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Abstract

The objective of this experiment was to determireerespective effects of level of intake and ofdaheunt of
volatile fatty acids (VFAS) present in the rumen\dpA ruminal absorption. In a factorial design, sixes
received a hay diet either at 126 or at 73% ofgnaraintenance requirements. Their capacity of igdtiem of
VFAs was evaluated by the method of temporarilfaiga rumens, in which the rumen was filled withusons
containing high or low amounts of VFAs. Rate of@ipsion (amount of VFAs absorbed per hour) was
significantly higher, by 32% on average, in shespthe high intake than in sheep fed at low intake
proportion of initial VFAs absorbed did not dependthe concentration of VFAs introduced in the ragreo
that the amount of VFAs absorbed varied as theexgnation of VFAs introduced in the rumen. The dase in
intake resulted in a decrease by 32% in the ratdbsbrption of total VFAs. No interaction between
concentration of VFAs and previous intake was olesgrThis suggests that the capacity of the rurneisorb
VFAs is reduced at low intake even if low amourft¥ BAs are available.
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1. Introduction

In ruminants, changes in food supply without chagghe composition of the diet have numerous caresstes
on digestive, metabolic and hormonal processedli@Hiet al., 1995). In particular, variationsiiriake result
in modifications in weight and metabolic activiti/tbe digestive tract, occurring a few days afteake changes
(Fell and Weekes, 1975; Ortigues and Doreau, 198&an be thought that these variations involve
modifications of the capacity of the rumen to abstigestion end-products. According to Bergman Q)96nly
75% of volatile fatty acids (VFAS) produced in thiemen are absorbed in this compartment, the renginging
absorbed in subsequent parts of the digestive ftaws been shown recently that underfeedingsteereased
the rate of VFA absorption in the rumen (Perriealgt1994). Similar results have been obtaineGbpel et al.
(1993) after 48 h fasting. The method used in thésks consisted of emptying the rumen, then idticing a
given amount of VFAs in a buffered solution and g absorption of VFAs from the rumen. The
consequences of this reduction of absorption naaat known. It can be supposed that it is of mino
importance because when food intake is decredsedmount of VFAs available for absorption decrease

In order to answer this question, the aim of tixigeziment was to dissociate the effects of thellef’/ntake and
the amount of VFAs available for absorption by thien wall. Animals received the same diet at twakes.
At each intake, high or low amounts of VFAs wergaduced in the rumen and their rate of absorptiaa
measured.

2. Material and methods
2.1. Method of measurement of absorption capacity

The absorption capacity was measured by use ofderily isolated rumens as described by Gabel aadéns
(1986). Animals were fitted with ruminal and duodecannulas. The rumen of each was emptied andesash
with a saline solution to remove feed particlesmial contents were kept at 39°C and returneddatimen at
the end of the assay. Saliva was continuously rexhdsy a collector introduced in the oesophagus and
reintroduced into the duodenum. The reticulo-omaséite was closed with a balloon. Then test dohg (ca.
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2.5 1) containing VFAs were introduced in the runiBimeir rate of absorption was measured for 2.5 feular
ruminal samplings and VFA analyses. Two successilgtions were tested on the same day. Water egelsan
through the rumen wall were taken into accountgisimarker of rumen liquid.

2.2. Animals, experimental design and feeding

Six dry ewes of the Lacaune breed, weighing 65/514kg at the beginning of the experiment, weraelu$baey
were fitted with a ruminal cannula (diameter 75 namyl with a t-shaped abomasal cannula. They were
separated into two groups according to their livigive The design was a 2 x 2 factorial scheme, twth
experimental periods of 5 weeks. During the firstipd, three ewes were fed at high intake (HI) goedother
three ewes at low intake (LI). During the secondqak ewes previously fed at HI were fed at LI, atck versa.
At the end of each period, the six ewes were assfyeabsorption measurements with two test sahstidigh
in VFAs (HS) and low in VFAs (LS). With this desigime six ewes were fed at each intake level, Hlldnand
in each case were assayed for both test solutit®snd LS.

Ewes received as unique feed a natural grasslandseeond cut, in two equal parts, at 09:00 h @&n@d.h. The
hour of morning feeding was 07:30 h on the daythefassays. During a preliminary period of 1 week,ntary
intake of this hay was determined. Two levels tdike were then defined: 1310 (HI) and 680 (LI) g ahatter
(DM) daily. Although HI was chosen to be lower thasluntary intake, refusals were observed, sottiat
effective intakes were 1234 + 39 and 674 + 12 g DWHI and LI, respectively.

On a mean hay sample, organic matter (ashing &Cofs0 6 h), crude protein (Kjeldahl method), naiitr
detergent fibre (NDF) and acid detergent fibre (ADGoering and Van Soest, 1970) were 89.4, 12.% &0d
33.6% of DM, respectively; mean organic matter siiplity of the same hay, measured in anothet with
four of these six ewes at similar intakes, had reed67.6 and 67.2% for HI and LI (Perrier and Rarel995).
Due to between-period variations of liveweight, tiadculated percentages of energy requirementsAINR89)
were 126 and 73% for HI and LI treatments. The @atages of protein requirements were 169 and 98% of
protein requirements for HI and LI treatments.

2.3. Measurements, analyses and calculations

Two test solutions, differing by their concentratiof VFAs, were successively used on the same atagach
ewe in a random rank. Composition of these solstisrgiven in Table 1. They contained a buffer,igtune of
VFAs in similar proportions (69.1, 20.6 and 10.3#@cetic, propionic and butyric acids, respectiyelyd

cobalt ethyleneoliamine tetracetic acid (Co-EDTA)amarker of the liquid phase. Mannitol was addetie
solution with the lowest VFA concentration to edihte the osmotic pressure of the two solutiordstarensure
physiological conditions between 280 and 310 mOgth Kotal VFA concentrations were 121.6 and 60.8 mM
for solutions HS and LS, respectively.

Table 1 Chemical composition of test solutions Y |
Solution HS? Solution LS°

Buffer
NaHCQ 8.5 8.5
KHCO3 4.4 4.4
NaCl 0.8 0.8
VFA mixture
Acetate 5.03 2.52
Propionate 1.86 0.93
Butyrate 1.11 0.55
Co-EDTA 0.05 0.05
Mannitol - 11.08

#HS, high concentration in VFAs; LS, low concetitn in VFASs.

The assays began at 09:30 h. A 15-ml sample dighiel phase of ruminal contents was taken whilgging
the rumen. Test solutions were sampled (15 ml)reedod immediately after their introduction inte ttumen,
then every 30 min for 150 min. On all samples pt$ weeasured then subsamples taken for VFA analysid (
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liquid in 0.5 ml of 5% HPQ,) and Co-EDTA analysis (5 ml). Samples were cangefl at 4900 g for 15 min.
Analysis of VFAs was performed by gas liquid chreogaaphy (Jouany, 1982) with isocaproic and isoticity
acids as internal standards for ruminal fluid arkeA\solutions, respectively. Co-EDTA was analysedtpmic
absorption spectrophotometry (Udén et al., 1980).

Amount of VFAs present in the rumen at each timsasfipling was calculated from VFA concentration and
rumen volume of liquid obtained by initial infusienlume (2.5 1) corrected by Co-EDTA concentratidiate
of VFA absorption (mmol f)) was calculated by linear regression of the VF#inal amount in the five
samples taken between 30 and 150 min after inttaduof the test solution.

The water volume and pH of tests solutions at sachpling, and the amounts and percentages of VFAs
absorbed, were analysed using the GLM proceduBA& (1988) using the following model:

Y =i + Sj + Ak + ISij + IAik + SAjk + eijkl
whereY is the dependant variablethe intake leveli(= 1 or 2),Sthe solution infused in the rumein{1 or 2),

Athe animalk=1 to 6), ISthe interaction between intake level and solutiérthe interaction between intake
level and animalSAthe interaction between solution and animal atfte residual error.

Moreover the differences in absorption rates frava ¥FA to the other were tested. The comparisahef
percentages of absorption between acetate, prapiand butyrate was achieved by the model:

Z = li + Sj + Ak + ISij + 1Aik + SAjk + NI + eijkim

where Z is the percentage of absorption Mrislthe nature of VFAS, acetate, propionate or laiwgy§ = 1 to 3).
When significant, differences between VFAs were parad using a Student-Newman-Ketitest.

3. Results
3.1. pH and volatile fatty acids of rumen liquid

The pH of rumen liquid averaged 5.87 and 5.88dwels HI and LI, respectively. These low valuesare
consequence of the sampling 2 h after feeding.pFhés independenf(> 0.05) of the intake level.

Total acidity of rumen liquid was 97.0 + 13.1 arRI®8+ 13.2 mM for treatments HI and LI. Concentras of
total and individual VFAs (Table 2) did not diffé® > 0.05) between intake levels, except that butycid
concentration increased with intake level. No digant variation in the percentages of VFAs wasvah@ >
0.05).

Table 2 Concentration and composition (mean + SD) of vidaftitty acids in rumen liquid at the two levels of
intake

Level of intake®

HI (n = 6) LI (n=6)
mM mol per 100 mol mM mol per 100 mol
Acetic acid 65.8+9.8 67.8+15 58.4+9.0 69.7£3.2
Propionic acid 19.1+24 19.7+1.7 15.7+ 3.3 18.7+2.1
Isobutyric acid 09+0.1 09+0.2 0.9+0.3 1.1+0.3
Butyric acid 8.6+1.7 88+1.1 6.4+1.0 7.6+0.6
Isovaleric acid 1.1+01 1.2+0.2 11+04 1.3+04
Valeric acid 1.3+0.2 1.3+0.2 1.1+0.3 1.4+0.3
Caproic acid 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1

2 HlI, high level of intake; LI, low level of intake.
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Table 3 Rate of absorption of VFAs (mmol absorb&dmean +SD) at the two levels of intake with te test
solutions

Solution HS Solution LS Effect of
HI level LI level HI level LI level Solution Level of intake Interaction
(n=6) (n=6) (n=6) (n=6) 0) 0] (Sx1)
Acetate 39.0+140 251+41 169+37 127+37 *** * NS
Propionate 13.3+44 87+17 59+13 47+12 * k% * NS
Butyrate 7.1+21 46+10 29+08 2407 * k% * *
Total VFAs 59.6 +20.2 38.7+6.3 258+58 19.7+56 *** * NS

HS, high level of VFAs in the infused solution; L8w level of VFAs in the infused solution; HI, lidevel of intake; LI, low level of
intake. *** = P <0.001; **=P < 0.01; *= P&05; NS = P > 0.05.

Table 4 Percentage of VFA absorption (% of initially infdsabsorbed #, mean + SD) at the two levels of
intake with the two test solutions

Solution HS Solution LS Effect of
Hl level LI level Hl level LI level Solution Level of intake Interaction
(n=6) (n=6) (n=6) (n=6) S ) (Sx1)
Acetate 18.1+42 128+22 17.1+42 129+34 NS * k% NS
Propionate 204+40 145+27 194+42 153+3.0 NS * % NS
Butyrate 221+37 153+3.3 193+50 158+3.9 NS * % NS
Total VFAs 19.1+10 135%23 17.8+43 13.7+3.3 NS * k% NS

HS, high level of VFAs in the infused solution; L8w level of VFAs in the infused solution; HI, lidevel of intake; LI, low level of
intake. *** = P < 0.001; * * = P < 0.01; NS = PC=05.

3.2. Volume and pH variations of the test solugion

Variations of ruminal water volume after the intootion of test solutions, as measured by Co-EDTepethded
neither on the level of intake nor on the animalliwne was modified by the nature of the test sofufP <
0.05). For solution HS, the liquid volume increaseding the 150 min of the assay to 2.8 1. Fort8miu_S, it
increased to 2.6 1 for the first 60 min and thebitized.

The initial pH of test solution differed (6.20 vs88; P < 0.01) for solutions HS and LS, respectively.sThi
difference progressively decreased but remainetfigignt (P < 0.05) for the first 120 min of the assay. At 150
min, the pH was 7.29 and 7.4R % 0.05) for solutions HS and LS, respectively.

3.3. Volatile fatty acid absorption

The absorption of VFAs appeared linear for the dfh® of measurements. The correlation coefficierivieen
VFA concentration and time was 0.95 for acetate@@d for propionate and butyrate. However, a ttend
curvilinearity was shown by the values of the rasid of the regression.

The rates of absorption (amount absorbed per lafungividual and total VFAs were about twofold hay P <
0.001) for solution HS than for solution LS, and@8igher P <0.01) for HI than for level LI (Table 3). The
animal effect and the interactions between intaicetast solution were significar®® € 0.05) only for butyrate.
The interactions between animal and level of intalke between animal and test solution, were ngmifgiant.
The percentage of absorption was not affected dystdution P > 0.05) but was higheiP(< 0.01) for HI than
for LI, for all individual VFAs (Table 4). The anamheffect was significant for acetate € 0.01) and for
propionate, butyrate and total VFAR € 0.05). The interaction between animal and leveéhtatke was
significant for acetateP(< 0.01) and total VFASH < 0.05) but non-significant for propionate and butgrge >
0.05). The interactions between level of intake gt solution, and between animal and test saluti@re non-
significant.
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4. Discussion
4.1. Validation of the method

The slight difference in volume of the test solnanay have resulted in a bias in absorption bectngs
increase in volume leads to a dilution of VFAs iater. This decrease in concentration tends to timeitamount
of VFAs absorbed because absorption depends onddRéentration in the lumen (see below). This biag m
have led to an underestimation of the differencabsorption between HS and LS.

The pH differences between the two solutions oezliaven though the buffer chosen was shown in a
preliminary trial to be more efficient than otherfiers mentioned in the literature. It is knownttivden pH
increases, absorption rate decreases (Bueno, ¥&i9and et al., 1972a,b). This variation couldde for pH
higher than 7 because most VFAs are in a dissatfaten. The slight curvilinearity of the regressiohVFAs
absorbed against time could be explained by pHeas®. However, the high correlation coefficientheflinear
regression suggests that the effect of pH on alisarfs limited in this experiment.

4.2. Effect of available VFAs

The amount of VFAs available for absorption diffteccording to the test solution. It did not modtig
percentage of VFAs absorbed, so the amount of V@bssrbed for HS was twice that for LS. This result
confirms previous data obtained with the same neethyoWeigand et al. (1972a,b), Thorlacius and Lodge
(1973) and Oshio and Tahata (1984) who showedhRAtabsorption rate (% of VFAs infused) was constan
when their ruminal concentration increased, provitfe latter was lower than 130 mM. Peters et1&I92)
obtained the same result using marked VFAs. Onjsba et al. (1993) observed a saturation of VFA
absorption when VFA concentration increased. Ctllely, these results show that the luminal coneditn of
VFAs has a small influence on percentage of abgorpt

Under normal feeding conditions, the percentagérAs produced which is absorbed in the rumen dee®a
when VFA production increases (Bergman, 1990). $h&ms to be a result of the increase in liquil@mutrate
towards the omasum, and not from modificationshsfoaption capacity.

4.3. Effect of level of intake

The significant effect of level of intake on ratedgercentages of VFA absorption confirms the datently
obtained by Perrier et al. (1994) on sheep givenelither at maintenance or at half maintenanceireapents,
and those of Géabel et al. (1993) who compared nibyrieal and fasted sheep. In the present trial diserease in
intake reduced absorption rate by 32%, similah&findings of Perrier et al. (1994). In these tatter trials,
the reduction was of the same magnitude for theetMFAsS, whereas the reduction was lower for aeeteatn
for propionate and butyrate in the trial by Galiedle(1993).

Level of intake modifies the characteristics of themen wall. The weight of the rumen is widely degent on
intake (Ortigues and Doreau, 1995). This variationcerns both muscular layers and mucosa, whe el
takes place (Johnson et al., 1987). This variatias observed as soon as 5 days by Rompala anddtdag|
(1987), and can last 3 weeks after the changedkeén(Burrin et al., 1990). It is likely that vai@ns of weight
of the ruminal wall occurred in the present experitn These variations have been attributed to pyasia
(Moon and Campbell, 1973) and hypertrophia (Buetial., 1992). Both effects may improve absorptam,
VFA absorption mainly occurs by passive diffusion.

Intake is positively related to blood flow (Lindsay®93). This variation is due to the increase>aflative
metabolism with intake (Rémond et al, 1995), whitturn increases the gradient of concentratiombeh the
lumen and the epithelial cells and thus the paséiu absorption. It can be hypothesized that bbéhwariation
in weight of mucosa and in blood flow explain treigtions in absorption measured in this experiment

4.4. Interaction between available VFAs and le¥ehtake

The effect of level of intake is of the same extghaitever the amount of VFAS to be absorbed. Thiatians in
VFA luminal concentration are not sufficient to iroe a variation in absorption. A main consequesdhat
VFA absorption may not be optimized at low leveisntake. No mechanisms of adaptation of absorptive
processes to undernutrition are shown, contradigestive processes which are more efficient wiéatkie
decreases (Chilliard et al., 1995).
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