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ATILE FATTY ACID METABOLISM IN SHEEP. 1. AVERAGE DAILY VOLATII
[Y ACID PRODUCTION IN THE RUMEN OF SHEEP FED LUCERNE HA

J. G. VAN DER WALT & B. J. BRIEL, Veterinary Research Institute, Onderstepoort

ABSTRACT

VAN DER WALT, J. G. & BRIEL, B. J., 1976, Volatile fatty acid metabolism in sheep. 1.
Average daily volatile fatty acid production in the rumen of sheep fed lucerne hay. Onderstepoort J. vet.
Res. 43 (1), 11-22 (1976).

Changes in the total concentration of the volatile fatty acid (VFA) pool in the rumen were followed
over a 24 hour period in 2 groups of sheep, 1 fed at 08h00 and the other twice daily at 08h00 and
20h00. Although similar maximum (143 and 147 meq//) and average (100,3 and 102,1 meq//) levels
were found in the 12 and 24 h groups respectively, the twice daily feeding regimen resulted in a lower
variation (S.D.=17,0 meq// and 28,9 meq// respectively). It was concludad from changes in the
percentage molar composition of the VFA pool over the same period that the order of VFA absorption
from the rumen was propionate > acetate > butyrate for both groups, but that the differences were less
marked for the twice daily fed sheep.

Long term infusions of 1C labelled acetic, propionic and butyric acids into the rumen of sheep fed
a total of 1 600 g lucerne hay twice daily (08h00 and 20h00), gave an average net total VFA production
rate of 4,52-1,01 moles/800 g/12 hours irrespective of the acid infused.

The net individual turnover rates for acetic (2,81 moles/12 h), propionic acid (0,82 moles/12 h)
and butyric acid (0,55 moles/12 h), derived by the subtraction of the inter-conversion factors from the
gross production rates of the acids, and expressed as the percentage contribution of each acid to the
total net VFA turnover (acetic=629,, propionic=18% and butyric=129) closely resembled the per-
centage molar composition of the VFA pool in the rumen (acctic=60%, propionic =23%, and butyric=
12%).

The total net VFA production was found to be directly proportional to the total VFA concentra-
tion in the rumen (correlation coefficient=0,83), and the relationship can be described by the equation
y=0,034x + 0,16 where y=VFA production in moles/12 hour and x=VFA concentration in meq//.

A specific VFA production rate of 0,85 moles per 100 g digestible organic matter was calculated
from the average daily VFA production rate and the composition of the lucerne hay.

Résumé

VAN DER WALT, J. G. & BRIEL, B. J., 1976. Métabolisme des acides volatiles gras des
moutons. 1. Production moyenne journaliére des acides gras volatiles dans le rumen des moutons nourris
de foins de luzerne. Onderstepoort J. vet. Res. 43 (1), 11-22 (1976)

Les changements de la concentration totale du fonds des acides volatiles gras (AVG) du rumen ont
été déterminés sur une période de 24 heures en 2 groupes de moutons, un groupe nourri @ 8 heures du
matin et I’autre groupe deux fois par jour soit & 8 heures du matin et & 8 heures du soir.

Bien que les maximums (143 et 147 meq/l) et les niveaux moyens (100,3 et 102,1 meq/l) aient
été trouvés les mémes dans les groupes de 12 et de 24 heures respectivement, le groupe nourri deux
Jfois par jour avait une variation inférieure (S.D. == 17,0 meq/l et 28,9 meq|l respectivement). Du
changement du pourcentage de la composition molaire du fonds des AV G pendant la méme période on
a conclu que I'ordre d’absorption des AVG du rumen était propionate > acétate > butyrate pour les
deux groupes, mais que les différences étaient moins marquées pour les moutons nourris deux fois par
Jour.

Des infusions a long terme des acides acétigues, propioniques et butyriques C dans le rumen des
moutons nourris d’ un total de 1 600 g de luzerne séche deux fois par jour (8 heures du matin et 8 heures
du soir) ont donné un taux de production total net moyen de 4,52-+1,01 moles/800 g/12 heures indé-
pendamment de I"acide infusé.

Le taux net de la consommation individuelle de Iacide acétique (2,81 moles/12 h), de ’acide
propionique (0,82 moles/12 h), et de 'acide butyrique (0,55 moles/12 h) a été obtenu par la soustraction
des facteurs interconversionnels de la production brute des acides et a été donné comme le pourcentage
de la contribution de chaque acide au taux total net de AVG (acétique==62%, propionique=18% et
butyrique=12%,) et ressemblaift intimement au pourcentage de la composition molaire du fonds de AVG
dans le rumen.

La production totale nette de AVG a éré trouvée directement proportionnelle a la concentration
totale des AVG dans le rumen (coefficient de corrélation=0,83), et la relation peut étre exprimée
par I’équation y=0,034 x 4- 0,16 ou y==production AVG en moles/12 heures et oit x = concentration
AVG en meq/l. Un taux spécifique de production AVG de 0,85 moles par 100 g de matiére organique
digestible a été calculé en employant le taux de production moyenne journaliére de AVG et la composi-
tion de luzerne séche.

INTRODUCTION therefore determine the final composition of the

The main end-products of microbial fermentation llng%lg.l%a}lfattg-fm'(:ne?&dgrrgdulcgtgéwsrgon1%7(})1)0gan’
e ovine rumen are the volatile fatty acids (VFA) - weller, Biign v ’ & )

h form an essential link in the transfer of
2y from the diet to the animal. A knowledge of
metabolism, both in the rumen and beyond, is an
itial basis for any investigation into the inter-

The original work in this ficld was based chiefly on
the measurement of ruminal VFA levels together with
in vitro studies of their production rates, and has been

ary metabolism of the sheep. The VFA produc- extensively reviewed (Annison, 1965). The conclusions
rate is an important index of ruminal fermenta- drawn from this earlier work depended on the concept
and is influenced by the quality and quantity of of the existence of an equilibrium between the pro-

liet. Factors, such as frequency of feeding, crude cesses of production and absorption, resulting in a
iin level, roughage content and digestibility, constant VFA concentration in the rumen (Gray &

t the ecological balance of the ruminal flora and Pilgrim, 1951).
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FI1G. I Diagrammatic representation of the apparatus used to infusc the labelled VFA and automatically collect rumen fluid for the

duration of the experiment

In order to prevent blockage of the lumen by parti-
culate matter, filters made from a coarse weave nylon
material were attached to the ends of the twin samp-
ling catheters (silicone rubber tubing 1D=2 mm)
which were taped to a 30 cm stiff plastic rod and inser-
ted in a ventral, anterior position of the rumen of
each sheep. The 2 sampling catheters from each
sheep were connected to a 2 ml glass reservoir via a
peristaltic pump controlled by a cam timer. The
direction of the rumen fluid flow through the reser-
voir was changed every 30 scconds by the switching
action of this timer in order to minimise build-up of
particulate matter on the sampling filters. The flow
rate was adjusted so as to completely flush the glass
reservoir with fresh rumen fluid during each cycle.
Rumen fluid (0,5 ml/min) was constantly removed
from this glass rservoir by another peristaltic pump
and stored on 'y ice. The 360 ml rumen fluid col-
lected in this fashion over the 12 h period represented

an average sample, and 15 ml aliquots were used for
further analysis.

Analytical methods

VFA extraction. Total VFA were ether-extracted
from 15 ml rumen fluid aliquots, using the method of
Neish (1952) as modified by C. Roché (personal
communication). Duplicate samples (15 ml) of
thawed rumen fluid were acidified and deproteinized
by centrifuging at 10000 g for 20 min after the
addition of 0,75 ml 5 N hydrochloric acid and 1,5 ml
1097 sodium tungstate. A 15 ml aliquot of supernatant
was ether-extracted continuously for 3 h in the appa-
ratus described by Neish (1952), and the VFA trapped
in sodium hydroxide in the receiving flask. The total
ether soluble acids extracted were estimated by be
titration of the excess sodium hydroxide with 0, 1
hydrochloric acid.



























