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Volatilefatty acidsin cattle supplemented with protein-enriched salt
and sodium monensin
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Abstract

The effects of sodium monensin and protein suppisnen volatile fatty acid production were
studied in a 4 x 4 Latin Square design, using fiemnale bovines equipped with rumen fistulae and fed
Brachiaria brizantha Marandu cultivar hay. The treatments were organized? X 2 factorial array (with or
without 160 mg of sodium monensin/animal/day andhwoer without protein supplements). Protein
supplementation increased the concentration ofcaaetd and sodium monensin reduced the concenrisati
of acetic and butyric acids and the acetic : pmpd ratio, both with and without protein supplertsen
except for the material collected at 8 h. Sodiumnmemsin reduced the total concentration of fattgscinly
in the material collected at 0 h, while protein glepnentation increased the concentration of fatigisaat 4,
6 and 8 h. Used together, they increased the neolacentration of propionate in the rumen fluid,hwitt
decreasing the total concentration of fatty acids.
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Introduction

Adding ionophores to mineral salt can increaseefffieiency of energy metabolism in the rumen or
organism, thus increasing efficiency of animal prcitbn. The mechanism that leads to improved
performance when ionophores are used is not yepletety understood. However, it is known that the
metabolism of bacteria in the rumen is affectedtb¥yoxic effect on microorganisms, resulting iteahtions
in the molar concentration of fatty acids. The tityi of these compounds arises from their capaimty
penetrate into biological membranes and subsequettir the flux of ions from and into the cell
(Ipharraguerre & Clark, 2003). According to Chaluf#d77) the effect that monensin in increasing
propionate and decreasing acetate and methaneastadeous metabolically, since propionate prodoagt
energetically more efficient. On the other hands/édta et al. (2005) showed a reduction of the voluntary
feed intake in cattle fed monensin, and [@yal. (1988) observed that adding ionophores to thelidiearly
reduced the total fatty acid levels. However, thsponse to the use of ionophores varies due taaeve
factors, including the concentration and qualityfibfe in the diet, the amount and quality of theagen
source, the period of adaptation to the produdat, ttthne when the sample was collected, the type and
concentration of the ionophore, as well as thegmes of fat, buffers, etc. One of the options ttupe the
seasonality impact in the production of forage feding bovine is closing the pasture at the enthef
growth period to accumulate forage to supply thenats in the drought period. This technique makeade
with a low nutritive value available due to the adege in the physiological age of the plant. Tropirasses
generally have low protein levels and a high praporof cell wall components. Milford & Minson (6S)
showed that the voluntary intake was positivelyrelated with the crude protein content when leas %o
in the dry matter. At this level the voluntary ikéaof dry matter by ruminants could be limited blaek of
crude protein. However, the protein intake camnioecased by supplementing the diet with proteiman-
protein nitrogen. In this situation, protein-enedhsalt associated with ionophores can resultanrttake of
a larger amount of dry matter and increased effydn its digestion. The aim of this study waskamine
the effects of sodium monensin and protein suppfeation on the concentration of fatty acids in lbed
fed Brachiaria brizantha Marandu cultivar hay.
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Material and Methods

This experiment was conducted at the Agéncia Raulie Tecnologia dos Agronegécios, Sdo Paulo,
Brasil. Four dry, mixed-breed cows, which had a mize weight ofca. 500 kg, had all been fitted with
rumen fistula from the Kehl Industry and Trade LTBAtalo Paino street, 700, zipcode 13564-610, $#&g
Carlos, State Sao Paulo, Brazil. These cows wedeefelusively withBrachiaria brizantha Marandu
cultivar hay, along with the supplements: minegdt, rotein-enriched salt, mineral salt with mosienor
protein-enriched salt plus monensin. The conceatrat(g/kg) of crude protein, ether extract, astid a
detergent fibre, neutral detergent fibre, cellujJdgmin and hemicellulose in dried hay were 3968, 495,
804, 407, 63 and 309, respectively. The treatmetiitowt protein supplementation and without monensin
consisted of supplementation with 48 g of a minsadt alone. Whenever the interaction was not Bagmit,
the probability of main effects was used, which averonensin (with or without) and protein-enrichatt s
(with or without). All the treatments were admieistd daily into the rumen through the fistulae:a08

The protein supplementation was based on the emamts (g/kg) of 78.6, 510, 2.5 and 1.5 of crude
protein, total digestible nutrients, Ca and P, eefipely (NRC, 1996). The proteinated salt was $apmt a
rate of 250 g/day. The concentration (g/kg) of agtter, crude protein, TDN, ether extract, crutheefi Ca
and P in the proteinated salt were 953.4, 112234,74 23.8, 17.2, 23.8 and 20.4, respectively, @aad
composed of soyabean meal, protenose, urea andamngsdt at percentages of 25.8, 25.0, 30.0 ang, 19.
respectively. The monensin was supplied at a faté® mg/day by introducing 32 g of Bovicorte Pram?
mineral (NUTRACT), which contains 0.5% sodium maosien

The experiment was conducted during four period@5oflays each; the first 19 days of each trial was
for the animals to adapt to the diets. During tB8 @ay, rumen fluid was collected 0, 1, 2, 3, 4, 6 &
after morning feeding at 8:00. The collection dt as done immediately before the animals werdedea
The fatty acids were measured with gas chromatbgragrcording to Erwiet al. (1961).

A 4 x 4 Latin square in a 2 x 2 factorial desigrswsed, with four animals and four treatments (with
or without monensin and with or without protein plgments). These analyses separate the effects of
monensin, of protein supplements, and the intevadtetween these factors. Whenever the interactas
significant (P <0.05), the effects of monensin witprotein supplementation andgce versa were tested
through orthogonal contrasts. Whenever the intemastias not significant, the probability of mairfesits
was used. In the first contrast, there was a stparanensin effect (8. 160 mg monensin/animal/day). In
the second contrast, there was a separate proteohed salt effect (Ovs. 250 g protein-enriched
salt/animal/day). The statistical analyses wereedasing the Statistical Analysis System (SAS, 2003)
was used in the CONTRAST command of PROC GLM (Nag,2004).

Resultsand Discussion

Monensin and protein supplementation affected tbecentration of acetic acid. The monensin
reduced and the protein supplementation increasetdte concentration at four of the seven sampimgs
(P <0.05) (Table 1).

Sodium monensin reduced the concentration of hutgdid at six of the seven sampling times
(P < 0.05); protein supplementation, however, hadeffect on butyric acid concentration (P > 0.05)
(Table 2).

There was a tendency (P = 0.06) for protein suppigation to increase the concentration of
proprionic acid. The propionate levels, with andhaut protein supplements, were 9.39 and 11.86 mM,
respectively, 4 h after feeding. Monensin increabednolar percentage of propionic acid (Table 3).
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Table 1 Concentration of acetic acid (mM) in the rumercaitle fedBrachiaria brizantha
Marandu cultivar hay, supplemented with proteinred salt and/or sodium monensin

Main Effect Interaction

Time Monensin Protein- M-0 M-160 Probabilities
(h) enriched salt

M-0O M-160 S-0 S-250 S0 S-250 S-0 S-250 CV Mon Prot Inter.
0.0 54.48 4448 4766 51.23 52.85 56.05 42.48 46.42 3.37 0.010 020.30.912
1.0 50.62 41.28 42.04 49.86 47.15 54.09 36.93 4563 4.11 0.028 0.058 0.818
2.0 48.72 4058 41.27 48.00 46.71 50.72 35.83 4527 3.67 0.029 640.00.428
3.0 4959 40.68 43.74 4653 50.43 48.75 37.05 44.32 4.58 0.055 18).50.308
40 47.00 40.24 38.8448.60 43.47 50.53 33.81 46.68 5.12 0.167 0.050 0.539
6.0 4450 39.47 36.8247.1% 4142 4758 3223 4671 445 0.191 0.014 0.274
8.0 46.97 39.24 37.8048.8% 43.70 50.23 31.09 47.40 3.73 0.031 0.003 0.148

IMeans on the same line with different supersceptets differed significantly at P <0.05 by orthogb
comparisons, M-0 = mineral salt without sodium muie; M-160 = mineral salt plus 160 mg of sodium
monensin; S-0 = without protein supplementatio258-= 250 g of protein-enriched s&. values for the
effect of monensin, protein supplementation (Paot] interaction (Inter). CV = coefficient of vaiai

Table 2 Concentration of butyric acid (mM) in the rumdrcattle fedBrachiaria brizantha
Marandu cultivar hay, supplemented with proteinigred salt and/or sodium monensin

Main Effect Interaction
Time Monensin Protein- M-0 M-160 Probabilities
(h) enriched salt
M-0 M-160 S-0 S-250 S-0 S-250 S-0 S-250 CV Mon Prot Inter.

0.0 3.04 17P 245 2.30 2.95 3.14 1.96 1.46 33.7 0.006 0.713 5040
1.0 283 1.7P 215 2.39 2.52 3.14 1.77 164 373 0.021 0.576 9.3
20 27% 16P 214 2.18 2.53 2.89 1.76 147 347 0.013 0.914 060.4
30 29% 1568 234 2.13 2.90 2.92 1.78 1.35 35.8 0.005 0.616 82D.5
40 279 168 213 2.34 2.64 2.94 1.63 1.73 37.8 0.022 0.642 09.8
6.0 270 168 2.06 2.32 2.46 2.93 1.65 171 38.8 0.034 0.546 43).6
8.0 2.54 1.85 2.09 2.30 2.45 2.62 1.72 1.98 45.594. 0.675 0.933

Means on the same line with different superscrtets differed significantly at P <0.05 by orthagb
comparisons, M-0 = mineral salt without sodium musie; M-160 = mineral salt plus 160 mg of sodium
monensin; S-0 = without protein supplementatior258-= 250 g of protein-enriched s&f values for the
effect of monensin, protein supplementation (Paot] interaction (Inter). CV = coefficient of vaiai

Monensin significantly (P <0.05) reduced the com@dion of fatty acids in the collection made dt O
(68 vs. 58 mM) and also reduced (P <0.05) the acetic pipric acid ratio from 5.2 to 3.8. Protein
supplementation increased (P <0.05) the total fattg concentration from a mean of 48 to 62 mMhe t
collections made at 4, 6 and 8 h without signiftaaltering the acetic : propionic ratio. The Idewel of
CP (39 g/kg) harms the microbial growth and it i@hin situ digestibility. There was significant (P <0.05)
interaction between protein-enriched salt and msimean the forage dry matten situ digestibility with
96 h of incubation. While the monensin reduceddigestibility (43.7vs. 30.8%), in diets with monensin,
the protein-enriched salt increased the digediib{6.1vs. 35.6%). The increase of the digestibility by
protein- enriched salt caused an increased fatitys gquroduction. However, the monensin did not stop
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Table 3 Molar percentage of propionic acid in the rumebafines fed wittBrachiaria
brizantha Marandu cultivar hay and supplemented with pro&inehed salt and/or sodium

monensin
Main Effect Interaction
Time Monensin Protein- M-0 M-160 Probabilities
(h) enriched salt

M-0O M-160 S-0 S-260 S-0 S-250 S-0 S-250 CV. Mon Prot  Inter.

0.0 1548 2096 1896 17,47 1531 1564 22,62 19,30 18,1 0,006 810,30,290
1.0 1557 21,4F 19,09 17,88 1533 1581 22,86 19,96 18,6 0,005 9%,40,344
20 1568 21,40 19,19 17,80 1551 1568 22,87 19,93 18,6 0,005 370,40,383
3.0 15,76 21,29 18,99 18,00 1543 1597 2255 20,02 16,8 0,003 35,50,342
40 1594 2196 1896 18,94 1588 16,00 22,04 21,88 14,3 0,000989 0,920
6.0 16,08 21,02 1894 18,07 16,03 1596 21,85 20,18 19,3 0,015 360,60,662
80 16,35 20,35 18,70 17,99 17,20 15,50 20,21 20,298 0,080 0,741 0,644

Means on the same line with different superscegtets differed significantly at P <0.05 by orthogb
comparisons, M-0 = mineral salt without sodium mumsie; M-160 = mineral salt plus 160 mg of sodium
monensin; S-0 = without protein supplementatio?58-= 250 g of protein-enriched s&R. values for the
effect of monensin, protein supplementation (Paot] interaction (Inter). CV = coefficient of vaiai

exerting an effect on the fatty acids proportioany & Russel (1993) also observed that monensneased
propionate and reduced acetate concentrations vatittand without protein supplementation. Accogitn
Chen & Wolin (1978), these effects are due to tinhitory action on the bacteria that produce faerand
hydrogen, while they stimulate those that produceisate and propionate; which has double the @dgan
metabolically, since the production of propionaseenergetically more efficient than the productmn
acetate (Chalupa, 1977). We found that monensarealtthe proportion between acetic, propionic and
butyric acids from 80 : 16 : 4 to 75 : 22 : 3, redjvely. Richardsomrt al. (1976) observed an increase in
energy due to change in molar concentration from3D: 10 (acetic, propionic and butyric acidsp: 40

: 8 of 5.6% in crude energy in the form of fattyds¢ since the theoretical conversion of energytaiond in

a hexose (2.81 MJ/mole) to energy contained in@gatpionic and butyric acids corresponds to 1367

and 2.19 MJ/mole, respectively, in fermented hex@&sesed on this conversion proposed by Richardson
et al. (1976), the change in the proportion of the faityds that we observed would result in an incredise
3.7% of crude energy in the form of fatty acidsthbwith and without protein supplementation. THgs i
similar to what was found by Chalugaal. (1980) who observed a 2 to 6% increase in thedatation
efficiency as a function of the increase in propienand the decrease in acetate, and by Whetst@he
(1981), who found that the changes in the fattyl aatios increased fermentation efficiency from 8
5.6%. Rauret al. (1976) found an increase of 3 to 6% in metabblzanergy, due to the alteration in the
molar proportion of fatty acids, resulting in welghains of up to 11% and increased feed conversion
efficiency.

Conclusions

Sodium monensin increased the concentration ofignapacid in the rumen. Protein supplements
increased fatty acid concentrations, without impgdhe effect that sodium monensin has on reduitiag
acetic acid : propionic acid ratio. Adding thes® tsupplements together increased the molar coratemtr
of propionate in the rumen fluid without reducimg total fatty acid concentration.
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