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INTRODUCTION

The most striking feature in ruminal digestion
is the microbial digestion of food in the fore-
stomach. Here practically all food constituents
are attacked by microbes, chiefly in the reticulo-
rumen compartment. The magnitude of micro-
bial digestion is indicated by the fact that 40—80
per cent of the dry matter disappearing from
the alimentary tract of the cow disappears in the
reticulo-rumen (ParonEiMo and MAKELA 1960).

The principal products of fermentation atre
the volatile fatty acids. These acids are considered
to be of great importance in ruminant nutrition
because they constitute the animal’s major soutce
of energy. With regard to the microorganisms,
the organic acids formed in fermentations are
waste products which, as they accumulate in the
living surroundings slow down activity, mainly
because of the lowered pH. A continuous ample
flow of fluid is the most important stabilizer of
the conditions in the reticulo-rumen. The main
factor influencing this process in the abundant
secretion of saliva, which-at the same time is
the most important factor maintaining the fluidal
state in the rumen. The saliva also introduces
great amounts of neutralizing mineral salts into
the rumen, preventing the decrease in pH caused
by the organic acids (MarkorF 1913, McDou-
GALL 1948, BatLey 1961 b). Eatlier, the prevail-
ing opinion was that the buffering capacity of the
saliva is adequate for maintaining the pH of the
rumen contents at a level favourable for the
microbes (ManGoLp 1929, p. 151, Dukes 1953,
p. 330). Nevertheless, alteady Marxorr (ibid.)
concluded from his calculations that the neutral-
izing capacity of the alkaline saliva is not suf-
ficient to neutralize all of the acids formed,
which means that some other mecanism is also

working. In fact McANArrLy and PHILLIPSON
(1942) were able to show that the volatile fatty
acids were absorbed into the blood through the
rumen wall, which partly prevents the pH from
decreasing. The experiments of DANIELLI et al.
(1945) and Gray (1948) showed that the rate
of absorption from the acid solution is much
higher than from alkaline solution. The undis-
sociated acid penetrates the membrane more
readily than does the anion, which makes the
specific absorption rate higher when the rate
of acid production increases.

The neutralization of the rumen contents were
subjected to closer study when some investiga-
tions revealed that the pH of the rumen contents
may decrease considerably below the optimum
range of mictobial activity, even with ordinary
feeding (Barcu et al. 1955, Lamrina 1955,
SmrrH et al. 1956). A harmful decrease of the pH
seemed to occur in most cases immediately after
feeding and to take place especially in the uppet
part of the rumen contents (BryanT 1964, Lam-
prLA 1964). On diets rich in concentrates low
pH-values have been encountered particulatly,
when roughage has been scarce or lacking alto-
gether (BarcH et al. 1955, EMERY and BrowN
1961). The fine grinding or pelleting of the
roughage has also been demonstrated to increase
the acidity of the rumen contents (CULLISON
1961, OrtH and KAUFMANN 1964).

Among the cations in the rumen fluid sodium
and potassium are the most abundant. A high
correlation between the concentration of Na in
the saliva and in the rumen fluid is an indication
of the great shate the saliva has in the transport
of this element (McDougary 1948, Kay 1960,
Bamky and Barcu 1961 b). The small amounts
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of Na introduced with the food seem to have
a very slight direct effect on the Na concen-
tration, but the K values rise as a consequence of
feeding (Barey and Barcm 1961 b, Lamrira
1964). The feeding of neutralizing minerals to
the animal in order to increase the neutralizing
capacity of the rumen contents has sometimes
brought about a slight increase of the pH of the
rumen contents, but often the influence of dietary
minerals has been rather ineffective (EmEry and
Brown 1961, Nicmorson and CuNNINGHAM
1961, NrcmorsoN et al. 1963, Davis et al. 1964,
EMERY et al. 1964).

With regard to the neutralization aspect of the
rumen contents, it seemed important to clarify
the effect of dietary factors on the total occurence
of mineral elements in the reticulo-rumen at a
given time and especially the role of the saliva as
a transporter of these. The total amounts of
readily soluble minerals such as Na- and K-salts,
are obtained as a product of the volume of fluid
flowing through the rumen and the concentration
of the respective element. Thus a change in either
one of these factors causes a change in the total
amount of the neutralizing flow within a given
period of time. .

As far as data on the volume of the flow of
fluid through the rumen of the cow are available,
they indicate that the volumes are quite large,
from about 150 to more than 200 litres per 24
hours (SPERBER et al. 1953, LamrIina and Por-
JARvVI 1959). This great flow of fluid is made
possible only if the saliva makes up the major
part of this fluid.

In connection with measurements on the flow
of fluid Lamprra (1965) has also made calcu-

tions on the amounts of certain mineral elements
and volatile fatty acid escaping with the rumen
fluid. On the basis of these calculations it seemed
obvious that the significance of sodium and
potassium in the neutralization of the rumen
contents is most important and that the secretion
of saliva has most profoundly affected the en-
trance of these minerals into the rumen.

The purpose of the present study was to
investigate the effect of certain dietary factors
on the following criteria important in the neutral-
ization of the rumen contents:

— the total flow of fluid through the reticulo-
omasal orifice.

— the proportion of saliva in the total flow
of fluid.

— the concentrations of sodium and potassium
in the saliva and in the rumen fluid.

—the removal of sodium and potassium
through the reticulo-omasal orifice in the
rumen fluid.

— the relative importance of different routes
in the sodium and potassium entrance into
the rumen.

The following dietary factors were chosen for
the investigation of their influence on the above
criteria:

— the level of dry matter intake
— the dosage of sodium chloride
— the proportion of coarse fodder in the ration

Some preliminary results of these investiga-
tions have already been reported (PoutisiNenx
1966, PourraiNeN and Lamrrra 1967).

REVIEW OF THE LITERATURE

Amount and distribution of fluid in the reticulo-rumen

The fresh contents of the reticulo-rumen of the
mature cow vary, according to different reports,
from 40 to 125 kg and the dry matter percentage
of the contents from 7 to 17 per cent (NEVENS
1928, Mixeri 1956, 1960, EMERY et al. 1958,

Paromemo and MAkELA 1959, CAMPLING et al.
1961). The disposal of solid substance from the
reticulo-omasal orifice takes place by fluid trans-
portation, because the disposed material contains
only 5--7 9% dry matter (Barcu 1959). The



amount of dry matter disposed from the reticulo-
rumen is regulated by the volume of the flow of
fluid and by the dry matter content of the
disposed fluid. The fodder particles must un-
detgo a certain decrease in size before their
charactetistics are such that they remain in the
liquid phase and can be transported with the
fluid from the reticulo-omasal orifice to the
lower parts of the digestive tract.

In the disposal of dry matter and fluid from
the reticulo-rumen a difference which seems to
increase with increasing dissolubility of the food-
stuff has been observed (CorBETT et al. 1959,
WEeLLER et al. 1962). Apparently the finely di-
vided material, being easily dispersed in the
fluid, is transported from the reticulo-rumen at
approximately the same rate as the fluid (CAsTLE
1956).

As the fluid serves as a transporter of dry
matter from the reticulo-rumen the disposal of
both of these products is connected. The entrance
of fluid into the reticulo-rumen is on the other
hand influenced by the amount and nature of the
rumen contents which thus also affect the amount
and flow of fluid.

Factors affecting the amount and physical character
of rumen ingesta.

Effect of food and water in-
take. — The quantity of food eaten has only
a slight influence on the amount of fresh con-
tents in the reticulo-rumen of the cow (NEVENS
1928, MixeLi 1956, 1960, PaLoneiMo and MA-
kELA 1959). In the investigation of MAKELA
(1956) the correlation coefficient between the
amount of the reticulo-rumen contents (y) and
the dry matter intake per 100 kg reduced net
weight (x) of cows receiving from 2.4 to 12.0 kg
dry matter of hay per day was r = -0.3140.18
and the regression equation y = 1.41x-+14.1.
The correlation between the dry matter per-
centage of the rumen (y) and the dry matter of
the fodder eaten (x) was observed to be consi-
derable closer, the correlation coefficient in this
case being r = +0.7240.10 and the regression
equation y = 2.67x+7.92. With decreasing dry
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matter consumption the contents of the rumen
get a more watery consistency, ‘which slows
down the rate of decrease of the total amount
of rumen contents.

However CamprLing et al. (1961) have ob-
served that the level of feeding caused marked
differences in the weight of digesta and of digesta
dry matter in the reticulo-rumen of cows receiv-
ing 10 Ib, 15 1b or ad /ibitum hay. On the same
level of hay intake there were quite large dif-
ferences in the weight of the digesta and of the
digesta dry matter in different cows. Small
amounts of dry matter in the reticulo-rumen
were associated with short retention times of
food residues in the digestive tract.

Barm et al. (1966) restricted the food intake
of two heifers, reducing the total digestible
nutrient allowance to 65 per cent of the minimum
requirement. The mean weight of the rumen
contents of the heifers increased however during
the first week of restriction, due to the increased
water content of >thc rumen ingesta. Hypén
(1961 2) found little or no reduction in the
volume of rumen fluid in sheep fasted up to
five days. Similar results for cattle were presented
by GrouveN (1865 ref. Rrrzman and BENEDICT
1938) and NEevens (1928). Results' somewhat
contradictory to the above were reported by
Hecker et al. (1964). They found that the
volume of rumen fluid in sheep deprived of food
or of both food and water decreased rapidly
during the first 2—3 days of deprivation and
after that slowly approached an approximately
constant value.

An increase in the quantity of food consumed
has in general been observed to have an increas-
ing effect on the rate of transfer of food residues
in cattle (Barcu 1950, MAikerd 1956, 1960,
ParoneiMo and MAKELA 1959, CAMPLING et al.
1961, TromMas et al. 1961, Freer and CAMPLING
1963), in sheep (Porjirvi 1952, BraxTer and
GrauaM 1956, GraHAM and Wirriams 1962)
and in goats (CAsTLE 1956).

Quality of food consumed influences the
amount and fluidity of the rumen contents and
on the transfer of digesta. The dry matter per-
centage in the rumen of sheep which on hay
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diets was about 10 per cent (GRAY et al. 1954),
was higher when concentrates were fed and
approached 20 per cent on diets supplemented
with maize (BoY~E et al. 1956). The amount of
the rumen contents of sheep on a hay diet has
been observed to be significantly greater than
for sheep on a diet rich in concentrates (Nic-
HOLSON et al. 1961). Similarly BarcH et al. (1955)
observed that a reduction of the proportion of
hay in a hay-plus-concentrates diet caused a
pronounced drop in the total weight of digesta

and in the weight of the dry matter in the

reticulo-rumen of the cow.

ParomeiMo and MAgELA (1959) investigated
the effect of different combinations of foodstuffs
on the cow’s rumen contents and dry matter
percentage and on the retention time in different
parts of the digestive tract. The experimental
groups were fed hay only or hay and concentrates
in the ratio 1:0.5 or 1:1. It was observed that the
fresh. contents of the reticulo-rumen wete much
the same for all feeding regimes. The dry matter
percentage tended to be greater with the 1:1
hay: concentrate diet than with the other feeding
regimes.

MAgELA (1960) observed that replacing part of
the hay with sugarbeet pulp, swedes and con-
centrates had no consistent effect on the mean
retention time of dry matter in the reticulo-rumen.

According to CamprING (1966) the addition
of concentrates to a given amount of hay in-
creased the amount of reticulo-rumen contents
due to the prolonged retention time of hay.
The addition of different amounts of concentrates
(2.5, 5.0 and 7.5 kg per day) to the ad /ibitum hay
diet did not significantly affect the total amount
of digesta and of digesta dry matter in the
reticulo-rumen immediately following feeding.
Just before feeding, the amount of digesta was
significantly lower (P < 0.05) for the diets con-
taining 5 or 7.5 kg concentrates compared with
the other diets, but there were no significant
differences between the four diets with respect
to the amount of dry matter.

Freer and CamrrLiNGg (1963) noted that
physical character of food consumed influences
the amount of the digesta and of the dry matter:
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liquid ratio. Cows were fed with hay, dried grass
or concentrates in one meal under a 5 hour
period ad libitum. Immediately before feeding
the reticulo-rumen contained 40 9}, more digesta
and 84 9, more dry matter when the diet con-
sisted of hay than when it consisted of dried
grass. Immediately after feeding these differences
were much smaller. When the diet consisted of
concentrates the reticulo-rumen contained about
two-thirds the amount of dry matter found for
diets of dried grass, both before and after feeding.
The differences could not be explained by the
amount of dry matter consumed.

The frequency of feeding is also one of the
factors affecting changes in the rumen contents
and the character and disposal of the ruminal
contents. In the investigation of Barcu (1958 2)
food was given either once or twice daily. The
decline in the total content between meals was
4.3 1b/100 min. for cows fed once and 3.5 1b
for cows fed twice a day. The losses in the total
content during meals were 29.5 and 26.7 1b/
100 min. respectively. It was established that
the rate of decline in the total content as well as
in the content of dry matter was constant and
the same after both morning and evening meals.
The decline in ‘the total content was less rapid
than the decline in the dty matter content —
consequently the amout of fluid decteased more
slowly than that of the dry matter or of the total
content.

Parmquist and RonNiNG (1963) investigated
the effect of a 12 hour and a 6 hour feeding
interval on the amount of dty matter in the
rumen and on the retention time. These proved
to be very similar for both feeding intervals. The
rate of removal during the last two thirds of the
time after feeding was constant, whereas during
the first third of the time after feeding it was
considerably faster. WarLpo et al. (1965) have
made calculations for obtaining regression equa-
tions between the wet or dty rumen contents
and the dry matter percentage and the time
elapsed from the beginning of feeding. When
cows were fed on a ration of hay,' pellets, hay-
plus-grain or silage, the decrease in the dry mat-
ter percentage with time (on a 12 hour feeding



interval) after feeding was expressed by a poly-
nomial of the first degree (P < 0.05) and the
change in wet content by a polynomial of the
third degree (P < 0.05).

Water intake by cattle is proportional to the
amount of dry matter consumed, but it depends
also. on a number of factors such as the kind
of diet, the environmental temperature and the
physiological state of the animal (LErrcm and
TrompsoN 1944). The water consumption of
animals is dependent on how much of their
requirements they receive with the food. WarLpo
et al. (1965) observed, however, that the total
water consumption was greater for animals re-
ceiving silage (45 % DM) than for those receiv-
ing hay. The increase in the total water intake
was not reflected as a difference in the dry matter
or moistute content of the rumen. Restriction
of the water intake to 50—70 9, of the amount
consumed ad /Jibitum decreased the amount of
food eaten but had little or no influence on the
dry matter content of the rumen ingesta. The
retention time was not prolonged above that
which could be attributed to the depression of
food intake (BaLcH et al. 1953, Purrries 1961).

A fasting animal consumes little water (Rrrz-
MAN and Benepict 1938, p. 40).

Pre-treatments and food sup-
plements.— With regard to the rumen
contents, their character and transfer, the most
effective pretreatments are those in which the
coarseness of the fodder is modified. Of these
one can mention primarily grinding of roughage,
pelleting and briquetting.

The digesta in the reticulo-rumen of cows
having ground hay as their only food source is
a dry, thick and homogenous mass containing
little free liquid. (BraxTeER and Gramam 1956,
CaMpPLING et al. 1961). An increase in the dry
matter content of the rumen juice amounting
to 2—3 per cent units is reported in the investi-
gation of OrrH and KaurManx (1964) when
ground hay was fed. O’DELL et al. (1963) did
not find significant differences in the dry matter
percentage of the rumen contents il dairy heifers
fed baled hay, ground hay (1/4 inch screen) and
ground pelleted (3/8 inch) hay. On the other

hand the amounts of dry matter in the reticulo-
rumen were clearly different: 9.3 kg for baled
hay, 5.9 kg for ground hay and 4.1 kg for pelleted
hay. When feeding only ground hay or pellets
it has been observed that the rumen contents
assume a frothy consistency (OLTJEN et al. 1965,
Cowrvin and DanieLs 1966).

According to several investigations ground
or pelleted roughage is transported more rapidly
from the reticulo-rumen than the respective
amount of untreated hay (Barcr 1950, BLAXTER
and Gramam 1956, Ropricug and Arren 1956,
1960, Kinc et al. 1962, CampriNG et al. 1963,
O’DELL et al. 1963). The passage of finely-cut
hay from the reticulo-rumen seems to be patti-
cularly accelerated during and immediately fol-
lowing eating, but the final excretion is distinctly
prolonged (BarcH 1950, RODRIGUE and ALLEN
1960, CaMPLING et al. 1963, Barcu and Camp-
LING 1965).

Concerning supplementary foodstuffs, the ad-
dition of minerals has generally been observed
to exert a decreasing effect upon the dry matter
percentage of the rumen contents (NICHOLSON
and GunNiNgHAM 1961, NicHOLSON et al. 1963,
OvrTJEN et al. 1962 a), an increasing effect upon
the total amount of rumen contents, and to
accelerate the passage of the rumen contents
(Murray et al. 1962, Evam 1961).

Chewing and rumination. — Bar-
LeY (1961 a) observed that the rate of eating
varied markedly, being usually under 100 g/min.
for hay or dried grass, about 350 g/min. for
fresh grass and dairy cubes, and was 457 g/min.
for one cow fed mangolds. For fodders consumed
mote slowly, the swallowing of boluses took
place at longer intervals and the size of the
boluses was smaller. According to ScHALK and
Amapon (1928), cows on dry food rations con-
sisting of ground grain, alfalfa and corn silage
spent 6—7 hours daily eating, the same time
ruminating and 10—11 hours resting.

BawrcH et al. (1955) noted a marked reduction
in the time spent eating on diets low in hay
and high in concentrates compared with a pure
hay diet. The same was observed for sheep
by Gorpox (1965).
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CamrLING (1966) observed that the cow spent
12 min. chewing a kilogram of hay when the
diet contained 4.5 kg hay, but 18 min./kg hay
when the cow in addition to the same amount
of hay was fed 6 kg of concentrates; the time
spent ruminating was 49 min./kg and 69 min./kg
hay respectively. Kick et al. (1937) found that
steers required 153, 130, 90 and 78 min. for the
prehension of equal amounts of whole hay, 2 in.
cut, 1/4 in. cut and ground hay respectively.
Rumination time was 402, 437, 414 and 277 min.
respectively. The rate of jaw movements was
observed to be 75-—80 per minute for hay and
about 90 for concentrates. The number of jaw
movements during rumination was 58 per minute
on an average (BarLcy 1958 a).

Stratification of rumen ingesta

The digesta in the reticulo-rumen are roughly
separated into two layers; an upper layer of
dry fibrous material and a lower layer of a
more fluid consistency (Scmark and AMADON
1928, Barcu 1950, 1958 a2 and b). Barcu and
Kerry (1950) observed that the difference in
dry matter percentage of the upper and lower
layer of the rumen contents can be as much as
10 per cent. The distinctness of the stratification
depends mainly on the character of the food
consumed. With diets rich in roughage the
borderline between the fluid and the cruder
material is distinct whereas with diets containing
much ground food this borderline is indistinct
(Barcu 1950, Barcu et al. 1955, FrReer and
CaMpPLING 1963). The crude hay particles collect
into a »maty» in the top of the rumen whereas
grain and other foodstufls with a smaller particle
size sink more rapidly in the fluidal layer
(ScuArk and Amapon 1928, SmrrH et al. 1956,
Barcm 1958 b, 1961). This phenomenon depends
partly on the chatacter of the individual food
particles and partly on the contractions of the
walls of the reticulum and the rumen causing
a mixing of the contents and maintaining the
interval ruminal flow of the contents and the
fluid.
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Size and specific gravity of
the particles.— Sizeis probably the main
factor of importance in determining how rapidly
particles of the digesta will leave the reticulo-
rumen, but the specific gravity can also be as-
sumed to exert an influence on the chances of
individual particles being carried through the
reticulo-omasal orifice (Barcua and CamrriNG
1965, p. 119). '

Barcu and Kervry (1950) did not observe any
marked differences in specific gravity between
the digesta particles of the dorsal and ventral
sacs of the rumen. The average for the dorsal
sac was 1.038 and for the ventral sac 1.039.
King and Moore (1957) observed a maximum
passage rate for plastic particles with a density
of approximately 1.2 gm/cm® and a size of 20—
30 mm®. CamrrLiNGg and Freer (1962), using
rubber or plastic particles, showed that in the
specific gravity range of 1.0—1.4 the shortest
retention time in the reticulo-rumen was obtained
with a specific gravity of 1.2.

Small particles absotb water more easily than
larger ones and consequently more rapidly at-
tain a specific gravity suitable for their retention
in the fluid and their transport init. Gas bubbles
become attached to the larger particles and lift
them to the upper part of the rumen contents
(Barcu and Kerry 1950, Smrra et al. 1956).
Thus the copious formation of gases in rumen
fermentation tend to stratify the trumen con-

tents.
Contractions of the teticulo-
rumen. — The cyclic contractions of the .

rumen and the reticulum exert an essential
influence upon the stratification of the food par-
ticles and upon the passage of the ingesta from
the reticulo-rumen to the omasum.

The basic processes of the contractions of the
rumen and the reticulum were demonstrated
already in the 1920-s in the classical work of
WESTER (1926 ref. by SELLERS and STEVEN 1966)
and ScuALk and AMaDpON (1928). The views on
the motor functions of the ruminant foresto-
machs, based on these and later investigations,
have recently been reviewed by SELLERS and
STeEVvEN (1966).



The mixing movements of the reticulum and
the rumen appear to be insufficient to counteract
the factors causing heterogeneity of the digesta.
Hypen (1961 a) reported significant differences
in polyethylene glycol (PEG) concentration bet-
ween samples drawn from five different parts of
the sheep’s rumen. LampiLA and POUTIAINEN
(1966) observed that the PEG-concentration of
the fluid of the upper part of the cow’s rumen
contents was maintained at a level 8 %, higher
than that demonstrated at the same time in the
lower or forepart of the lower portion of the
rumen contents. The authors attributed the
chief cause of this difference as being due to
the saliva, which when continuously flowing into
the lower parts of the rumen maintains a lower
concentration of the reference substance here
than in the contents of the upper part.

The contractions of the rumen and the reti-
culum maintain an organization between the
crude material and the fluid similar in direction
to the one provided by the size and specific
gravity of the particles, i.e. the cruder material
rises to the upper part of the rumen and the fine
materjal sinks to the bottom. The free fluid
deposit is located as the bottom of the ventral
sac, and due to the contractions the free fluid
continuously washes the mass of food in the
rumen.

The separation of the crude material from
the fine material takes place at the reticulo-
omasal orifice. The fine material is transported
with the fluid to the omasum, but the cruder
material is ruminated and is mixed by the con-
tractions with the contents once more (BArcu
1958 b).

The reticulo-rumen orifice is almost conti-
nuoulsly below the fluidal level (Barcm 1958 b).
Barcu et al. (1951) noted that the reticulo-
omasal orifice was open 60—70 9, of the ob-
served time. At other times, according SELLERS
and STEVEN (1966), the sphincter surrounding
the orifice closes it completely. It is generally
accepted that during the second reticular con-
traction the omasal canal exhibits a negative
pressure and that at the height of this con-
traction the reticulo-omasal orifice opens and

reticular contents are forcefully ejected into
the omasal canal (WestEr 1926, ScHALk and
AmaponN 1928, Barncu et al. 1951, STEVEN et
al. 1960).

The frequency and amplitude of the contrac-
tions influence the rate of passage of the fluid
as well as of the whole ingesta. The contraction
cycles of the rumen and the reticulum are sub-
jected to a control by the central nervous system
(SeLLErs and STEVEN 1966, p. 645) and cease
to function if the vagus nerve is cut. The mo-
vements of the stomach are affected by the
sensori stimuli delivered by the mouth, the
oesophagus, and all regions of the stomach
(SerLERs and TrrcHeN 1959, TrrcHEN and RErp
1965).

The rate of contractions is highest during
eating. Barcu (1958 a) obtained the following
values for the number of contractions (per hour)
of the reticulum during different phases of ac-
tivity of the animal: eating 87, standing resting
63, lying resting 57, standing ruminating 66,
and lying ruminating 63. Feeding aflects the
frequency as well as the amplitude of the con-
tractions and the duration of the contraction of
the individual parts of the rumen (TrrcHEN and
REeip 1965).

WESTER 1926 (ref. SELLERS and STEVEN 1960)
found that the frequency of rumino-reticular
contractions was increased with increased rumen
content. It has been observed that the contrac-
tions continue even in a fasting animal, but with
decreased strength and frequency (TrrcHEN and
Remp 1965). The teplacement of the normal
rumen contents with a completely liquid sub-
stance does not noticeably influence the fre-
quency of contractions of the rumen and the
reticulum (SELLERS and STEVEN 1966).

Scabrous material in the diet may maintain
or reinforce the tonic activity of the motor
neurons responsible for ruminal motility. Sig-
nificant differences (P < 0.01) in rumen con-
traction amplitude were found when steers were
fed diets of oats hay fed unchopped and ground
through a 1/4 in. or 3/32 in. screen. The dif-
ference in rumen contraction frequency of steers
on diets of long and 1/4 in. hay was not statis-
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tically significant, but both of these diets pro-
duced rumen contractions significantly (P <
0.05) more rapid than for steers on a 3/32 in.
hay diet (Corvin et al. 1958, CoLviN and Da-
NIELS 1966). CamprING (1966) reported that the
frequency of reticular contractions was higher
during consumption of concentrates than it was
when hay was fed.

Crark and LoMBARD (1951) found that the
rumen contractions of sheep were depressed in
amplitude_ or completely inhibited by the in-
duction of alkali into the rumen. Asg (1959)
observed no threshold pH value of the contents
of the reticulo-rumen for the acid inhibition.
The pH value at which inhibition occurred de-
pended to a large extent upon the type and con-
centration of the acid.

Factors contributing to the flow of fluid thtough the reticulo-rumen

Secretion of saliva

Saliva has been estimated to supply some
70—90 per cent of the total fluid entering the
reticulo-rumen of the cow (BarLey 1961 a, Pou-
TIAINEN 1966). The abundant secretion of saliva
and the factors influencing it also control the
total flow of fluid through the reticulo-rumen.
Investigations concerning the secretion and com-
position of ruminant saliva have been reviewed
e.g. by SomMERSs (1957) and Kay (1963 and 1966).

The saliva flowing into the reticulo-rumen is
a mixture of secretions from several glands,
each functioning at specific times. Kay (1960 a)
divided the salivary glands of sheep and cows
into three groups according to their histological
and physiological characteristics and the com-
position of their secretions. The first group,
the serous glands, consisting of paired
parotid and inferior molar glands, secrete con-
tinually. The basal secretion of these glands does
not seem to be under nervous control (Coarts
et al. 1956, 1958, Kay 1958). They may be sti-
mulated by reflexes from the mouth, oesophagus
and rumen (Crark and Werss 1952, Asu and
Kay 1959). An increased flow of saliva has also
been observed with tactile stimulation of the
reticulo-rumen fold and nearby structures in the
reticulo-rumen (CoMruINE and Kay 1955, Kay
1958).

The second group, called
glands, consists of unpaired palatine, buccal
and pharyngeal glands. They secrete mucous
saliva mostly during the time of stimulation. The

mucous
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paired submaxillary, sublingual and labial glands,
which secrete mucous and serous saliva are
called mixed glands. They respond faitly
weakly to stimulation of the oesophagus and
reticulo-rumen (KAy and PuririrsoN 1959, Kay
1960 a).

The flow of saliva from the cannulated parotid
glands has been observed to be equal to the flow
of saliva from the rest of the salivary glands
(ParLrieson and REerp 1958, Kay and PrirLIe-
soN 1959, Trrse and PEEL 1963). '

The secretion of saliva occurs at different
rates during different functions (rest, eating and
rumination) of the animal. In the experiments of
WirsonN (1963) of the total secretion of parotid
saliva in sheep on a hay diet, 36 9, was secreted
during the resting period, 27 %, during the eating
petiod and 37 %, during the rumination period.
The proportion of basal secretions rose on diets
where the hay was finely ground. BarLey (1961 a)
showed that in cattle on diets of hay, silage or
grass the amount of mixed saliva secreted during
the resting period made up 40—45 9, of the
total daily secretion. For diets consisting of hay
and concentrates in the ratio 0.6:1 or 0.1:1 the
proportion of basal secretion was 52 %, and 72 9,
respectively.

It has been observed that the secretion of
saliva changes during the intervals between
feeding so that the secretion is lowest immedia-
tely after feeding and then gradually increases.
This phenomenon was observed regarding the
secretion of parotid saliva by BArLey and BALch



(1961 b) and by MEYER et al. (1964), PurNam
et al. (1966 a) in cattle and Wirson and TRIBE
(1963) in sheep. A similar change takes place
also with regard to the secretion of mixed saliva
(BariLey and Barcr 1961 b). These authors
observed that the lower sectetion of saliva after
feeding was not associated with the degree of
fullness of the rumen, and concluded that. the
inhibition effect is connected with the act of
eating itself. In contract, WirsoN (1963 a) in his
experiments with sheep observed that the parotid
secretion was diminished in all cases where the
volume of the rumen contents was increased.
Similarly the rate of sectretion of parotid saliva
was increased when the volume of the rumen
contents was decreased. It has also been observed
that liquid or gas passed into the rumen exerts
a decreasing influence upon the secretion of
parotid saliva (Paririrson and Rerp 1958, Kay
and PrarrrirsoN 1959). Wirson and TRIBE (1963)
found that the infusion of saliva or a 1 9 saline
solution into the reticulo-rumen of sheep de-
creased the parotid secretion whereas the infusion
of water did not. -

The amount of parotid or mixed saliva
secreted on a particular diet is dependent mainly
on the amount and nature of food consumed.
BarLey and Barncy (1961 b) found that when the
intake of hay was increased, the rate of mixed
salivary secretion during resting was decreased.
Wirson (1963 a) observed a marked increase in
parotid saliva secretion in resting sheep as the
food intake was increased. From the experiments
of BarLey and Barca (1961 a) and MEYER et al.
(1965) it can be noted that the high secretion rate
on a given diet during eating is associated with
a high rate of secretion during resting. The rate
of salivary secretion is most rapid during. eating
and rumination. The rate of secretion rises
during these activities to a level 2—5 times
higher than the rate during resting (BAILEY and
Barcua 1961 a, Bamey 1961 b, STEwARrT and
DoucHERTY 1958). The total amount of secretion
on a.given diet during each of the activities
depends not only on the rate of secretion but also
on the duration of the activity (Barcu 1958 a,
Bamey 1961 a).

A positive linear relationship has been ob-
served between the amount of dry matter con-
sumed and the secretion of parotid saliva. This
was shown by Wirson and TRIse (1963) with
sheep, as well as by Hawkins et al. (1965) and
Purnam et al. (1966 a, b) with cattle. The
tendency for more saliva to be secreted per kg
dry matter eaten at-a lower level of food intake
than on a higher level was observed in the
investigation of WirsoN and TriBe (L.c). The
association between the amount of dry matter
eaten (x) and the volume of parotid saliva se-
creted (y) was y = 1.42+4-2.01x (r = 0.73) in an
investigation with steers on a diet of corn silage
and ground snapped corn fed at the ratio of 3.0
and 1.0 kg/100 kg body weight respectively
(Hawxkins et al. 1965). On the other hand Kay

(1960 2) and Lawror et al. (1966) did not observe

correlations between the daily food consumption
and the quantity of parotid saliva secreted by
sheep.

The amount of saliva secteted has been ob-
served to vary greatly depending on the nature
of food eaten. Barcr (1958 2) observed that
for every 10 1b dry matter of hay consumed,
43—57 1b of saliva was added during eating but
for every 10 Ib of concentrates, only 12—15 1b
of saliva was secreted; similarly the amount of
saliva secreted per 10 1b dry matter of fodder beet
was 30 Ib and for every 10 Ib dry matter of grass
53 1Ib. Bamey (1961 a) in his experiments with
dairy cows obtained a mean rate of secretion of
mixed saliva of 229 ml/min. during eating. The
rate of secretion varied from 108 ml/min. for
mangolds to 250 ml/min. for dairy cubes, certain
fresh grasses, silage, dried grass and hay. The
calculated daily amounts of mixed saliva secreted
were 110 1 for lucerne silage, 149 1 for hay, 123 1
for dairy cubes and hay, 108 1 for maize, ground-
nut cake and hay and 178 1 for grass. WiLson
(1963 b) found high secretion values in. grazing
sheep, but Dexron (1956, 1957) observed that
finely shopped fresh lucerne (water content 65 9,)
brought about a considerably smaller secretion
of parotid saliva than a diet consisting mainly
of oaten chaff (water content 10 9%,). In the in-
vestigation of MEYER et al. (1965) with steers
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and cows it was observed that with an increasing
moisture content of pasture or freshly cut alfalfa
the flow of saliva decreased. The mean amount
of saliva added per kg dry matter of freshly cut
alfalfa was 2.70 kg and for hay 3.25 kg.

AuTtreY (1964 b) observed the mean volume
of the parotid saliva flow to be 493 ml per hour
for corn silage, 363 ml for Coastal Bermuda-
grass hay and 198 ml for green oat forage. For
a ration high in crude fiber (7—8 kg hay) the
daily secretion of saliva was about 10 per cent
greater than for a ration high in starch (2 kg
hay 4+ 6—9 kg concentrates). Feeding pasture
grass ad J/ib. gave similar results, i.e. with in-
creasing contents of crude fiber the secretion of
saliva increased (KAurMANN and OrtH 1966).

It is apparent that the physical properties of
the food rather than its chemical composition,
affect the amount of saliva secreted. Wirson and
TriBE (1963) found that with a constant food
intake the secretion of parotid saliva in sheep
was increased by 25 9, when the hay was ground
using a 1/16 in. screen but was decreased by
61 9% when using a 1/32 in. screen. A decrease
in salivary flow as a result of pelleting hay was
observed in the investigations of OrLTJEN et al.
(1965), Yarws et al. (1965 2) and Purnawm et al.
(1961 b).

The supply of certain mineral elements has
been observed to influence not only the compo-
sition (p. 21) of the saliva but also the amount of
saliva. DENTON (1956) investigated the effect of
Na deficiency on the secretion of parotid saliva
in sheep. The secretion of parotid saliva was
2.681 per day when the Na supply was adequate,
but 1.71 1 per day with Na depletion.

Berr and Wirriams (1960) observed that the
salivary output from the exteriorized parotid
duct in calves decreased according to the degree
of Na depletion. Hawxkins et al. (1965) used
dairy steers with unilateral parotid and rumen
fistulas to investigate the effect on the salivary
flow of Na supplementation in a corn silage —
ground snapped corn diet. With levels of Na
supplementation of 0.22, 0.65 and 1.10 9%, on an
air-dry basis the volumes of secretion measured
at the right parotid gland were 8.49, 14.75 and
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17.11 litres saliva/24 hours respectively. The
secretion at the 0.22 9%, Na supplementation level
was significantly (P < 0.05) lower than at the
two higher levels, which did not differ signifi-
cantly from each other. The differences became
smaller if the values were calculated per kg dry
matter eaten, because the animals on the lowest
Na level ate less food compared with the other
groups. DexrToN (1956), however, observed that
very large amounts of Na (2x595 m-equiv.
NaHCO,) added to a ration consisting of. 0.4 kg
of lucerne chaff and 0.4 kg of oat chaff decreased
the volume of saliva secteted daily by sheep.

The addition of volatile fatty acids to the
rumen in some cases caused a slight increase in
the amount of saliva secreted (Coars et al. 1956,
Kay 1958 a, Asu and Kay 1959). The pH of
the rumen was, however, below normal (pH
3—4). Crarx and Werss (1952) obsetved no
changes in the parotid secretion of sheep and
goats when dilute acetic acid or lactic acid was
placed into the rumen. Bamey and Barcr (1961
b) found no changes in the rates of secretion of
mixed saliva when the pH of the ruminal ingesta
of cattle was changes from 6.8 to 5.4 by addition
of acetic acid. Yarws et al. (1965 b) observed
a tendency for the mixed salivary sectetion to
increase during infusion of VFA sodium salts
into the rumen.

Ingested water

Water is introduced into the reticulo-rumen
as part of the food and as drinking water. The
sum of these has been observed to make up some
13—24 9, of the total volume of fluid entering
the reticulo-rumen (BamLey 1961 a, PouTiAiNeEN
and Lampira 1967). Bavrcu (1958 a) observed
that during eating, when drinking of water was
at its peak, the fluid entering the rumen consisted
of saliva and drinking water in approximately
equal amounts. :

Grass and fodder beets, like other juicy roots
and tubers, contain as muich as 90 per cent by
weight of water. If the ration consists mainly of
foodstuffs like these, the amount of water en-
tering the reticulo-rumen with the food may



be 4050 litres per day. The amount of water
introduced with dry foodstuffs, for example hay
and concentrates, on the other hand, is only
2—3 litres per day (BArLEY 1961 a, WALDO et al.
1965, CamprLiNG 1966) and the direct effect on
the flow of fluid must thus be considered slight.
The amount of water drunk by the animals
depends on how much of their requirements they
receive with the food at a specific time (cf. p. 11).

BriLuarz and Kay (1963) showed that the
osmotic pressure of the blood is a more im-
portant factor determining the intake of water
by drinking than the osmolality of the rumen
contents. On the other hand, a low osmotic
pressure of the plasma does not fully inhibit
thirst in sodium depleted sheep (BEILHARZ et al.
1962). Borr et al. (1964) observed that a hyper-
tonic NaCl-solution (270 m-equiv./l) introduced
directly into the rumen of sheep instead of plain

water brought about a greater consumption of .

water than could be attributed to the osmotic
effect.

Eram and Davis (1962) reported that the
addition of sodium chloride (5 9, of the ration)
increased the average water consumption of
steers by some 9 litres per day (32 %,). A gradual
increase in the NaCl-ration from 50 g/day to
500 g/day increased the water intake of cows from
about 37 1/day to about 50 1/day (PFEFFER et al.
1965). On the other hand, in the experiments
of HevrrericH et al. (1965) severely Na-
depleted cows drank 2—4 times mote water than
when on an adequate sodium diet. The maximum
water intake was 108 1/day.

Little is known about the effect of drinking
water on the flow of fluid through the reticulo-
omasal orifice. Asu (1962) observed a rapid flow
of fluid following drinking. Surges (18—100 ml)
of fluid flowed from the sheep omasum during
and immediately after drinking. OvAERT and
BouckagrT (1961) concluded that the most im-
portant factor influencing the very abundant
passage of fluid (mean value 462 ml/h) through
the sheep omasum in their experiment was the
excessive intake of water.

Scuark and Amapon (1928) observed that
under otdinary conditions of feeding and wa-
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tering, water enters the reticulo-rumen. This
view has since been confirmed by results obtained
with several different methods. It has been ob-
served that the oesophageal groove in the adult
animal functions oaly on rare occasions (DUXES
1947, p. 313, Riex 1954, Varrewas 1965, p.
151). Using polyethylene glycol as a reference
substance in the drinking water of sheep it
was shown that all of the water ingested entered
the reticulo-rumen (ANoN. 1964). The passage
of milk along the contracted oesophageal groove
of calves has been noted in several investigations.
Wise and AnpersoN (1939), however, found
that when water was offered to calves, 3—6
months of age, from an open pail almost all of
the water drunk flowed into the rumen.

Movement of water across the rumen wall

Beside the passage from the reticulo-rumen
via the reticulo-omasal orifice one also must
consider the fluid transfer through the rumen
wall. It exerts a decreasing or increasing effect
on the flow of fluid into the omasum depending
on the direction of net transfer of fluid through
the wall.

ParrHAsARATHY and Prirneson  (1953)
showed that the water flowed across the rumen
epithelium as a result of an osmotic gradient. The
authors concluded from their experiments that
in sheep on a normal diet the osmotic relations

- between the rumen fluid and the blood were

such as to make the absc;rption of water possible.
They also mention the theoretical possibility of
the water flowing in the opposite direction under
special citcumstances. In sheep fasted for 12—16
houts Davey (1936) measured the osmotic
pressure of the rumen fluid and the blood.
He found no. differences in osmotic pressure
between the blood, or the rumen-, reticulum-,
and abomasum content and suggested that the
absorption from the compartments of the stom-
achs keeps the osmolality isotonic with the blood
plasma. Hypén (1961 b) measured the transfer
of water through the wall of the rumen in sheep,
using polyethylene glycol as a reference sub-
stance and measured the sectetion of saliva.by
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use of a catheter (HypiN 1958) or estimating it
on account of the concentration of phosphorous
is the saliva and the rumen fluid (p. 19). The
absorption of water from the normal rumen
contents was evident in 11 cases, the influx of
water in one case and in two cases no tranfer
could be established with certainly. The mean
absorption rate was 0.15 I/hour.

ExGeLrARDT (1963 2 and b) investigated the
rate of flow of fluid through the rumen in goats.
He determined the flow of fluid via the reticulo-
omasal orifice by use of the PEG method and
simultaneously measured the transfer of water
through the rumen wall, using tritium oxide,
which was injectzd in blood and introduced
in the rumen. He observed an abundant flow
of water through the rumen wall taking place
in both directions the mean rate in each direction
being 40 1/24 h. The osmolality in the rumen
fluid was about 35 mosm. lower than in the
blood, on account of which the water was able
to move also against this gradient. During suc-
cessive measurements of equal duration, the
volume of water transferred from the rumen to
the blood was about the same as the volume
transferred from the blood to the rumen.

WARNER and Stacy (1965) observed that
deprivation of food and water for 3 days brought

about almost a 10 9} decrease in osmolality of
the rumen contents, but that the plasma osmo-
lality remained fairly constant. Feeding brought
about a rapid rise in osmolality in the rumen,
especially if deprivation of water was continued.
WeeTH et al. (1967) observed that the plasma
osmolality after 4 days of water deprivation was
329 mosm./kg and under water «d /ib. conditions
275 ‘mosm./kg. The concentrations of several
elements in the rumen fluid and the blood affect
the osmotic relations between these two com-
ponents, on which relationship the flow of water
through the rumen wall in turn seems to be
dependent. With regard to osmosis, the most
important elements are sodium and potassium,
which are to be discussed later (p. 23). Volatile
fatty acid and other fermentation products con-
tinuously formed in the rumen are readily ab-
sotbed and have little influence on the osmotic
pressure and water balance (ANNISON and LEwis
1962, p. 124, Huncare 1966, p. 193). The
ruminant saliva and blood plasma are neatly
isotonic (Kay 1960, BarLey 1961 b). The in-
fluence of saliva on the osmotical relations bet-
ween the rumen contents and the blood is prima-
rily a stabilizing one and apparently limits the
flow of water through the rumen wall.

Methods used for measuring the secretion of saliva and the total flow of fluid

Secretion of saliva

Of the investigations concerning the secretion
of saliva, the majority deal with the secretion of
parotid saliva, the measuring technique of which
has been developed to a considerable extent. The
most common procedure for measuring the
secretion of parotid saliva is perhaps the perma-
nent fistulation of one of the glands. The surgical
technique for sheep is described by DenrTON
(1957), and his method has been used by many
workers (e.g. BarLey and Barcu 1961 a, DEN-
TON and SABINE 1961, BLAIR-WEST et al. 1963,
WrLson and Trise 1963).
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In connection with the parotid fistula different
devices have been developed by which the saliva
after measuring and sampling can be returned to
the circulating fluid. In this way one avoids the
loss of sodium, which causes Na-deficiency in
the animal if one does not substitute the loss
with some mineral containing Na (DexTon 1957,
DenTon and Sasmne 1961).

StEwarT and DouGHERTY (1958) cannulated
the parotid duct with polyethylene tubing, and
the rate of flow was recorded with a droprecorder
while another catheter led the saliva back into
the oral part of the duct. AuTREY (1964 2) repor-
ported a technique for the quantitative collection



of parotid saliva from a steer. The plastic tube
was inserted into the fistulated parotid duct,
and the other end of the tube into a rubber col-
lection bottle. The method used by KAurMANN
and OrtH (1966) is in principle the same, but
they connected the saliva collection bottle by
a tube to a bottle placed above the animal
into which the saliva was pumped periodically,
using a pump with a timing attachment. The
saliva was led by a tube from the container into
the trumen via the rumen fistula. BRUGGEMAN
et al. (1965) describe a method for measuring
the secretion of parotid saliva in sheep which
makes it possible to register the secretion of
saliva automatically and then to direct it into
the rumen.

Inaccuracy in the evaluation of the total
quantity of parotid saliva from the one fistulated
gland is caused, among other things, by the
different size of the glands (Kay 1960), possible
damage produced by fistulation (DenTON 1957)
and by reduced chewing on the operated side
(WiLsonN 1963 a).

With tegard to the measurement of the se-
cretion of mixed saliva, no generally accepted
method seems to have been developed. This is
probably also in part the reason why investi-
gations concerning the secretion of mixed saliva
are less frequent than those concerning parotid
saliva secretion.

The methods by which the saliva was collected
from the mouth of the animal either as it drib-
bled from the mouth of an anaesthetized animal
ot by means of a sponge from a normal animal
(McDougarr 1948) have given quite unreliable
results with regard to the average flow of mixed
saliva. EMERY et al. (1960) inserted a tube into
the cardiac orifice via the rumen fistula. Sasaxr
and UmMezu (1962) used an intraoesophageal glass
funnel and CunNiNnGgHAM et al. (1958) an infla-
table rubber catheter. Hyp#n (1958) blocked the
oesophagus of sheep with a bladder, whereby the
saliva flowing down the oesophagus could be
removed by suction. Excitation in the cardiac
otifice or in the oesophagus may cause changes
in the secretion of saliva, at least in meas-
utements performed for a short time (CraArx

and Werss 1952, Kay and Parmirirson 1959).
When measuring the secretion of mixed saliva
during resting, one can also wuse the fistu-
lation of the oesophagus (McManus 1962,
Trise and Peer 1963, Yarns et al. 1965 a
and b).

Barcu (1958 a), BarLey and Barca (1961 b)
and Barrey (1961 2) collected a swallowed bolus
(duting eating) or saliva (during resting) at the
cardiac orifice in a specially designed rubber
bag held at the orifice by hand via the rumen
fistula. 'The saliva secreted into the fodder during
chewing was detived by determining the water
content of the fodder and the water content of
the collected food boluses, the difference thus
representing the saliva. When collecting saliva
during resting, part of the contents of the
dorsal sac was removed to allow the collection
of saliva in the rubber bag. The bag was held
against the cardia for about 3 sec at each swal-
1owing in order to avoid the effect caused by
excitation. The method does not permit the
measuring of mixed saliva sectetion during ru-
mination.

BatLey (1966) reported that measurements of
the rate of swallowing can be used to detect the
changes in rate of mixed salivary secretion in
resting cows. This is based on the finding that
the relationship between the rate of swallowing
and the rate of salivary secretion was approxi-
mately linear. Hypén (1961 b) suggested the
possibility of evaluating the volume of salivary
secretion from the net gain of phosphate in the
rumen and the mean concentration in the rumen
and the saliva. The transfer of phosphate through
the wall of the rumen has been observed to be
negligible (SPERBER and Hyp#x 1952, PARTHA-
SARATHY et al. 1952, Hypfn 1961 b). Smrra (1959)
mentions the possibility of estimating the rate
of the saliva flow based on the passage of fluid
from the rumen, calculated with the aid of PEG.
An indirect method for measuring the flow of
mixed saliva into the reliculo-rumen based on
the total flow of fluid is described by PouriaI-
NEN and Lamprra (1967). The method is also
described in the experimental part of the present
investigation (p. 29).

19



Total flow of fluid through the reticulo-omasal orifice

The measurement of the flow of fluid requires
the use of a substance soluble in water in order
that its passage through the reticulo-omasal
orifice should parallel with the flow of water.
SpERBER et al. (1953) have defined the require-
ments to be placed on a suitable reference sub-
stance measuring the flow of fluid. The substance
should preferably be homogenous and well
defined from the chemical point of view and it
ought to be possible to determine it with reason-
able ease and accuracy. It should not be taken
up or absorbed, produced or destroyed to a
significant degree by the rumen microorganisms
or by other parts of the contents and it should
not influence the activity of these organisms
or the rumen .itself. The reference substance
must not pass through the rumen wall in appreci-
able quantities.

The polyethylene glycol (PEG) is found to be
a quite practicable reference substance. A detailed
description of the method and its adaptation is

given by Hypfn (1961 a). This method has been
used by many workers in recent years (CORBETT
et al. 1958, 1959, Lamrprira and Porjirvr 1959,
Smrra 1959, 1964, OvaerT and BouckAERT 1960,
1961, WeLLER et al. 1962, ULyaTr 1964 2 and b,
Lamprra 1965).

Phenol red is also recommended for measuring
the amount and passage of fluid through the
alimentary tract (Smrre 1964, Hecker et al.
1964). This substance is poorly recovered after
passing through the alimentary tract (Smrra l.c.).

Hocan (1964) indicated that radioactive
chromium (C151) chelated with ethylenediamine-
tetra-acetic acid (ED'TA) fulfills the requirements
of a water soluble marker and can be used for
studying the transfer of digesta from the rumen.

Uryar (1964 b) found that lithium is unsuit-
able as a marker for measuring the volume of
water in the rumen and the flow of fluid from
the rumen. A method for estimating the volume
of rumen fluid by use of antipyrine (AP) and
N-acetyl-4-aminoantipyrine (NAAP) is used by
some workers (REID et al. 1957).

Factors influencing concentrations of sodium and potassium in the rumen fluid

Inflow of sodium and polassinm in saliva

- Saliva secreted by different
glands.— McDoucarr (1948) performed the
first consistent and detailed investigation of the
mineral composition of ruminant saliva. The
sodium content in sheep parotid saliva was on
an average 177 m-equiv./l and the potassium
content 8 m-equiv./l. The Na content of mixed
saliva varied from 160 to 200 m-equiv./l and
the K content from 4 to 11 m-equiv./l. Prrr-
v1PsoN and ManNGan (1959) studied the composi-
tion of parotid and submaxillary saliva collected
from cannulated ducts and the saliva secreted
from the remaining salivary glands collected
from the mouth of cattle. The Na contents. of the
different secretions were: parotid saliva 137 m-
equiv./l, submaxillary 14 m-equiv./l and residual
saliva 110 m-equiv./l. The K contents were:
14,14 and 17 m-equiv./l respectively. Kay (1960
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a and b) observed that the inferior molar glands
and the small mucous glands secrete saliva
which is like parotid saliva in inorganic compo-
sition: It contains 175—185 m-equiv. Na/l and
4—9 m-equiv. K/l. The saliva secreted from the
submaxillary, sublingual and labial glands is,
however, quite different, containing from 15 to
40 m-equiv. Na/l and from 6 to 26 m-equiv K/I.

The contribution of the submaxillary and sub-
lingual glands to the total of saliva is estimated
to be quite small (Kay and Prrvnieson 1959,
Kay 1960 a) due to the slow rate of flow (Kay
1960 2) and the restricted time of activity (KAy
1958, Asu and Kay 1959, Mever et al. 1965).

Barcey and Barcu (1961 b) showed that the
composition of mixed - saliva obtained from
resting cows was almost the same as that of
the parotid saliva. The mean Na content in
parotid saliva was 157 m-equiv./l and in mixed
saliva 161 m-equiv./l. The K contents were 7.0



and 6.2 m-equiv./l, respectively. The close simi-
" larity in Na and K contents for parotid and mixed
saliva of cattle and sheep under resting conditions
has been observed in many investigations (Mc
DoucaArL 1948, PurLrirsoN and MANGaN 1959,
Kay 1960, Dosson et al. 1960, Dosson 1963,
TriBe and Peer 1963).

Variations in the composition
of mixed saliva.— The rate of secretion
has been observed to change the composition
of the saliva. The sodium concentration of
patrotid saliva has been noted to increase and
the potassium concentration to decrease as the
rate of secretion increases (Coats and WrIiGHT
1957, Kay 1960, BaiLey and Barca 1961 a,
Dosson 1963). The same tendéncy is also ob-
served for the Na and K contents of mixed
saliva in cows (BAILEY and Barcrm 1961 b). The
results of Bopa et al. (1965) indicated, that when
the rate of flow of mixed bovine saliva decreased
from about 60—65 ml/min. to about half of this
value, the level of K increased from a mean
value of 5.4 m-equiv./l to a mean of 10.7
m-equiv./l. At the same time the Na content
decreased from a mean value of 152 m-equiv./1
to 143 m-equiv./l. The sum of these two cations
thus remained on a faitly constant level. Accor-
ding to same investigations the rate of secretion
of parotid saliva has not noticeably changed the
Na/K ratio in the normal Na-repleted animal.
In the Na-deficient animal the Na/K ratio in-
creased with an increasing rate of sectetion
(DexTON 1956, 1958, Goping and DEenNrTON
1960, Dosson 1963).

Kaurmann and Orrr (1966) and KAUFMANN
(1966) observed that in cattle the Na concentra-
tion of parotid saliva decreased from a value of
145 mg/100 ml when the rate of secretion was
31.1 1/day (from one gland) to 113 mg/100 ml
when rate of secretion was 22.5 1/day. The K
concentration correspondingly rose from 309 to
394 mg/100 ml. The authors assume that the
deficiency in sodium in part affected the change
in the Na/K ratio.

The most noticeable changes in the Na and K
contents of the saliva are influenced by the
sodium deficiency of the animal. The great

changes with regard to the Na/K ratio and the
reciprocal compensating effect of these two
cations was first observed by DenToN (1956) in
his experiments with sheep fitted with a parotid
fistula. 'The Na/K ratio may drop from 18 to’
0.5. A large intake of sodium raised the Na/K
ratio to a value of 25. In some cases the Na/K
ratio may drop to as low as 1/18 (DexTON 1957).

Dosson et al. (1960) showed -that during a
progressive sodium depletion in sheep the so-
dium of the parotid and mixed saliva was suc-
cessively replaced by potassium. Changes in the
Na and K concentrations of the mixed saliva
were in close correspondence with those of the
parotid saliva (P < 0.001).

Kzamr and Geuring (1966) and Kemp (1966)
reported a decrease in Na concentration of the
saliva from about 3.50 to 1.00 g/l and an increase
in K concentration from about 0.25 to 3.50 g/l
due to sodium deficiency in high-yielding dairy
COWS.

The noticeable decrease in Na concentration
and increase in K concentration of the saliva
of animals fed fresh grass or on pasture is con-
nected with the low sodium content of grass,
resulting in a sodium deficiency in the animal
(SeLrErs and Dosson 1960, Dosson 1963,
Dosson and McDonNaLD 1963).

The adrenal secretion of aldosterone has been
observed to regulate changes in the Na/K ratio
of the saliva in connection with Na-deficiencies.
The secretion of aldosterone increases during
a period of Na-deficiency and at the same time
the parotid gland becomes more sensitive to the
effect of this hormone (DeEnTON 1956, BLAIR-
wEST et al. 1963, 1965, BorrT et al. 1964, Scort
1966).

The relationship between the
concentration of sodium and po-
tassium in mixed saliva and ru-
men fluid.—Bamey (1961 b) presents
results showing the interdependence of the
sodium and potassium contents of mixed saliva
and rumen fluid. On five different diets the Na
concentration of the rumen contents remained
on an average 17 9, below the mean Na con-
centration of the mixed saliva. The Na content

21



of mixed saliva varied between 28—168 m-
equiv./l and that of rumen fluid at the same time
between 60—180 m-equiv./l. The K content of
mixed saliva (4—75 m-equiv./l) was invariably
lower than that of rumen fluid (17—85 m-equiv./
). The sum of the Na and K in equivalents was
about 166 m-equiv./l in mixed saliva. This value
tended to decrease somewhat when the Na con-
centration dropped below 120 m-equiv./l and to
increase somewhat when the K concentration
rose above 164 m-equiv./l. The time elapsing
after feeding seems to have no influence on the
Na and K concentrations of mixed saliva.

SeLreErs and Dosson (1960) observed a
marked decrease in Na concentration of the
saliva and an approximately equal increase in
the K concentration after transferring sheep
from a diet consisting of hay of hay and meal
to grass feeding. The changes in Na and K con-
centrations of the rumen fluid were closely
related to the Na/K-changes of the saliva. On
a basal diet the Na concentration in the rumen
fluid was about 100 m-equiv./l and that of K
30 m-equiv./l and on a grass diet the values
were 25 and 100 m-equiv.[l, respectively.

In the investigations of EMERY et al. (1960) the
Na concentration in the rumen fluid rose (P <
0.05) in accordance with the increase in the pro-
portion of hay diet consisting of hay plus con-
centrates (the proportions of hay were: 20, 40,
60, 80 and 100 9,). A corresponding tendency
with regard to the Na concentration of the saliva
could not be observed. No statistically signifi-
cant differences could be found between the diets
with regard to the Na concentrations of the
saliva, but the lowest values for both of the
experimental cows were noted on the pure hay
diet. The sum of Na and K in the saliva increased
as the proportion of grain increased (P < 0.01).

When transferring animals from indoor feed-
ing to-pasture (without NaCl supplement), some
investigators have observed that sodium deple-
tion is not the only factor causing changes in
the Na/K ratio of the saliva and the rumen fluid.
According to Dosson and McDonNaLp (1963)
Na/K ratio of the saliva gradually decreased in
grass fed sheep although the animals were sup-

22

plement with salt, and sodium deficiency thus
should not have occurred. The drop in Na con-
centration and rise in K concentration of the
rumen fluid occurred at a noticeably greater rate
than the corresponding change in composition
of the mixed saliva. An example of the unex-
pected changes in the Na/K ratio of the saliva
and the rumen fluid connected with changes in
the feeding is provided by the experiment carried
out by Dossox et al. (1966). They observed that
the K concentration of mixed saliva rose rapidly
when sheep fed 9 days on a ration of grass (low
in sodium) were transferred to a diet of hay and
meal (high in sodium). At the same time an
approximately equal decrease in Na concentration
took place. The K concentration of the rumen
fluid was high on a grass diet and low on a hay
and meal diet, as one would expect the Na
contents of the food. It was concluded that
this phenomenon might be associated with a
temporary increase in the sodium tequirement
of the animal.

Intake of sodinm and potassinm

The sodium content of the food consumed
daily is generally quite small in comparison to
the amount of this ion in the rumen fluid. For
different combinations of foodstuffs comprising
hay, concentrates, beets, silage or grass the
amount of sodium received by the cow in the
food ranges between about 3 and 20 g/day.
The sodium entering the rumen with the food
and drinking water does not seem to have a
direct effect on the Na concentration of the
rumen fluid. On the contrary, it has been ob-
served that during the feeding interval the Na
concentration of the rumen fluid is generally at
its lowest immediately after feeding (BAILEY
1961 b, Lameira 1964, 1965, Kemr and GEU-
RING 1966). This phenomenon has been assumed
to depend partly of the diluting effect of the
drinking water (LampiLa 1964) or even on the
absorption of Na (BarLey 1961 b). Stacy and
WarNER (1966) observed an increase in the
absorption rate of Na from the rumen fluid into
the blood as a consequence of feeding.



In some investigations the effect of sodium
supplementation on the Na concentration of the
saliva and the rumen fluid has been investigated.
Hawkins et al. (1965) supplemented a basal diet
of low Na content with 0.22, 0.65 and 1.10 %,
sodium on an air dry basis. The Na concentration
in the parotid saliva averaged 81.4, 157.3 and
147.4 m-equiv./l respectively. Kemp and Ggu-
RING (1966) observed in their long-term ex-
petiments with dairy cattle that supplementing
the diet with Na above the level adequate to
keep the animals at a positive Na-balance does
not increase the Na concentration of the saliva
noticeably. Supplementing a basal diet poor in
sodium with only 32 g NaCl increased the Na
concentration of the saliva to above 3 g/l and
decreased K concentration to below 0.5 gfl,
and these values remained almost unchanged
by supplementations of 38, 80, 110 and 220
g/day.

Dietary potassium is a quite important factor
influencing on the K concentration of the rumen
contents. An indication on this is, for example,
the noticeable rise in K concentration of the
rumen fluid as a consequence of feeding (BAILEY
1961 b, Lamprna 1964, Kemp and GEURING
1966). The K content of foods is high compared
to the Na content (BArNETT and Rerp 1961
p. 184). In ordinary foods the amount of K
entering the rumen of the cow varies within the
range 40—240 g per day depending on the mix-
ture and amount of food (Bamey 1961 b, Hor-
RoCKS 1964, Lamrira 1964, 1965). Potassium as
well as sodium in foods are found to a great
extent in the form of inorganic and organic water
soluble salts.

The high K concentration of the rumen con-
tents during grass- or pasture feeding seems to
be due partly to the direct effect of the high K
content of young grass (DossoN et al. 1966).
The greater effect is, however, indirect in chat-
acter because the low Na content of the grass
causes a sodium deficiency in the animal whereby
the K concentration of the saliva rises consid-
erably (cf. p. 21), bringing about a rise in K
concentration of the rumen fluid also (SELLERS
and DossoN 1963, DossoN 1963).

Supplementing the rumen contents of sheep
on 2 hay or grass-cube diet with a potassium salt
solution (260—540 m-equiv./day) caused an
increase in the K concentration of the mixed
saliva as well as in the rumen fluid. The effect
was similar in direction in Na-repleted and
Na-depleted animals. As a consequence of potas-
sium supplementation a drop in Na concentration
was noted in the saliva as well as in the rumen

fluid (GoopArr and Kay 1964, Scort 1966).

Passage of sodinm and potassinm through the rumen
wall.

The passage of mineral elements through the
rumen wall was first indicated in the studies of
Danternl et al. (1945). They reported that the
sodium ions are absorbed in roughly equal
proportions to the anions. Accordind to MassoN
and Prrrrieson (1951) and Asm and Dossox
(1963) the uptake of fatty acid anions from the
rumen through the wall is accompanied by a loss
of CO, and the production of bicarbonate in the
rumen content. SPERBER and HypEn (1952)
expressed the opinion that Na ions pass from
the tumen into the blood as a result of active
processes in the rumen wall. Potassium moves
in the opposite direction and against the con-
centration gradient. PARTHASARATHY (1952) re-
ported that Na is absorbed against the con-
centration gradient, and K on account of its
high concentration in the rumen fluid. PARTHA-
sArATHY and PrIriiesoN (1953), on the other
hand, found that Na and K are absorbed from
the rumen only when their concentration there
exceeds that of the blood. Dossox (1955, 1959)
found that Na can pass from the rumen contents
against both electrical and concentration gradi-
ents. The active transportation of K could not be
demonstrated (Barnerr and RErp 1961, p. 172).

Hyp#x (1961 b) observed in his experiments
with sheep that in most cases there was an ab-
sorption of Na and K or no definite movement
through the rumen wall. He estimated the mean
rate of absorption in his 18 experiments to be
0.5 g Naand 0.13 g K per hour. The animals had
fasted for 2—12 hours before the experiment
but had free access to watex.
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An electrical potential gradient seems to be
a quite important aspect affecting the transpor-
tation of sodium and potassium. The contents
of the reticulo-rumen of sheep have been ob-
served to be some 30—40 mV negative relative
to the blood (Dosson and Parrrirson 1958,
SeLLERS and Dosson 1960). The rumen potential
is negatively correlated with the Na concen-
tration and positively with the K concentration
of the rumen (Dosson 1959, SELLERS ans DossoN
1960, Scorr 1966). A tenfold rise in the K con-
cantration of the rumen fluid is observed to bring
about a 43 mV rise in the potential (Scorr 1966).

Stacy and WARNER (1966) have observed an
accelerated absorption of Na from the sheep

rumen under hypertonic conditions as found
after feeding, or adding solutions of KCl, man-
nitol or urea.

The influence of sodium and potassium ab-
sorption or influx on the increase or decrease in
the concentrations of these elements in the
rumen contents depends essentially on whether
water transportation through the rumen wall
has possibly occurred at the same time (cf. p. 18).
In order to maintain the osmotic balance between
the rumen fluid and the blood, any appreciable
absorption of Na or K can hardly occur for a
long period of time if water is not simultaneously
absorbed.

Flow of sodium and potassium through the reticulo-omasal orifice

The daily outflow of any component from the
reticulo-rumen can be estimated by multiplying
its mean observed concentration in the rumen
fluid by the measured flow of fluid during the
same time. With regard to Na and K the amounts
calculated in this way obviously fairly well
represent the total amounts transported into
the omasum. The flow of fluid is partly influ-
enced by different factors and partly also by the
factors affecting the concentrations of Na and K
in the rumen fluid. These factors were discussed
in the earlier paragraphs.

Investigations concerning the amounts of Na
and K passing through the reticulo-omasal
orifice of cows or sheep per unit of time are
quite few. This is probably due to the fact that
only in a few investigations have the both
factors required for calculating the flow of these
minerals been determined.

In one experiment carried out by Hybpkn
(1961 b) it was observed that the outflow of Na
from the rumen of a sheep was 0.4 g per hour

and the outflow of K 0.1 g per hour. The animal
was starved for 10 hour before the experiment,
but had access to water and saltlick.

Lampira (1965) measured the passage of fluid
in two cows using PEG as a reference substance
and determined the Na and K contents of the
rumen fluid. Estimating the volume of rumen
fluid to be 50 litres, he calculated that the flow
of Na from the rumen was 309 g/24 h for one
of the cows and 379 g/24 h for the other. The
flow of K was 211 and 428 g/24 h respectively.
The differences in flow rate were chiefly due to
the different rate of flow of fluid. The concen-
trations of these ions differed less.

In later wortk (Pouriamnen and ILamprna
1967) in which more precise calculations were
made, the outflow of Na for two cows on dif-
ferent diets was 152 g/12 h and 145 g/12 h and
the outflow of K 304 and 53 g/12 h respectively.
Differences were noted for the rate of flow of
fluid as well as for the Na and K concentrations
in the rumen fluid.

EXPERIMENTAL METHODS AND CALCULATION OF RESULTS
Methods

Experimental animals and their feeding

The experiments were catried out with two
Aytshire cows, INA and IRPU, furnished with
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rumen fistulas. At the time of fistulation the
animals were about 8 years old, in good condition
and health. Rumen fistulas were made according
to the procedure of SroDDARD et al. (1951). The



tube inserted into the aperture was plugged with
an ordinary large sized cork, which was removed
only when samples were taken. The fistulation of
both cows was succesful. The quite insignificant
outflow of rumen fluid taking place when the
animals were resting on the fistulated side of the
chest can be considered as negligible with regard
to the effect on the results. )

During the experimental period consisting of
two indoor feeding petiods, 1964—65 and 1965—
66, cow INA calved on Febr. 28th 1965 whereas
cow IRPU carried no calf. The average daily
milk yvield during the experimental periods
varied within the range 22 kg to drying off for
INA and from about 8 kg to drying off for IRPU.
During the indoor feeding periods in question
the animals were kept on the experimental diets
almost continuously. Live weight measurements
were catried out about once a month. The aver-
age live weight of INA during the whole ex-
petimental period was 530 kg (505—563 kg)
and that of IRPU about 590 kg (540—625 kg).
INA was all the time more or less in average
condition, but at the end of the test IRPU fat-
tened considerably due to rations exceeding the
food requirements.

The animals remained healthy during the
whole of the experimental period except for the
sevete mastitis contracted by cow INA, which
caused the right hand quarter of the fore-udder
to cease functioning. Three months after the
sickness the animal was again included in the
experiment.

Feeding took place twice a day, with a 12 hour
interval, at 5 a.m. and 5 p.m. At each feeding
half of the ration in question was given. The con-
centrate mixture containing the mineral supple-
mentation was given first and the hay about half
an hour later. When the ration consisted only
of long hay it was placed before the animals at
the same time as the hay given in connection
with the other diets. The minerals were then
given with the hay because the animals did
not eat them evenly if they were offered sep-
arately. The finely ground hay (1.5 mm screen),
when it was used, was mixed into the concen-
trates.

4 8106—68

Table 1. Composition of the experimental diets

kg dry matter per day *) Long
hay NaCl
Diet con- % of | supple-
No. long ground | centrate total ment
hay hay mix- total dry g/day
ture *¥) matter
1% ..., 7.0 — 7.0 14.0 50 100
2% ..., 7.0 — 7.0 14.0 50 50
3* .. 7.0 — 7.0 | 14.0 50 0
4 ... 6.0 — 6.0 | 12.0 50 | 100
5 ... 6.0 — 6.0 12.0 50 50
6 ...... 6.0 — 6.0 | 12.0 50 0
7 . 45 | — | 45| 90| 50 | 100
8 ...... 4.5 — 4.5 9.0 | 50 50
9 ... 4.5 — 4.5 9.0 50 0
10 ...... 9.0 — — 9.0 | 100 50
1 ... 2.25 | 2.25 4.5 9.0 25 50
12 ...... 0.9 3.6 4.5 9.0 10 50
13 ...... 3.0 — 3.0 6.0 50 50
14 ...... 3.0 — 3.0 6.0 50 0
15 ...... 6.0 —_ — 6.0 | 100 |- 50
16 ...... 1.5 1.5 3.0 6.0 25 50
17 ... 0.6 2.4 3.0 6.0 10 50
18% ..., 3.0 — — 3.0 { 100 50
19% ..., 1.5 — 1.5 3.0 50 50
20% ..., 0.3 1.2 1.5 3.0 10 50

* Only one cow on this diet
*) Dicalcium phosphate 100 g/day with all diets
#*x) Barley 45 %, oats 45 %, commercial protein rich mixture 10 %

In general the whole food ration was consumed
within three hours from the beginning of the
feeding. At higher levels of dry matter intake the
eating some times proceeded for longer periods
of time. Any food residue was removed and
weighed before the beginning of the next feeding.
When long hay was fed it was consumed com-
pletely. Shavings were used as bedding.

The animals had free access to water. On the
days when samples were taken the amount of
water drunk was determined by measuring the
volume consumed during 3 hour periods (from
5 a.m. to 5 p.m.).

The diets used in the investigation are pre-
sented in Table 1. However the diets were not
fed in the order seen in the table. When main-
taining the expetimental program the ration
could not be composed exactly according to the
respective food requitements of the animals. The
length of the experimental periods and the order
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Table 2. Mean chemical composition of foods and mean content of sodium and potassium in foods and

- drinking water.
Indoor Average % of dry matter g per kg dry matter
period Ingredient
ash crude prot. crude fat crude fibre | N-free extr. Na K
1964—65| Hay, long ............ 6.65 10.09 1.96 29.88 51.42 1.55 22.61
Hay, ground .......... 7.14 9.39 1.69 30.47 51.31 2.11 16.61
Concentrate mixture ... 3.36 16.69 3.68 8.60 67.67 0.07 6.25
Drinking water ....... — — — — — 22.4%) 2.4%)
1965—66 | Hay, long ............ 6.53 9.00 1.64 34,08 48.75 0.45 24.26
Hay, ground .......... 6.64 8.84 1.81 30.77 51.94 2.63 16.13
Concentrate mixture ... 3.24 15.47 4.16 8.12 69.01 0.04 6.25
Drinking water ....... — — — — — 20.5 %) 2.3 %)
*) ppm
of the periods are given in Appendix. Before with a perforated metal tube extension, which

the actual measurements were begun the animals
were kept on each of the experimental diets for
periods varying from 10 to 27 days and averaging
16 days.

The amounts of dry matter eaten by the ani-
mals on each diet are given in Appendix. On
an average the animals consumed 93—108 9, of
the intended amount of dry matter at the dif-
ferent dosage levels. On diets 4—6 (Table 1)
cow INA did not eat 12 kg dry matter per day
as planned, but only about 11 kg. For this reason
the diets 4—6 with regard to INA are in the
presentation treated as being dosage levels of
11 kg dry matter/day. The average chemical
composition of the foods used during the indoor
‘feeding periods in question is presented in Table
2. Likewise the sodium and potassium concentra-
tions of the foods and the drinking water are
given as average of determinations made during
different experimental periods.

Dosage of polyethylene glycol (PEG)

The reference substance used was CARBO-
WAX Polyethylene glycol 4 000 manufactured
by Union Garbide. The dose was in general
300 g, but for diets 4 and 5 it was 200 g. For diets
2 and 3 the dosage was 2x200 g. The weighed
amount of polyethylene glycol was first dissolved
in one litre of tap water and the solution was
introduced into the rumen via the fistula. The
dosing was performed with the help of a funnel
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facilitated the distribution of the dosage uni-
formly over the rumen contents. The dosing
usually took place one hour before the beginning
of the afternoon feeding (5 p.m.) with the ex-
ception of diets 4 and 5 (Table 1) where PEG
was inttoduced into the rumen at times varying
between 8 and 10 p.m. For diets 2 and 3 the first
200 g of the solution was given at 4 p.m. and
then an equal amount at 8 p.m. The dosing of
polyethylene glycol for a new period of measure-
ment took place 24 hours after the previous one
at the earliest.

Samling and preparation of samples

From the rumen contents sam-
ples from the different parts of the rumen were
taken at six differeat times during the 24 hour
measuring period. The first samples were taken
one hour after the dosing of PEG. The following
samples were taken after 12 hours (5 a.m.) and
during the day samples were taken regulatly at
3 h intervals (3, 6, 9 and 12 hours from the be-
ginning of feeding). For diets 4 and 5, however,
sampling was begun at 5 a.m. In order to make
the presentation more practicable for the later
calculations, the 5 a.m. feeding is used as base
time (0) from which the hours are counted
forwards for the day period (-}-) and backwards
for the night period (—).

At each time samples were taken from four
different parts of the rumen in the following



order: upper, central, lower and lower fore part.
The samples from the upper and central parts
were taken with a pair of forceps having long
fluted jaws, and the fairly solid matetial obtained
was squeezed by hand to obtain the sample of
liquid. When samples were taken from the central
patt contents of the upper part often also were
included, but this was avoided as far as possible.
The samples from the fluid contents of the lowet
and lower fore parts were taken by means of
a brass tube (7/8 in. diam.) having two 1 cm holes
about 5 cm from the lower end (Lampira 1964,
p- 29). A more exact description of the location
of the points of sampling has been presented in
an earlier paper (LAampiLA and PourtAINEN 1966).

A 150 ml sample of liquid, representing dif-

ferent part of the rumen, was taken at each time.

“’The solid material from which the fluid had been
squeezed was pushed back into the rumen via
the fistula.

From the mixed saliva samples were
taken three times during the 12 hour day period
at 0, 6 and 12 hours after the beginning of feed-
ing. The saliva samples were taken by means of
a perforated capsule inserted into the oesophagus
of the animal. This device has been described in
an earlier paper (PouTrAINEN and Lamprra 1967).
The capsule was kept in the oesophagus until.
the required amount of saliva (50—100 ml) had
run into it. Usually this took only a few minutes.
Only clear saliva containing no noticeable
amounts of food debris from rumination was
accepted as a sample.

The procedure desctibed above for taking
rumen and saliva samples was repeated three
times for each diet, with a 24 hour non-sampling
interval between each period of sampling. For
the rumen fluid 72 samples per diet were usually
obtained (60 for diets 4 and 5) and for the saliva
9 samples.

Both the rumen fluid and saliva samples were
transported immediately to the laboratory in
glass containers. After centrifuging for 20 mi-
nutes at 4 000 r.p.m. in order to separate the
plant matetial, the chemical determinations wete
made of the supernatant, which was kept at
-4-4°C. Whenever possible the analyses wete

made the same day the samples were taken or the
following day. If for some reason the samples
had to be stored a longer period of time, they
were frozen.

Chemical analyses

Determination of PEG was made
according to the method of Hypkn (1956). In
measuring the turbidity a nephelometer (EEL
nephelometer head with a Unigalvo Type 20
Galvanometer) was, however, used instead of
the spectrophotometer. The measurement was
always carried out exactly 5 minutes after the
addition of trichloroacetic acid. In calibrating
the nephelometer two tubes of standard turbidity
were used and a check of the standard curve was
made, with each series of measurements using
a solution of known concentration. The PEG
concentration of the samples to be measured was
always adjusted to 0.05—0.06 mg/ml. When the
PEG dosage was 300 g the concentration in the
rumen after 24 hours was still sufficiently high.
As this dosage proved to be too small for diet
1, 200 g of PEG (cf. p. 26) was added in two
portions to the other diets at the same dry
matter level (diets 2 and 3).

Determination of sodium in the
rumen fluid and mixed saliva was made using the
supernatant fluid samples and the sodium elec-
trode (PoutiAiNEN and Lamprra 1966). Using
this method linearly 1.2 9, higher values on an
average were obtained for the rumen fluid and
the saliva than when using a flame photometer.
The sodium content of foods and drinking water
was determined with a2 flame photometer. For
the foods the determinations were made on ash
extracts and for the water directly, diluting when
necessary with distilled water. The burning pro-
cedure was catried out according to the method
of SaLoNEN et al. (1962).

Determination of potassiumin
the rumen fluid and the mixed saliva was made
on the diluted supernatant fluid directly with the
flame photometer. The potassium content of the
foods and drinking water was determined with a
flame photometer, using samples prepared in the
same manner as for the sodium determinations.
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Calculations and statistical methods used

Flow of fluid

The factors needed for the calculations the
volume of fluid flowing from the reticulo-rumen
into the omasum during the certain time interval
are the volume of fluid in the reticulo-rumen
and the fluid flow rate per unit of volume. The
calculation of these factors was made from the
PEG concentration of the rumen fluid and the
decrease in the concentration observed during
the measuring petiod.

The volume of fluid in the reticulo-
rumen is calculated from the concentration of
PEG which a given amount of polyethylene
glycol (usually 300 g) calls forth in the rumen
fluid. As the first samples were taken only one
hour after the addition of PEG, the concentration
of PEG at the time of dosing was found by ex-
trapolation. This was done by use of the calcu-
lated PEG dilution equation for the night period
(from —12 to zero hours). From this the log;,
(PEG mg/l) concentration at time —13 was cal-
culated and from that the concentration in g/l
An estimate of the volume of fluid in the rumen
was obtained by dividing the amount of PEG
(g) added to the dose by the observed concentra-
tion (g/l). For the diets 2 and 3 a PEG dilution
equation could not be calculated for the time
interval —12 to zero hours on account of the
introduction of additional reference substance
within the period (cf. p. 26) and for diets 4 and 5
account of the differing time of PEG dosage. The
extrapolation of the concentration of reference
substance to the time of dosing was in these
cases done graphically, assuming that the con-
centration of PEG after dosing decreased at the
same rate as during the day period of the diet
in question, from the time of feeding during the
corresponding - interval. The concentrations of
PEG used in the determination of the volume
of fluid wete also here measured immediately
before the beginning of feeding.

When calculating the rate of flow of
fluid from the reticulo-rumen it was assumed
that the PEG concentration decreases exponen-
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tially. Assuming the rate of flow of fluid and the
volume of fluid to be constant on an average,
one can define the change in PEG concentration
with time by the general equation (Hypé~ 1961 a
p. 55—56):

Cy = C, - ekt where Cy = concentration of PEG at
time t

C, = concentration of PEG at
time 0

e = base of natural logarithms

k = rate constant

In this investigation the equations depicting the
dilution of PEG have been calculated by placing
the log,,-values of the PEG concentration on the
ordinate and the time in houts on the abscissa.
The equation obtained is thus:

log,,Ct = log,,Cy—bt

From the equations given, k == 2.3026"b. By
use of the constant k one can calculate the fol-
lowing values defining the flow of fluid through
the reticulo-omasal (R—O) orifice:

p = 100k
u=kV
F = kVt, where V = volume of fluid in the reticulo-

rumen (I)

p = rate of flow of fluid as a per-
centage from the rumen fluid
volume per hour (vol. %/h)

u = rate of flow of fluid (I/h)
F = passage of fluid in t hours (1)

Numerial example of the calcula-
tions.

Diet 1 (cf. Fig. 1 p. 31 and Table 3 p. 33)

Volume of fluid in the reticulo-rumen

y = 2.85—0.0749 X (night period)
log PEG.;3 = 2.85—0.0749 - (—13)
= 3,8237
N log PEG-;3 = 6 664 mg/l i.e. 6.664 gjl

Dose of PEG 300 g

V = 300 g/6.664 gl
V=4501



The flow of fluid through the reticulo-omasal orifice

v = 2.84—0.0961 X (day period)
k = 2.3026 - 0,0961
k£ = 0.2213 (rate constant)
p = 100 - 0.2213
b= 22.1 vol. % b
u = 0.2213 + 45,0
u=29.95llh
Fign = 12 - 9,95
F=119.3 112 }
calculations

The
concerning the rate and volume of flow of fluid
were made according to methods described in
the book »Statistical Methods» by SNEDECOR
(5th Ed. 1956). ‘

The calculation of terms used in computing

statistical

the regression equations are given on p. 158 of
the book (Model 1, fixed X). The confidence
limits for the rate of flow in vol.9, were calcu-
lated by taking ba-tg.q, . s (p. 136).

The confidence limits given in figures 1—7
and 10—14 were computed from the formula:

S¢ = sy-kV1jn + x%/2'x* (SNEDECOR 1956, p. 137—138)

The calculations wete performed by substituting
the values 0, +6 and —6 for the deviation
x (=X—X) in the equations for the day period
as well as for the night period. The confidence
limits were computed using a 99 9, probability
level (ty.0:x4s¢). The confidence limits for the
estimate of the volume of fluid in the reticulo-
rumen wete calculated from the above formula
using the computed equation for the night pe-
riod, taking- x as equal to —o6.

The standard error of the total flow of fluid
(Table 3 and 5) was calculated by taking into
account the standard deviation of the rate con-
stant (s;) as well as that of the volume of fluid
(sy)- The calculation of the standard error of the
product was made in the following way (Vorxk
1958 p. 141—143):

When the product is u == kV its standard error is
N
—+=
k v

sg = kV

The 99 %, confidence limits for the flow of fluid
during a given period of time were computed
from sy number of hours - statistical t-value.

The difference in the rate of flow of fluid
between the night and day period was tested by
calculating the difference between the regression
coefficients in the equations of the two periods
at the same diet. The procedure was that de-
scribed by SNEDECOR (p. 397—398),

All calculations and tests described above
were performed on a computet using specially
written programs.

Flow of mixed saliva

The contribution of saliva to the flow of fluid
was calculated by subtracting the water of the
food and the drinking water from the total flow
of fluid. The same confidence limits were used
for the calculated mean saliva sectretion as for
the mean total flow of fluid, because the etror
occurring in measuring the water intake can be
considered negligible compared to the error in
measuring the flow of fluid. The effect of dif-
ferent factors (cow, dosage levels of dty matter
and sodium chloride, proportion of coarse fodder
from the dry matter) on the flow of saliva has
been tested by an analysis of wvariance with a
factorial arrangement of the experiment (SNE-
DECOR 1956, p. 360).

Flow of sodinm and potassium

The mean concentration of sodium and po-
tassium in the mixed saliva for each diet was
calculated during a period of 3 days and at 3
different times (0, 6 and 12 h) as an average of
the samples taken (cf. p. 00). The dispersion
lines (Figs. 17—20) give the 99 9, confidence
limits for the means of the concentrations. The
mean concentration of Na and K (Cg) in the
rumen fluid during the 12 hour day period was
calculated from the mean concentration of
samples representing the four different parts
of the rumen (cf. p. 27) collected over a period of
3 days at C,, C;, Cy and Gy, respectively, using
the following equation:

“@tS gt

4

Cx =
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When calculating the confidence limits of the
mean concentrations, only the variation caused
by the localities and days of sampling was
included in the standard error while systematic
variation between the time petiods was elimi-
nated.

The flow of Na and K into the rumen in saliva
was calculated by multiplying the volume of
saliva (in 12 houts) by the mean concentration
of these elements in the saliva during the same

time interval. The outflow of Na and K in the
rumen fluid was correspondingly calculated by
multiplying the volume of the fluid by the con-
centration in the fluid during the same time. The
confidence limits for the inflow of Na and K in
the saliva and the outflow in the rumen fluid
were calculated using the equation already pre-
sented (cf. p. 29). The factors making up the
product
(m-equiv./l).

are: the volume (1) concentration

RESULTS

The effect of the factors studied on the flow of fluid and saliva through the
reticulo-omasal orifice

Effect of dry matter intake and NaCl supplementation

When studying the effect of the dry matter
intake and sodium chloride dosage on the flow
of fluid and saliva, the ration always consisted
of 50 9, long hay and 50 9, of a concentrate
mixture (cf. p. 25). The amount of dry matter
eaten was 14, 11, 9 and 6 kg dry matter per day
(cow INA) and 12, 9 and 6 kg dry matter per
day (cow IRPU). Three dosage levels of sodium
chloride were used at each dry matter level
except at the dry matter level 6 kg per day when
the highest dosage of NaCl was not used. The
lowest level corresponded to the ordinary diet
without supplementation while the second com-
ptised 50 g NaCl per day and the third 100 g/day.
The amount of Na received by the animal with
each diet was dependent not only on the NaCl
supplementation but also on the Na content
of the foods and the drinking water. The actual
amounts of dry matter eaten and amounts of
water drunk as well as the amount of sodium
received (12 h) in the foods and the drinking
water are given in Appendix.

Total flow of fluid.— The straight
lines in Figs. 1—7 and their equations sow the
flow of fluid. The equations concerning the day
petiod are based on the results of the 60 measure-
ments and those for the night period on 24
measurements. Due to the different dosage levels
of PEG, it was not always possible to calculate
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an equation for the night period. The vertical
lines show the 99 9, confidence limits of the
mean decrease in the concentration of poly-
ethylene glycol with regard to time. The con-
fidence limits for zero time were drawn using
the values of the day period. The equations and
the lines show that the rate of dilution of the
reference substance in the rumen contents de-
creased with decreasing intake of dry matter.
With a constant food intake the addition of so-
dium cloride generally increased the rate of flow
of fluid. The most distinct differences are ob-
served when the dry matter level is 14 kg per day
(Fig. 1). The differences decrease with decreasing
levels of dry matter (Figs. 2, 3 and 5, 6). When
the amount of dry matter consumed was 6 kg/
day (Figs. 4 and 7) the rate of flow of fluid was
faster for diets without NaCl supplementation
than for diets with 50 g of additional NaCl/day.

When the dosage of PEG was the same, the
observed differences between the diets, in the
constants of the equations depicting the dilution
of the polyethylene glycol, are due to differences
in the volume of fluid in the rumen. The con-
centration of PEG found by extrapolation to the
dosing time (—13 h) rises when the volume of
fluid in the rumen decreases, in which case the
calculated line for the night period intersects the
otrdinate at a higher level. Judging from the
original concentration of PEG the amount of
fluid in the reticulo-rumen decreased somewhat
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with decreasing amount of dry matter. The effect
of the level of salt dosage can be seen in Figs. 3,
4, 6 and 7. The volume of fluid in the rumen
seems to be more or less independent of the salt
dosage at the 9 kg dry matter level. On the other
hand, when the amount of dry matter consumed
was 6 kg, the addition of 50 g NaCl seems to
have increased the volume of fluid in the reticulo-
rumen as compared to a diet without salt sup-
plementation. ‘

The 99 %, confidence limits calculated for the
lines defining the dilution of the reference sub-
stance are fairly narrow, which shows that the
removal of the fluid from the reticulo-rumen
occurred at a similar rate on the various days of
measuring (3 days). The concentration of PEG
measured in the different parts of the rumen each
time likewise varied oaly slightly.

The linear correlation coefficients are negative,
strong and highly significant (P < 0.001). Judg-
ing from the high correlations the linear model
depicts the dilution of PEG fairly well and there-
fore it was not found necessary to fit equations
of a higher order to the data.

Examination of the equations of the day and
night periods for the same diet shows that the
rate of dilution of the reference substance was
higher during the day than during the night.
In order to facilitate comparison, the constant of
the equations describing the flow of fluid during
the night period were also calculated to zero
time.

The flow of total fluid for different diets and
the partial factors of the flow (volume of fluid
in the rumen 1 and flow of fluid vol.9,/hour)
calculated on the basis of the regression equa-
tions, are presented in Table 3. The results are
given separately for the day and night periods.
The total flow of fluid in 24 hours was calculated
as the sum these whenever the results for both
day and night periods were available. ‘

The volume of fluid in the rumen as measured
1 hour befote the beginning of feeding varied,
according to the different levels of dry matter
and salt intake, from 47 to 34 litres for cow INA
and from 51 to 42 litres for cow IRPU. The
general tendency is that the amount of fluid in
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the rumen decreases when the amount of dry
matter consumed decreases. The decrease in the
volume of fluid was not quite linear, but most
pronounced when the dry matter intake de-
creased from 11 to 9 kg for INA and from 12
to 9 kg for IRPU. The addition of sodium chlo-
ride did not exert any influence upon the volume
of fluid of the rumen contents exept at the dry
matter level of 6 kg/day, when the addition of
50 g NaCl/day increased the volume by about
20 9, for both cows as compared with no addi-
tion of salt.

The flow of fluid expressed as percentage of
rumen fluid volume per hour (vol.9,/h) dec-
reased (at the salt dosage level 50 g/day) from
19.5 to 11.2 for cow INA when the correspond-
ing decrease in the amount of dry matter
consumed was from 14 to 6 kg/day. Likewise
the ration of flow of fluid for cow IRPU
decreased from 18.9 to 8.9 vol.%/h when the
amount of dry matter decreased from 12 to
6 kg/day. ‘

The comparison between the rates of flow of
fluid for the day and night periods was carried
out by testing the differences between the re-
gression coefficients of the PEG dilution equa-
tions with a covariance test. Of the 13 cases
tested the difference was significant (P < 0.05
or P < 0.01) in four and highly significant
(P < 0.001) in three.

The decrease in the total flow of fluid with
decreasing intake of dry matter was influenced
primarily by the reduction in the rate of flow
and secondly by the decrease in the volume of
fluid in the rumen. The same applies to the effect
of the level of salt intake with the exception
of the dry matter level of 6 kg/day. Thus a ne-
gative association seems to exist between the
component factors controlling the total flow of
fluid. At the salt dosage level 0 g/day volume of
fluid was smaller than at 50 g/day, but the rate
of flow fluid per unit of volume was corres-
pondingly greater. Therefore as for the total
flow of fluid the differences became smaller.

Calcuting the total flow of fluid for the 24
hour period as the sum of the flow of the 12 hour
long night and day periods is not perhaps



Table 3. Volume of rumen fluid and the flow of fluid through the reticulo-omasal orifice at different levels of dry

matter intake and NaCl dosage.

The results are the means of measurements on three days, with the

99 9%, confidence limits.

NaCl Volume of Ratc of flow of fluid Differ i Total flow of fluid through th¢ reticulo-
Dti):l tx:ka;ter 51:5}3:_ Ig;:t ﬂ::;li Cx‘x:l ﬁ;c vol. %/h :t:‘i; }i:g,zg:i:w omasal orifice, litres
kg/day g/day famen night period | day period F (1,80) night period day petiod night + day
Cow INA
14 100 1| 45.042.7 | 17.84+1.6 | 22.142.3 18.4%%% | 96,149,7 [119.3412,9| 215.44-22.6
50 2 | 45.442.7 — 19.54-1.1 — — 106.24- 8.7 —_
0 3| 45.04-2.7 — 16.64-2.4 — — 89.64+14.0 —
11 100 4| 45.,843.3 — 15.442.2 — — 84.64-13.5 —
50 51 46.043.3 — 17.24-1.6 — — 94,9411.2 —
0 6 | 46.94+3.3 | 12.04-1.2 | 14.441.7 8.2%¥ 67.24-8.1 | 81.04-11.0| 148.24-19.1
9 100 7 | 35.64-3.1 | 15.14+1.7 | 15.8+1.2 1.2 64.4+8.1 | 67.54+ 7.31 131.9415.4
50 | 8 | 34.24+2.8 | 14.941.4 | 15.8+£1.7 1.0 61.247.6 | 65.04& 8.9| 126.24+16.5
0 9 | 34,242.7 | 13.741.3 | 15.44-1.4 5.2% 56.34-7.0 | 63.44 7.7| 119.7414.7
6 50 | 13 | 41.64-3.9 8.3+1.5 | 11.24+1.6 11.4%** | 41,248.6 | 55.84+ 9.5 97.0418.1
0 | 14 | 34.4+2.7 | 11.34£1.3 | 12.341.5 1.6 46.54+4.6 | 50.8-4 7.4 97.3414.0
Cow IRPU
12 100 4| 49.042.8 — 19.24-2.4 — — 112.94+15.5 —
50 5| 50.84-2.8 — 18.94-1.5 —_ — 115.24+11.1 —
0 6 | 50.042.8 | 16.140.9 | 17.64+0.9 9.2%x% | 96,417.7 |105.4+ 8.0| 201.8+15.7
9 100 7 | 43.642.5 | 13.141.0 | 14.541.3 3.9 68.64-6.4 | 75.54+ 8.0| 144.1414.4
50 8 | 41.742.4 | 12.2+0.9 | 13.04-0.9 3.4 61.045.8 | 65.4+ 5.7| 126.44-11.5
0 9 | 42.642.3 | 12.54-0.9 | 12.6-41.6 0.0 63.94-5.6 | 64.54 8.8| 128.44-14.4
6 50 | 13 | 50.442.1 7.540.7 8.9+1.0 6.4% 45.64-4.6 | 53.64+ 6.6| 99.24+11.2
0 | 14 | 42.44+2.4 | 10.940.9 | 12.3+1.2 5.3% 55.44-5.6 | 62.54 6.9| 117.94-12.5

completely justified because the values for the
night period are based on a considerably smaller
number of measurements (cf. p. 30). On account
of the differences in the rate of flow between the
night and day periods the sum of these has, how-
ever, been assumed to represent better the aver-
age flow during the 24 hour period than the
result of doubling the flow of the day periods.

The total flow of fluid through the reticulo-
omasal (R—O) orifice ranged from 215 to 97
litres per 24 hours for cow INA when the cor-
responding dry matter levels varied between 14
and 6 kg/day. For cow IRPU the flow of fluid
decreased from 202 to 99 litres per 24 hours
when the amount of dry matter consumed de-
creased from 12 to 6 kg per day.

The effects of the levels of dry matter and
sodium chloride intake on the volume of fluid
passing through the R—O orifice during the
day petiod (12 hours) can be compared in Figs.

5 8106—68

8 and 9. The volumes of the flow of fluid were
calculated to correspond exactly to the reported
levels of dry matter intake. The corrections made
on basis of the amount of dry matter consumed
did not noticeably change the measured values
(cf. Appendix).

The effect of the amount of dry matter con-
sumed on the flow of fluid is observed to be
large and fairly constant. Including all levels
of dry matter and salt dosage the average flow
of fluid per kg dry matter consumed for cow
INA was 15.7 litres (variation 17.7—12.6) and
for cow IRPU 17.8 litres (variation 20.0—14.4).
The flow per kg dry matter consumed was
greatest at the 6 kg level. A distinct decreasing
tendency with decreasing level of dry matter
intake was not observed because usually the
smallest flow of fluid occurred when the ration
contained 9 kg dry matter per day. The differen-
ces in total flow of fluid between the animals on
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the same diet were primarily due to differences
in the volume of fluid in the rumen. This was
5 litres less on an average for INA than for IRPU.

As can be observed especially in Fig. 8, the
effect of the NaCl dosage is different at different
levels of dry matter intake. When the dosage
of dry matter was 14 kg/day, distinct differences
can. be observed between all salt dosage levels.
A dose of 100 g NaCl/day brought about a 41 9,
greater and a.dose of 50 g/day a 16 9, greater
flow of fluid than was observed without ad-
ditional salt. When the amount of dry matter
consumed was 11 kg (INA) or 12 kg (IRPU) a
difference in the flow observed only between the
0-salt level and the 50—100 salt levels, the dif-
ference being 9-—12 9. Between the dosage
levels 100 g and 50 g no differences were ob-
served for either animal. With regard to INA
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no effect of the salt dosage could be observed

at the dry matter levels 9 and 6 kg, although the -
flow was least without addition of salt. At the

corresponding dry matter levels the flow of fluid

for IRPU was almost the same when the salt

dosage was 0 or 50 g/day. Contrary to the general

tendency the dose 100 g NaCl/day at the 9 kg

dry matter level increased the flow about 25 9,

compared to the dosage level 50 g/day.

Flow of saliva.— Theeffect of absolute
and relative magnitudes of the component fac-
tors, water intake and calculated amount of
saliva, on the total flow of fluid during the 12
hour day period are presented in Figs. 8 and 9.
The amount of water consumed in foods and
as drinking water varied from about 35 litres to
11 litres during the 12 hour feeding interval.
The moisture of the food was only a very
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Figs. 8—9. Total flow of fluid through the reticulo-omasal
orifice of cow INA (Fig. 8) and cow IRPU (Fig. 9) during
the 12 hour day petiod on diets containing different
amounts of dry matter and additional NaCl. The total
flow is divided into water and saliva fractions. Vettical
line segments express the 99 % confidence limits for the
mean amount of fluid. The number in the columns indicate
the proportion of saliva (%) in the total flow of fluid.

insignificant patt of this amount (1.3—0.5
1/12 h). The water intake averaged 4.2 litres per
kg dry matter consumed, varying from 3.0 to
6.6 litres. The drinking decreased with decreasing
amounts of dry matter eaten. It was somewhat
greater for diets without additional NaCl than
for diets with 50 or 100 g NaClL

The estimated proportion of saliva in the total
flow at different dosage levels of dry matter and
salt for cow INA varied duting the 12 hour-day
petiod from 86 to 35 litres and for cow IRPU
from 96 to 42 litres. The relative proportion of
saliva in the total flow was 74 9, on an average,
varying from 62 to 83 9, (Figs. 8 and 9).

The flow of saliva was primarily dependent
on the amount of dry matter consumed, de-
creasing almost linearly with decreasing amounts
of dry matter eaten. The calculated flow of saliva

%% 1

per kg dry matter eaten was 11.5 litres on an
average for cow INA and 13.5 litres for cow
IRPU, taking into account all dosage levels of
dry matter and salt.

The differences in the flow of saliva seem to
have caused the differences in the total flow of
fluid between the different dosage levels of salt.
The flow of saliva decreased absolutely as well
as relatively with decreasing levels of NaCl
dosage. The calculated amount of saliva per kg
dry matter eaten at the NaCl dosage levels 100,
50 and 0 g/day was 12.5, 12.0 and 10.2 litres for
cow INA and 14.9, 13.4 and 12.4 litres for cow
IRPU respectively. i

The effect of the investigated factors (amount
of dry matter, NaCl dosage) on the flow of saliva
was tested by an analysis of variance. The test
was made separately for the measured values of
each cow-because all the diets were not the same.
The 6 kg dry matter level was not included in
the calculations as it lacked the 100 g NaCl
dosage level. The results of the analysis of vari-
ance are presented in Table 4.

Table 4. Analysis of variance of the flow of saliva during

the 12 hour day petriods of two cows. Treatments: level

of dry matter intake (14, 11 and 9 kg/day for cow INA

and 12 and 9 kg/day for cow IRPU), NaCl supplement
(100, 50 and 0 g/day).

De-
S £ grees Sum of M
v!:llrlf:fio‘:l ﬁ‘i_ sqITar:s squ:l"::fels F-value
dom
Cow INA
Days .......... 2 190.97 95.49 1.19
Dry matter ..... 2.} 3487.83| 1743.92| 21,82%**
Amount of NaCl| 2 | 1546.44| 773.22| 9,67%*
Dry matter X
NaCl ........ 4 | 1045.62 261.41 3.27%
Error .......... 16 | 1279.07 79.94 —
Total | 26 | 7549.93 — —
Cow IRPU )
Days .......... 2 175.14 87.57 1.38
Dty matter ..... 1 | 7188.01| 7188.01|113.30%%*
Amount of NaCl| 2 | 1126.45| 563.22| 8.88%%*
Dry matter X
NaCl ........ 2 45.02 22.51 0.35
Etror .......... 10 634.37 63.44 —
Total | 17 | 9168.99 — —
#ork P < 0,001
* P < 0,01
* P < 0.05
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The amout of dry matter consumed had a
highly significant effect (P < 0.001) on the flow
of saliva in both of the experimental animals. The
observed differences between the different NaCl
dosage levels (100, 50 and 0 g additional NaCl
per day) were significant (P < 0.01). The salt
addition had a different effect at the different dry
matter dosage levels (cow INA) judging from
the statistical significance of the interaction bet-
ween dry matter intake and amount of NaCl.
This phenomenon was not as distinctly observed
for the other cow. The effect of the salt addition
seems to have increased with increasing amounts
of dry matter eaten, which fact is apparent already
from examining Figs. 8 and 9.

The differences in amount of saliva between
the different measuring days are not statistically
significant.

With regard to the 6 kg dry matter level, not
included in the analysis of variance, Figs. 8 and
9 show that the salt dosage does not seem to have
a noticeable effect on the flow of saliva.

Effect of dry master intake and proportion of coarse
Jfodder in the ration

The effect of the relative amount of coarse
fodder on the total flow of fluid and on the
flow of saliva through the R—O orifice was
investigated at the dry matter dosage levels 9 and
6 kg per day with both of the cows and also at
the 3 kg level with cow IRPU. Coarse fodder is
in this investigation defined as long hay. The
proportion of long hay of the dry matter in the
diet was 100, 50, 25 and 10 9}, when the amount
of dry matter consumed was 9 or 6 kg/day.
At the 3 kg dosage level of dry matter the pro-
portion of long hay was 100, 50 and 10 9, of the
dry matter.

When the proportion of coarse fodder was
100 9%, the whole of the ration consisted of long
hay and in the other cases one half of the ration
consisted of a concentraté mixture, the. other
half being long hay plus ground hay.

When investigating the effect of the proportlon
of coarse fodder on the flow of fluid and saliva
the dosage of salt for all diets was 50 g/day.
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Figs. 10—11. Dectease of the polyethylene
glycol (PEG) concentration in the rumen fluid
of cow INA fed 9 kg (Fig. 10) and 6 kg
(Fig. 11) dry matter per day. The proportion
of coatse fodder (long hay) in the dry matter:
0—0 100 %, B—& 50 %, &—& 25 %,
$—4$ 10 9. Vertical line segments indicate
the 99 9%, confidence limits.

Total flow of fluid.— The lines and
their equations describing the dilution of poly-
ethylene glycol in the rumen fluid at different
dry matter levels and for diets containing dif-
ferent amounts of coarse fodder are presented
in Figs. 10—11 (INA) and in Figs. 12—14
(IRPU). Again a reduction of the flow of fluid
can be observed -as the amount of dry matter
consumed decreases (cf. p. 30). The differences
in slope of the lines describing the removal of
PEG with the diets containing different amounts
of coarse fodder are fairly small. More distinct
differences can be observed for the constants of
the equations. They depend on the volume of
fluid in the rumen 'when the time and amount
of dosage of PEG have been the same for dif-
ferent diets. For diets containing only 25 or
10 9% long hay the PEG concentration during
the whole of the measuring period (24 h) re-
mained at a higher level than for diets containing

50 or 100 9%, long hay.
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col (PEG) concentration in the rumen fluid of
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Table 5. Volume of rumen fluid and the flow of fluid through the reticulo-omasal orifice with vatying dry matter
intake and proport.on of coarse fodder (long hay). The results are the means of measurements on three days
with the 99 9%, confidence limits.

Propottion Volume of Rate of flow of fluid Difference in rate Total flow of fluid through the reticulo-
Dty matter of coarse | piee | fluid in the vol. %/h of flow betw. omasal orifice, litres
intake fodder % of | No. reticulo- night and da);
kg/day t(:x::it;i:y rllixgxee: Night period Day period F (1,80 nigi{ltzpﬁriod daylge];iod nigh2t4+hday
Cow INA .
9 100 10 | 50.54-2.6 | 11.6+0.9 | 14.64-0.8 44, 9%%* 170,14 6.4[88.3+ 6.8(158,4+13.2
50 8 | 34.24-2.8| 14,94-1.4 | 15.84+1.7 1.0 61.24+ 7.6|65.04+ 8.9(126.2-1-16.5
25 11 |24.44+1.8| 13.7-1.2 | 15.02.0 1.5 40.14+ 4.7143.74 6.7| 83.8+11.4
10 12 |23.94-4.2| 14.842.9 | 15.742.2 0.5 42.3-4-11.2/45.14+-10.2 | 87.44+-21.4
6 100 15 | 49.94-1.4| 8.540.4 | 10.740.7 36.6%**% | 50.84- 3.0 |64.0-+ 4.6 (114.84 7.6
50 13 | 41.64-3.9| 8.341.5 | 11.24-1.6 11.4%%% 141,24+ 8.6|55.8+ 9.5| 97.0418.1
25 16 |23.741.4| 12.141.0 | 12.341.2 0.0 34,44+ 3.6 |34.84 4.1] 69.24+ 7.7
10 17 (23.342.3| 12.941.6 | 13.44+1.9 0.3 36.04- 5.7|37.64+ 6.4} 73.6+12.1
Cow IRPU
9 100 10 146.242.6| 12.0+0.9 | 13.2+1.0 5,7% 66.5+ 6.3|73.6+ 6.9140.14-13.2
50 8 141,742.4| 12.2+0.9 | 13.04+0.9 3.4 61.04 5.8 |65.44+ 5.7 (126.44-11.5
25 11 133.342.9| 14.54+1.4 | 15.6£1.1 2.7 58.0-4 7.6|62.24+ 6.9(120.24-14.5
10 12 131.943.2| 12.94+1.7 | 13.14:1.2 0.1 49.4-- 8.0(50.24+ 6.9} 99.64-14.9
6 100 15 | 47.4+1.9| 9.040.7 8.61+1.0 0.7 51,24+ 4.3|48.74- 6.0] 99.9410.3
50 13 |50.442.1| 7.540.7 8.94+1.0 6.4% 45.64+ 4.6|53.64- 6.6| 99.2411.2
25 16 |47.942.9} 9.041.0 | 11.541.1 17.2%%% | 51.84 6.6|65.9+ 7.6(117.74+14.2
10 17 |42.343.6| 5.641.4 8.741.5 15.1%%% | 28,14 7.5|43.94 8.5] 72.0416.0
3 100 18 |52.24+2.9| 4.740.9 5.14-1.0 0.7 29.44 7.1(32.24 6.4} 61.64+13.5
50 19 [49.041.8| 4.940.6 5.140.7 0.2 29.04 3.7129.94+ 4.0| 58.94 7.7
10 20 {53.346.5| 3.142.0 5.34-0.9 10.9%*%*% 119,74-13,1133.9+ 7.2 53.64-20.3
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The linear correlation coefficients are ne-
gative, strong and highly significant (P < 0.001).
The dilution of PEG in the rumen contents,
followed the linear model quite well judging
from the high correlation. The values obtained
for the volume of fluid in the rumen and for
the flow of fluid on different diets, calculated
from the regression equations of the dilution of
the reference substance, are given in Table 5.
The volume of fluid in the reticulo-rumen 1 hour
before the beginning of feeding varied greatly
for the different diets and was primarily depend-
ent on the proportion of long hay in the diet.
When the proportion of long hay expressed as
percentage of the dry matter decreased as follows:
100, 50, 25 and 10, the volume of fluid in the
rumen in litres was 50, 38, 24 and 24 respectively
(INA) and 47, 46, 40 and 37 (IRPU). A difference
of 3 kg in the dry matter intake (9 and 6 kg dry
matter/day) did not seem to influence signifi-
cantly the volume of fluid in the reticulo-rumen.
When the amount of dry matter consumed was
3 kg per day, the average volume of fluid in the
rumen was 51.5 litres and remained practically the
same regardless of the proportion of long hay.

A test of the differences in regression based
on the equations for the flow of fluid for the
night and day period showed that the rate of flow
is faster during the day than during the night.
The difference in 8 cases out of 19 was signifi-
cant (P < 0.05) or highly significant (P < 0.001).
The diet did not seem to have an influence on the
differences in flow of fluid in this material.

The rate of flow of fluid expressed as percent-
age of rumen fluid volume per hour (vol.%,/h)
was appromately the same for diets containing
different proportions of coarse fodder, decreasing
only with decreasing amounts of dry matter
consumed. At the 9 kg dry matter level it was
15.3 on an average for cow INA (variation 14.6—
15.8) and for IRPU on an average 13.7 (variation
13.0—15.6). When the dry matter intake was
6 kg/day the corresponding rates of flow of fluid
were 11,9 (10.7—13.4) and 9.4 (8.6—11.5) re-
spectively. The rate of flow of fluid was very
slow, on an average only 5.2 vol.9, /hour when
IRPU received 3 kg dry matter per day.
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The absolute and relative amounts of water
and saliva in the total flow of fluid are presented
in Figs. 15 and 16. The measured values were
slightly changed in order to make them cor-
respond exactly to the dry matter dosage levels
given in the figures (cf. Appendix).

Decreasing the proportion of long hay from
50 to 10 9, decreased the flow of fluid through
the R—O orifice for cow INA by about 30 %,
regardless of the dry matter dosage level (9 and
6 kg/day). An approximately equal decrease in
the flow of fluid in this animal was caused already
by decreasing the proportion of long hay from
50 to 25 9%,. For the other animal the decrease in
the proportion of long hay from 50 to 10 9,
decreased the flow of fluid by approximately
20 Y%, regardless of the amount of dry matter
consumed (9 or 6 kg/day). The flow of fluid
remained practically unchanged when the pro-
portion of long hay was decreased from 50 to
25 9, at the 9 kg/day dosage level. The corres-
poading change in the proportion of long hay
at the 6 kg/day level on the other hand increased
the flow of fluid by about 20 9,. Increasing the
proportion of long hay from 50 to 100 9%, in-
creased the flow of fluid in different cases by
10—30 9, (exept on the 6 kg day matter level
cow IRPU). When the amount of dry matter
consumed is only 3 kg/day the amount of long
hay does not seem to have any noticeable in-
fluence on the flow of fluid through the R—O
orifice.

Flow of saliva.— The proportions of
water and saliva (calculated by difference) in
the total flow of fluid are presented in Figs. 15
and 16.

The water intake was primarily dependent on
the amount of dry matter consumed, and the
proportion of coarce fodder did not seem to
influence it noticeably. The volume of water
passing into the reticulo-trumen of cow INA
averaged 4.9 litres per kg dry matter consumed

-(9 and 6 kg/day). The corresponding value for

IRPU was 4.5 litres per kg. When the amount of
dry matter was 3 kg/day the relative water intake
was slightly larger, about 5 l/kg dry matter on
an average.
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Figs. 15—16. Total flow of fluid through the reticulo-omasal otifice of cow INA (Fig. 15) and cow IRPU

(Fig. 16) during the 12 hour day period on diets containing different amounts of dty matter and proportions

of coarse fodder (long hay) in the dry matter. The total flow is divided into water and saliva fractions.

Vertical line segments express the 99 confidence limits for the mean amount of fluid. The numbers in the
columns indicate the propottion of saliva (%) in the total flow of fluid.

The flow of saliva decreased both absolutely
and relatively as the proportion of long hay from
the dry matter decreased. The decrease for INA
was about 48 9 at the 9 kg dry matter level
when the proportion of long hay decreased from
50 to 25 or 10 %,. The corresponding changes
in the relative amounts of coarse fodder de-
creased the amount of saliva about 54 9 at the
6 kg dry matter level. For IRPU the decrease in
the proportion of long hay from 50 to 25 9 did
not seem to change the amount of saliva. The
smallest proportion of long hay (10 9,), however,
decreased the flow of saliva about 33 9, at the
9 kg dry matter level and about 28 9, at the
6 kg level.

On diets consisting only of long hay the flow
of saliva was approximately the same as when
the proportion of long hay was 50 %. An ex-
ception to this was that the flow of saliva for
cow INA about 35 9, greater the proportion
of long hay being 100 9%, compared with a diet
at the same dry matter level (9 kg) containing
50 9%, long hay. At the 3 kg dry matter per day
level the proportion of coarse fodder did not
seem to influence the amount of saliva at all.

The relative proportion of saliva in the total
flow of fluid decreased as the proportion of
coarse fodder decreased because the water intake

remained more or less constant. The proportion
of saliva in the total flow of fluid varied for INA
from 64 to 77 9, and for cow IRPU from 69 to
80 9%, when the proportion of coarse fodder
was 50 or 100 %,. On diets containing less coarse
fodder (25 or 10 9) the proportion of saliva
in the total flow of fluid was from 53 to 63 9, for
INA and from 57 to 72 9, for IRPU.

In order to determine the statistical significance
of the obsetved variation in the flow of saliva,

Table 6. Analysis of variance of the flow of saliva during

the 12 hour day periods. Treatments: level of dry matter

intake (9 and 6 kg/day), proportion of coatse fodder in

the ration (100, 50, 25 and 10 % long hay), cows
(INA and IRPU).

De-
Source of grees Sum of Mean
variation fx:f:- squates squares F-value
dom
Days .......... 2 23.19 11.60 0.26
Dry matter (DM)| 1 779.24 | 779,24 | 17.73%%*
Proportion of
coarse fodder (P); 3 | 2923.52 974.51| 22.17%%*
Cows (C) ....... 1 210.00| 210.00| 4.78%
DMxP....... 3 828.66 | 276.22| 6.28%*
DMxC ...... 1 83.22 83.22| 1.89
PxC ...... 3 | 1409.04| 469.68| 10.68%**
DM xPxC 3 103.96 34.66| 0.79
Error .......... 30 | 1318.79 43.96 —
Total| 47 | 7679.62] 163.40 | —
**% P < 0,001
* P < 001
* P < 0.05
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an analysis of variance was made. The level of
dry matter intake (9 and 6 kg/day) and the pro-
portion of coarse fodder (100, 50, 25 and 10 %)
were chosen as factors. The results of three dif-
ferent measuring days for each diet were consid-
ered as replications (days). The results are pre-
sented in Table 6.

The amount of dry matter as well as the
proportion of coarse fodder in the diet had a
highly significant (P < 0.001) effect - on the
flow of saliva. The difference between the ani-
mals was significant (P < 0.05). Judging from
the highly significant interaction PxC (P <

0.001) it can be concluded that the difference
between the cows appears primarily as a different
effect of the coarse fodder on the secretion of
saliva. This seems obvious already by examining
Figs. 15 and 16. The significance (P < 0.01) of
the interaction P x D shows that the effect of the
proportion of coarse fodder was different at
different dry matter levels. In the analysis of
variance test of the factors influencing the secre-
tion of saliva the 3 kg dry matter level was not
included because it lacked the ration containing
25 9, coarse fodder.

The effect of the factors studied on the concentration of sodium and potassium in mixed
saliva and rumen fluid and on the flow of these cations through the
reticulo-omasal orifice

The flow of sodium and potassium through
the reticulo-rumen was calculated on the basis
of the mean concentration of the 12 hour long
day period and the volume of fluid passing the
reticulo-omasal orifice.

The flow of sodium and potassium into the

reticulo-rumen during the 12 hour time interval )

consist of the amounts introduced with foods,
drinking water and saliva. The proportions in the
foods and the drinking water were calculated
from the determined average percentage of Na
and K and the mean intake. Samples were col-
lected for analyses from all foods during the
last 14 days of each diet. Samples from the drin-
king water were taken on days when the mea-
surements of the flow of fluid were carried out.
The amounts of Na and K introduced into the
reticulo-rumen with the saliva were calcuted as
the product of the determined mean concentra-
tion in the saliva and the flow.

Effect of dry matter intake and NaCl supplementation

Concentration of sodium and
potassium in mixed saliva and
rumen fluid.— The mean concentration
of Na and K during the 12 hour feeding interval
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of the day period at the different dosage levels
of dry matter and salt are given in Figs. 17 and 18.

The effect of the amount of dry matter
consumed on the Na and K concentrations can
be seen most clearly when the salt dosage is
50 g/day, the Na supply being then apparently
adequate.

The Na concentration in the mixed saliva of
cow INA was 155, 154, 145 and 148 m-equiv./l
when the levels of dry matter intake were 14, 11,
9 and 6 kg/day respectively. The same tendency
for the Na concentration to decrease slightly
with decreasing levels of dry matter can be ob-
served for cow IRPU, the values being 152, 154,
145 and 136 m-equiv./l at the dry matter levels
12, 9, 6 and 3 kg/day (Fig. 20).

The Na concentration of the rumen fluid very
closely followed the Na concentration in the
saliva. The Na concentration of the rumen fluid
was about 20 9, lower, on an average, than that
of the mixed saliva on the same diet. When the
amount of dry matter decreases the Na concen-
tration of the rumen fluid seems to decrease in
the same way as in mixed saliva. The Na con-
centration in the rumen fluid of INA decreased
from 119 m-equiv./l at the 14 kg/day dry matter
level to 113 m-equiv./l at the 6 kg/day dry matter
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Figs. 17—18. Mean concentrations of sodium and potassium in mixed saliva and rumen fluid

of cow INA (Fig. 17) and cow IRPU (Fig. 18) on diets containing different amounts of dry

matter and additional NaCl. Vertical line segments indicate the 99 %, confidence limits of the
mean concentrations.
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level. The Na concentration of the rumen fluid
of IRPU was 124 m-equiv./l when the amount of
dry matter consumed was 12 kg/day, but 111
m-equiv./l when the amount of dry matter con-
sumed was only 3 kg/day (Fig. 20).

The potassium concentration in the mixed
saliva of both cows was about 9 m-equiv./l on
an average (variation 6—17) when the salt dosage
was 50 g/day at all levels of dry matter intake.
The corresponding K concentration of the rumen
fluid was about 26 m-equiv./l on an average
(variation 21—36). The K concentration in mixed
saliva on the same diet was 65 9, lower on an
average than that of the rumen fluid when the
salt dosage was 50 g/day.

The effect of the NaCl dosage on the Na and
K concentrations of the mixed saliva and the
rumen fluid can be observed by comparing the
average concentrations at different levels of salt
dosage (Figs. 17 and 18). At the dosage levels
100 and 50 g systematic differences can be ob-
served neither in the Na concentrations of the
saliva nor in those of the rumen fluid. The aver-
age Na concentrations of the mixed saliva for
these diets, including all levels of dry matter
intake, was about 151 m-equiv./l (142—159) for
INA and about 149 m-equiv./l (138—156) for
IRPU.

The Na concentration of the mixed saliva was,
however, noticeably lower without addition of
salt. Including all levels of dry matter intake it
averaged 97 m-equiv./l (86—117) for INA and
91 m-equiv./l (74—124) for IRPU. A consider-
albe variation in Na concentration of the mixed
saliva can be obsetved at different levels of dry
matter intake for diets without additional NaCl.

These differences in Na concentration ate partly -

due to the fact that at different dry matter levels
the Na-supply relatively speaking apparently
accounted for an unequal portion of the require-
ment and partly because the animal was on a poor
Na-dosage at various times in various cases
(cf. Appendix). The Na concentration of the
mixed saliva at the 0-salt dosage levels seemed
to have a decreasing tendency all the time. For
this reason a greater variation in concentration
was observed for these diets, which also is ap-
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parent from the 99 9 confidence limits of the
mean concentration.

The Na concentration of the rumen fluid fol-
lowed very closely the concentration of the saliva.
Without salt addition the Na concentration of the
rumen fluid, including the different dry matter
levels, was 75 m-equiv./l on an average (57—
96) for INA and 74 m-equiv./l (62—96) for
IRPU. These concentrations were about 36—
38 %, lower than when the salt dosage was 100 g
(119 m-equiv./l) and 50 g (120 m-equiv./l).

The relative difference between the Na con-
centration of the rumen fluid and the saliva did
not seem to be dependent on the concentration
level. The Na concentration of the rumen fluid
at the salt dosage levels 100, 50 and 0 g NaCl
per day was for INA 21—23 % lower and for
IRPU at all levels 19 9, lower on an average than
the corresponding concentration of the mixed
saliva at the same time.

The K concentration of the mixed saliva at
the salt dosage levels 100 and 50 g/day was 10
m-equiv./l. It rose on diets without additional
NaCl to an average of 52 m-equiv./l (36—69) for
INA and 59 m-equiv./l (37—72) for IRPU.

The K concentration on the rumen fluid rose
from an average of about 28 m-equiv./l on diets
containing 100 or 50 g additional NaCl to about
68 m-equiv./l on diets without NaCl supple-
mentation (Figs. 17 and 18). It can, however, be
observed that the K concentration of the rumen
fluid was all the time maintained at a higher level
than that of the saliva. The relative difference
decreased at the O-salt dosage levels to 15—
20 %, being 60—65 9, at the levels 100 or 50 g
NaCl per day.

The same factors influencing the Na con-
centration seemed to affect the variation in K
concentration on the diet at the O-salt dosage
level and between the different dry matter dosage
levels.

The changes in K concentration of the mixed
saliva and rumen fluid are observed to be op-
posite to those of Na. The sum of the amounts
of Na and K in equivalent was thus changed
only slightly. The sum in the mixed saliva was,
however, on average about 6 9, less on diets



Table 7. Flow of sodium and potassium into and from the reticulo-rumen calculated in equivalents for the 12 hour
day period on diets containing different amounts of dry matter and additional NaCl. The results are the means
of measurements on three days, with the 99 % confidence limits.

SODIUM equiv. per 12 h POTASSIUM equiv. per 12 h
Dry NaCl Flow into the rumen Flow into the rumen
matter | supple- | Diet . Differ- . Differ-
i'ntake ment | No. fo 0’5‘_{_ Outflow i_r:l .efrllce fo olg+ Outﬂové i% .exéce
kg/day glday in saliva drink- total rumen’ fluf ::.lt(figv-v in saliva drink- total rumen i é:tg:;
ing ing
water water
Cow
INA . .
14 100 1 [13.71-:2.10| 1.21|14.4242.10[14.09--1.87| 0.83(0.5140.11| 2.76(3.27+0.11 3.474-0.48{—0.20
T 50 2 |11.0341.38} 0.7911.82-4-1.38{12.60+1.14|—0.78|0.534-0.15} 2.85 3.384-0.15(2.904-0.28 0.48
0 3| 5.8941.63 0.20| 6.09+4+1.63] 7.284+1.24/—1,19|2.3740.93| 2.92 5.294-0.93|5.124+0.83 0.17
11 100 4 110.6742.07] 0,92(11.594-2.07[10.4941.69 1.10/0.504-0.10| 1.93 2.4340.,10/2,374-0.42| 0.06
50 5 [12.04--1.73] 0.76 [12.804-1.73(11.4741.38| 1.33{0.534£0.11| 1.92 2.4540.11/2,504-0.36|—0.05
0 6 | 5.40-k1.22 0.17| 5.5741.22| 5.3841.05 0.19{3.68--0.77| 1,90 5.58-4-0.77/6.074+0.87|—0.49
9 100 7 | 6.894-1.12| 0.98| 7.8741.12| 7.824-0.90| 0.050.474-0.19 1.89|2.364-0.19|1.481+0.22 0.88
50 8 | 6.98-1.31] 0.51| 7.49-4-1.31| 7.69+1.07|—0.20/0.2940.05| 1.70 1.99-40.05{1.394-0.23| 0.60
0 9 | 5.3441.19 0.09| 5.,4341.19 6.074+0.87|—0.64/1.664-0.76| 1.59 (3.2540.76|3.044-0.58 0.21
6 50 | 13 | 6.044-1.43| 0.61| 6.6541.43 6.28+-1,09 0.37/0.674-0.35| 1.3011,974-0.35 1.994+0.41|--0.02
0 | 14 | 2.7040.69| 0.15| 2.85--0.69 2.8740.48/—0.02(2.3940.64| 1.05 3,441+0.64/4.474-0.71(—1.03
Cow
IRPU )
12 100 4 12.772-2.31| 0.93 [13.704+2.31[12.8541.77| 0.852.10+£0.75| 2.074.1740,75/4.014-0.60 0.16
50 5 (14,5041.77| 0.77 [15.2741.77{14.314-1.43 0.96/0.794-0.15{ 2.00 2.7940.15(2,78+0.33| 0.01
0 6| 6.124+1,33) 0,19 6.314-1.33| 6.54-+0.61,—0.23{5,5240.71| 2.09 7.614-0.71/8.124-0.65—0.51
9 100 7 | 8.934-1.26| 1.07[10.00+1.26] 9.404-0.99 0.600.454-0.12) 1.60|2.054-0.12]|2.10-+0.26|—0.05
50 8 | 7.374+0.91 0.69] 8.0640.91| 8.1440.84/—0.08(0.47+£0.29| 1.82 2.0440.29/1.5940.17] 0.45
0 9 | 3.2620.71| 0.21| 3.474£0.74] 4.1940.59—0.72(3.1540.70 1.47 [4.624-0.70/4.914-0.70|—0.29
6 50 | 13 | 6.204-0.96] 0.49| 6.6940.96| 6.314-0.77] 0.38/0.3540.06} 1.36 1.7140.06/1.36+0.18| 0.35
0 | 14| 5.194+0.94| 0.12| 5.3140.94| 5.984+0.86/—0.67|1,55--0.48| 1.25 2.80--0.48|3.184+0.46/—0.38

without additional NaCl than on diets containing
100 or 50 g per day. No difference can be ob-
served in the equivalent sum of Na and K for
the two last mentioned dosage levels. The total
sum of Na and K in mixed saliva was smallest
when the Na concentration was lowest.

The same decreasing tendency in the Na+K
concentrations in the rumen fluid can be ob-
served when no salt was given. The deviation as
compared to diets containing salt (100 or 50 g/
day) averaged 3—5 9%, being at the most 6—
9 %.-

Flow of sodium and potassium.—
The flow of sodium and potassium leaving the
rumen via the R—O orifice, calculated on the
basis of the-average concentration and the vo-
lume of fluid, are seen in Table 7. The amounts

entering the reticulo-rumen with the saliva, food
and drinking water are also given in the same
table.

The flow of Na decreases noticeably with
decreasing amounts of dry matter consumed. The
passage of Na from the reticulo-rumen during
the 12 hour feeding interval was for cow INA
12.6, 11.5, 7.7 and 6.3 equiv. at the dry matter
levels 14, 11, 9 and 6 kg/day respectively. The
salt dosage was here in all cases 50 g/day. For
IRPU sodium was discharged in the rumen fluid
at the rate of 14.3, 8.1 and 6.3 equiv./12 hours,
when the amount of dry matter consumed was
12, 9 and 6 kg/day respectively. The differences
between the amounts of sodium leaving the
reticulo-rumen via the R—O orifice at different
dry matter levels were primatily due to dif-
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ferences in the flow of fluid, as the Na concen-
tration of the rumen fluid was approximately the
same at the different levels of dry matter intake.
Without salt supplementation the outflow of Na
from the reticulo-rumen with the fluid at the
dry matter levels 14, 11 and 6 kg (INA) and 12
and 9 kg/day (IRPU), was only about 50 9, of
the amount on the corresponding diets con-
taining 50 g salt per day. Without salt’ sup-
plementation the amout of dry matter consumed
being 9 kg/day (INA) and 6 kg/day (IRPU),
the rate of outflow of sodium was only 5—10 %,
less than that with a dosage of 50 g/day. In these
cases the Na concentration of the rumen fluid
was quite high also at the 0-salt dosage level
(Figs. 17 and 18).

The slower flow of sodium on diets without

additional NaCl was due partly to the lower

Na concentration of the rumen fluid (Figs. 17
and 18) and partly to the smaller volume of the
flow of fluid (Table 3).

In table 7 the amount od sodium entering the
reticulo-rumen is divided into two parts: the
amount arriving with the saliva and the amount
arriving with the food and the drinking water.
The ratio of these parts does not seem to be
dependent on the amount of dry matter con-
sumed.- For all diets the proportion entering
with the saliva was about 94 9%, on an average.
The proportion entering with the food and the
drinking water varied for the different diets
between 12.5 and 1.7 9. )

The proportion of dietary sodium of the
sodium entering the rumen during the 12 hour
feeding interval at the salt dosage levels 100, 50
and 0 g/day was 9, 7 and 4 9, respectively. The
amounts of sodium entering and leaving the
reticulo-rumen during the feeding interval (12 h)
are much the same, as can be observed from
Table 7. The difference inflow minus outflow
is on all diets smaller than the calculated 99 9,
confidence limits of the inflow.

The amount of dry matter consumed in-
fluenced the outflow of potassium via the R—O
orifice only insofar as it decreased the total flow
of fluid, because the changes in concentration
due to the levels of dry matter intake were very
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slight (Figs. 17 and 18). The outflow of K in the
rumen fluid on diets without salt addition was
1.5—2 times greater compared to diets con-
taining the same amounts of dry matter with
100 or 50 g salt/day. The difference is due to the
considerable increase in K concentration in the
rumen fluid when the Na-supply is low. The
flow of K in equivalents at the 0-salt dosage
levels was of the same magnitude as, or even
greater than, that of Na. When the salt dosage
was 100 or 50 g/day the outflow of Na in equi-
valents was 3—5 times greater than the outflow
of K. '

The food and the drinking water are con-
siderably more important as suppliers of potas-
sium than of sodium. On an average 79 9/ (66—
89) of the K entering the rumen during the 12
hour feeding interval was supplied by these
when the salt dosage was 50 g/day. The propor-
tion of the dietary potassium decreased to about
38 9 on diets without salt supplementation.
This was primarily due to the considerable
increase in salivary K concentration on these
diets (Figs. 17 and 18).

The outflow of potassium from the reticulo-
rumen during the 12 hour feeding interval was
in 13 cases out of 19 equivalent, at the 1 9, pro-
bability level, to the inflow duﬁng the same
period of time. On five diets it appeared that
more potassium flowed into the rumen than
was released from it during the same period of
time, and in one case the outflow was larger
than the flow into the rumen.

Effect of dry matter intake and proportion of coarse
Jodder in the ration

Sodium and potassium concen-
saliva
rumen fluid.— The influence of dry mat-

trations in mixed and
ter consumed and the proportion of coarse
fodder on the mean sodium and potassium con-
centrations in mixed saliva and rumen fluid are
seen in Figs. 19 and 20. The NaCl-dosage for
all diets was 50 g/day.

No significant differences could be observed

between the Na and K concentrations of the



saliva and the rumen fluid at the dry matter
levels 9 and 6 kg per day. When the proportion
of coarse fodder (long hay) was decreased the
Na concentrations in the mixed saliva show a
tendency to increase. When the long hay pro-
portions (on a dry matter basis) were 100, 50,
25 and 10 9, the Na concentration in the mixed
saliva of cow INA was 134, 147, 152 and 154
m-equiv./l, respectively. A similar tendency is
observed for the change in concentration of the
mixed saliva of IRPU, the values being 147, 150,
152 and 154 m-equiv./l respectively. The same
tendency is also evident for the Na concentration
of the rumen fluid. When the proportions of
long hay were 100, 50, 25 and 10 9%, the Na con-
centration of the rumen fluid of INA was 102,
116, 123 and 122 m-equiv./l, and of IRPU 115,
121, 127 and 125 m-equiv./l, respectively.

In contrast, when the amount of dry matter
consumed was 3 kg per day (IRPU) there was
a tendency for the Na concentration of the
mixed saliva to decrease as the proportion of
long hay was decreased. The Na concentration
of the rumen fluid was, however, maintained at
approximately the same level regardless of the
propoztion of coarse fodder.

Changing the proportion of long hay in the
diet altered the K concentrations of mixed saliva
and rumen fluid in the opposite direction to the
Na concentrations. The K concentration of
mixed saliva at the 9 and 6 kg dry matter dosage
levels decreased for cow INA from a level higher
than 20 m-equiv./l to about half of this value
when the proportion of long hay was decreased
from 100 to 10 9%,. The decreasing tendency in
K concentration of the saliva is less pronounced
for cow IRPU. The decrease in K concentration
of the rumen fluid seemed to occur mainly when
changing from 2 100 %, long hay diet to 2 50 %
diet. On some diets the decreasing tendency in
K concentration continued also for the lower
levels of dry matter intake (Figs. 19 and 20).

When the amount of dry matter consumed
was 3 kg/day the K concentration of the saliva
increased with decreasing proportion of coarse
fodder, but that of the rumen fluid decreased
simultaneously (Fig. 20). This contradiction

might be due to the difficulties in getting a clean
saliva sample from the oesophagus when the
coarse fodder proportion was 50 or 10 %,. In-
clusion of even a small amount of food particles
might cause an increase in the K concentration
and a decrease in the Na concentration.

The sum of sodium and potassium in equi-
valents in mixed saliva was fairly constant on all
diets. It averages 159 m-equiv./l varying from
151 to 169. In the rumen fluid the sum of the
sodium and potassium concentrations was 146
m-equiv./l on an average (134—153).

Flow of sodium and potassium. —
The results of the calculations concerning the
inflow and outflow of sodium and potassium
are presented in Table 8. The amount of sodium
leaving the rumen decreases with decreasing
amounts of dry matter consumed, as was already
noted from the results given in Table 7.

A decrease in the proportion of coarse fodder
appears to reduce the flow of sodium through
the R—O orifice The outflow of sodium in the
rumen fluid of cow INA during the 12 hour day
period was 25—30 %, smaller on diets containing
25 or 10 Y%, long hay than that with diets con-
taining 50 %. For cow IRPU decreasing the
proportion of long hay to 10 9%, reduced the
flow of Na by about 18 9, compared to diets
containing 50 %, long hay. The flow of Na did
not change (9 kg dry matter/day) or slightly
increased (6 kg dry matter/day) when the pro-
portion of coarse fodder in the ration of cow
IRPU was reduced from 50 to 25 %,.

Increasing the proportion of coarce fodder
from 50 to 100 9, in general slightly decreased
the amount of sodium flowing through the
R—O orifice. In one case a considerable in-
crease in the Na outflow was obsetved and in two
cases the outflow was approximately the same.

When the level of dry matter intake was 3 kg/
day, the effect of the propozrtion of coarse fodder
on the Na outflow was fairly slight. This is due
primarily to the small differences observed in
the flow of fluid (cf. p. 39).

The differences in the amounts of Na removed
from the reticulo-rumen associated with the dif-
ferent diets were due mainly to the differences
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Symbols
Na K
]
1801} in mixed saliva in rumen fluid
140+
120+
100+
3
¢
E Go_
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Coarse fodder, °% 100 50 25 10
Dry matter, kg/day L 9 d
Fig. 19
Symbols
Na K
P
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180} in mixed saliva in rumen fluid
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Z 80
¢
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Dry matter, kg/day ' 9 I L 6 g : 3 k
Fig. 20

Figs. 19—20. Mean concentrations of sodium and potassium in mixed saliva and rumen fluid of cow INA (Fig. 19)
and cow IRPU (Fig. 20) on diets containing different amounts of dry matter and different proportions of coarse fodder
(long hay) in the dry matter. Vertical line segments indicate the 99 9%, confidence limits of the mean concentrations.
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Table 8. Flow of sodium and potassium into and from the reticulo-rumen calculated in equivalents for the 12 hour
day period on diets containing different amounts of dry matter and proportions of coarse fodder in the ration.
The results are the means of measurements on three days, with the 99 % confidence limits.

SODIUM equiv. per 12 h POTASSIUM equiv. per 12 h
Pro-
Dry port(;on Flow into the rumen Flow into the rumen
{nattlfr co:fse %iet in Outfiow i Differ- in Outliow i Differ-
intake 0. utflow in ence utflow 1n ence
fodd: food - u f : _ food + f infow-
kg/day % of fitry in saliva d(r)ink- total rumen fluid :‘fﬂo:; in saliva d?ink- total rumen flaid cl:x?gow
matter ing ing
watet water
Cow
INA
9 100 | 10 [9.744-1.10| 0.56 |10.304-1.10{10.0040.85 0.30/1.3740.39| 2.62 (3.9940.39/3,524.0.43/ 0.47
50 8 |6.984+1.31| 0.51 | 7.494+1.31) 7.69-4-1.07|—0.20/0.294-0.05| 1.70 [1.994-0.05/1.394-0.23] 0.60
25 | 11 |3.644-1.02| 0.61 | 4.254-1.16} 5.4140.95/—1.16[0.14+0.04| 1.30 (1.4440.04{0.934+0.15| 0.51
10 | 12 [4.374-1.64] 0.69 | 5.064-1.64| 5.734+1.30{—0.67|0.2240.14| 1.42 |1.64+0.14/1.184-0.28| 0.46
6 100 | 15 (5.1240.79| 0.57 | 5.6940.79) 5.7540.60/—0.06/1.434-0.61| 1.50 |2.934+0.61(3.764+-0.73/—0.83
50 | 13 |6.04--1.43] 0.61 | 6.6541.43] 6.28--1.09| 0.37|0.67-1-0.35 1.30 |1.974-0.35[{1.9940.41|—0.02
25 | 16 13.3240.63| 0.60 | 3.924-0.63| 4.24+-0.53|—0.32|0,14+-0.03| 0.95 |1.094-0.03(|0.86+-0.11| 0.23
10 | 17 [2.8940.95 0.61 | 3.5040.95| 4.394+0.75/—0.89|0.184-0.10[ 0.86 |1.0440.10(0.824+0.15( 0.22
Cow
IRPU
9 100 | 10 |7.1941.09| 0.55 | 7.744+1.09| 8.044-1.01—0,30/0.74--0.43| 2.93 |3.67-4-0.43(3.034-0.34| 0.64
50 8 |7.374+0.91| 0.69 | 8.064-0.91| 8.14+0.84{—0.08/0.47+0.29| 1.82 |2.044-0.29{1.594-0.17| 0.45
25 | 11 [6.904+1.08| 0.63 | 7.5341.08| 7.9440.90/—0.41(0.314+0.07| 1.43 {1.744-0.07{1.4140.17| 0.33
10 | 12 |4.744+1.07] 0.67 | 5.414-1.07| 6.334+0.87/—0.92|0.244+0.06| 1.41 ]1.654-0.06{1.2240.18] 0.43
6 100 | 15 |5.46--0.93] 0.51 | 5.9740.93| 5.854-0.73 0.12[0.304-0.07| 1,71 [2.014+0.07|1.684-0.22] 0.33
50 | 13 [6.204-0.96| 0.49 | 6.6940.96] 6.3140.77| 0.38[0.354+0.06| 1.36 [1.7140.06|{1.364-0.18 (.35
25 | 16 [7.0041.16| 0.83 | 7.83-4-1.16] 8,284+-0.99/—0.45/0.503-0.20| 0.88 |1.3840.20({1.544-0.22/—0.16
10 | 17 14.6741.31| 0.88 | 5.554-1.31f 5.4541.06] 0.10/0,1340,11| 0.90 [1.0340.11/1,044-0.22(—0.01
3 100 | 18 (3.614-0.98| 0.46 | 4.07-4+0.98| 3.394+0.68| 0.68{0.2040.06| 0.92 {1.124-0.06{1.0040.20| 0.12
50 | 19 |2.704-0.58/ 0.47 | 3.1740.58] 3.344-0.45/—0.17|0.29-4-0.07| 0.56 |0.854-0.07,0.654-0,14| 0.20
10 | 20 [2.604-0.97| 0.53 .| 3.134+0.97| 3.754-0.80/—0.62]0.34+0.16| 0.45 |0.794-0.16{0.82-4-0.18]—0.03

in the flow of fluid (Table 5). As was pointed out,
a reduction in the proportion of coarse fodder
caused an increase in the Na concentration (Figs.
19 and 20) and consequently increased the Na
outflow from the rumen.

Of the sodium entering the reticulo-rumen in
all cases more than 80 9, came in the mixed
saliva. The proportion of dietary sodium in-
creased somewhat when the proportion of long
hay decreased. Of the total Na inflow the dietary
sodium, including all levels of dry matter intake,
accounted for 7.8, 8.0, 12.2 and 14.8 9, on an
average when the coarse fodder proportions
were 100, 50, 25 and 10 9, respectively. The
observed tendency was due apparently to the
reduction in salivary secretion with decreasing
amounts of coarse fodder (Figs. 15 and 16). In
food and drinking water, however, approxi-

mately the same amounts of sodium were carried
into the rumen regardless of the coarse fodder
proportion.

The outflow of sodium from the reticulo-
rumen via the R—O orifice during the 12 hour
day period equalled, at the 1 9, probability level,
the inflow. Without regarding the statistical
significance it can be observed that the outflow
of sodium from the rumen in most cases was
slightly larger than the inflow. This is particu-
latly true for diets containing the smallest pro-
portions of coarse fodder (25 or 10 %,).

The outflow of potassium in the rumen fluid
was clearly most abundant when the diet con-

“sisted of long hay only. When the proportion of

long hay is reduced, the K outflow generally
seems to decrease. The reduction in the outflow
of K with decreasing propostions of coarse fod-
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der is due partly to the decreasing tendency ob-
served in the K concentration of the rumen fluid
and partly to the simultaneous reduction in
volume of the total flow.

Of the potassium inflow, on all diets, 77.5 9,
on an average came with the food and the drin-
king water. The smallest proportion of dietary
potassium, on an average 70.5 9%, in the total
inflow was observed for the long hay diets. When
the coarse fodder proportions were 50, 25 and
10 9, the inflow of dietary potassium in percent

of the total flow of potassium during the feeding
interval was 80.0, 80.9 and 85.6 9, respectively.
The differences between the potassium inflow
and outflow indicate that the amounts of K
entering the reticulo-rumen during a 12 hour
interval were on an average slightly larger than
the amounts removed during the same period
of time. The difference in 14 cases out of 19 was
greater than the calculated 99 9, confidence
limits for the inflow or outflow.

DISCUSSION

Methods

The polyethylene glycol (PEG) method, de-
veloped by SperBER et al. (1953), has proved to
be very suitable for measuring the flow of fluid
through the reticulo-omasal (R—O) orifice, and
it has been used in several investigations. The
difficulties in measuring PEG, mentioned by
CorsetT et al. (1958), can to a great extent be
avoided by adjusting the concentration in the
sample to a suitable level (Hypfn 1961 ¢) and
by using a nephelometer when measuring the
turbidity (ExGErLmArRDT 1963 2). In this investi-
gation a dosage of 300 g PEG proved almost
without exception to be sufficient for a 24 hour
period.

The semilogarithmic relationship between
polyethylene glycol concentration in the rumen
fluid and time has been obsetved to follow clo-
sely the linear model (Hypén 1961 2). A more
complex model might in some cases describe
the dilution of the reference substance in the
rumen contents more exactly (Urvar 1964 a),
but in general the deviation from linearity is not
statistically significant (HypEn Lc.). In this in-
vestigations only the linear model was used,
which judging from the high correlation coef-
ficients obtained described the release of fluid
from the reticulo-rumen quite well (Figs. 1—7
and 10—14).

The difficulties connected with the use of PEG
are described in an earlier paper (POUTIAINEN and
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Lamrira 1967). They are connected mainly with
the measuring of the volume of fluid in the
rumen. Hypfn (1961 2) observed when meas-
uring the volume of rumen fluid in sheep that
the volume measured with PEG was 95 9, of the
actual volume. The size of the error depends,
among other things, on the fineness of the food
(HypEN lc.) and on the dry matter percentage
of the rumen contents (BroBerG 1960, p. 30).
In the in vitro tests performed by Poutiainen and
Lampila (l.c.) the volume of fluid obtained by
the use of PEG was 3—6 9, lower than the
actual volume. Taking this and the measuring
time of the volume (1 hour before the beginning
of feeding) into account the observed volumes
of fluid in the rumen in the present experi-
ments is estimated to be 5—10 9, lower than
the actual values. In the comparisons between
different diets this fact cannot be regarded as
very important as the procedure used was the
same throughout.

In the present investigation the total flow of
fluid through the R—O orifice divided into two
compents by subtracting the water supplied by
foods and drinking water from the total flow of
fluid during the corresponding 12 hour day
period. The difference is considered to represent
the proportion of saliva in the total flow of fluid,
which consideration is valid assuming that there
has been no net passage of fluid through the



rumen -wall -during - the 12 hour period. The
osmotic pressute differences in blood and rumen
fuid affect’ ‘the -transfer of - water. The' salts
sipplied in ‘the food increase the osmotic pres-
sure in the rumen fluid as well as in the blood
(BerLuarz and ‘Kay 1963, Borr et al.” 1966,
WarNER and ‘Sracy 1965), which in turn makes
the animal thirsty. The osmotic pressure -dif-
feferices thus partly outweighed.” Stacy and
WARNER (1966) observed an increase in the rate
of' sodium ‘absorption after feeding when the
osmotic pressure in the rumen fluid is higher.

Durmg restmg ‘and rumination saliva makes
the ‘maiit- conitribution to the fluid entering the
rumen: Tts effect on the osmotic balance is’slight
because it is approxirhately isotonic to the blood
(K&y 1960 a; BatLey ‘1961 b): The continuous
flow"of -saliva apparently’ reduces osmotic pres-
sure ' differences and limits the transmission of
watér through the rumen wall.

EIﬁ‘»\}estigaltio'n's concerning the net trafismission
of. water- through the rumen wall performed
under nofmal .conditions afe few in number.
The transmission of water seems to occur in both
directions (ENGELHARDT 1963 a and b), but the
dbsorption frori the rumen is in most eases
gtéater than the influx (Hypfin 1961Db). In
estimations of the flow of saliva based:-‘on: the
total outflow of fluid the net influx of water was
regarded ‘as saliva, or on the other hand the fet
absorption: 6f water was subtracted - frorm -the
actual amount of saliva. Whenever a net trans-
mission of water thr'ough the rumen wall occurs
apparently also a transfer of sodium and potas-
sium takes place snnultaneously in the same
direction; because the amounts of these mineral
élements édtering-and leaving the rumen during

B S . s '

P
il

“"Total flow of fluid. — Some éarlier
investigations indicated the volume  of fuid
tfanisport from the reticulo-rumen of the cow
into the omasum is 200—150 litres per 24 houts
(SpERBER ét al. 1953, Lampira and Porjirvi
1959, Lamrrra 1965). In the present investiga-
tion‘the flow of fluid via the R—O orifice was

7 8106—68

Results

the same period- of time are quite similat (Table
7 and 8). The flow of saliva and the amousits-of
sodium and potassium included in it represents
the portion -of the salivary volume and minéfals
being transported from the reticulo-rumen into
the omasum.-This is appatently-true-for the
main pottion of the saliva‘and the minerals it
tontains, because the apparent volumes' of - sali-
vary sectetion -observed in this study agreé well
with the results obtained for the secrétions of
saliva and minerals’ (using varying médsuting
methods) in other investigations carried out-on
correcponding diets (BAILEY 19612, MEYER:et
al. 1964, PurNam et al. 1966 a). C

- The mixed salivary samples were' taken by
inserting a perforated capsulé into the oesopha-
gus of the animal (PourrAINeN and LAmpina
1967). The excitation in the cervical oesophagus
has been observed to stimulate the secretion:of
saliva to a cértain extent (CLARK and WErss 1952,
KAy 1958, Asm dnd Kay 1959) and:the changes
in the rate ‘of sécretion: cause: changes ‘in the
composition of the saliva. It has been:observed
that the' Na concentration rises and-the K con-
centration decreases- as-the rate of ‘secretion-int
creases (Coars:and: WricHT 1957, Kav1960:2,
BarLey and Barcu 1961 a, Dosson: 1963, Bopa
et-al. 1965). The 'change in the composition of
the saliva dueto the stimulation effect is sitnilar
to the -change caused by the increasing rateof
secretion of saliva during eating and rumination
(StEwArT and DouGHERTY 11959, BArLEY ‘and
Barcu 1961 2, YARNS et al.. 1965 a). The 1neas-
ured Na and K concentrations of the samples
taken by capsule thus apparently represent the
average concentration during the feedmg inter-
val qulte satisfactorlly

observed to vary from about 215 littes to 60 litres

pet 24 hours. Here certain’ dietar‘y effects wete
used intentionally in order to- 1nﬂuence the
amount of flow ‘of fluid. S

'The amount -of; dry matter consuthed proved
to be the factor influencing ‘most the flow of
fluid through: .the R—O - orifice.. During' the
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12: hour period about 16—18 litres of fluid was
into the
omasum petr kg dry matter consumed on diets
containing 50 9% hay and 50 9%, concentrates.
The flow of fluid decreased almost lineatly as

released. from the. reticulo-rumen

the amount of dry matter consumed was de-
creased (Figs. 8 and 9). In the investigation of
Lamrira (1965) the flow of fluid, calculated per
kg air-dry food (hay - conc.), was 12.6 litres
in one case and 14.4 in another. BAILEY (1961 a)
estimated that about 20 litres of fluid flowed
into the reticulo-rumen per kg dry matter con-
sumed.

A decrease in the amount of food seems to
influence the outflow of fluid and solid matter
similatly, as the rate of passage of food residues
also is reduced with decreasing amounts of dry
matter (cf. p. 9). When the contents of the
rumen in- general become more watery as the
amount of dry matter consumed decreases the
reason for the slower transport may be a weaken-
ing of the contractions of the forestomachs
transporting the contents. (cf. p. 13).

It was found that the reduction in the total
flow (rate X volume) of fluid with decreasing
amounts - of dry matter consumed depended
mainly on the decrease in the rate of flow (per
unit of volume of the rumen fluid), because the
level of food intake had only a small effect on
the yolume of fluid in the rumen. Many investi-
gators have observed that the amount of fresh
contents of the rumen and especially its fluidal
part remains fairly constant when the ration con-
sumed varies (NEvENs 1928, MAxELA 1956, 1960,
PavomriMo and MAKELA 1959, HypEN 1961 a,
Baru et al. 1966).

Adding sodium chloride to a diet low in Na
increased the flow of fluid through the R—O
otifice. The rate of flow per unit of volume in-
creased as the volume of fluid in the reticulo-
rumen remained approximately constant. Only
at the dry matter level of 6 kg/day was a greater
amount of fluid measured in the rumen of both
animals on a diet contdining 50 g NaCl per day as
compated to a diet without supplementary NaCl.

The addition of minerals has in some investi-
gations been observed to exert a decreasing
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influence upon the dry matter percentage of the
rumen contents (NICHOLSON et al. 1963) and to
increase the transfer of the contents from the.
reticulo-rumen (MurrAY et al. 1962, Eram
1961).

According to the present investigation the
physical form’ of the food affected the volume
of fluid in the rumen and the flow of fluid
through the R—O orifice to a considerable
extent. The physical form of the food was
changed by finely grinding a certain proportion
of the hay ration. When the proportion of
coarse fodder (long hay) was 10 9, of the dry
matter the volume of fluid in the reticulo-rumen
of cow INA was about 30—40 9, and that of
cow IRPU about 15—259, lower than the
volume on diets containing 50 9, coarse fodder
in the ration. On diets containging small amounts
of coarse fodder (0.8—1.0 kg long hay) the
rumen contents were a frothy mass, in which the
amount of free fluid was very small. A similar
desctiption of the rumen contents on diets con-
taining ground material is given, among others,
by Barcr (1950), CamprriNG et al.’ (1963) and
Orte and Kaurmann (1964) for cattle and
Braxter and GraHAM (1956) for sheep. A
reduction in the hay proportion of the diet has
generally been observed to exert a decreasing
influence upon the rumen contents (BArcu et al.
1955, NicuorLsoN and GunNINGEAM 1961).

When the proportion of coarse fodder was
25 9, of the dry matter consumed the flow of
fluid of cow INA decreased considerably (about
30 94,), but did not change, or increased slightly,
for cow IRPU compared to a diet with 50 9%,
coarse fodder in the ration (Figs. 15 and 16). The
rumen contents of cow INA was observed to
become somewhat frothy, containging little free
fluid. The ratio between the fine material in-
troduced with the ration and the volume of fluid
in the rumen may have influenced the observed
difference between the animals. The volume of
fluid for INA was 5 litres less on an average
than for IRPU.

The decrease in the flow of fluid apparently
did not prolong the removal of dry matter from
the reticulo-rumen, because the rate of flow ir -



creased somewhat as the proportion of coarse
fodder in the diet was reduced. The dry matter
percentage of the material transported into the
omasum has been observed to increase when the
ration is rich in finely ground food (CamrLING
et al. 1963).

The flow of fluid was observed to be faster
during the day period than during the night
period with most of the diets tested. The dif-
ference was in many cases statistically significant.
Hyptn (1961 2), wotking with sheep, obtained
results showing the flow of fluid to be faster in
the day than during the night. The difference in
flow of fluid between the two periods may be
due either to differences in water intake or in
the volume of saliva secreted (PurnaMm et al.
1966 a, YarNs et al. 1965 b).

The water intake varied on different diets from
35 to 8.5 litres and the apparent contribution of
saliva from 96 to 20 litres per 12 hours of the
day period. The relative proportion of the saliva
of the total flow on an average was 74 %, (62—
83). Barrey (1961 a) estimated that 70—90 9/
of the fluid entering the rumen in 24 hours was
saliva.

The water intake depended mainly on the
amount of dry matter cdnsumed, being about
4.7 litres per kg dry matter consumed. The
drinking of water was on an average slightly
greater on the ordinary diets than on diets with
NaCl supplementation. Addition of salt has been
observed to increase the water intake (EraM and
Davis 1962, PFEFFER et al. 1965), but the dosage
was higher than that used in the present investi-
gation. At the dry matter level of 3 kg dry matter/
day a dose of 50 g NaCl/day was equivalent to
about 1.6 9%, of the dry matter, which may be
the reason for the greater water intake (5.2 l/kg
dry matter).

Flow of saliva. — The variation ob-
served in the total flow of fluid was due primarily
to the variation in the flow of saliva on different
diets. The apparent flow of saliva decreased
approximately linearly with decreasing amounts
of dry matter consumed (Figs. 8 and 9). A simi-
lar relationship between salivary secretion and
amount of dry matter consumed was observed
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by Wirson and Trise (1963) in sheep and by

Hawxins et al (1965) and PurNaMm et al. (1966 a)
in cattle.

When the ration consisted of 50 %, long hay
+ 50 9, concentrate mixture the amount of
saliva secreted per kg dry matter was almost
independent of the level of food intake (in the
range 14—3 kg dry matter/day). The salivary flow
of cow INA was on an average 12.0 litres and
that of cow IRPU 13.4 litres per kg dry matter
consumed (NaCl 50 g/day). These values are
somewhat lower than those reported by BamLey
(1961 a) for a diet of approximately the same
composition (about 16 1/kg dry matter con-
sumed), but they are slightly higher than those
given by Purnam et al. (1966 a) for beef steers
on a pelleted (9 mm) 89 9, hay ration (13.4—6.5
1 [kg dry matter consumed). The last mentioned
authors observed that the amount of saliva
secreted per kg dry matter consumed decreased
with increasing dry matter level. This tendency
was also observed by Wirson and TRiBE (1963)
in sheep.

The flow of saliva increased 6—30 9%, when
50 g NaCl/day was added to a diet consisting of
50 9, hay + 50 9, concentrates. On the ordinary
diets without NaCl supplementation the animals
apparently suffered from a slight Na-deficiency
(cf. p. 52). It has been observed that a deficiency
in Na reduce the secretion of saliva in sheep
(DenTON 1957) and in calves (BELL and WiL-
11aMs 1960). In the experiments of HAWKINS
et al. (1965) with steers the secretion of parotid
saliva was increased when Na in the diet was
increased. (cf. p. 16). Judging from the Na con-
centration of the saliva (157 m-equiv./l), the
effect was positive even when the Na-supply to
the animals was adequate. Generally the effect
of the salt addition in the present investigation
was relatively most pronounced when the Na-
deficiency was most obvious. The effect of an
abundant Na-dose remains uncertain, because
the addition of 100 g NaCl resulted in an in-
crease in the flow of saliva only at the dry matter
levels 14 kg/day (INA) and 9 kg/day (IRPU). In
the former case the Na-requirement, due to the
fairly high milk yield (about 21 kg/day), was
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moderately high and judging from the values of
the measuring days the Na concentration of the
saliva showed a decreasing tendency when the
salt dosage was 50 g/day.

A decrease in the salivary flow seemed to
cause a reduction in the total flow of fluid from
the reticulo-rumen as the proportion of coarse
fodder in the diet was decreased (Figs. 15 and
16). The coarse fodder (long hay) required much
chewing, during which the secretion of saliva is
abundant (StewarT and DoucuerTY 1959,
Barrey and Barcm 1961a, Barmey 1961 a,
Yarns et al. 1965). The finely ground food is
swallowed after little chewing and the rumination
time is shortened, or even the finely crushed
food is transported from the rumen without
being ruminated at all (Barcm 1955, 1958a,
Ovrrjenet al. 1962 b, Gorpon 1965). The excita-
tion of the reticulo-rumen fold caused by the
coarse material increases the secretion of saliva
(cf. p. 16).

Grinding and pelleting of coarse fodder has
been observed to cause a reduction in salivary
secretion (WirsoN and TRIBE 1963, OLTJEN et al.
1965, YArNs et al. 1965, KaurManN and ORrRTH
1966, PurNam et al. 1966 b). Even quite a small
change in the coarseness of the hay meal or in
the size of the pellets may considerably influ-
ence the amount of saliva (WiLsoNn and TRIBE
Le.).

In the present investigation no diet was in-
cluded consisting only of ground material, be-
cause during a preliminary test period it was
observed that the daily consumption of such
food was very irregular. A coarse fodder pro-
portion of 10 9, of the dry matter (0.8—1.0 kg
long hay/day) was not sufficient to maintain the
salivary flow at the same level as a proportion
of 50 9%, (3.6—5.6 kg long hay/day). When the
proportion of coarse fodder was 25 9, of the dry
matter (1.8—2.8 kg long hay/day) the salivary
flow of one of the cows decreased considerably,
but that of the other did not change or increased
slightly compared to a diet with 50 9, coatse
fodder in the ration.

Sodium and potassium concen-
trations.— The sodium and potassium con-
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centrations of mixed saliva and rumen fluid
found in the present investigation agree with the
values obtained in several other investigations
on corresponding diets (EMERY et al. 1960,
BarLey and Barcu 1961 b, Orra and Kavur-
MANN 1964, Hawrgins et al. 1965, Kemp and
GEeURING 1966).

On diets containing apparently sufficient Na
(100 or 50 g NaCl/day) the Na concentration of
mixed saliva and rumen fluid showed a slight
decreasing tendency while that of K simulta-
neously showed an increasing tendency as the
amount of dry matter consumed decreased. The
sum of the Na and K concentrations expressed
in equivalents per litre was thus almost inde-
pendent of the dry matter level. Change in Na
and K concentrations is thought to be connected
primarily with a reduction in salivary secretion
due to the decrease of the dry matter level. It
has been observed that when the salivary secre-
tion decreases the Na concentration of the saliva
drops and the K concentration increases (BAILEY
and Barcu 1961 b, Bopa et al. 1965, KAuFrMANN
and OrTH 1966, KAUFMANN 1966).

The sodium concentration of the saliva de-
creased considerably and that of potassium in-
creased noticeably on diets without Na-supple-
mentation compared to diets with 100 or 50 g
additional NaCl per day. A considerably decrease
in the Na/K ratio of saliva has been observed
in animals suffering from Na-deficiency (DEn-
ToN 1956, DossoN et al. 1960, SELLERs and
Dosson 1960, DossoNn and McDoNALD 1963,
Kemp and GeuriNG 1966). The Na concentra-
tion of mixed saliva varied in the present investi-
gation on diets without salt supplementation
from 74 to 124 m-equiv./l and that of K corre-
spondingly from 92 to 36 m-equiv./l. The ex-
perimental animals were thus apparently suffer-
ing from a slight Na-deficiency, because accord-
ing to the Na-balance experiments of Kemp and
GEURING (l.c.) 2 Na concentration of the saliva
below 130 m-equiv./l indicates a slight deficiency
in sodium.

The sum of the sodium and potassium con-
centrations expressed in equivalents/l in both
mixed saliva and rumen fluid was reduced as the



Na concentration decreased. This phenomen has
also been observed by Bamrey and BaLch
(1961 b).

Judging from the Na concentration of the
saliva the additional dose of 50 g NaCl/day was
on all diets sufficient to prevent the appearance
of Na-deficiency at least during the relatively
short experimental periods. Increasing the dose
to 100 g/day did not increase the Na concentra-
tion of the saliva nor of the rumen fluid. The
results of HawxkiNs et al. (1965) and KEemp and
GEURING (1966) also indicate that by adding
more Na to the ration the Na-level of the saliva
cannot be increased, or at least only slightly,
when the animals are already getting amounts of
sodium sufficient for their requirements.

The Na concentration of the rumen fluid on
all diets was on an average 20 9%, lower than that
of the mixed saliva. The difference remained
approximately the same regardless of the con-
centration. In the investigations of BArLEY
(1961 b) the Na concentration of the rumen fluid
was 17 9%, lower on an average than that of the
saliva, but at very low (25—60 m-equiv./l) and
very high (over 160 m-equivl./l) concentrations
the rumen fluid contained more sodium than
the saliva. The differences observed in the pre-
sent investigation between the Na concentrations
of the saliva and the rumen fluid (20 9,) seems to
be due primarily to the diluting effect of the
water introduced in food and as drinking water.
Water intake supplied 25—27 9, on an average
of the total amount of fluid entering the rumen
(cf. p. 35, 39), but on the other hand about 6—10 9,
of the sodium flowing into the rumen was intro-
duced with the food (cf. p. 44, 47). The flow of
sodium through the rumen wall may also have
influenced partly'the difference in concentrations.

The potassium introduced with food seems to
exert a direct influence upon the K concentration
of the rumen contents, indicated by the rise in
K concentration of the rumen fluid following
feeding. The same observation was made, among
others, by BarLey (1961 b), Lameira (1964), and
Kemr and GeuriNG (1966). The K concentra-
tion of the saliva on diets containing adequate
sodium was on an average 60—65 %, lower than

of the rumen fluid. The corresponding figure
on the ordinary diets (deficient in Na) was 15—
20. The difference in the said concentration
during the feeding interval is at its greates im-
mediately after feeding, decreasing then gradu-
ally, due partly to the diluting effect to the saliva
in the rumen and partly perhaps because of the
absorption of potassium from the rumen.

As the proportion of long hay in the diet was
deceased, in increasing tendency was observed
in the Na concentration of the rumen fluid a
dectreasing one in the K concentration. The ob-
served change seemed to be connected with the
K content of the diet (Appendix). GoopALL
and Kay (1964) and Scorr (1966) observed that
an abundant dosage of potassium introduced
into the rumen of sheep caused an increase not
only in the K concentration of the rumen fluid
but also an increase in the K concentration and
a decrease in the Na concetration of the saliva.
According to EMERY et al. (1960) on the other
hand, the Na concentration of the rumen fluid
rises when the proportion of hay in the food is
increased and that of concentrates is decreased.

Flow of sodium and potassium.
— On diets adequate in Na the flow of fluid
influenced the variation in Na and K amounts
passing through the R—O orifice more than did
the concentration of these cations in the rumen
fluid. On diets without NaCl supplementation
(mild Na-deficiency) the changes in Na and K
concentration significantly affected the outflow
of these cations.

On diets containing 100 or 50 g additional
NaCl/day the outflow of Na, expressed in equiva-
lents, was 3—5 times greater than that of K.
Without addition of NaCl approximately the
same equivalent amounts of Na and K were
removed from the rumen. Lamreina (1965)
estimated the outflow of Na to be 1.5—2.5 times
as great as that of K (in equivalents). The Na
supply to the animals was rather low, which can
be seen in the Na concentration of the rumen
fluid (below 100 m-equiv./I).

The results of the present investigation con-
firm the view of the dominating role of the saliva
as a maintainer of the Na concentration of the
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rumen compared with that of the dietary sodium
(McDoucaLL 1948, Bamey and Barcu 1961 b,
Lampina 1965). On an average only 6 9, of the
Na entering the rumen during the 12 hour day
petiod came from food and drinking water, the
rest (at least the major part) being introduced
with the saliva. The total amount of sodium
entering the rumen during the 12 hour period
ranged on different diets from 15.3 to 2.9 equiv.
Increasing the dietary Na dosage significantly
increases the rate of flow of sodium into the
rumen apparently for as long as it raises the Na
concentration of the saliva, that is until the
animal’s sodium requirement is satisfied. The
effect is enhanced pattly because the salivary
secretion seems to increase when additional
sodium is given to an animal with a Na
deficiency (cf. p. 35). At least in some cases an
overdose of Na seems to have a positive effect
on the flow of saliva, and consequently the
amount of sodium entering the rumen is in-
creased. The direct effect of the dietary Na
apparently remains quite small, unless the added
Na is not included in the sodium circulation
maintained by the saliva. The effect of the Na-
supplement given as sodium chloride on the
neutralization of the rumen contents evidently
occurs solely via the saliva.

On the different diets from 7.6 to 0.8 equiv.
potassium was introduced into the reticulo-
rumen during the 12 hour day period. On diets
adequate in Na supply the proportion of K
introduced with the food was nearly 80 9, of the
total inflow. On diets poor in Na supply more
potassium on an average was introduced into the
rumen in the saliva than together in food and
drinking water.

The total amount of sodium and potassium
entering the reticulo-rumen during the 12 hour
day period varied on different diets from 18.2 to
3.9 equiv. As Na and K together constitute about
98 9, of the cations in the mixed saliva (McDou-
GaLL 1948, PHrrLipsoN and MaNGaN 1959) and
about 95 9, of the most common cations re-
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moved with the rumen fluid (Lamprra 1965) their
total sum provides a good estimate of the total
amount of the cations in both of these fluids.
Of the sum of the Na and K in equivalents on
all diets an average of 77 %, (66—85) was intro-
duced into the rumen with the saliva. The total
neutralizing effect of Na and K introduced with
the saliva during the 12 hour period was equiva-
lent to 1190—240 g NaHCO,. The Na and K
introduced with the food into the rumen pro-
bably influence the neutralization of volatile fatty
acids only to a small degtree, because in most
cases they apparently occur in the rumen fluid
as neutral salts. The Na and K transported with
the saliva consequently have a greater importance
in the neutralization of the volatile fatty acids
formed by fermentation than might be expected
from the proportion of these cations in the total
flow.

Per kg dry matter consumed the flow of Na
and K during the 12 hour period was almost
independent of the dry matter level. On the
other hand it was observed that the flow of
Na + K in equivalents was teduced as the NaCl
dosage and the proportion of coarse fodder were
decreased. On the salt dosage levels 100, 50 and
0 g/day the total flow of Na and K per kg dry
matter consumed average during the 12 hour
period 2.8, 2.6 and 2.1 equiv., respectively. The
sum of the Na and K equivalents per kg dry
matter consumed averaged about 2.9, 2.5, 2.7
and 1.9 during the 12 h period for the coarse
fodder proportions of the dry matter 100, 50,
25 and 10 9, respectively.

The neutralization level of the rumen con-
tents cannot, however, be estimated from the
total amount of neutralizing cations alone, be-
cause the required neutralization depends on the
other hand on the concentration of volatile fatty
acids in the rumen. Results (unpublished) of
measurements of the neutralization capacity,
howevert, indicate that the neutralization capacity
was increased when the flow of sodium and
potassium was accelerated.



SUMMARY

In the present investigation studies were made
on the effect of some dietary factors on the flow
of fluid, saliva and cations sodium and potassium
through the reticulo-omasal (R—O) orifice of the
cow. The factors in question were 1) the level of
dry matter intake, 2) the dosage of sodium chlo-
ride, and 3) the physical character of the ration.
The flow of fluid was determined by means of
polyethylene glycol (PEG) a water soluble sub-
stance, which is not absorbed from the fore-
stomachs. The flow of saliva was calculated by
substracting the total water intake from the total
flow of fluid. The mean concentrations of Na
and K in mixed saliva and rumen fluid were deter-
mined and the amounts of Na and K entering
and leaving the reticulo-rumen during the same
period of time were estimated.

Two cows, INA and IRPU, equipped with
rumen fistulas, were used as the experimental
animals. The levels of dry matter intake varied
from 14 to 3 kg/day. Na was supplied as NaCl
at three rates: 0, 50 and 100 g/day. The effect of
the physical character of the diet was investigated
by giving part of the hay in ground form. The
proportion of coarse fodder (long hay) in the
dry matter of different diets was 100, 50, 25 and
10 9,. With the exception of the pure long hay
diet, 50 9, of the dry matter of the ration con-
sisted of hay (long or ground) and 50 %, of a
concentrate mixture. The animals had free access
to water and 100 g/day dicalcium phosphate was
given on all diets.

The results concern mainly the day period
(from 5 a.m. to 5 p.m.) of the 12 hour feeding
interval. With regard to the total flow of fluid
a value was calculated also for the night period
(from 5 p.m. to 5 a.m.) based on 17 of the 20
diets investigated. On each diet the results were
calculated as averages of three measuring days.
A resting period of 1—2 days generally alternated
with the measuring days.

The total amount of fluid flowing through the
R—O orifice during the night and day period (in
24 hours) varied from 215 to 59 litres as the
amount of dry matter consumed varied from 14

to 3 kg per day. The flow was more abundant
during the day period than duting the night
petiod. The difference in 13 cases out of 28
was statistically significant.

The flow of fluid per kg dry matter consumed
during the 12 hout day period (feeding interval)
averaged about 17 litres, for the different levels
of food intake and NaCl dosage. The flow of
fluid decreased approximately linearly as the dry
matter level was decreased.

Addition of NaCl (100 or 50 g/day) increased
the flow of fluid via the R—O orifice compared
to a diet without NaCl supplementation con-
taining the same amount of dry matter. The in-
crease varied from 0 to 41 %,, depending pri-
marily on the adequacy of the Na-supply in the
basic diet.

On a given dry matter level the flow of fluid
was most abundant on the long hay diet, de-
creasing when the proportion of long hay was
reduced. When the proportion of long hay was
reduced to 10 9%, of the dry matter, the flow of
fluid decreased by 20—30 9%, compared to a diet
containing 50 9%, long hay. Reducing coxre-
spondingly the proportion of long hay to 25 9%,
reduced the flow of fluid by about 30 %, in one
of the cows, but resulted in either no change or
only a slight increase in the flow in the other
cow.

The average volume of fluid in the reticulo-
rumen, measured with PEG 1 hour before the
beginning of feeding, varied on all diets from
47 to 24 litres for cow INA and from 51 to 37
litres for cow IRPU. In INA the rate of flow of
fluid during the 12 hour day period per one
hour varied from 22.1 to 10.7 %, of the fluid
volume in the rumen and in IRPU from 19.2 to
5.1 %,.

On all diets the contribution of the saliva to
the total flow of fluid averaged 69.0 9%, (52.7—
82.5) for cow INA and 71.6 9, (57.2—83.0) for
cow IRPU.

The water intake was primarily influenced by
the amount of dry matter consumed, being on
an average about 4.7 litres per kg dry matter
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consumed. The major part of the intake was
drinking water, as the moisture in the food
accounted for a flow rate into the rumen of only
0.3—1.3 litres of water per 12 hours.

The flow of saliva decreased approximately
linearly as the amount of dry matter consumed
was reduced. The effect of the dry matter level
on the amount of saliva was statistically highly
significant (P < 0.001). It was estimated that an
average 11.5 and 13.5 litres of saliva per kg dry
matter consumed entered the reticulo-rumen in
INA and TRPU respectively.

The effect of the NaCl-supplementation on
the calculated amount of saliva was statistically
significant (P < 0.01) for both animals. At the
NaCl dosage levels of 100, 50 and 0 g/day the
amount of saliva was 12.5, 12.0 and 10.2 litres
per kg dry matter consumed (INA) and 14.9,
13.4 and 12.4 litres (IRPU), respectively.

Decreasing the proportion of long hay in the
diet reduced (P < 0.001) the amount of saliva
in the total flow absolutely as well as relatively.
When the proportion of long hay was 100, 50,
25and 10 9, of the dry matter (levels 9 and 6 kg),
the amount of saliva was 13.9, 12.0, 6.5 and 6.3
(INA) and 11.6, 12.4, 12.6 and 8.6 (IRPU) litres
per kg dry matter consumed respectively. The
observed difference between the animals was
significant (P < 0.05) appearing primarily as a
different effect of the amount of long hay on the
flow of saliva.

When the amount of dry matter was 3 kg per
day the proportion of long hay in the diet did
not seem to affect the flow of saliva noticeably.
The secretion was about 20 litres per 12 hours,
ie. 13.3 litres per kg dry matter consumed.

The principal factor affecting the Na and K
concentrations of the saliva and rumen fluid was
the NaCl-dosage. With 100 or 50 g/day NaCl
supplement the concentration of sodium in mixed
saliva averaged 151 m-equiv./l. On diets without
additional NaCl the Na concentration decreased
to approximately 94 m-equiv./l. At the same time
the K concentration rose from about 10 m-
equiv./l (with 100 and 50 g NaCl/day) to about
55 m-equiv./l (with no additional NaCl). The
sum of the Na and K concentrations in equiva-
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lents per litre was slightly lower on the ordinary
diets without supplementary NaCl than on diets
with additional NaCl.

When the dry matter level was decreased a
slight increasing tendency was observed in the
Na concentration of mixed saliva and a slight
decreasing one in the K concentration.

The sodium and potassium concentrations of
the rumen fluid followed the corresponding con-
centrations of the saliva very closely. The Na
concentration of the rumen fluid was on an
average 20 %, lower than the concentration in
mixed saliva at the same time; the ratio between
the two remained the same tegardless of the diet.
On diets containing 100 ot 50 g additional NaCl
the K concentration in the saliva was on an
average 60—65 9, lower than that of the rumen
fluid. On diets without additional NaCl the K
concentration in the saliva was 15—20 9/ lower
than that in the rumen fluid.

On different diets the amount of sodium leav-
ing the reticulo-rumen with the rumen fluid
during the 12 hour day period ranged from 15.3
to 2.9 equiv., the potassium figures ranging coz-
respondingly from 0.7 to 8.1 equiv. The varia-
tion was due partly to differences in the amounts
of fluid removed of different diets and partly to
differences in the Na and K concentrations in
the rumen fluid.

The amount of Na entering the reticulo-rumen
in the food drinking water and saliva wete equal
to the amounts removed from there during the
same period of time (12 h) using a 1 9, risk level.
The amounts of K entering the rumen were

-likewise equal to the amounts leaving it, when the

differences were compared with the error of the
means using 99 9, confidence limits. In 15 cases,
however, the amounts of K entering the rumen
seemed to exceed the amounts leaving via the
reticulo-omasal orifice during the corresponding
time.

Of the Na entering the rumen during the 12
hour period, 94 9, was introduced with the
saliva. The proportions of dietary sodium with
the NaCl dosage levels of 100, 50 and 0 g/per day
were 9, 7, and 4 9, respectively. As the propoz-
tion of coarse fodder in the diet was reduced,



the proportion of dietary sodium of the Na
entering the rumen increased slightly due to a
reduction in the amount of saliva. At the most
the dietary sodium accounted for only about
15 %, (10 %, long hay in the ration) of the Na
entering the rumen.

As transporter of K the food was considerable
more important than the saliva. When the Na-
ration of the animals was adequate (100 and 50 g
NaCl) the proportion of dietary potassium of the
potassium entering the rumen duting the 12 hour
feeding interval averaged almost 80 %,. On diets
without additional NaCl, leaving the animals
slightly Na-deficient, the importance of the

saliva as a transporter of potassium increased
and the proportion of the dietary potassium was
about 40 9, of the K entering the rumen.

‘On diets supplemented with NaCl the total
amount of Na in the rumen during the 12 hour
feeding interval was 3—S5 times greater than that
of potassium, and on diets without NaCl supple-
mentation 1.5—2.0 times greater.

The total flow of Na and K averaged 2.4
equiv. per kg dry matter consumed almost in-
dependently of the dry matter intake. On the
other hand this flow decreased when both the
salt level or the proportion of long hay in the
diet was reduced.
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Appendix

Food intake, kgfdry

Intake of water

Intake of cations

: including su -
Dict Milk glﬂcyfﬁ:l: Sampliag ' matter/12 h litres/12 h mentsgglllzaplic
No. kg/day befolre pﬁg} Date of sampling o ek
m N con-
sampling Ig:yg gr]::;,nd ce‘;m, toal | o Jng | tol | Na K
mixt.

Cow INA
1 ...... 22.2| 22 6 |23—25—27/3 —65| 3.6 — { 3.1 ] 67| 1.2| 32,0 | 33.2| 27.8 | 107.8
2 ... 21.5( 23 7 |21—23—26/4 —65|3.8] — | 3.3| 7.1 | 1.3 | 33.7 (350 18.2 | 111.2
3 .. 17.4| 26 8 (24—29/5,1/6 —65|3.8 | — | 33| 7.1 | 1.1 | 33.2 | 34.3| 45| 113.9
4 ... 9.6 11 1 28—30/9,5/10 —64| 2.8 | — | 2.3 | 5.1 | 1.0 13.8 | 14.8{ 21.2 75.0
5 ...... 3.0| 13 2 119—21—23/10 —64| 2.9 — | 27| 56| 10| 15,6 | 16.6| 17.4 | 74.7
6 ...... 0.2| 22 3 [17—20—24/11 —64| 2.8 | — | 2.6 | 5.4 | 1.1 | 16.7 | 17.8| 4.0 74.2
7 5.2| 16 9 [27—30/8,1/9 —65|2.5| — | 20| 45| 0.7 | 18.4 | 19.1| 22.6 | 73.4
8 ...... 4.6 17 10 |20—22-24/9 —65] 2.3 2.1 4.4 0.8 | 16.1 | 16.9| 11.7 66.2
9 ... 3.7 20 11 | 16—18—22/10 —65| 2.3 — | 2.2 | 45| 0.9 | 16.8 | 17.7 2.0 62.0
10 ...... 2.6 10 14 111—13—15/1 —66| 4.5 — — | 45| 1.1 | 19.4 | 20.5]| 13.0 | 102.3
1 ... 3.4 10 12 9—11—13/11 —65| 1.1 | 1.0 | 2.2 | 4.3 | 0.9 | 18.7 | 19.6| 14.1 50.4
12 ...... 3.1 10 13 | 20—22—24/11 —65| 0.4 | 1.9 | 2.2 | 45| 0.9 | 17.1 | 18.0] 15.8 55.4
13 ..., 2.6 27 5 |12—14—16/1 —65] 1.6 — | 1.5 | 3.1 | 0.6 | 14.3 | 14.9| 14.0 50.6
14* ... —| 14 4 9—12—15/12 —64 | 1.6 — | 1.5| 3.1 | 0.6 | 15.6 | 16.2 3.4 41.0
15 ...... —| 10 17 | 22—25-27/4 —66| 3.2 — — | 3.2 | 0.5 | 22,3 | 22.8| 13.1 58.4
16 ...... 2.7 12 15 1—3— 53 —66| 0.7 0.8} 1.5 3,0 | 0.6 | 12.4 ( 13.0| 13.8 37.0
17 ..., 2.3 10 16 |21—23—25/3 —66| 0.3 | 1.2 | 1.5 3.0| 0.6 | 17.2 | 17.8| 13.9 33.8

Cow IRPU
4 ... 8.3| 16 1 121—23—-25/9 —64| 2.9 — | 2.9] 58| 1.1 | 19.2 | 20.3| 21.3 80.5
5 ...... 7.6 25 2 [12—14—16/10 —64] 3.0 — | 29| 59 0.9 18.6 | 19.5| 17.7 77.8
6 ...... 50| 25 3 ]12—16—19/11 —64| 3.0 [ — | 2.9 5.9 | 0.9 24.2 | 25.1| 4.4 81.4
7. 2.8| 12 6 2— 4— 6/2 —65|2.2| — | 20| 42| 0.9 17.2 | 18.1| 24.5 62.7
8 ...... 2.8| 26 5 [12—14—16/1 —65]| 2.3 — | 22| 45| 0.9 16.5 | 17.4| 15.8 62.3
9% ... 3.3| 16 4 9—11—15/12 —64 | 2.2 — 1 2.2 | 44| 0.8 | 19.8 | 20.7 4.9 57.6
10 ...... 2.3 10 9 129/4,3—5/5 —65|4.6| — | — | 46| 1.0 21.7|22.7| 12.7 | 114.3
1 ... 2.8| 18 7 9—11—16/3 —65| 1.2 | 10| 2.2 | 4.4 0.9 | 16.9 | 17.8| 14.4 55.6
12 . 2.6| 10 8 5—7—9/4 —65|0.4| 1.7 | 2.2 43| 0.8 | 18.7 | 19.5( 15.5 54.8
13 ...... 1.2 22 11 |20—22—24/9 —65| 1.5 — | L5 | 3.0} 0.5 10.4 | 10.9] 11.2 53.1
14 ...... 2.6 15 10 |24—26—29/5 —65] 1.6 — | s | 31| 0.5] 20.1 | 20.6 2.7 48.7
15 ...... —| 24 14 24—-26—28/1 —66|3.0| — | — | 3.0]| 0.8 12.0 | 12.8| 11.8 66.8
16 . —| 10 12 | 16—18—22/10 —65| 0.7 | 0.7 | 1.5 | 2.9 | 0.4 { 18.1 | 18.5 19.2 34.3
17 . —| 10 13. 9—11—13/11 —65| 0.3 | 1.2 | 1.5 | 3.0 | 0.6 | 12.8 | 13.4]| 20.2 35.3
18 .. ... —| 15 15 1— 3— 5/3 —66] 1.6 — — | 1.6 | 0.2 8.3 8.5| 10.6 35.6
19 ...... —| 10 16 |21—23—25/3 —66]0.8 | — | 0.8 | 1.6 | 0.3 9.8 | 10.1| 10.8 21.7
20 ...... — 17 17 |18—20—22/4 —66] 0.2 | 0.6 | 0.8 | 1.6 | 0.3 | 14.2 | 14.5| 12.1 17.5

*) These rations were fed after diet No. 6. Thus cow INA was without additional NaCl on diet 14 in all] 36 days
IRPU on diet 9 in all 41 days.
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SELOSTUS

Tekijoitd, jotka vaikuttavat nesteen, syljen ja erdiden kationien kulkuun lehmin

verkkomaha-~satakerta-aukosta

Esko PouTiAINEN

Maatalouden tutkimuskeskus, Kotieliinhoidon tutkimuslaitos, Tikkurila

Tutkimuksessa on selvitetty erdiden ruokinnallisten
tekijain vaikutusta nesteen, syljen sekd natriumin ja
kaliuminvirtaukseen lehmin verkkomaha-satakerta aukon
kautta. Kysymyksessi olevat tekijit olivat (1) syédyn
kuiva-aineen maird, (2) natriumkloridin annostus ja
(3) rehuannoksen fysikaalinen olomuoto. Nestevirtauksen
mittauksessa kiytettiin johtoaineena polyetylenglykolia
(PEG), joka on vesiliukoinen pé&tsistd imeytymiton atne.
Syljen miairid laskettiin vdhentdmilli kokonaisnestevir-
tauksesta juomaveden ja rehujen sisdltimin veden osuus.
Natriumin ja kaliumin osalta lasketttin potsiin syljessd
seki rehuissa ja juomavedessd saapuneet ja sieltd samana
aikana pdtsinesteessi satakertaan poistuneet mdidrit,

Koe-eldiimind kdytettiin kahta pOtsifistelilld varustettua
lehmdd INA ja IRPU. Kuiva-aineen annostus vaihteli
14:sti 3:een kg/p. Eldinten natriumin saanti jdrjestettiin
kolmelle tasolle. Alimman tason muodosti perusdieetti
ilman suolalisii, toisella tasolla annettiin NaCl:a 50 g ja
kolmannella 100 g/p. Dieetin fysikaalisen olomuodon
merkitystd tutkittiin antamalla osa heinidsti jauhetussa
muodossa. Karkearehun (pitkdn heiniin) prosenttinen
osuus kuiva-aineesta oli eri dieeteissd 100, 50, 25 ja 10 %,.
Pelkkii heiniddieettid lukuunottamatta oli rehuannoksen
kuiva-aineessa 50 9% heindd (pitkdnd tai jauhettuna) ja
© 50 9%, vikirehuseosta. Vetti oli vapaasti saatavana ja rehu-
fosfaattia annettiin 100 g/p kaikissa dieeteissi.

Tulokset koskevat pdiasiassa 12 tunnin pituisen ruo-
kintavilin piivdjaksoa (klo 5—17). Totaalinestevirtauk-
sen arvio on laskettu mydSs ydjaksolle (klo 17—5), joka
koski 17 dieettid 20:std tutkitusta. Tulokset on laskettu
kullakin dieetilli kolmen mittauspdivin keskiarvoina.
Mittauspiivien vililld oli 1—2 lepopaivid.

Potsi-verkkomahasta satakertaan y6- ja piivijaksolla
(24 t) poistunut nestemaird vaihteli 215:sta 59:d4n litraan
ja sybty kuiva-amnemiiri 14:sta 3:een kg/p. Nestevirtaus
oli runsaampaa piivilld kuin y6lld. Ero oli testatusta 28
tapauksesta 13:sta tilastollisesti merkitsevd. Syotyd kuiva-
ainekiloa kohti laskettu nestevirtaus oli 12 tunnin piivi-
jaksolla (ruokintavili) keskimédrin noin 17 litraa kuiva-
aineen ja suolan eri annostustasot mukaan lukien. Kuiva-
ainetason alentuessa virtaus pieneni jokseenkin suora-
vifvaisesti.

Natriumkloridi (100 tai 50 g/p) lisdsi nestevirtausta
verrattuna saman verran kuiva-ainetta sisdltineeseen
dieettiin ilman NaCl:ia. Lisiys oli 0—41 9%, riippuen
lahinni Na:n saannin riittivyydestd perusdieetin aikana.

Tietylli kuiva-ainetasolla nestevirtaus oli runsainta
rehun ollessa yksinomaan pitkédd heindd ja vaheni pitkdn

heinin osuuden pienentyessd. Pitkdn heinin osuuden
vihentiminen 10 %:iin kuiva-aineesta vihensi nestevir-
tausta 20—30 9% verrattuna dieettiin, jossa oli pitkidd
heinid 50 %. Vastaavasti pitkin heinin madrin alentami-
nen 25 %:iin pienensi nestevirtausta noin 30 %, toisella
lehmalld, mutta ei aiheuttanut muutosta tai hieman lisisi
virtausta toisella.

Keskimidriinen potsin nestevolymi vaihteli INA-Ieh-
milld 47:std 24:44n litraan ja IRPU-lehmadlld 51:std 37:44n
litraan. INA-lehmilli nestevirtauksen nopeus vaihteli
12 tunnin piivijaksolla ilmaistuna prosentteina potsin
nestevolymista tunnissa 22.1—8.99% ja IRPU-lehmilld
19.2—5.1 %,.

Sylien osuus nesteen kokonaisvirtauksesta oli kaikilla
dieeteilld keskimidrin 69.0 % (52.7—82.5) INA-lehmalld
ja 71.6 % (57.2—82.5) IRPU-lehmilld.

Veden saanti midraytyi pddasiassa syédyn kuiva-aine-
midrin mukaan ja oli kaikilla dieeteilld keskimidirin noin
4.7 litraa/kg kuiva-ainetta. Valtaosa tistd oli juomavetti,
silli rehujen mukana tuli potsiin vettd vain 0.3—1.3 litraa
12 tunnissa.

Syljen virtaus viheni syddyn kuiva-ainemdirin pie-
nentyessi jokseenkin suoraviivaisesti, Kuiva-aineen
annostustason vaikutus syljen miirdin oli tilastollisesti
erittiin merkitsevd (P < 0.001). Keskimidrin laskettiin
potsi-verkkomahaan tulleen sylked 11.5 litraa (INA) ja
13.5 litraa (IRPU) sydtyd kuiva-ainekiloa kohti.

NaCl:n lisiyksen vaikutus syljen laskettuun médrddn
oli tilastollisesti merkitsevd (P < 0.01) molemmilla eldi-
milli. NaCl-annostuksen tasoilla 100, 50 ja 0 g/p oli
syljen miérd vastaavasti 12,5, 12.0 ja 10.2 litraa/kg k.a.
(INA) ja 14.9, 13.4 ja 12.4 1 (IRPU).

Pitkin heinin osuuden pienentiminen dieetissi vihensi
syljen mairdd (P < 0.001) sekd absoluuttisesti ettd suh-
teellisesti osana totaalivirtauksesta. Pitkdn heindn osuu-
den ollessa 100, 50, 25 ja 10 % kuiva-aineesta (tasot 9 ja
6 kg) oli sylkimddri vastaavasti 13.9, 12.0, 6.5 ja 6.3
(INA) ja 11.6, 12.4, 12.6 ja 8.6 (IRPU) litraa/kg k.a.
Eldinten vililli havaittiin ero karkearehun osuuden vai-
kutuksessa syljen midrdin.

Kuiva-ainemiirin ollessa 3 kg piivissd ei pitkdn hei-
nin osuudella dieetissi ndyttinyt olevan sanottavaa vai-
kutusta syljen mdiridn. Eritys oli noin 20 litraa 12 tun-
nissa eli noin 13.3 litraa/kg k.a.

NaCl-annostusta oli syljen ja potsinesteen Na- ja
K-konsentraatioihin voimakkaimmin vaikuttava tekiji.
NaCl annostuksen ollessa 100 tai 50 g/p oli konsentraatio
seossyljessd keskimidrin 151 me./l. Dieteeteilld ilman
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suolalisid Na-konsentraatio aleni noin 94 tasolle me./l.
Kaliumin konsentraatio nousi samanaikaisesti tasosta noin
10 me./1 (100 ja 50 g NaCl/p) tasolle noin 55 me./l ilman
NaCl:n Iisdystd. Natriumin ja katiumin summa ekviva-
lenteissa oli hieman pienempi perusdieeteilld kuin niilld
dieeteilld, joihin oli lisitty NaCl:a.

Kutva-aineen saannin pienentyessi ilmeni seossyljen
Na-konsentraatiossa lievisti aleneva ja K-konsentraa-
tiossa nouseva tendenssi.

Potsinesteen Na- ja K-konsentraatiot seurasivat hyvin
kiintedsti syljen vastaavia konsentraatioita. Na-konsen-
traatio oli pGtsinesteessi keskimddrin 20 % alempi kuin
samanaikaisesti syljessi. Suhde pysyi samana dieetistd
riippumatta. Dieeteilld, joihin kuului 100 tai 50 g NaCl:a,
kaliumin konsentraatio oli syljessi keskimidrin 60—65 9,
alempi kuin potsinesteessi. Dieeteilld ilman natrium-
kloridin lisdystdi K-konsentraatio oli syljessi 15—20 9%,
alempi kuin pdtsinesteessi.

Pétsi-verkkomahasta poistui pdtsinesteessi 12 tunnin
piivdjaksolla natriumia eri dieeteilld 15.3:sta 2,9:4dn
ekvivalenttia ja kaliumia 0.7:sti 8.1:een ekvivalenttia.
Vaihtelu johtui osaksi poistuvien nestemdirien eroista
eri dieeteilli ja osaksi natriumin ja kaliumin konsentraa-
tioiden eroista potsinesteessi.

Rehuissa, juomavedessi ja syljessd potsi-verkkomahaan
saapuneet natriummiirit vastasivat sielti saman ajan (12 t)
kuluessa poistuneita miirid (1 %:n riskilld). Kaliumin
potsiin saapuneet midrit vastasivat samoin sieltd poistu-
neita miirid, kun eroa verrattiin keskiarvoille laskettuihin
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99 %:n varmuusrajoihin, paitsi 15 tapauksessa, jolloin
potsiin ndytti saapuneen enemmin kaliumia kuin sitd oli
samana aikana verkkomaha-satakerta aukosta poistunut.

Pdivdjakson 12 tunnissa potsiin tulleesta natriumista
oli 94 % syljen osuutta. Rehuissa ja juomavedessi tulleen
natriumin osuus lisidntyi NaCl-annostuksella 100 g/p
noin 9 %:iin ja annostuksella 50 g/p 7 %:iin, verrattuna
4 %:n osuuteen perusdieeteilli. Karkearechun osuuden
pieneneminen lisisi jonkin verran ruokinnassa vilitto-
misti pStsiin tulleen natriumin suhteellista osuutta, joh-
tuen Jdhinnd syljen miirin vihenemisesti.

Rehut ovat olleet kaliumin tuojana tirkeimpi lihde
kuin sylki. Eldinten Na:n saannin ollessa riittivd (100 ja
50 g NaCl/p) oli rehujen siséltimin kaliumin osuus p&t-
siin 12 tunnin ruokintavilind saapuneesta kaliumista
keskimiirin lihes 80 9%. Dieeteilld ilman NaCl-lisiystd,
jotka jattivit eldimet lievdin Na:n puutteeseen, syljen
merkitys kaliumin tuojana lisddntyi ja rehujen kaliumin
osuus oli noin 40 9, potsiin saapuneesta kaliumista.

Natriumin kokonaismiiri pStsissd 12 tunnin ruokinta-
vilind oli ekvivalentteina 3—5 -kertainen kaliumiin ver-
rattuna dieeteilld, joihin kuului 100—50 g/p NaCl:a, ja
1.5—2.0 -kertainen dieeteilld ilman NaCl-lisdysti.

Potsiin tulleen natriumin ja kaliumin yhteinen ekvi-
valenttimddri oli keskimiirin 2.4 ekvivalenttia syotyi
kuiva-ainekiloa kohti, ja se oli kuiva-ainetasosta jokseen-
kin riippumaton. Sen sijaan summa pieneni suolan
annostuksen vihentyessi ja karkearehun osuuden diee-
tissd alentuessa.
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DEPARTMENTS, EXPERIMENT STATIONS AND BUREAUS OF THE
-AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Administrative Bureau, Bureau for Local Experiments (HELSINKI) — 2. Departments of Soil
Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest Investigation,
Animal Husbandry and Animal Breeding; Isotope Laboratory, Office for Plant Protectants, Pig
Husbandry Exp. Sta. (TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) — 4, Dept. of
Horticulture (PIIKKIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Satakunta
Agr. Exp. Sta. (PEIPOH]JA) — 7. Karelia Agr. Exp. Sta. (ANJALA) — 8, Hime Agr. Exp. Sta.
(PALKANE) —9. South Savo Agr. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agt. Bxp. Sta.
(MAANINKA) — 11. Central Finland Agr., Exp. Sta. (VATIA) — 12. South Ostrobothnia Agr.
Exp. Sta. (PELMA) — 13, Central Ostrobothnia Agr. Exp. Sta, (LAITALA) — 14. North Ostro-
bothnia Agr. Exp. Sta. (RUUKKI) — 15, Arctic Circle Agr. Exp. Sta. (ROVANIEMI) — 16. Pas-
ture Exp. Sta. (MOUHIJARVI) — 17. Frost Research Sta. (PELSONSUO)






