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Introduction
One of characteristics in ruminants is the digestion of fiberous materials
through the fermentation in the rumen. The digestion of fiber in the rumen
is governed by such two main factors as the rate of passage of digesta
through the rumen and the rate of degradation by rumina I microorganisms 9).
There are no observations concerning the rumina I passage rate in growmg
young calves developing their rumen.
The present study purposed to study passage rate of digesta through
the digestive tracts for calves weaned at 6 weeks of age comparing with the
rate determined by 14-month-old steers.

Materials and Methods
Two Holstein castrated male calves weighing about 50 kg were fitted
with rumen cannula at 4 weeks of age. They subsisted on whole milk and
were weaned at 6 weeks of age. After weaning, they were fed a ration
consisting of 6 parts of concentrate and 4 parts of 1st cut orchardgrass
hay to fulfil the metabolizable energy required for 0.5 kg of daily gain\)o
Table 1 shows chemical composition of feeds used in the present study.
Passage rate of digesta was determined at 7, 9, 13 and 17 weeks of age
using the method described by OKUBO et at. 10). Chromium impregnated cell
wall constituents (Cr-CWC) shown by UDEN et at.12l was prepared with CWC
extracted from the same hay as fed to calves as a marker for the determination of passage rate of digesta. The rate of degradation of Cr-CWC in the
rumen was tested by the following method. Samples of Cr-CWC ground
through 1 mm screen were placed into the nylon bags (pore size, 48 (1). The
bags were incubated in the rumen for 72 hours. Residuals of Cr-CWC
[J. Fac. Agr. Hokkaido Univ., Vol. 63, Pt. 1 1986]
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TABLE
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Chemical composition of feeds
DMa)

OM

CP

CF

CWC

% of

DM

%

ADF

ADL

Orchardgrass 1st cut hay

84.2

90.8

11.1

35.4

67.3

44.5

5.2

Calf starter

84.4

94.4

19.9

7.2

15.6

9.2

1.7

Growing mixture for steers

84.3

93.9

19.4

4.8

14.0

6.8

1.8

a) Each abbreviation represents as follows: DM, dry matter; OM, organic matter;
CP, crude protein; CF, crude fiber; CWC, cell wall constituents; ADF, acid detergent fiber; ADL, acid detergent lignin.

were determined after 72 hours incubation. Chromium concentration in feces
was analyzed by the method described by YOSHIDA et aU3).
Two 14-month-old steers (245 kg live weight) fitted with rumen cannula
were fed the same ration as fed to calves at such levels as 4 and 6 kg of
daily allowancell . Determination of passage rate of digesta were conducted
by the same manner as described in calves under two feeding levels.
Constants of passage rate were calculated by the following equation
presented by GROVUM and WILLIAMS7) :
Y = Ae-k,<t-TT) _Ae- k2 (t-TT)
for t>TT, and for t<TT, Y = 0,
where Y represents chromium (Cr) concentration in fecal dry matter, t is
time after administration of Cr in the rumen, A represents adjusted marker
concentration of Cr in fecal dry matter, kJ is the passage rate constant of
the rumen, k2 is the passage rate constant of the lower gut and TT is
a calculated time for first appearance of marker in feces, that is transit
time for the intestine.

Resul ts and Discussion
Live weight (LW) of calves averaged 59.6 kg and 102.6 kg at 7 and 17
weeks of age, respectively. Daily gain from 7 to 17 weeks of age averaged
0.62±0.05 kg. Calves grew as intended and had no detrimental effects by
the cannulation of the rumen.
Amounts of Cr-CWC incubated in the rumen for 72 hours were recovered 97% of the initial weight. Thus, Cr-CWC was little degraded in
the rumen. The Cr-CWC satisfies the determination of passage rate of
digesta.
Table 2 shows rates of passage of digesta determined by 6-week-weaned
calves and 14-month-old steers together with dry-matter intake per unit of
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Means of dry-matter intake per liveweight (DMljLW),
passage rate constants for the rumen (k l ) and the
lower gut (k 2), and transit times (TT) in 6-weekweaned calves and 14-month-old steers

TT

Age

DMI/LW

wk

g/kg

7
9
13
17

17.2
19.3
22.6
22.6

0.038
0.043
0.042

0.134
0.131

0.045

0.097

13.8
17.4
11.9
14.5

14.5
20.0

0.036
0.053

0.131
0.140

15.9
14.5

kl

k2

____ hr- l - - - -

0.094

hr

mo.

Steer

14
14

live weight (DMI/LW) at the corresponding age. Passage rate constants
through the rumen of 6-week-weaned calves increased with age from 0.038
he l at 7 weeks to 0.045 hc l at 17 weeks of age. Dry-matter intake per
unit of live weight also increased with age from 17.2 g/kg at 7 weeks to
22.6 g/kg at 17 weeks of age. In 14-month-old steers, kl increased from
0.036 hc l at the level of DMI of 14.5 g/kg to 0.053 hr- l at 20.0 g/kg. Several
workers reported that kl closely related to DMI in mature cattle and sheep 3-5,
S.11l EVANS 4) found linear relationships between kJ and the level of DMIjLW
in sheep and cattle. Results of kl obtained by individual animals regressed
on DMI/LW for both calves and steers as shown in figure 1. Following
equations were obtained:

kl = 0.02330+0.00091 DMI/LW, r = 0.619 for calves
kl = -0.01286+0.00332 DMIjLW, r

= 0.979

for steers.

No statistical significance was found in calves, while the equation for steers
showed highly statistical significance (P < 0.01). The result obtained in steers
agreed to those obtained in wethers fed lucern chaffS). Thus, kl changes
with dry-matter intake in mature animals. Increase in kl of calves was
associated with an increase in DMljLW with age. ASAI and SASAKI 2) found
that capacity of the rumen of 6-week-weaned calves increased from 171 ml/kg
of LW at 8 weeks of age to 305 ml/kg at 13 weeks of age and stayed at
constant level thereafter. The capacity of the rumen at 13 weeks of age
or over corresponded to 1.8 times of that found at 8 weeks of age. Intakes
of DM at 13 and 17 weeks of age increased by 1.3 times of that at 7 weeks
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14-month-old steers
6-week-weaned calves

0

•

0.01

,

at 7 weeks of age
at 9 weeks of age

A

ot 13 weeks of age

•

at 17 weeks of age

#

DMI/LW,

Fig.!.

30

20

10

g/kg

Relationships of dry-matter intake per live weight
(DMI/L W) to passage rate constant for the rumen
(k1) in 6-week-weaned calves and steers.

of age. Supposing the capacity of the rumen increased as found by ASAI
and SASAKI 2), intakes of DM may not have increased per unit of the ruminal
capacity. Thus, the regression equation for calves showed no statistical
significance. When kl and DMI/LW were considered, both of them did not
differ significantly at 13 and 17 weeks of age. Compared with kl for steers
at high level of DMI/LW, calves at 13 and 17 weeks of age had lower kl
than steers, even though DMI/LW was somewhat higher in calves than
steers. Changes of kl with growth of calves, therefore, appeared to be
simultaneously affected by other factors than dry-matter intake. Further
study is required to clarify the relationship between capacity of the rumen
and k1 •
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Passage rate constants through the lower gut in calves increased from
0.094 hr- l at 7 weeks of age to about 0.13 hc l at 9 and 13 weeks of age
and decreased to 0.097 hr- l at 17 weeks of age. In steers, k2 slightly increased as feeding level increased. The values of k2 in calves at 9 and 13
weeks of age were similar to that in steers at low level of feeding.
GROVUM and WILLIAMS 8) also determined k2 and TT in wethers fed lucern
chaff at increasing levels from 8.2 to 26.5 g DMljkg LW. They found that
k2 increased and TT decreased with DMIjLW. The results of k2 and TT
obtained in steers agreed to the relations reported by GROVUM and WILLIAMS
8)
Those obtained in calves did not agree to the results presented by
GROVUM and WILLIAMS 8). Development of the rumen function in calves
reached to a plateau level at 2 months of age when they consumed fair
amounts of roughage6). The rumina I capacity has reached to a constant
proportion to live weight at 13 weeks of age 2). The qualitative and quantitative development of the rumen may have affected to the ruminal digestion
which in turn influenced on the rate of passage of digesta through the lower
gut. The present study, however, did not clarify the reason why k2 of calves
decreased at 17 weeks of age. Since the passage rate of digestible materials
was difficult to interpret as described by MERTENS and E Ly 9), mechanisms
affecting digestibility which is a function of digestion and passage9) are required for further study on the rate of digestion in the rumen of early
weaned calves.

Summary
Passage rates of digesta through the digestive tracts were determined
in 6-week-weaned calves at 7, 9, 13 and 17 weeks of age and in 14-month-old
steers fed at 2 levels of a ration consisting of 6 parts of concentrate and 4
parts of 1st cut orchardgrass hay. Passage rate constants through the rumen
(kJ) of calves increased with age from 0.038 hc l at 7 weeks to 0.045 hr- l at
17 weeks of age. No significant relationship was found between kJ and drymatter intake in calves. In steers, k, linearly related to dry-matter intake
(P<O.Ol). Passage rate constants through the lower gut (k 2) increased and
transit time decreased with increased dry-matter intake in steers. In calves,
k2 increased from 0.094 hr- l at 7 weeks to 0.13 he l at 9 and 13 weeks, then
decreased to 0.097 hr- l at 17 weeks of age.
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