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ABSTRACT

Four Holstein-Friesian dairy cows, fitted with ruminal and ducedenal cannulas, were used to eva-
luate the effect of 0 and 300 mg/d monensin oftered with a total mixed ration (TMR) on rumen fer-
mentation, site of nutrient digestion, and milk yield and composition. [ndigestible markers chro-
mium EDTA and ytterbium acctate were ruminally infuscd and their concentration measured at the
duodenum to determine digesta flow rates. Choice of method of processing digesta samples caused
large differences in the variation in digesta flow calculations, Moncensin increased rumen molar pro-
portions (mmol/total mel) of propionic acid (214 vs 268) and reduced those of acetic (622 vs 583)
and n-butyric acid (134 vs 119). The values recorded for monensin treated cows for nitrogen (N) di-
gested in the rumen, flow of total N and non-ammonia N {NAN) to the duodenum and N veoided in
the facces were 5.6, 6.1, 7.1 and 16.0% units ower compared with the control, Monensin decreased
starch digestion in the rumen (9.4% units), increased starch flow to the duodenum (0.5 kg/d) but did
not alter total tract digestion. Monensin had no significant effect on rumen or total tract digestion of
erganic matter (OM), acid detergent fibre (ADF) and nitrogen. Milk yield was increased nuimerical-
ly by 1.9 kg/d, and milk fat and milk protein contents were reduced by 3.9 and 1.5 g/kg, respective-
ly, but yields of fal and protein were unaftected.
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INTRODUCTION

Numerous studies have shown that one of the major effects of including mo-
nensin in ruminant diets 1s a reduction in molar proportions of acetate and butyra-



400 MONENSIN, RUMEN DIGESTION AND MILK PRODUCTION

te and a concomitant increase in propionate. These changes have been associated
with improved efficiency, increased milk yield and a reduction in milk {at content
in lactating dairy cows by amongst cthers McGufty and Giner-Chavez (1998) and
Phipps et al. (2000). Studies have also demonstrated the positive bencfits on ani-
mal health (Wade ct al., 1996; Dufficld ct al., 1999).

While a number of recent experiments (Wade et al., 1996; McGutty and Giner-
Chavez 1998, Phipps et al., 2000) have reported the effects of monensin on milk
production responses, fow studies have examined its effect on rumen digestion and
metabolism with fistulated lactating dairy cows (Hatmoud et al., 1995).

The aim of the current experiment was to determine the effects of monensin
on rumen fermentation, digestion in the rumen and total tract and milk production
using four rumen and duodenal fistulated lactating dairy cows. In addition the stu-
dy also comparcd the effects of different methods of processing duodenal digesta
on concentrations of markers.

MATERIAL AND METHODS
Animals

Feur multiparous Holstein-Friesian cows, 150 days in milk and weighing ap-
proximately 630 kg, were used in the study. Cows were fitted with permanent can-
nulas in the rumen and proximal duodenum. The cows were individually restra-
ined in tie stalts and housed in a purpose built dairy research unit. Temperature was
regutated by blower fans and plastic wind socks. Fresh water and mineral blocks
were available at all times. The cows were weighed at the beginning and the end
of the experiment.

Experimental design

The experiment consisted of four periods. Within each period two cows were
allocated the control diet (0 mg monensin/d) and two the treated diet (300 mg
monensin/d). The treatments were randomly allocated using a random number ta-
ble. Treatiments were reversed with each subsequent period according 1o a 2 x 4
{two treatments and four perieds) changeover design. Each period lasted four we-
eks, with the first three weeks for change over and adaptation and week 4 for expe-
rimental measurements. Due to mastitis one cow was withdrawn from the experi-
ment at the end of period 3. Cows were milked twice daily at 06.30 and 15.30 h
and yields recorded using a “Tru-Test” milk recorder {Tru-Test Distributors Limi-
ted, New Zealand) connected to a direct-to-line milking system.
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Diets

Throughout the experiment all cows were offered the same TMR in two equal
batches at 08.30 and 16.30 h. The TMR contained on a DM basis, 51.3, 13.5,32.6
and 2.6% maize silage, grass silage, concentrate (soyabean meal, rapeseed meal,
fish meal and minerals) and molasses, respectively. Duning the first 17 d of each
period the TMR was offered ad /ibitum. Uneaten feed was removed at 08.00 h dai-
ly, weighed and discarded. Grass and maize silages were from standard crops ha-
rvested the previous seasen and ensiled in small bunkers and the concentrate meal
was prepared on farm. The pelleted supplements, which were offered at the ratc of
1 kg/d in two 500 g portions at 08.30 and 16.30 h, formed the experimental trea-
tments and contained cither 0 or 300 mg/kg monensin'. Following preparation
at a commercial feed mill, samples of both pelleted supplements were as-
sayed for moncnsin.

Experimental procedures

From day 18 onwards of cach experimental period, the amount of TMR oftered
was adjusted to equal the mean total daily intake/cow from the previous six days.
The following sequence was adopted during each experimental period. Duodenal
digesta flow was measured using the Faichney (1975) dual-marker method in which
solutions of chromium (Cr) EDTA and ytterbium (Yb) acetate were infused into the
rumen in separate lines at 40 ml/h as digesta flow markers (McAllan et al., 1994).
Infusions began on day 17 of each period and were preceded by the addition of pri-
mer doses of 1.75 ¢ CtEDTA and 1.08 g Yb acetate, cach in 500 mil solution. Infu-
sion solutions contained 3.5 g Cr/l and a concentration of Yb based on the amount
of DM being offered to cach cow (50 mg Yb/kg DM). Duodenal samples (appro-
xtmately 800 g) and faecal grab samples (approximately 500 g) were taken cve-
ry 6 h on days 24, 25 and 26 with sampling being 2 h later on successive days so
that a sample was obtained for every 2 h of a 24 h period. The samples were sto-
red as single bulks for cach cow in cach period at 4°C. At the end of each experi-
mental peried the duodenal digesta samples were processed using three alternative
methods. To provide three digesta samples of closely similar composition to com-
pare digesta-processing techniques, each bulked digesta sample was split into solid
and liquid fractions using a plastic kitchen sieve. Both fractions were then divided
into three and the solid and liquid fractions were then reconstituted to give three
equal samples. Approximately 1L of each sample was then processed by one of the
three methods during which sub-samples were taken for further preparation:

300 g Romensin G 104* premix/tonne supplement (Elanco Animal Health, Basingstoke, UK)
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1. not homogenised but stirred vigorously with a spoon to produce sub-samples
of whole digesta (WD) and by low-speed centrifugation (3360 g for 30 min),
a solids rich fraction but excluding most of the bacterial residues (CD),

2. homogenised using a multi-purpose laboratory mixer fitted with a stain-
less steel disintegrating head for solid material of animal or vegetable ori-
gins (Silverson Machines Ltd, Chesham, Bucks, UK) followed by low-speed
centrifugation (3360 g for 30 min) to producce similar WD and CD fractions
to method 1,

3. homogenised as in method 2 but the CD fraction prepared by high-speed cen-
trifugation (20,500 g for 30 min} to ensure that most of the microbial frac-
tion was included in the solid fraction.

All the digesta samples were subscquently dried at 60°C for 72 h. Feed and fae-
cal samples were mixed and sub-samples were taken for drying at 60°C for 48 h
or frozen at -20°C for subsequent analysis. All dried samples were ground through
a Imm screen using a small laboratory mill before analysis.

Rumen samples were taken at hourly intervals from 08.00 to 24.00 h on day 24.
The pH was measured immediately and separate sub-samples were stored at -20°C
for subsequent analysis for ammeonia afler acidification with concentrated sulphuric
acid, and volatile fatty acids (VIA).

Milk composition was measured in a.m. and p.m. samples from each caow on at
least four consecutive days starting on day 23 of each period.

Analytical

Samples were analysed by standard laboratory methods described previously
(Sutton et al., 1997; Abdalla et al., 1999). Crude protein content was determi-
ned by Kjeldahl technique for the fresh forages and the faeces but by Leco com-
bustion method (Leco Corporation, St. Joseph, Milkaukce) for dried concentra-
tes and digesta. Cr content of duodenal digesta and infusates were measured by
atomic absorption spectrometry (AAS) and Yb content by sequential inductively
coupled plasma analysis (ICP). True digesta flow was determined mathematical-
ly from the reconstitution value (R) calculated from the measured concentrations
of Yb and Cr in the WD and CD digesta fractions (Faichney, 1975). The R fac-
tor is described by Faichney (1975) as “a measure of the number of units of flu-
id that must be added to (or removed from) one unit of digesta to obtain true di-
gesta”. True digesta can then be obtained by physical reconstitution or it can be
calculated mathematically as in the present experiment. In a fully representative
sample, the R value should be ¢ but in practice values are commonly in the ran-
ge = 0.3 unit.
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Statistical analyses

Data were subjected to analysis of variance using the General Lincar Model
procedure of the SAS Institute Inc. Treatment, cow and period were sources of va-
ration and treatment was the main effect.

RESULTS
Duodenal digesta processing method

The R values were used to rank the three duodenal digesta processing methods.
Methods 1 and 3 gave lower R values than method 2 but the variation was far gre-
ater for methods 2 and 3, both of which involved homogenisation, than for method
1 which involved no homogenisation and low specd centrifugation (Table 1). Clo-
ser examination of the results from the three methods suggested that the targe va-
riation in R values in methods 2 and 3 was associated with high chromium concen-
trations. In contrast, there was little difference in the Yb concentrations between
the three methods of processing the digesta.

TABLE |
Mean chromium and ytterbium concentrations (pug/g DM) for three duodenal digesta processing me-
thods in whole (WD) and centrifuged (CD) duodenal digesta and the reconstitution values

Processing methods!

1 2 3
_ Whole digesta 234 {37.4)* 320 (112.5) 3{1 (539.9)
Chromium o rifuped digesta 80 (12.3) 160 (101.9) 128 (84.6)
Yitterbi Whole digesta 52(8.1) 54(9.2) 37(8.3)
teroium Centrifuged digesta 61 (13.4) 63 (13.0) 71(11.5)
Reconstitution valucs 0.434(0.342) 1.064 (1.828) 0.357(2.160)

"'l = not homogenised, low speed centrifugation
2 = hamogenised, low speed centrifugation
3 = homogenised, high speed centrifugation

? figures in parcntheses = standard deviation

Since the reliability of the marker results was confirmed by repeat analysis, the
results for duodenal digesta processing method 1 were used in all the subsequent
digesta flow calculations. To try to establish the cause of the high Cr values in some
of the digesta samples, methods of sample processing were exammed in detail and
comparisans made of AAS and ICP methods of analysis (Mackintosh, 1998), It was
concluded from these studies that the high Cr values were associated with the ho-
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mogenisation procedure, presumably reflecting contamination of the samples by
physical or chemical means with Cr from the steel of the homogeniser blades.

Rumen VFA and pH patterns

Although monensin supplementation had no effect on rumen liquor pH or to-
tal VFA or NH, concentration, it significantly (P<0.05) reduced the molar propor-
tions of acetic and butyric acid while those of propionic, iso-butyric and iso-vale-
ric acids were increased (P<0.05), with a consequential reduction (P<0.01) in li-
pogenic:gluconcogenic ratio (A+B/P) (Table 2).

TABLE 2
Effeet of monensin {300 mg/d) on the end products of fermentation in the rumen
Monensin, mg/d
SED!
0 300
pH 6.0 5.9 0.04
Total VFA, mmol/l 134 138 4.6
VTA, mmol/total mol
acetic (A) 627 583° 10.5
propionic (P) 214° 268" 11.4
1so-butyric o I 0.3
n-butyric (B) 1342 119° 54
iso-valeric 3p 6 0.8
n-valcric 14 15 0.7
n-caproic 5 3 1.6
(A+B):P ratio 3.6° 2.7° 0.20
Ammonia, mmol/] 16.1 15.4 0.51]

' SED = standard ervor of the difference between two treatment means
*b means within a row with different superscripts ditfer (P<(.05)

Rumen digestion

There was no treatment effect on intake of DM, OM, starch and ADF, or passa-
ge of OM and ADF to the duodenum (Table 3). However, the flow of undigested
starch to the duodenum increased (P<<0.05) by 29% units and digestion of starch in
the rumen decreased (P<0.05) by 15% units. The effect of similar intakes of OM,
starch and ADF coupled with reduced faccal output in monensin treated cows re-
sulted in increased total tract digestibility, although these differences were not si-
gnificant. This indicates that more starch was digested in the small and/or large
intestine of monensin fed cows when compared with control fed cows. Although
none of the N parameters measured was significantly affected by monensin supple-
mentation, there were numerical differences (Table 4). Monensin reduced {P>0.05)
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N digested in the rumen, the flow of total N and NAN to the duodenum and N voi-
ded in the faeces by 5.6, 6.1, 7.1 and 16.0% units, respectively, but increased total

tract N digestion by 4.8% units.

TABLES

Effect of monensin (300 mg/d) on the site and extent of organic matter, starch and acid detergent fi-

bre digestion

Monensin, mg/d SED!
0 300
Dry matter intake 21.0 20.8 0.19
Organic matter
intake, kg/d 20.3 20.2 0.18
duodenal flow, kg/d 12.8 12.3 0.82
ruminal digestion, % 37.1 38.6 4.04
faecal output, kg/d 6.2 5.5 0.43
total tract digestion, % 69.4 72.8 2,13
Starch
intake, kg/d 4.9 4.8 0.04
duodenal flow, kg/d 1.7 2 0.17
ruminal digestion, % 64.6" 552t 3.04
faecal output, kg/d 0.4 0.3 0.03
total tract digestion, % 92.7 93.5 0.68
Acid detergent fibre
intake, kg/d 27 3.6 0.03
duodenum flow, kg/d 2.6 24 0.23
ruminal digestion, % 30.5 344 6.34
faecal output, kg/day 2.0 1.9 0.13
total tract digestion, % 44.6 48.5 3.59
' SED = standard error of the difference between two treatment means
** means within a row with different superseripts differ (P<0.05)
TABLE 4
Effect of monensin (300 mg/d) on the site and extent of nitrogen (N) digestion
Monensin, mg/d SED'
0 300
N intake, g/day 636 631 5.6
Passage to duodenum, g/d
total N 693 650 29.7
non-ammonia N 644 601 28.7
Ruminal N digestion, % 9.0 -3.0 49
Faecal output, g/day 200 168 185
Total tract digestion, % 68.6 73.4 2.42

' SED = standard error of the difference between two treatment means
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Milk production

The effects of monensin on milk production are shown in Table 5. Its inclusion
in the TMR increased (P=0.08) milk yield by 1.9 kg/d and reduced (P<0.05) milk
fat and protein contents from 48.6 to 44.7 and 36.3 to 34.8 g/kg, respectively. Lac-
tose content was unaffected by monensin. Although monensin significantly redu-
ced milk fat and protein content, the increase in milk yield meant that milk fat and
protein yields were unaffected (P>0.05).

TABLE 5
Effect of monensin (300 mg/d) on milk yield and composition
Monensin, mg/d
1 1
Indices 0 300 SED
Yield, kg/day
milk 274 293 0.92
fat 1.28 1.25 0.032
protein 0.99 1.01 0.022
lactose 1255 1.34* 0.044
Content, g/kg
fat 48.6" 44.7° 0.85
protein 36.3° 34.8° 0.53
lactose 45.7 459 0.22

! SED = standard error of the difference between two treatment means
“b means within a row are significantly different (P<0.05)

DISCUSSION

The infusion of the indigestible markers Cr EDTA and Yb acetate was shown
to be a reliable method of determining duodenal digesta flow in sheep (Siddons et
al., 1985) and has subsequently yielded satisfactory estimates of digestion in the
rumen of lactating cows (McAllan et al., 1994; Abdalla et al., 1999). The mean R
values recorded in the current experiment were in the expected range when using
processing method 1 and 3, but the variability was far greater with methods 2 and
3 than method 1. The use of the homogeniser was introduced in methods 2 and 3
in order to try to reduce the problems of obtaining representative samples of du-
odenal digesta when using method 1. However, there was strong evidence that it
was the stainless steel homogeniser blades that were the source of the higher Cr
concentrations and the so variable R values.

Faecal recoveries of Yb of 89, 93 and 94% measured in three of the cows in the
present study are slightly higher than the values of 84 and 88% reported in other
dairy cows (Haimoud et al., 1995) but were lower than the mean recovery of 104%
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found in wether sheep (Siddons et al., 1985). There is no obvious explanation for
these different recoveries.

The current work confirms earlier studies (Haimoud ct al., 1995; Phipps et al.,
2000) showing that the inclusion ot 200-300 mg/d of monensin in dairy cows diets
had a major influence on rumen fermentation, resulting in an increase in the mo-
lar proportion of propioni¢ acid and a concomitant reduction in acetic and butyric
acids, and in the lipogenic:gluceogenic ratio. Since acetic acid is the primary lipo-
genic precursor, any reduction in its molar proportion may directly limit mamma-
ry gland de novo milk fat synthesis. The effect of monensin in significantly redu-
cing milk fat content in the current experiment is attributed to the significant chan-
ges in the end products of rumen fermentation.

The lack of effect of monensin in the current study on OM and fibre digestibi-
lity agrees with some studies (Chalupa, 1988) but conflicts with the negative ef-
fects noted i others (Haimoud et al., 1995). The effects of monensin on fibre di-
gestibility are still unclear,

The reduction in rumen starch digestion from 64.6 to 55.2% in monensin trea-
ted cows is very similar to the earlier results (Hatmoud et al., 1995), obtained un-
der similar experimental conditions. The fact that total tract starch digestion was
unaffected by monensin, indicates that its digestion in the small and/or large in-
testine was increased which could result in increased efficiency of energy utiliza-
tion. The likely explanation for the reduction in rumen starch digestion lies in the
inhibition of the rumen bacterium Streptococcus bovis. This gram-positive bacte-
rium is one of the major rumen starch fermenters, synthesising lactic acid, and is
highly sensitive to monensin (Russell and Stobel, 1989). The effects of monensin
In Increasing rumen propionic acid molar proportion, and increasing starch dige-
stion in the small intestine could explain reports of raised blood glucose and redu-
ced circulating ketone levels in cattle receiving with monensin (McGufty and Gi-
ner-Chavez, 1998). Recent studies have clearly established that these effects can
reduce the risk of sub-clinical and clinical ketosis in the peri-parturient transition
cow (Wade ct al., 1996; Dufficld et al., 1999).

In reviewing the effects of monensin on protein metabolism Chalupa (1988) no-
ted that it generally reduced rurmmal degradation of dietary protein, decreased ru-
minal NH,N concentration and increased true protein flow to the small intestine.
Although the current study did not establish significant effects of monensin on site
and extent of nitrogen digestion it should be noted that the rumen NH N concen-
tration was numerically lower in monensin fed cows which may indicate a decre-
ase in ruminal protein degradation. However it should be noted that there were no
treatment effects on rumen or whole tract nitrogen digestion, the values of which
were similar to those noted carlier (Hatmoud et al., 1993).

The eftect of monensin on milk yield and composition was marked. The milk
yield response of 1.9 kg/d was substantial. Although it was not significant it is wi-
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thin the range (0.4 to 2.8 kg/d) noted in a number of recent studies in which dairy
cows recetved 200-330 mg menensin/d (Lynch et al., £990; Haimoud et al., 1995;
Hayes et al., 1996; Wade et al., 1996; McGuftfy and Giner-Chavcez, 1998; Phipps et
al., 2000). The increase in milk yield is attributed to changes in rumen fermentation,
wiiich increased the supply of gluconcogenic precursors. Variation in milk yield re-
sponse has been attributed to plane of nutrition (Lean et al., 1994), with little or no
response recorded when cows grazed poor quality native pasture but a substantial
response was noted when cows were offered good quality fertilized pasture.

The effect of monensin in reducing milk fat conlent was not unexpected given
its now well-established effect on rumen VFA proportions in lactating dairy cows,
The decline in milk fat content of 3.9 g/kg noted in the current study when cows
were supplemented with 300 mg monensin/d is very similar to those recorded at
Reuding using similar diets and the same dose rate (Phipps et al., 2000). However,
it should be noted that the reduction in milk fat content in cows supplemented with
300 mg moncnsin/d has varicd from 1.0 to 5.6 g/kg (Lynch et al., 1990; Hayes et
al., 1996; Wade et al., 1996; McGufly and Giner-Chavez, 1998, Phipps et al., 2000).
This variation may be related to diet composition, as work has shown that the ef-
fect of monensin on rumen fermentation and milk fat depression is diet dependent
(Ramanzin et al., 1997; Mackintosh, 1998). The decrease i milk fat content was
offset by an increase in milk yield resulting in no effect on milk fat yield.

The biechemical events surrounding milk protein synthesis are complex. Al-
though workers have noted that while the use of menensin does not markedly af-
feet the amount of total N leaving the ramen, microbial protein synthesis may be
reduced (Haimoud et al., 1995} with the result that the relative proportions of die-
tary and microbial protein in duodenal digesta arc altered (Chalupa, 1988). A re-
cent review (Mackintosh, 1998) reported that in 12 out of 15 dairy cow studies,
milk protein content was reduced by monensin, but the differences although mar-
ked, were generally not significant. In the current study, however the reduction in
milk protein content (1.5 g/kg) was significant, confirming earlier results (Phipps
et al., 2000). These resulis arc attributed to dilution effccts, as while monensin re-
duced mitk protein content the production of milk protein precursors had not been
altered as yield of milk protein was unaffected.

CONCLUSIONS

The experiment showed that duodenal digesta processing method is important
for correct marker analysis. Under the conditions described, homogenising dige-
sta was found to ncrease Cr content. The supplementation of monensin to lacta-
ting dairy cows increased rumen propionic acid proportion while decreasing pro-
portions of acetic and butyric acids. Monensin decreased ruminal starch digestion
and increased starch flow to the duodenum without significantly affecting rumen

o
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digestion of either OM, fibre or N, The use of monensin in dairy cows diets incre-
ased milk yield and reduced milk fat and milk protein content but did not affect
yield of milk constituents.
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STRESZCZENIE

Wplyw dodatku monensinu na fermentacje i trawienie w Zwaczu oraz na produkcje mleka
przez krowy ras mlecznych

Doswiadczenie przeprowadzono na 4 krowach mlecznych holsztyno-fryzach, z przetokami do
Zwacza 1 dwunastnicy, celem zbadania wplywu dodatku monensinu (0 1 300 mg/d) do pelnoporejo-
wych dawek (TMR) na fermentacje 1 przebieg trawienia w zwaczu oraz produkeje 1 sklad mleka.
Niestrawne skadniki: EDTA chromu i octan iterbu podawano do zwacza jako markery i na podsta-
wic ich steZzenia w dwunastnicy oznaczano tempo przeplywu tresci pokarmowej. Zastosowana meto-
da oznaczania przeplywu tresci pokarmowe; byta przyczyng duzych réznic przy obliczaniu jej prze-
ptywu. Dodatek monensimu zwigkszyl molowy udziat (mmol/mnol sumy LKT) kwasu propionowego
{214 vs 268) a obnizyt octowego (22 vs 583) 1 kwasu n-mastowego (134 vs 119). Uzyskane warto-
sci, dotyczgee trawienia azotu (N) w Zwaczu, przepltywu N catkowitego 1 N nic-amonowego (NAN)
do dwunastnicy 1 N wydalonego w kale u krow otrzymujacych dodatek monensimu byty 0 5,6; 6.1;
7,11 16,0 jednostck procentowych mnigjsze niz u krow kontrolnych.. Monensin obnizyt takze sto-
pieni trawienia skrobi w zwaczu (0,94, jednostkl procentowe;j), zwigkszyl jej przeplyw do dwunast-
nicy (0,5 kg/d), lecz nie spowodowal zmian w trawieniu skrob: w calym przewodzie pokarmowym.
Dodatek monensinu do paszy nie mial istotnege wplywu na trawienie substancji organicznej, ADF
oraz N ogdlnego w calym przewodzie pokarmowym. Wydajnoé¢ mleka wzrosta o 1,9 kg/d, a zawar-
tosé thuszezu 1 biatka mleka zostala obnizona 0 3,9 1 1,3 g/kg, odpowiednio, lecz catkowita produk-
cja ttuszezu i biatka mlcka nic ulepla zmianie w porédwnaniu z kontrola.
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