sobre la activi-
dad PEPCK, la generación de IGF- 1 plasmático y la reactivación ovárica en vacas en la lactancia temprana. Revista 
Colombiana de Ciencias Pecuarias. 16(3): 228-236.

11	 Gottschall C.S., Canellas L.C., Ferreira E.T. & Bittencourt H.R. 2006. Terminação de machos e fêmeas de corte suplemen-
tados em campo nativo e pastagem cultivada para abate aos 18 meses de idade. Acta Scientiae Veterinariae. 34(3): 267-274. 

12	 Hayes D.P., Pfeiffer D.U. & Williamson N.B. 1996. Effect of intraruminal monensin capsules on reproductive per-
formance and milk production of dairy cows fed pasture. Journal of Dairy Science. 79(6): 1000-1008.

13	 Hook S.E., Wright G.A. & McBride B.W. 2010. Methanogens: Methane Producers of the Rumen and Mitigation 
Strategies. Archaea. 2010: 1-11.

14	 Kaneko J.J., Harvey J.W. & Bruss M.L. 1997. Clinical biochemistry of domestic animals. 5th  edn. San Diego: 
Academic Press. 932p.

15	 Lima M.E., Vendramin L., Hoffmann D.A.C., Lisboa F.P., Rabassa V.R., Schwegler E. & Corrêa M.N. 2012. 
Alterações na população de protozoários ruminais, quantificados a partir da adaptação da técnica de Dehority, de ovinos 
submetidos a uma dieta de confinamento. Acta Scientiae Veterinariae. 40(1): 1019.

16	 McGuffey R.K., Richardson L.F. & Wilkinson J.I.D. 2001. Ionophores for Dairy Cattle: Current Status and Future 
Outlook. Journal of Dairy Science. 84(Suppl): 194-203.

17	 Monnerat J.P.I.S., Paulino P. V. R., Detmann E., Filho S. C. V., Valadares R. D. F. & Duarte M .S. 2013. Effects 
of Saccharomyces cerevisiae and monensin on digestion, ruminal parameters, and balance of nitrogenous compounds 
of beef cattle fed diets with different starch concentrations. Tropical Animal Health Production. 45(5): 1251-1257.

18	 Nicodemo M.L.F. 2001. Uso de Aditivos nas Dietas de Bovinos de Corte. Campo Grande: Embrapa Gado de Corte, 54p.
19	 Oliveira M.V.M., Lana R.P., Jham G.N., Pereira J.C., Pérez J.R.O. & Valadares Filho S.D. 2005. Influência da 

monensina no consumo e na fermentação ruminal em bovinos recebendo dietas com teores baixo e alto de proteína. 
Revista Brasileira de Zootecnia. 34(5): 1763-1774.

20	 Owens F.N., Secrist D.S., Hill W.J. & Gill D.R. 1998. Acidosis in cattle: A review. Journal Animal Science. 76(1): 275-286.
21	 Payne J.M. & Payne S. 1987. The Metabolic Profile Test. New York: Oxford University Press, 179p. 
22	 Peixoto L.A.O. & Osório M.T.M. 2007. Perfil metabólico protéico e energético na avaliação do desempenho reprodu-

tivo em ruminantes. Revista Brasileira de Agrociência.13(3): 299-304.
23	 Plaizier J.C., Fairfield A.M., Azevedo P.A., Nikkhah A., Duffield T.F., Crow G.H., Bagg R., Dick P. & McBride 

B.W. 2005. Effects of monensin and stage of lactation on variation of blood metabolites within twenty-four hours in 
dairy cows. Journal of Dairy Science. 88(10): 3595-3602.

24	 Russell J.B. & Strobel H.J. 1989. Minireview: effect of ionophores on ruminal fermentation. Applied Environmental 
Microbiology. 55(1): 1-6.

25	 Schelling G.T. 1984. Monensin mode of action in the rumen. Journal of Animal Science. 58(6): 1518-1527.
26	 Steel R.G.D. & Clark A.C.H. 1980. Principles and Procedures of Statistics: A Biometrical Approach. 2nd edn. New 

York: McGraw-Hill Book Co., 672p.  
27	 Waghorn G.C., Clark A.C.H., Taufa B.V. & Cavanagh A. 2008. Monensin controlled-release capsules for methane 

mitigation in pasture-fed dairy cows. Australian Journal of Experimental Agriculture. 48(2): 65-68.


