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ABSTRACT

The objective of this study was to determine the long-
term effects of feeding monensin on methane (CH4) pro-
duction in lactating dairy cows. Twenty-four lactating
Holstein dairy cows (1.46 ± 0.17 parity; 620 ± 5.9 kg of
live weight; 92.5 ± 2.62 d in milk) housed in a tie-stall
facility were used in the study. The study was conducted
as paired comparisons in a completely randomized de-
sign with repeated measurements in a color-coded, dou-
ble-blind experiment. The cows were paired by parity
and days in milk and allocated to 1 of 2 treatments: 1)
the regular milking cow total mixed ration (TMR) with
a forage-to-concentrate ratio of 60:40 (control TMR; pla-
cebo premix) vs. a medicated TMR (monensin TMR;
regular TMR + 24 mg of Rumensin Premix/kg of dry
matter) fed ad libitum. The animals were fed and
milked twice daily (feeding at 0830 and 1300 h; milking
at 0500 and 1500 h) and CH4 production was measured
prior to introducing the treatments and monthly there-
after for 6 mo using an open-circuit indirect calorimetry
system. Monensin reduced CH4 production by 7% (ex-
pressed as grams per day) and by 9% (expressed as
grams per kilogram of body weight), which were sus-
tained for 6 mo (mean, 458.7 vs. 428.7 ± 7.75 g/d and
0.738 vs. 0.675 ± 0.0141, control vs. monensin, respec-
tively). Monensin reduced milk fat percentage by 9%
(3.90 vs. 3.53 ± 0.098%, control vs. monensin, respec-
tively) and reduced milk protein by 4% (3.37 vs. 3.23 ±
0.031%, control vs. monensin, respectively). Monensin
did not affect the dry matter intake or milk yield of the
cows. These results suggest that medicating a 60:40
forage-to-concentrate TMR with 24 mg of Rumensin
Premix/kg of dry matter is a viable strategy for reducing
CH4 production in lactating Holstein dairy cows.
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INTRODUCTION

In recent years, there has been an increase in public
concern over environmental damage originating from
animal feeding operations. The increased concentration
of greenhouse gases (CO2, CH4, and N2O) in the tropo-
sphere has been implicated in the consistent increase
in atmospheric temperature and global warming over
the last few decades (Intergovernmental Panel on Cli-
mate Change, 2001). The concentration of methane
(CH4) has increased at a rate of 10 nL/L per yr (1 nL =
10−9 L) since the preindustrial revolution (Moss et al.,
2000). Domesticated ruminants are estimated to pro-
duce about 80 Tg of CH4 annually (1 Tg = 1 million
metric tons), accounting for about 22% of CH4 emissions
from human-related activities (NRC, 2002).

Methane is produced in ruminants as an unavoidable
by-product of OM fermentation in the rumen, and it
represents a significant energy loss to the host animal.
Johnson and Johnson (1995) estimated that the energy
lost as CH4 in ruminants can range from 2 to 12% of
the gross energy intake. The rate of CH4 production
from livestock is influenced by several factors, including
the level of feed intake, type of dietary carbohydrate,
feed processing, dietary addition of lipids or ionophores,
and changes in ruminal microbial flora and microflora
(Johnson and Johnson, 1995; NRC, 2002). Monensin is
an ionophore approved for use in lactating dairy cows
in several countries, including Australia, Argentina,
Brazil, Canada, New Zealand, South Africa, and re-
cently the United States. Monensin is used extensively
to manipulate ruminal fermentation and thereby im-
prove feed efficiency (Russell and Strobel, 1989). Mo-
nensin is a carboxylic polyether ionophore antibiotic
that is produced by fermentation of Streptomyces cinna-
monensis (Russell, 2002). Benefits of feeding ionophores
to lactating dairy cows include a shift in the acetate-
to-propionate ratio toward more propionate and an as-
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sociated decrease in methanogenesis (Russell and Hou-
lihan, 2003), increased milk production (McGuffey et
al., 2001), antiketogenic effects (Duffield and Bagg,
2000), improved BCS (Sauer et al., 1998; Duffield et
al., 1999), control of legume bloat (Maas et al., 2002),
and reduced risk of acidosis by inhibiting lactic acid
production in the rumen (Tung and Kung, 1993; McGuf-
fey et al., 2001).

However, studies reporting reductions in ruminal
methanogenesis with ionophore supplementation have
varied with respect to the extent of the reduction and
persistence of the response (Carmean and Johnson,
1990; Mbanzamihigo et al., 1996; Sauer et al., 1998).
For example, Sauer et al. (1998) reported that ruminal
microflora in cows that had previously received monen-
sin seemed to have undergone some adaptive changes
and no longer responded to monensin with repeat mo-
nensin supplementation; however, animals and treat-
ments were confounded in that study. Guan et al. (2006)
found that the 27 to 30% reductions in CH4 production
with ionophore supplementation were short-lived. In
the study by Guan et al. (2006), CH4 production levels
returned to the preionophore supplementation level
after 2 to 4 wk, depending on the energy content of the
diet. The objective of the present study was to determine
the long-term effects of feeding monensin on CH4 pro-
duction in lactating dairy cows.

MATERIALS AND METHODS

Animals and Treatments

Twenty-four lactating Holstein dairy cows (1.46 ±
0.17 parity; 620 ± 5.9 kg of live weight; 92.5 ± 2.62 DIM,
mean ± SE) housed in a tie-stall facility at the Elora
Dairy Research Centre, University of Guelph (Guelph,
ON, Canada), were used in the study. Animals were
cared for and handled in accordance with the Canadian
Council on Animal Care regulations, and the University
of Guelph Animal Care Committee reviewed and ap-
proved the experiment and all procedures carried out
in the study.

The study was conducted as paired comparisons in a
completely randomized design with repeated measure-
ments in a color-coded double-blind experiment. The
cows were paired by parity and DIM and allocated to
1 of 2 treatments: 1) the regular Elora Dairy Research
Centre milking cow TMR with a forage-to-concentrate
ratio of 60:40 introduced at calving (control; placebo
premix) or 2) a medicated TMR (monensin; regular
TMR + 24 mg of Rumensin Premix (Elanco Animal
Health, Division Eli Lilly Canada Inc., Guelph, ON,
Canada)/kg of DM. The Rumensin Premix was incorpo-
rated into soyhulls, which acted as the carrier, whereas
the placebo contained only soyhulls. The placebo and
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Table 1. Ingredients and chemical composition (DM basis) of the diet

TMR %, DM

Ingredient composition, % (DM basis)
Corn silage 33.2
Haylage 22.0
High-moisture corn 21.9
Second-cut alfalfa hay 5.5
TMR dairy supplement1 17.3

Chemical composition, %, DM basis
DM, % 43.5
CP (N × 6.25) 18.2

Soluble protein % 6.3
Soluble protein, % of CP 34.9
Acid detergent protein, % of CP 8.4
Neutral detergent protein, % of CP 38.7
Undegradable intake protein, % of CP 32.6

ADF 21.0
NDF 34.4
NFC2 36.1
Lignin, % NDF 9.7
Calcium 0.97
Phosphorus 0.50
Potassium 1.21
Magnesium 0.31
Sodium 0.41
Fat 4.33
Ash 7.00
NEL, Mcal/kg 1.55

1Contained (g/kg of DM): 48% soybean meal, 285; high-protein corn
gluten meal, 150; canola meal, 100; roasted soybean (whole), 100;
soyhulls (ground), 55.5; fish meal (herring), 50; beet pulp, 50; sodium
bicarbonate, 39; calcium carbonate (limestone), 38; dicalcium phos-
phate, 33; fine salt, 25; golden flake, 20; molasses (in pelleter), 20;
urea, 15; magnesium oxide (56% Mg), 8.9; organic ruminant Micro
Premix (Floradale Feed Mill Limited, Floradale, ON, Canada), 6.3;
sulfur flour 99.5%, 3.2; Yea-Sacc1026 (Alltech Inc., Nicholasville, KY),
0.9; Rovimix H-2 (DSM Nutritional Products, Inc., Parsippany, NJ),
0.2. Placebo premix (g/kg of DM): soyhulls, 1,000. Medicated premix
(g/kg of DM): Rumensin Premix (Elanco Animal Health, Division Eli
Lilly Canada Inc., Guelph, ON, Canada), 2.56 g; soyhulls 997.44 g.

2Nonfiber carbohydrates were calculated as NFC = 100 − (% NDF
+ % CP + % fat + % ash).

monensin premixes were mixed with the TMR each
morning. The dietary composition and chemical analy-
sis are presented in Table 1.

Cows were fed ad libitum, allowing for 5 to 10% re-
fusal. The feed was offered twice daily at 0830 and 1300
h, and the cows had unlimited access to fresh water.
The cows were milked in their stalls twice daily at 0500
and 1500 h. On CH4 measurement days, milk samples
were collected from morning and afternoon milkings
and preserved with 2-bromo-2-nitropropane-1-2-diol.
The milk samples were pooled daily based on milk yield,
and the pooled samples were immediately submitted
to the Central Milk Testing Laboratory (Laboratory
Services Division, University of Guelph) for composi-
tional analysis.

Measurements of Methane Production

Methane production from the cows was measured
prior to introducing the treatments and monthly there-
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after for 6 mo using an open-circuit indirect calorimetry
system, as described by Kelly et al. (1994) and updated
by Odongo et al. (2007). Briefly, the calorimetry unit
was based on 2 separate but linked sampling lines
attached to 2 airtight ventilated head-hoods. The hoods
were large enough to allow the animals to move their
heads without restriction such that the animals could
stand or lie down in the stanchions with their head
remaining in the hoods. The animal’s head was enclosed
in the hood using a sleeve around the animal’s neck to
minimize air leakage. The cows had free access to feed
and water in the hood. Outside air was circulated
around the animal’s head, mouth, and nose through
the sleeve, and a subsample of the expired air was
passed through Drierite (W. A. Hammond Drierite Co.,
Ltd., Xenia, OH) to remove water vapor and was deliv-
ered at positive pressure to inline analyzers. Methane
and CO2 concentrations in samples of inspired and ex-
pired air were measured using a nondispersive infrared
CH4/CO2 analyzer (Servomex Xentra 4100 gas purity
analyzer; Servomex Group Ltd., Crowborough, East
Sussex, UK), and the concentration of O2 was measured
using a paramagnetic O2 analyzer (Servomex Xentra
4100 gas purity analyzer; Servomex Group Ltd.) with
a response time of <12 s for the O2 analyzer and <20 s
for the CH4/CO2 analyzer. A Foxboro 823 IFO integral
flow orifice with cell transmitter (Invensys Systems,
Inc., Foxboro, MA) was used to measure the airflow
rate. The analyzers were calibrated each week as de-
scribed by McLean and Tobin (1987).

Chemical Analysis

Dry matter intakes were monitored daily throughout
the experiment. Representative samples of the TMR
were collected from the data ranger (American Calan,
Northwood, NH) 3 times per week and stored at −20°C
until analyzed. Orts from individual cows were weighed
each morning prior to feeding, and representative sam-
ples were collected and stored at −20°C until analyzed.
The TMR and orts were analyzed for DM by oven-drying
at 60°C for 48 h (method 930.15; AOAC, 1990). The
dried TMR samples were then ground to pass through
a 1-mm screen (Wiley mill, Arthur H. Thomas, Philadel-
phia, PA) and chemical composition was determined in
duplicate at a commercial laboratory (Agri-Food Labo-
ratories, Guelph, ON, Canada). Analytical DM content
was determined by oven-drying at 135°C for 2 h (method
3.002; AOAC, 1990), OM by ashing at 500°C for 16 h
(method 942.05; AOAC, 1990), CP using a Leco FP 428
nitrogen analyzer (Leco Corporation, St. Joseph, MI;
method 4.2.08; AOAC, 1990), and protein fractions as
described by Roe et al. (1990). The samples were also
analyzed for ether extract (method 920.39; AOAC,
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1990), ADF (method 973.18c; AOAC, 1990), and NDF
(Van Soest et al., 1991) using α-amylase (Sigma no.
A3306; Sigma Chemical Co., St. Louis, MO), sodium
sulfite corrected for ash concentration adapted for an
Ankom 200 fiber analyzer (Ankom Technology, Fair-
port, NY), lignin (method 973.18; AOAC 1990), and Ca,
P, K, Mg, and Na by inductively coupled plasma spec-
troscopy (method 945.46; AOAC 1990). Milk samples
were analyzed for CP, fat, and lactose using a near-
infrared analyzer (Foss System 4000, Foss Electric, Hil-
lerød, Denmark).

Statistical Analysis

The repeated monthly measurements of DMI, milk
yield, milk composition, and CH4 production were ana-
lyzed using the PROC MIXED procedure of SAS (v. 9.1;
SAS Inst., Inc., Cary, NC) using the model

Yij = � + αi + βj + αβij + εij,

where Yij is the dependent variable, � is the overall
mean, αi is the effect of treatment (i = 1, 2), βj is the
effect of pair (j = 1, 2, ..., 12), αβij is the effect of a
treatment × pair interaction (ij = 1, 2, ..., 24), and εij is the
random residual error. To determine time-dependent
changes and interactions between time and treatment,
the effects of control vs. monensin over time were evalu-
ated using orthogonal contrasts. Baseline DMI was
used as the covariate and effects were considered sig-
nificant at a probability of P < 0.05. Data are expressed
as mean ± standard error of the mean, which represents
the pooled standard error for the model.

RESULTS AND DISCUSSION

Dry matter intake, milk yield, milk composition, and
CH4 production from lactating dairy cows fed a control
vs. monensin-treated TMR are presented in Table 2.
Monensin intake ranged from 307.3 to 708.1 mg/cow
per day. All animals adapted easily to confinement in
the hoods during CH4 measurement, and there were
no indications of discomfort or stress to the animals.
Monensin had no (P > 0.05) effect on DMI and milk
yield of the cows (Table 2). Several other studies have
also reported no differences in DMI (e.g., Van der Werf
et al., 1998; Phipps et al., 2000; AlZahal et al., 2005)
and milk yield (Duffield et al., 1999; Phipps et al., 2000)
between control and monensin-treated cows. Monensin
reduced (P < 0.05) CH4 production by 7%, expressed as
grams per day, and by 9%, expressed as grams per
kilogram of BW, compared with the control group,
which was sustained for 6 mo (Table 2 and Figure 1).
The 7 or 9% reduction in CH4 production, expressed as
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Table 2. Effects of a control vs. monensin-treated TMR on DMI, milk yield, milk composition, and methane
(CH4) production from lactating dairy cows

TMR Time, P-value

Response1 Control Monensin SEM Linear Quadratic Cubic

DMI, kg/d 19.7 19.1 0.36 0.24 0.58 0.03
Milk yield, kg/d 26.2 25.9 0.64 <0.01 0.06 0.21
Milk fat, % 3.90a 3.53b 0.098 0.30 0.11 0.99
Milk protein, % 3.37a 3.23b 0.031 <0.01 0.10 0.38
Methane production, g/d 458.7a 428.7b 7.75 0.03 <0.01 <0.01
Methane production, g/kg of BW 0.738a 0.675b 0.0141 0.06 <0.01 <0.01
Methane production, g/g of NDFI2 0.069 0.066 0.0016 0.48 0.02 <0.01

a,bMeans within a row with different superscripts differ (P < 0.05).
1Means of 12 cows per treatment.
2NDFI = neutral detergent fiber intake.

grams per day or grams per kilogram of BW in the
current study, was within the range of slight to 25%
previously reported for lactating Holstein dairy cows
(Johnson and Johnson, 1995). It has been suggested
that the decrease in methanogenesis is not due to a
direct effect of monensin on methanogenic bacteria
(Van Nevel and Demeyer, 1977), but rather results from
a shift in the bacterial population from gram-positive
to gram-negative organisms, with a concurrent shift in
the fermentation from acetate to propionate (Chen and
Wolin, 1979). Wilkerson et al. (1995) reported a mean
CH4 production for lactating Holsteins (weighing 600
kg or more) of 338 g/d, with minimum and maximum
values of 105 and 520 g/d. Sauer et al. (1998) reported
a mean CH4 production of 425 ± 15 g/d for mature,
lactating Holsteins with BW of 600 kg or more and
producing 29 ± 1.5 kg of milk/d. A similar mean CH4
production (420 ± 16.3 g/d) for untreated TMR was re-
ported by Odongo et al. (2007), in agreement with the
current study. McGinn et al. (2004) reported a 9% re-
duction in CH4 production corrected for differences in
energy intake with monensin in beef cattle.

In the present study, monensin reduced (P < 0.05)
milk fat percentage by 9% (3.90 vs. 3.53 ± 0.098%, con-
trol vs. monensin, respectively) and reduced (P < 0.05)
milk protein percentage by 4% (3.37 vs. 3.24 ± 0.031%,
control vs. monensin, respectively). A number of studies
have shown that monensin depresses milk fat percent-
age (Phipps et al., 2000; Duffield et al., 2003; AlZahal
et al., 2005). In a summary of 11 publications, McGuffey
et al. (2001) found that cows fed monensin had higher
average milk yields (1.3 kg/d) and lower milk fat con-
tents (3.98% vs. 3.78%). The milk-fat-depressing effect
of monensin has been attributed to the reduced ruminal
production of acetate and butyrate (Dye et al., 1988;
Van der Werf et al., 1998), the inhibition of ruminal
biohydrogenation of long-chain fatty acids (Fellner et
al., 1997), and the enhanced supply of trans-10, cis-
12 CLA to the mammary gland (Griinari et al., 1998;
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Jenkins et al., 2003; Benchaar et al., 2006), which has
been shown to be a potent inhibitor of milk fat synthesis
in dairy cows (Baumgard et al., 2000). However, other
studies have not shown milk fat depression following
monensin administration (e.g., Lean et al., 1994; Duf-
field et al., 1999). The milk protein content of monensin-
treated cows was lower than for control cows, in
agreement with Hayes et al. (1996), Green et al. (1999),
and Phipps et al. (2000), although other studies (e.g.,
Ramanzin et al., 1997; Benchaar et al., 2006) have not
shown a protein response with monensin.

Methane production (g/d, g/kg of BW, or g/g of NDF
intake) presented cubically (P < 0.05) over the course
of the trial (Table 2 and Figures 1 and 2, respectively).
Methane production per kilogram of milk and milk pro-
tein percentage increased linearly (P < 0.0001) with
time, DMI presented cubically (P = 0.033) with time,
and milk yield declined linearly (P < 0.0001) with time.
Time had no (P > 0.05) effect on milk fat percentage
(Table 2). Figure 1 shows that monensin reduced and
sustained a 7 to 9% reduction in CH4 production (g/d
and g/kg of BW) for 6 mo, in agreement with other
previous studies (e.g., Davies et al., 1982; Mbanzami-
higo et al., 1995, 1996; Rogers et al., 1997) that have
shown 40- to 240-d CH4 reductions as long as monensin
was fed.

However, other studies (Rumpler et al., 1986; John-
son and Johnson, 1995; Sauer et al., 1998; Guan et al.,
2006) have shown that the reduction in CH4 production
was not persistent. When measured after up to 30 d of
supplementation, levels of CH4 production returned to
the preionophore supplementation levels, likely be-
cause of an ability of the ruminal microflora to adapt
to the ionophore (Johnson and Johnson, 1995). Guan et
al. (2006) found that although the extent of monensin-
mediated suppression of CH4 production in yearling
steers was similar for both high- and low-concentrate
diets, the duration of suppression was longer when ani-
mals were fed a low-concentrate diet than when ani-
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Figure 1. Effects of a control (-�-) vs. monensin (-�-)-treated TMR on CH4 production in lactating dairy cows for 6 mo. Arrow indicates the
introduction of monensin. Standard errors of the mean for CH4 production (expressed as g/d or g/kg of BW) were 24.03 and 0.029, respectively.

mals were fed a high-concentrate diet. This is in
agreement with Johnson et al. (1997), who suggested
that the adaptation response for methanogenesis might

Journal of Dairy Science Vol. 90 No. 4, 2007

be related to the composition of the diet fed in terms
of available energy. In the current study, methane pro-
duction (g/g of NDF intake) did not differ between treat-



ODONGO ET AL.1786

Figure 2. Effects of a control (-�-) vs. monensin (-�-)-treated TMR on methane (CH4) production (g/g of NDF intake) in lactating dairy
cows for 6 mo. Arrow indicates the introduction of monensin. Standard error of the mean for CH4 production was 0.0016.

ments, likely because the forage-to-concentrate ratio of
the TMR was maintained at 60:40 throughout the trial.
Another possible explanation for these contrasting
findings is that different methods were used to assess
CH4 production (Johnson and Johnson, 1995). For ex-
ample, even though the average daily CH4 emissions
predicted from the sulfur hexafluoride (SF6) technique
(11.6 ± 0.7 L/h) were similar to those measured using
open-circuit respiration calorimetry (12.9 ± 0.7 L/h;
Johnson et al., 1994), variation among animals has been
shown to be larger in the SF6 (11.7%) than in the calo-
rimetry technique (0.1%; Boadi et al., 2001), suggesting
that more animals per treatment and sufficient collec-
tion days per animal are required to minimize day-to-
day variation and to improve the power of the test to
detect a meaningful effect, given the sample size, test
size (significance level), and standardized effect size
(Steel et al., 1997).

CONCLUSIONS

Agriculture in Canada contributes approximately
7.3% of the total Canadian greenhouse gas emissions,
of which 43.6% is CH4 from enteric fermentation (Envi-
ronment Canada, 2006). These results suggest that the

Journal of Dairy Science Vol. 90 No. 4, 2007

use of monensin in dairy cow rations with 60% forage
is a viable strategy for reducing CH4 production. Miti-
gating CH4 emissions from dairy cattle will have long-
term environmental benefits in terms of reducing the
contribution of animal agriculture to greenhouse gas
emissions.
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