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Microbial digestion of fodder in the reticulo-rumen is responsible for a consider-
able part of the digestion of ruminants (2, 16), and so also the volatile fatty acids
coming into existence as a result contribute significantly to the animals’ nutrition.
Since, furthermore, it has been found that these acids owing to differences in
their metabolic cycle (12, 21) have mutually different effects upon the retention
of balance in the carbohydrate and fat metabolism, the relative abundance of their
formation has come to be of great interest in maintaining the health and productivity
of the animals (e.g. 20).

The method most commonly employed in studying the relative formation of
acids is determination of the acid composition of the rumen contents. It has proved
useful for inter-diet comparisons, although the influence of the permeability of the
rumen walls upon the resorption of acids, and thus upon the composition of the acid
mixture, renders the results uncertain to some extent (5, 9, 18). Corroboration of
such results has been attempted, e.g. with the aid of culture tests.

In the investigation, part of which is presented in this paper, inter-diet compari-
sons withrespect to acid formation were performed by using both methods in parallel.
Since the pH of the rumen contents seems to cause variations in the rates ofresorption-
of the acids (5, 18), also the pH measurements were carried out so that the inferences
based on the composition of the acid mixtures could be checked. In the culture
tests the possibility that the pH level may also affect the relative formation of acids
was taken into account. Therefore, cultivation was performed under pH-controlled
conditions and the pH of the cultures was adjusted at various levels. Moreover,
attempts were made to obtain preliminary data on the escape of acids by the reti-
culo-omasal opening since it can be inferred that, for this part, the resorption con-
forms to the escaping acid quantities.

Methods and results

Acid concentrations of the rumen fluid. The experimental animals were two
Ayrshire cows (live weights 559 and 564 kg) with rumen fistulas. They were fed
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at 12-hour intervals. The samples were taken from the rumen in a manner described
before (14). The volatile acids were distilled according to Friedemann (8) and the
composition of the acid mixture was determined using the method of James and
Martin (11) in a slightly modified form.

Table 1 shows the concentrations of the C2—C 8 acids in the rumen fluid of
one cow on a diet consisting of 5 kg hay, 5.3 kg concentrates and 30 kg fodder sugar
beets (mangolds).

Table 1. Concentrations of volatile fatty acids (V.F.A.) in the rumen contents at various times since
commencement of feeding. For details, see text. % = Molar percentage.

Total Composition of the acid mixture
Hours t, 1Part of the
after contents

feeding

V.F.A. Acetic Propionic Butyric Valeric
mmol./ mmol./ mmol./ mmol./ mmol./
100 ml 100 ml % 100 ml % 100 ml % 100 ml %

O= 12 Upper part 12.757.84 61.51.67 13.12.58 20.20.45 3.5
Lower anterior part 8.02 5.00 62.3 1.12 14.0 1.48 18.5 0.25 3.1

3 Upper part 15.87 6.52 41.1 2.51 15.8 5.57 35.1 0.97 6.1
Lower anterior part 9.70 4.81 49.6 1.60 16.5 2.60 26.8 0.49 5.1

6 Upper part 15.29 7.69 50.3 1.90 12.4 4.56 29.8 0.92 6.0
Lower anterior part 10.49 5.65 53.9 1.32 12.6 2.81 26.8 0.50 4.8

9 Upper part 15.34 8.53 55.6 2.02 13.2 3.68 24.0 0.87 5.7
Lower anterior part 9.44 4.91 52.0 1.32 14.0 2.63 27.9 0.48 5.1

On this diet the contribution of butyric acid to the acid mixture was exception-
ally high. Reports in the literature show that relative butyric acid concentrations
of the same order of magnitude have occurred when ensilage with high butyric acid
content was given (6) and also on diets containing exclusively or mainly concentrates
(1,4). A positive correlation has been found to exist between the protein content of
the fodder and the butyric acid content of the acid mixture in the rumen (25) but
this cannot account for the abundance of butyric acid in the present instance, which
was caused by the feeding of beets, as could be concluded by comparison of the results
obtained with various kinds of diet. The increasing effect of beets upon the butyric
acid content was also observable in the tests with the other cow although the per-
centage of butyric acid did not attain an equally high level on the same diet in the
latter instance.

Considering the abundance of butyric acid and the reports pointing towards
its ketogenic character (17, 19) this result was rather unexpected in view of the fact
that beets are held to be a recommendable type of fodder. On the strength of the
latter argument the above circumstances would seem to be better in agreement with
the results showing that a considerable part of the butyric acid falls into the realm
of the carbohydrate metabolism (13, 21).

The contention that butyric acid is not ketogenic unless its quantity exceeds
the normal level (21) evokes the question of how high this level would be. Beet
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diet appears to provide one approach for its determination. It may also be of prac-
tical value in the study of the factors affecting the fat content of the milk since the
decrease of acetic acid content is mainly compensated by an increase of butyric acid.
On the whole, in the variation of the content percentages, an inverse correlation
has been most clearly notable in the acetic acid and propionic acid concentrations
(3, 7, 24). It is interesting to examine whether the observed difference affects the
correlation that has been shown to exist between the acid composition of the rumen
contents and the fat content of the milk (21).

The formation of acids in cultures. Table 2 shows the formation of acids and the
influence of pH upon it when the rumen contents are cultivated in vitro. The fodder
substance was drawn from the rumen four hours after commencement of feeding;
the animal and its diet were the same to which the results in Table 1 refer. The
cultivating procedure has been described before (15).

Table 2. Formation of volatile fatty acids (V.F.A.) in the rumen contents in vitro during 6 hours’ in-
cubation. For details, see text. % = Molar percentage.

Composition of the acid mixture produced
pH of the V.F.A. produced Acetic Propionic Butyric Valeric

culture mmol./ mmol./ mmol./ mmol./ mmol./
100 ml 100 ml % 100 ml % 100 ml % 100 ml. %

6.85 13.65 8.60 63.0 2.06 15.1 2.11 15.5 0.67 4.9
6.00 12.10 7.11 58.8 1.38 11.4 2.95 24.4 0.79 6.5
5.30 7.15 2.89 40.4 0.84 11.7 2.43 34.0 0.95 13.3

The evident influence of pH upon the formation of acids shows that pH control
is necessary when attempts are made to study the processes occurring in the rumen
with the aid of culture tests. At the same time it gives an indication of the effect
which the acidity of the rumen contents exerts upon the acid formation in vivo.
However, the abundant occurrence of butyric acid in the rumen during beet diet
as compared with other diets cannot be attributed to the pH of the rumen contents
since this pH was not exceptional in any way. On the other hand the variation
during the interval between feedings and the differences in acid composition between
the different portions of the rumen contents, which were unusually great on this diet,
are probably partly due to pH.

It should be noted that the acid composition in vivo varied in the same range as
that of the acid mixture which was formed in the cultures under different conditions.
The pH variation range was approximately the same in both instances.

The transfer of acids into the omasum. The transfer of fluid into the omasum
was studied with the aid of polyethylene glycol (10, 22). The procedure was based
on the decrease of indicator concentration in the rumen contents during the interval
between feedings, and it assumed that the concentration in the fluid escaping into
the omasum was the same at any given moment as the average concentration in the
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reticulo-rumen. The results have been calculated per unit volume of the fluid in the
rumen since the total quantity of this fluid could not be determined.

The flow was found to amount to 1.65litres per liter of rumen fluid and 12 hours
for the cow on a diet containing 5 kg hay and 5.3 kg concentrates, while the figure
of 2.0 litres was obtained for the cow on a diet richer in concentrates by 4 kg. Parallel
tests gave respectively identical results in both instances. The indicator concentra-
tion decreased most strongly in the first half of the interval between feedings, devia-
ting from the theoretical dilution curve. It is conceivable that the quantity of fluid
in the rumen increased at the same time. In the calculations, however, this quantity
was assumed to remain constant.

Assuming the quantity of fluid in the rumen to be 60 litres, the daily flow quan-
tity will be 198 and 240 litres, respectively. These figures are high in comparison with
the corresponding results (140—170 litres) of Sperber et al. (23) but they maybe
explainable if one takes into account that the rumen contents may be augmented
by water entering the rumen except as drinking water and with saliva also
by secretion through the rumen walls (5). However, the possibility should also be
kept in mind that the microbial flora may decompose the polyethylen glycol to some
extent. Since its concentrations were fairly low, such decomposition may perhaps
have affected the results.

The mean concentrations of volatile fatty acids in the samples taken from the
lower anterior part of the rumen, close to the opening into the recitulum, were 96
and 90 mmol/litre, respectively. If they are taken to represent the mean concen-
trations of the fluid escaping into the omasum, the acid quantities entering the oma-
sum in 24 hours will have been 18.8 and 21.6 mol, respectively. These values, which
are subject to the aforesaid reservations and have to be considered primarily as
showing the order of magnitude, point to the fact that the share of the acid quantities
escaping into the omasum in the escape of acids from the rumen is worthy of serious
notice.

Acknowledgement. The authors wish to express theirrespectful gratitude to the
State Committee of Science for the grant which has enabled them to conduct this
investigation.

Summary

On a diet containing fodder sugar beets the proportion of butyric acid in
the mixture of the volatile fatty acids of the rumen contents was found to be unusu-
ally high.

When the rumen contents were incubated at different pH-levels in vitro, it was
found that the proportion of butyric acid in the volatile fatty acid mixture
produced increases when the pH decreases.

Using polyethylene glycol as a reference substance, the transfer offluid through
the reticulo-omasal orifice was studied. The transfer of volatile fatty acids into the
omasum is calculated on the basis of the fluid flow and on the acid concentrations
of the fluid in the lower anterior part of the contents.
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SELOSTUS:

HAIHTUVIEN RASVAHAPPOJEN MUODOSTUMISESTA LEHMÄN PÖTSIN SISÄLLÖSSÄ
IN VIVO JA IN VITRO

Martti Lampila ja Ilmari Poijärvi

Maatalouden tutkimuskeskus, kotieläinhoidon tutkimuslaitos, Tikkurila

Kirjoituksessa on esitetty tuloksia kokeista, joillapyrittiin selvittämään lehmän pötsissä eri dieet-
tien aikana tapahtuvaa haihtuvien rasvahappojen muodostumista. Sanotussa tarkoituksessa määritet-
tiin analyyttisesti pötsinesteen haihtuvien happojen pitoisuudet ja niiden vaihtelut, selvitettiin happojen
muodostumista in nitro-kokein ja hankittiin alustavia tietoja siitä, paljonko happoja poistuu pötsistä
verkkomaha—satakerta-aukon kautta.

Tulokset osoittavat rehusokerijuurikkailla olleen selvän pötsinesteen voihappopitoisuutta kohot-
tavan vaikutuksen. Kun dieetti sisälsi niitä 30 kg, kohosi voihapon mooliprosenttinenosuus happoseok-
sessa toisen pötsifistelillä varustetun koelehmän pötsinsisällön yläosassa 20.2:sta 35.1:een kolmen tunnin
kuluessa ruokinnan alusta lukien. Samalla aleni etikkahapon osuus 61.5:stä 41.1:een prosenttiin.

Kun pötsistä otettua rehumassaa inkuboitiin säätäen sen pH eri tasoille pötsissä normaalisti esiin-
tyvän vaihtelun rajoissa, havaittiin, että pH-muutokset vaikuttavat suhteellisesti eri tavoin eri happo-
jen muodostumisnopeuteen. Se ilmeni siten, että pH:n alentuessa voi- ja valeriaanahapon osuus muo-
dostuneessa happoseoksessa kohosi ja etikkahapon osuus aleni.

Nesteen kulku verkkomaha—satakerta-aukon kautta, määritettynä vesiliukoisen indikaattori-
aineen (polyetylenglykolin) avulla, oli toisella koelehmällä 1.65 1 ja toisella 2.0 1 jokaista pötsinsisällön
nestelitraa kohti 12-tuntisen ruokintavälin aikana. Viimemainitun lehmän dieetti sisälsi väkirehua 4 kg
enemmän. Haihtuvien happojen keskimääräiset pitoisuudet pötsin etu-alaosasta otetuissa näytteissä,
joiden oletettiin edustavan poistuvan liuoksen konsentraatioita, olivat vastaavasti 96 ja 90 mmol./l.
Koska nestekulkua esittävät luvut ovat huomattavan suuret, on tehty varaus, että indikaattoriaineen
mahdollinen hajoaminen on voinut vaikuttaa niihin.


