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Effects of intake level of a mixed diet on chewing
activity and on particle size of ruminated boli,
ruminal digesta fractions and faeces of steers
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Summary - This study evaluated the effects of intake of a mixed diet on chewing activity during eat-
ing and rumination and the relationship between the chewing activity and the particle size of the
ruminated boli, ruminal digesta fractions and faeces in steers. Six ruminally cannulated steers received
a mixed forage/concentrate diet (68:32, dry matter basis). The diet was offered twice daily at approx-
imately 1, 1.5 and 2 times the estimated maintenance energy requirements (low, medium and high
intake, respectively) in a repeated 3 x 3 Latin square design. The rumens were emptied manually and
samples of the ruminated boli and of the ruminal upper strata were collected at four different times
throughout the day. The dry matter weight distribution of the total amount of recovered particles
was determined by a wet-sieving procedure. Numerically, the effect of intake on the mean particle sizes
of the different materials was small. However, the mean particle size was reduced by almost nine tenths
from their size at intake of the mixed diet (4.78 mm) to defecation (0.51 mm). The total number of
minutes chewing and eating and ruminating increased as the intake level increased. When related to
1 kg of dry matter intake, only the eating and chewing times were significantly longer for the high as
compared to the medium intake. Rumination patterns were examined using a cosinor model. Data indi-
cated that the average amount of time spent ruminating also increased as the intake level increased.
The overall pattern of rumination was not impaired by higher intake levels. The amount of large (>
4 mm) particles that escaped per minute of rumination time between 3 and 7.5 h postfeeding was sim-
ilar for all the intake levels. It was concluded that an active breakdown process occurred in the rumen
which could cope with the higher intake levels of the mixed diet over the range of I to 2 times the main-
tenance energy requirement level.
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Résumé - Influence du niveau de l’ingestion d’une ration mixte sur la mastication et sur la
taille des particules du bolus ruminé, des fractions de digesta dans le rumen et des fèces chez les
bovins. Dans cette étude, les effets de l’ingestion d’une ration mixte sur la mastication pendant la prise
de nourriture et la rumination, ainsi que sur la taille des particules du bolus ruminé, des différentes
fractions de digesta dans le rumen et des fèces chez des bovins ont été évalués. Six bovins porteurs
d’une canule du rumen ont reçu un ration mixte composée de 68 % (par rapport à la matière sèche)
d’ensilage et de 32 % d’aliment concentré. La ration mixte était distribuée deux fois par jour et four-
nissait approximativement 100, 150 ou 200 % des besoins énergétiques d’entretien (ingestion faible,
moyenne ou élevée, respectivement). L’étude a été conduite suivant le modèle des carrés latins répé-
tés 3 x 3. Les rumens étaient vidés manuellement et des échantillons des boli ruminés et de la couche

supérieure du rumen étaient recueillis à quatre moments différents de la journée. La taille des parti-
cules a été déterminée par lavage des différentes fractions sur tamis. La répartition du poids de
matière sèche des particules a été calculée sur la base des fractions recueillies. L’effet du niveau
d’ingestion sur la taille des particules des différents composés s’est avéré négligeable. En revanche,
la taille moyenne des particules a diminué de presque 90 % entre le bolus ruminé (4,78 mm) et les fèces
(0,51 mm). Les durées journalières d’ingestion, de mastication et de rumination ont augmenté paral-
lèlement à la quantité d’aliment ingérée. Seules les durées unitaires (min/kg MS) d’ingestion et de mas-
tication ont été significativement plus élevées avec le niveau haut d’ingestion par rapport au niveau
moyen. L’analyse cosinor de la rumination a confirmé que le temps moyen par jour consacré à la rumi-
nation augmentait avec la quantité d’aliment ingérée. La répartition de l’activité au cours de la jour-
née n’a pas été affectée par le niveau d’ingestion. La quantité de particules dites larges (> mm) échap-
pant à la rumination par minute entre 3 et 7,5 h après la distribution des aliments n’a pas été influencée
par la quantité ingérée. Les résultats de l’étude présentée nous permettent de conclure que la dégra-
dation de particules larges ne constitue pas un facteur limitant lors de l’ingestion d’une ration mixte
couvrant d’une à deux fois les besoins énergétiques d’entretien chez le boeuf.
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INTRODUCTION

Ruminal digesta constituents can escape
from the rumen by absorption of microbial
fermentation products through the rumen
wall or by the passage of undigested feeds,
microbial mass and fermentation products to
the omasum. The probability of particle pas-
sage from the rumen increases with decreas-

ing particle size (Poppi et al, 1980). Reduc-
tion in the size of consumed forage particles
must occur before they can pass through the
reticulo-omasal orifice (Welch, 1982).
Digesta particle size can be reduced by
chewing during eating and rumination and
by microbial action or detrition (McLeod
and Minson, 1988). Microbial digestion
decreases the dry matter (DM) contents of
the ruminal digesta but has little effect on
particle size reduction (Welch, 1982) includ-
ing large particle breakdown (Ulyatt et al,

1986). It does, however, facilitate particle
breakdown by weakening the cell-wall struc-
tures (Wilson et al, 1989a, b). These findings
show that chewing during eating and rumi-
nation are the major factors contributing to
particle size reduction, and thus chewing
efficiency is an important factor influenc-
ing the voluntary intake of forages.

Several authors have examined the rela-

tionship between intake and chewing activ-
ities (Welch and Smith, 1970; Balch, 1971;
Sudweeks et al 1980; De Boever et al,
1993a, b), but only a few studies have inves-
tigated the quantitative relationships between
ingestive and ruminative mastication and
breakdown of large forage particles in the
rumen at different intake levels (Luginbuhl
et al, 1989a). The present study examined
the effects of intake level of a mixed diet
on chewing during eating and rumination
and the relationships between chewing activ-



ities and the particle sizes of ruminated boli,
ruminal digesta fractions and faeces in a
group of steers. A preliminary report includ-
ing parts of the study has been published
previously (Kovdcs et al, 1996).

MATERIALS AND METHODS

Details concerning the animals and diets and the
experimental design have been previously
described (Kovdcs et al, 1997). Briefly, six rumi-
nally cannulated steers received a mixed diet
consisting, on average, of (as a percentage of
DM) 43% Italian ryegrass silage, 25% maize
silage, 30% concentrate and 2% mineral-vita-
min mix. The experimental design was a repeated
3 x 3 Latin square with 21-day periods. The diet
was offered twice daily (0700 and 1900 hours) at
approximately 1, 1.5 and 2 times the estimated
maintenance energy requirements according to
the Agricultural Research Council (1980), and
the different diets are hereafter referred to as low,
medium and high intakes, respectively. The daily
DM intakes at the low, medium and high intake
level, respectively, were 6.22, 9.03 and 12.04
kg.

Sample collection

Representative samples were obtained for each
dietary ingredient and composited for each
period. These were stored (silage at -20 °C) for
the subsequent analyses. Ruminated boli were
collected at approximately 3 and 7.5 h after the
beginning of the morning and evening feeding
time, respectively, on days 9 and 10. Two boli
were collected on each occasion. Because of the
small size and the almost liquid consistency of the
reswallowed boli, which made representative
sampling at the cardia difficult, the ruminated
boli were collected from the oral cavity after
approximately the 20th chewing motion. Sam-
ples of the ruminal upper strata (RUS) were col-
lected manually 3 and 6 h after the beginning of
the morning and evening feeding time, respec-
tively, on days 9 and 10 by taking samples
(approximately 2 kg) from the top of the ruminal
raft in the central, cranial and caudal regions of
the dorsal ruminal sac. Total reticulo-ruminal
contents were removed manually at 1430 hours
(day 13), 1000 hours (day 14), 0230 hours and

2200 hours (day 18). This schedule provided
samples at 3 and 7.5 h after the beginning of the
morning and evening feeding time, respectively.
Because of the time required to empty six steers,
emptyings were started 45 min before these times
and finished 45 min after. The order of animals
was changed at each emptying using a blocking
system. All ruminal contents that could be
removed by hand were emptied into a rectangu-
lar, insulated tub. This material was referred to as
mat. Material not removable by hand was bailed
into an insulated plastic barrel. This material was
referred to as bailable liquids (BL) (Robinson et
al, 1987). Both fractions were weighed, mixed
thoroughly, subsampled (mat, 2-3 kg and BL, I

kg) and then liquids were returned to the rumen
followed by mat. Total faecal collections were
made over 5 days. The faecal collecting started
and finished at 0700 hours. The faeces were col-
lected in plastic pans. Wet faeces were weighed
twice daily to the nearest 10 g and mixed. An
aliquot of 5% was transferred to an accumula-
tive sample container. Ruminated boli, ruminal
digesta materials and faeces were immediately
stored at -20 °C until analysis. Starting at 0700
hours on day 15, the chewing activity of the steers
was estimated by visual observation every 5 min
for 2 x 24 h. This schedule has been reported to
give extremely reliable estimates (Lehner, 1979).
It was assumed that the eating or ruminating
activity observed at 5-min intervals occurred for
the entire 5 min preceding the observation. Rumi-
nation after 10 min of other activity was consid-
ered a separate period of rumination. Chewing
activities were expressed as time per kilogram
of DM intake and denoted eating index (EI),
ruminating index (RI) and total chewing index
(CI) (De Boever et al, 1993b).

Analytical procedures

The analytical methods for proximate constituents
and detergent fibre fractions of the feedstuffs
have been described previously (Kovdcs et al,
1997). Dry matter weight distribution of the total
recovered particles of the mixed diet, ruminated
boli, ruminal digesta fractions and faeces was
determined by a wet-sieving procedure (Kovdcs
et al, 1997) and used to partition each material
among percentages of large (> 4.0 mm), medium
(< 4.0 mm and >- 1.0 mm), and small (< 1.0 mm
and 0.063 mm) particles. The mean particle
size, derived from the sieving data, was esti-
mated by fitting the percentage of cumulative



weight (DM) oversize from each sieve to an
exponential model (Fisher et al, 1988) using the
non-linear model procedure of SAS (1988). The
only modification of the procedure of Fisher et al
(1988) was that all particles were assumed to
pass through a sieve with a square aperture twice
that of the largest sieve that was used during the
sieving procedure of the different materials. The
interval from 0.063 mm to double the aperture of
the largest sieve (L) was then numerically inte-
grated by division into 1 000 intervals:

and mean size was calculated as

where R’ = the first derivative of cumulative per-
cent weight oversize.

Rumination data were separately evaluated
for the day (0700 to 1900 hours) and night ( 1900
to 0700 hours) intervals. Data were analysed
according to the cosinor model of Halberg et al
(1967) using the non-linear model procedure of
SAS (1988). This model uses the equation

where the fraction of time spent ruminating (F)
is a function of: Co, the level or fitted mean (aver-
age proportion of time spent ruminating); C,
amplitude (maximal difference from CO); m, the
(fixed) angular frequency (24/12); t, time and y,
phase (time interval from the beginning of feed-
ing until the time when F reaches CO). The peak
time, which represents the peak of the cosinor
curve (time interval from the beginning of feed-
ing to the time when F reaches its maximal value)
was also calculated.

The amount of large particles that escaped
from the rumen between 3 and 7.5 h postfeed-
ing was estimated as the difference in amount
of large particle DM in the rumen between these
two time points. The quantity of large particles
was calculated from the DM contents of rumi-
nal mat and BL at these time points and the DM
percentage of large particles in the respective
ruminal digesta fraction (Kovdcs et al, 1997).
The time spent ruminating between 3 and 7.5 h
postfeeding was used to calculate the amount of
large particles that escaped from the rumen in

the given time interval per minute of rumination
time.

Statistical analysis

Data were analysed by the mixed model proce-
dure of SAS (1992). The model for data of par-
ticle size distribution of ruminated boli and rumi-
nal digesta fractions was as follows:

where Yïklm is the observed response; M is the
overall mean; Pi is the effect of period i, i = 1-3;
A. is the random effect of animal j, j = 1-6; Ik is
the effect of intake level k, k = 1-3; TI, is the
effect of time interval (day versus night) I, I =

1-2; PF is the effect of time postfeeding m, m
= 1-2; (1 Tlhl is the effect of interaction between
intake k and time interval I; (1 PF)km is the effect
of interaction between intake k and time post-
feeding m; (TI PF)lm is the effect of interaction
between time interval I and time postfeeding m;
e!!k!m is the residual error.

For each response variable, a total of 72 (six
steers x three intake levels x two time intervals x
two times postfeeding) observations was
obtained.

The covariance structure of the repeated mea-
surement factors (time of day and time post-
feeding) was tested with types; Simple, Toeplitz
and Unstructured (SAS, 1992). Because of dif-
ferences in the variance structure of the particle
fractions at 3 and 7.5 h postfeeding, the Unstruc-
tured type with one band was used for evaluating
the data of particle size distribution of ruminated
boli and ruminal digesta fractions.

For the examination of chewing patterns and
the amount of large particles escaping from the
rumen between 3 and 7.5 h postfeeding, the
model was as follows:

Food and faecal particle size data were analysed
using the model:

Treatment (intake) means for all variables were
analysed further with the following orthogonal



contrasts: low intake versus (medium intake +
high intake) and medium intake versus high
intake. Significance was declared at P < 0.05
unless otherwise indicated. Averaged over all
intake levels, the mean size of particles at dif-
ferent sampling sites was compared by subtract-
ing the related values from each other and esti-
mating the general mean for the difference from
zero.

RESULTS

Intake affected the mean size of particles at
all sampling sites with the exception of those
of the ruminated boli (table I). The magni-
tude of the changes related to intake in mean
particle size was only small, however. The
mean size of the ruminal mat and BL parti-
cles and faecal particles was smaller at the
low intake level than at the medium and

high intake ones. The mean size of the RUS
particles decreased as the intake increased
from medium to high intake.

Averaged across intakes, the particle sizes
at the different sampling sites were different
from each other (fig 1 ) with the exception of
similar particle sizes in the ruminated boli
and RUS. The highest values were observed

for the mixed diet and the lowest values for
faecal particles. Ruminated boli and ruminal
digesta materials had intermediate values
for mean particle size. The value in the
mixed diet was almost tenfold that of the
faeces.

Eating, ruminating and hence total chew-
ing time increased as the intake level
increased (table II). The increase in time
spent ruminating was caused by an increase
in both the number of rumination periods
and the duration of the periods. Eating time
was not influenced by time interval. There
was no difference between day and night in
the number of rumination periods but the
duration of the rumination periods was
greater during the night. This resulted in a
longer time spent ruminating during the
night at the low and medium intakes. The
EI increased with increasing intake, whereas
RI stayed almost constant. As a result, CI
differed between the medium and high
intake levels (table II). The time interval
(day versus night) influenced RI. The ani-
mals ruminated more per kg DM at night.
Because the chemical composition of the
diet was constant at the three intake levels,



we observed identical results regardless of
whether the time of chewing or rumination
was related to the intakes of DM, NDF or
forage NDF (data not shown).

The cosinor analysis revealed that the
average proportion of time spent ruminat-
ing (Co, level), mean rumination time and
the amplitude (C) increased as intake level
increased (table III). The overall pattern of
rumination, however, as described by peak
time and phase (Woodford and Murphy,
1988), was not affected by intake level.

As intake level increased, the amount of
large particle DM that escaped from the
rumen was higher and the steers ruminated
longer between 3 and 7.5 h postfeeding (fig
2). The quantity of large particles that
escaped from the rumen per minute of rumi-
nation, however, was not affected by intake
level.

DISCUSSION

Among the different intake levels, numeri-
cal differences in the mean particle size of
the ruminated boli, ruminal mat and BL,
and of RUS and faeces were small. The
mean particle size differed largely, how-
ever, between the different sampling sites,
indicating that active particle breakdown
processes occurred at all intake levels. Based
on mean faecal particle size as a measure
of the mean size of particles that can escape
the reticulum (Ulyatt et al, 1986), we could
conclude that, on average, particles of the
mixed diet had been broken down to almost
one tenth of their original size.

The mean size of RUS particles, the
ruminal digesta fraction representing the
least degraded particles in the rumen, was
only half that of the mixed diet. The mag-
nitude of this difference points to a marked







effect of the initial chewing on large particle
breakdown. In sheep fed chopped ryegrass
hay, Faichney et al (1989) found that chew-
ing during eating accounted for 9.8% of the
comminution of dietary particles between
the mouth and the pylorus. It was expected
that, after 20 chewing movements, the mean
particle size of the ruminated boli was
smaller than that of RUS. Luginbuhl et al
(1989b) indicated that a portion of the regur-
gitated boli was selected from the upper
region of the rumen. The values for the mean
particle size of these two materials, how-
ever, were similar. Compared with RUS,
the particles of ruminated boli could have
undergone alterations in their physical and
chemical properties that are not reflected
by the size distribution. Part of the fermen-
tation gas may be removed by rumination
and the anatomical structure of the forage

particles can be changed through rumina-
tion. These combined actions may then
increase the (functional) specific gravity of
particles of ruminated boli without causing
concomitant changes in the particle size.
They may also increase the probability of
passage out of the rumen.

A comparison of the mean particle size of
ruminal digesta materials, ie, RUS, mat and
BL, illustrated the stratification of the rumi-
nal contents and the enrichment of large
undigested ruminal digesta particles in the
RUS. Also, these data supported the hypoth-
esis that ruminal BL are a starting pool for
digesta passage from the reticulo-rumen
(Kovdcs et al, 1997), although the mean size
of BL particles was three times that of the
faecal particles and careful digesta collection



from the ventral reticulum is required to
clarify this (Shaver et al, 1988).

De Boever et al (1990) have reviewed
factors influencing chewing activity and
have listed animal species, physiological
stage, time of access to feed, protein con-
tent of the ration, forage to concentrate ratio,
feeding level, body weight and individual
variations as the main factors. Out of these
factors, only intake level and individual vari-
ations were relevant in our study. Duration
of eating and rumination increased as intake
level increased. It seems that at higher intake
levels both the increased duration and the
number of rumination periods accounted for
the increased rumination time. This expla-
nation was also supported by the cosinor
analysis. The average proportion of time
spent ruminating (Cn, level) sharply
increased as the intake level increased. Our
data supported that of Murphy et al (1983),
who assumed that animals fed two equal
meals daily would have two distinct cosine
patterns during the day. The synchronizer
or forcing oscillation which entrains a bio-
logical rhythm (BUnning, 1973) has become
feeding time. This synchronized rhythm was
obviously not impaired by higher intake lev-
els. The variables of overall pattern of rumi-
nation, peak time and phase, were not
affected by intake level. It seems that ani-
mals ruminated in similar rhythms during
the day and the night. Because steers were
quieter at night, as indicated by the obser-
vations of physical activity (data not shown),
they could ruminate longer per rumination
period.

Balch (1971) introduced CI as a measure
of fibrousness characteristic for forages. Bae
et al (1981) and Beauchemin et al (1994)
reported that the NDF content was closely
related to chewing time. Because the NDF
content of the mixed diet was constant
across all the intake levels, we only evalu-
ated EI, RI and CI. The increase in EI with
the higher intake levels has already been
observed in cattle fed forages (Freer et al,

1962; Bae et al, 1981). Freer et al (1962)
assumed that the faster eating rate at lower
intake levels was probably associated with
the smaller digesta load of the reticulo-
rumen. At the high intake level, the steers
had 112 min/day of eating activity as com-
pared to only 41 min/day at the low intake
level. Faverdin (1985) (quoted by Dulphy
and Faverdin 1987) observed that the rate
of eating declined as a large meal proceeded,
from 120 to about 50 g/min owing to longer
pauses in actual chewing as the meal pro-
gressed.

Several studies have shown that chew-

ing during eating and rumination may com-
pensate for each other, ie, total chewing time
per kilogram of consumed DM remained
constant at increasing intake levels (Freer
et al, 1962; Bae et al, 1981; Andrieu et al,
1986). In our trial, RI was constant across
the different intake levels, whereas CI
slightly increased at the high intake level.
Deswysen et al (1987) stated that no com-
pensation occurs at higher intakes between
duration of ingestive and ruminative chew-
ing owing to an increased proportion of
manipulative movements during eating. The
number and type of chews per minute dur-
ing eating or per minute of rumination
should thus be measured to get more accu-
rate information on this topic. Deswysen et
al (1987) suggested that the chewing time
required by animals fed a given amount of
forage is of limited use because chewing
time is influenced by the potential level of
intake the animals received. At ad libitum
intakes a reduction in CI was observed

(Shaver et al, 1988), which may also
increase the size of particles leaving the
reticulum (Van Soest, 1994).

The threshold size of particles for pas-
sage out of the rumen was reported to range
from 1 to 4 mm (Poppi et al, 1980; Grenet,
1984; Shaver et al, 1988; Ulyatt et al, 1986).
Particles greater than 4 mm have a very
small probability of leaving the rumen.
Changes in the amount of this fraction may



be due to intake level or breakdown caused

by chewing and rumination. Because the
animals ingested their meals within 3 h post-
feeding, except for two animals at the high
intake level, who had 5 and 10 min, respec-
tively, of initial chewing activity between
1000 and 1430 hours, it was assumed that
the escape of large particles from the rumen
between 3 and 7.5 h after feeding predomi-
nantly occurred by rumination. Evaluated
per minute of rumination time, the same
quantity of large particles escaped from the
rumen at each intake level, which indicates
that rumination efficiency was not impaired
at the higher intake levels.

On the basis of the present findings it
was concluded that, over the intake range
of 1 to 2 multiples of maintenance energy
requirements, the latter being near to a vol-
untary intake level, an active breakdown
process occurred in the rumen, which could

cope with the higher intake level. The sta-
bility of the breakdown process appeared
to be due to the constant efficiency and pat-
terns of rumination. The average daily rumi-
nation time at the high intake level was only
5.2 h, which was far below the maximal
rumination time of 8 to 10 h/day (Welch,
1982; Bosch, 1991). This finding indicates
that for regimens, whose intake level is at the
low end of requirements for mature steers,
other factors than physical structure control
feed intake.
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