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In ruminants the digestion of feed depends, 
among others, on the rate of passage through the 
gastrointestinal (GI) tract (Faichney, 1975). For 
this reason the rate of passage of nylon capsules 
can influence digestibility results obtained by the 
nylon capsule method which is described below. 
Nylon capsules (42 µm pore size, 10 mm outside 
diameter) were developed for the determination 
of feed digestibility in ruminants (Třináctý et al., 
1995). They are filled with a sample of feed and a 
load. The load (steel balls) helps keep them at the 
rumen bottom to prevent their rumination. The 
optimum load weight allowing the highest recov-
ery of capsules in faeces was determined in tests 
carried out by Třináctý et al. (2002). The capsules 

are administered per os and the main advantage is 
that no cannulas are required in the experimental 
animals. The nylon capsule method was used to 
measure the whole tract digestibility of neutral sug-
ars (Třináctý et al., 1995), crude protein (Třináctý 
et al., 1999), minerals (Třináctý et al., 2000) and to 
estimate roughage crude protein and dry matter 
digestibility (Třináctý et al., 2003). For the correct 
interpretation of digestibility results determined 
using the nylon capsule method it was important 
to calculate and compare the parameters of the pas-
sage of nylon capsules with those of digesta (rep-
resented by Cr-labelled silage).

To describe the passage of digesta Pond et al. 
(1988) developed a non-linear mathematical model 
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using simultaneously gamma and exponential func-
tions for fitting passage curves. This model divides
the curve into two compartments and a delay time. 
Generally, this model had a good fit of data (Quiroz
et al., 1988). However Pond et al. (1988) reported that 
when the number of data in the first part was low,
uncertain distribution of retention times between 
compartments was obtained. Moreover, the non-lin-
ear model mentioned above assumes that the flow of
digesta is a continuous process, but as the Faichney 
(1975) stated, defaecation is obviously discontinuous. 
For these reasons Mambrini and Peyraud (1997) sug-
gested a simple mathematical method which showed 
a lower sensitivity to input data and to discontinuity 
of the digesta flow. These authors used the combi-
nation of a summative method (Thielemans et al.,
1978) and a graphic method (Udén, 1984) with the 
visually determined point of the first marker appear-
ance (delay time). With regard to pulse excretion 
and scarceness of points in the ascending part of 
the passage curve for nylon capsules, the method of 
compartment analysis according to Mambrini and 
Peyraud (1997) was more suitable than the previ-
ously mentioned non-linear method.

Chromium bound to fibre is often used as a mark-
er of digesta flow in ruminants (Udén et al., 1980). 
Usual content of Cr in Cr-labelled fibre is between 
2% and 4% Cr in DM (Moore et al., 1992; Huhtanen 
and Kukkonen, 1995). Ehle (1984) and Firkins et al. 
(1998) reported a potential bias in estimates of pas-
sage rate if high Cr concentrations were applied in 
the solution used for labelling. Firkins et al. (1998) 
noted an interaction between the type of Cr-la-
belled feed and the outflow rate and found out that 
the influence of Cr-content in feed with higher ini-
tial functional specific gravity (FSG) on the change 
of passage rate was low. In addition, Wattiaux et al. 
(1991) reported that silages generally had higher 
FSG than the other forages. With regard to these 
above-mentioned reports Cr-labelled maize silage 
with standard Cr-content can represent the flow 
of the majority component of TMR (maize silage) 
through the GI tract with low error.

The aim of the study was to compare the passage 
rates of nylon capsules and digesta (represented by 
Cr-labelled maize silage) through the individual 
compartments of digestive tract of lactating cows. 
The corresponding passage parameters were cal-
culated from faecal excretion curves using the 
mathematical method according to Mambrini and 
Peyraud (1997) validated by these authors for this 
purpose. The data analysed in this paper originate 

from published articles (Třináctý et al., 2002, 2003) 
and partly from unpublished experiments. 

MATERIAL AND METHODS

Animals

The evaluation was carried out in seven experi-
ments. Each of them had a preparatory period 
(14 days) and two experimental periods (2 × 4 days) 
with a three-day pause. The experiments were per-
formed with crossbred dairy cows (Red Holstein > 
75% × Friesian-Holstein < 25%). All the experiments 
were conducted with two dairy cows, and differ-
ent animals were used in individual experiments. 
The cows were 60–200 days in lactation and their 
weight ranged from 580 kg to 715 kg (mean 644 kg, 
s.e. 11.1). Average milk yield and measured nutrient 
intake are presented in Table 1. In all the experi-
ments the diet consisted of maize silage (9.91 kg 
DM/day; s.e. 0.39), lucerne hay (3.67 kg DM/day; 
s.e. 0.10) and feed mixture (3.97 kg DM/day; s.e. 
0.44). The mixture consisted of 32% maize meal, 
19% rapeseed expellers, 13% wheat meal, 10% bar-
ley meal, 10% oat meal, 8% yeast, 5% flax meal, 2.5% 
mineral mixture and 0.5% sodium chloride. The 
diet was calculated according to the performance of 
cows (Sommer, 1994), and the ration components 
were fed separately. The diet was fed twice a day 
(at 5.00 a.m. and 3.00 p.m.) with a maximally 10% 
of refusals (in DM).

Nylon capsule method and Cr-labelled silage

The capsules of lenticular shape with outside 
and inside diameters of 10 and 8 mm, respectively, 

Table 1. Daily milk yield and intake

Parameter Amount s.e.

Milk yield (kg/day) 19.0 0.83

Dry matter intake (kg/day) 17.6 0.43

Crude protein intake (kg/day) 2.36 0.06

NEL1 intake (MJ/day) 114 3.2

PDIN1 intake (kg/day) 1.52 0.04

PDIE1 intake (kg/day) 1.55 0.04

1NEL (net energy of lactation), PDIN and PDIE (units of 
PDI system) calculated according to Sommer (1994) 
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were made of nylon cloth (Uhelon, Hedva Moravská 
Třebová, Czech Republic) with 42 µm aperture 
(Třináctý et al., 1999). They contained feed and a
load (two stainless steel balls 2 and 3 mm in diam-
eter, respectively) and their mean functional specific
gravity (FSG) was 1.58 g/cm (Třináctý et al., 2002). 
The capsules with these uniform parameters (diam-
eter, load, FSG) were used in all the experiments. 
They were administered orally in the form of paper
bolus. Each feed was ground through a 1-mm screen 
and the digestibility of nutrients was measured and 
published (Třináctý et al., 2002; Třináctý et al., 2003). 
The weighing of feed into the capsules was done in
batches. Each batch consisted of 100 capsules. To 
calculate the quantity of feed in one capsule, to-
tal amount of feed used for one batch was divided 
by the total number of capsules per batch. Cows 
in the experiments received 500 (experiments 1, 2), 
300 (experiment 3) or 100 (experiments 4, 5, 6, 7) 
capsules. All the capsules were marked with an 
ineffaceable colour, each cow received capsules of
different colour. Experimental periods were 4 days
(96 hours). Excrements were collected in 6-hour 
intervals during the first 18 hours, then in 3-hour
intervals, and in 6-hour intervals again during the 
last 48 hours. Separately for each cow and collect-
ing interval the capsules were recovered from faeces 
by rinsing through a 4-mm screen every 24 hours. 
Cr-labelled material was prepared according to the 
procedure described by Udén et al. (1980), using 
maize silage. Samples of faeces from individual cows 

and intervals were dried 48 hours at 60°C and ground 
through a 1-mm sieve. Cr content was determined 
according to Williams et al. (1962).

Calculations

Twenty-eight sets of passage data (Figure 1) were 
obtained from individual animals in total, four sets 
were excluded due to a high percentage (more than 
10%) of refusals and low recovery of capsules. The 
nylon capsule data was processed according to 
Mambrini and Peyraud (1997). In order to obtain 
comparable results the same method was used in 
the case of Cr-labelled silage.

Firstly, two levels of Cr were used in the experi-
ments. We tested whether this factor influenced the 
obtained results (represented by the outflow rate k). 
The parameter k was calculated by the compart-
mental analysis according to Udén (1984). Natural 
logarithms of Cr concentrations in faeces were plot-
ted against the time and the passage curve was visu-
ally divided into the ascending and descending part. 
The slope of the descending part (k) of the curve 
was calculated by a regression analysis (QC Expert, 
version 2.5, Czech Republic). 

Secondly, the parameters of whole database pas-
sage curves were evaluated in two steps: 

In the first step, recovery, total mean retention 
time (TMRT), delay time (τ) and summarised com-
partmental mean retention time (CMRTS) were 

Figure 1. Faecal excretion patterns of nylon capsules and Cr-labelled silage expressed as means of 24 measurements 
with confidence intervals (P < 0.05; vertical bars). Concentrations are expressed in common units: number × kg/ 
DM/number of nylon capsules recovered and in g × kg/DM/g Cr recovered
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calculated from individual curves of the passage 
of nylon capsules and Cr. TMRT was calculated 
according to a modified procedure described by 
Faichney (1975), using the following equation:

TMRT = ∑niti/∑ni

where:  ni  = the number of capsules or the quantity of mark- 
   ers excreted during the i-th interval 
 ti = the time interval between the dosing and the 
   mid-point of each time interval i of faeces col- 
   lection 

The delay time τ was expressed as a time inter-
val between the dosing and the mid-point of the 
interval when the capsules (markers) appeared for 
the first time in faeces (according to Mambrini and 
Peyraud, 1997). CMRTS was calculated by subtract-
ing τ from TMRT. The pulse characteristic of ny-
lon capsule excretion did not allow to divide the 
passage curves into the ascending and descending 
part correctly. For this reason in the second step 
parameters k, CMRT2 (descending part of passage 
curve) and CMRT1 (ascending part) were calculat-
ed using pooled data (separately for nylon capsules 
and Cr-labelled silage) from all experiments pro-
viding 24 points for each interval (Figures 2 and 3). 
Before pooling the data of faecal passage curves 
were transformed into comparable common units 

as follows. For the capsules it was: number/kg of 
dry matter/number of total recovery, and for Cr it 
was: g of Cr/kg of dry matter/g of total recovery. 
Natural logarithms of the above-mentioned units 
were pooled within each interval, plotted against 
the time and visually divided into the ascending 
and descending parts (Figures 2 and 3). The slope 
of the descending part (k) of the curve with confi-
dence interval was obtained by regression analysis 
(QC Expert, version 2.5). CMRT2 was calculated 
from the parameter k using the equation CMRT2 = 
1/k. CMRT1 was calculated by subtracting CMRT2 
from CMRTS (mean value obtained from individ-
ual passage curves). Calculations of CMRT1 and 
CMRT2 and their confidence intervals (P < 0.05) 
were performed on the basis of error propagation 
law (Taylor, 1997), using Monte Carlo simulation 
(QC Expert, version 2.5). These propagated confi-
dence intervals were used for the statistical com-
parison of the obtained values.

Statistical Analysis

Firstly, the effect of two levels of Cr in Cr-labelled 
silage on outflow rate (k) was analysed according 
to a nested design with missing cells (four curves 
excluded) using the following model: 

Figure 2. Faecal excretion patterns of nylon capsules from 24 passage curves expressed as logarithms of concentra-
tion with fitted slope as the coefficient k

[Ln of concentration] = 5.28 – 0.082 × [Residence time after dose]; R2 = 0.66
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Yijk = µ + ai + cj(ai) + eijk

where: µ  = the overall mean
 ai = the content of Cr in labelled silage (i = 2)
 cj = the effect of the animal (j = 13)
 eijk  = the error term and period effect (k = 2) 

The effect of Cr content was tested with cj as an 
error term. The analysis was performed using the 
GLM procedure (Systat, version 10.2). 

Secondly, means of recovery, TMRT, τ and 
CMRTS of nylon capsules and of Cr were compared 
using the paired comparison t-test (QC Expert, ver-
sion 2.5). Means of CMRT1 and CMRT2 of nylon 
capsules and Cr were compared by t-test (using 
their propagated confidence intervals).

RESULTS

Firstly, we tried to find out whether the different 
Cr contents in labelled silage (% of DM), i.e. 2.39 
(n = 9) and 3.26 (n = 15), could influence the cal-
culated outflow of digesta from the rumen (k). The 
respective k values for the lower and higher content 
of Cr were 3.38 (s.e. 0.21) and 3.79 (s.e. 0.18) %/h. 
Because the difference was small (0.41%/h) and in-
significant (P > 0.05), both sets of data were pooled 
for subsequent processing. 

Secondly, the parameters of whole database pas-
sage curves were evaluated. The determined re-
coveries of capsules and Cr were 90% and higher 

(Table 2). The passage rate of nylon capsules through 
the GI tract was higher than for Cr, and for TMRT 
a large difference was determined (9.2 hours; P < 
0.01). The values of delay time indicated that the ny-
lon capsules appeared in faeces 16.2 hours after the 
administration. For the Cr-labelled silage the corre-
sponding time interval was only 8.3 hours. It means 
that the passage of Cr-labelled silage through the 
intestines was faster. The estimated CMRTS values 
for nylon capsules and labelled silage were 20.1 and 
37.2 hours (P < 0.01), respectively. Assuming that in 
particular CMRTS represents the time of retention 
in the reticulo-rumen (Wylie et al., 2000), we can 
state that Cr-labelled particles remained there for 
a longer period of time than the nylon capsules. It 
can likely be explained by the high specific gravity 
of the nylon capsules (Třináctý et al., 2003).

In the second step, the outflow rates k were calcu-
lated using the descending part of the passage curve 
of nylon capsules and Cr-labelled silage (Figures 
2 and 3). Regression equations indicated that re-
spective k values for nylon capsules and Cr-labelled 
silage were 8.2%/h (R2 = 0.66) and 3.5%/h (R2 = 
0.84). The values of CMRT2 (Table 3) subsequently 
calculated from the corresponding outflow rates 
indicated a large difference, 12.2 and 28.7 h for 
nylon capsules and Cr-labelled silage, respectively 
(P < 0.05). On the other hand, an insignificant dif-
ference of 0.7 h (P > 0.05) was found out between 
the CMRT1 mean values obtained from the passage 

Figure 3. Faecal excretion patterns of Cr-marked silage from 24 passage curves expressed as logarithms of concen-
tration with fitted slope as the coefficient k 

[Ln of concentration] = 3.64 – 0.035 × [Residence time after dose]; R2 = 0.84
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curves of the nylon capsules and from the Cr-la-
belled silage. 

DISCUSSION

Ramanzin et al. (1991) reported that the higher 
level of Cr in labelled material increased its specific 
gravity, which accelerated the rate of passage of 
the labelled material. A similar, but insignificant 
finding was reported by Ehle (1984). In our experi-
ments no significant effect of different Cr contents 
in labelled silage on the passage rate was observed. 
These contents of Cr (2.39 and 3.26% of DM) are 
currently used in published papers dealing with the 
evaluation of digesta passage. As mentioned above, 
in silages the influence of current Cr contents on 
the change of their FSG is small and that is why Cr 
labelled silage can represent the parameters of pas-
sage of this feed component through the digestive 
tract. According to Wattiaux et al. (1991) maize si-
lage contained more than 50% of particles with FSG 
ranging between 1.15 and 1.30 g/cm3 and more than 
30% between 1.00 and 1.15 g/cm3. Siciliano-Jones 
and Murphy (1991) found out the value 0.92 g/cm3 

for the initial specific gravity of maize silage. The 
above-mentioned values of FSG are lower than 
those for nylon capsules (1.58 g/cm3).

TMRT values of Cr-labelled silage (45.4 h), as de-
termined in our experiments, correspond well with 
published TMRT data, obtained in studies of rough-
age passage through the digestive tract of lactating 
dairy cows. Udén (1984) found the TMRT value 
48.8 h, Colucci et al. (1990) 46.7 h, Udén and Sutton 
(1994) 47.0 h and Mambrini and Peyraud (1997) 
reported 51.7 hours. The lower TMRT values, ob-
served for nylon capsules (36.2 h), were similar to 
data reported on the passage rate of concentrates: 
Udén (1984) 44.5 h, Colucci et al. (1990) 35.9 hours, 
Mambrini and Peyraud (1997) 40.6 h, and Rothfuss 
et al. (1997) 28.3 hours. The TMRT of nylon capsules
was comparable with that of concentrates. We sup-
pose that the main cause of these findings was the
higher specific gravity (1.58 g/cm3) of nylon cap-
sules (Třináctý et al., 2003) in comparison with the 
above-mentioned values for maize silage. 

Mean values of τ, as calculated from Cr-labelled 
silage passage curves (8.3 h), were similar to data 
mentioned in the literature for roughage and con-
centrates; Mambrini and Peyraud (1997) published 
the respective values of 9.5 and 8.3 h, and Poore et 
al. (1991) reported 7.2 h for labelled sorghum grain. 
The τ value of nylon capsules (16.2 h) was almost 
twice as high as that of Cr-labelled silage. This can 
be explained by the size and relatively high specific 
gravity of nylon capsules (Třináctý et al., 2000). 

Table 2. Recovery, total mean retention time (TMRT), delay time (τ) and summarised compartmental mean reten-
tion time (CMRTS) calculated from the curves of passage of nylon capsules and Cr-labelled silage (n = 24), s.e. in 
brackets

Parameter Nylon capsules Cr-labelled silage Difference

Recovery (%) 92.2 (1.07) 90.0 (1.35) 2.24

TMRT (h) 36.2 (1.05) 45.4 (0.61) –9.20*

τ (h) 16.2 (0.50) 8.3 (0.41) 7.94*

CMRTS (h) 20.1 (0.97) 37.2 (0.69) –17.14*

*P < 0.01

Table 3. Parameters CMRT1 and CMRT2 of the curves of passage of nylon capsules and Cr-labelled silage calculated 
from pooled data (n = 24), confidence intervals for P < 0.05 are given in brackets

Parameter Nylon capsules Cr-labelled silage Difference

CMRT1 (h) 7.8 (2.18) 8.5 (2.08) –0.7

CMRT2 (h) 12.2 (0.95) 28.7 (1.47) –16.5*

*P < 0.05
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Campling and Freer (1962), Ehle and Stern (1986) 
and Kaske and Engelhardt (1990) stated that the 
passage of larger particles of higher specific grav-
ity through the intestines was slower. Wylie et al. 
(2000) found out that the retention time of ingested 
and masticated hay in the intestines (measured by 
a direct method in cannulated animals) accounted 
for 74.4% and 94.9% of τ value (calculated from 
faecal samples), respectively. Using the data pub-
lished by Mambrini and Peyraud (1997) we could 
calculate that the corresponding values were 75.8% 
(feeding hay) and 84.8% (ground hay). Using the 
data for sorghum grain reported by Poore et al. 
(1991), we calculated the τ value of 95.8%. Based on 
these reported results we were able to express the 
retention time of nylon capsules and of Cr-marked 
silage in the intestines using the τ value obtained 
from faeces. 

CMRT2 (called also ruminal mean retention time) 
is derived from the ruminal outflow rate (Colucci
et al., 1990). The biological interpretation of this
parameter is relatively reliable and according to 
Grovum and Williams (1973), Pond et al. (1988) and 
Mambrini and Peyraud (1997) it may be allocated 
with confidence to the reticulo-rumen. Our value of
CMRT2 of labelled silage (28.7 h) corresponded with 
the values published by Udén and Sutton (1994) and 
Mambrini and Peyraud (1997), who reported similar 
values (26.3 and 25.3 h, resp.) for dairy cows with 
similar milk performance. In contrast to the results 
obtained for the intestine (τ), CMTR2 of capsules 
was substantially shorter (12.2 h) than that of la-
belled silage (28.7 h) and despite of the large size of 
capsules it was more similar to those published for 
concentrates. For soybean meal, Colucci et al. (1990) 
published the values ranging from 12.3 to 16.0 hours. 
Rothfuss et al. (1997) reported 14.8 h and Mambrini 
and Peyraud (1997) 22.9 hours. This discrepancy is
caused by the higher FSG of capsules (1.58 g/cm3) 
in comparison with the above-mentioned FSG of 
maize silage. Comparable results were obtained in 
the study of Kaske and Engelhardt (1990). The au-
thors confirmed that the large particles (10 mm)
with high SFG (1.44 g/cm3) spent a shorter time in 
the reticulo-rumen than those of 1 mm in size and 
FSG of 1.03 g/cm3.

CMRT1 represents a sum of retention times of 
several mixing sub-compartments. One of them is 
situated in the rumen (pool of large light particles 
with their rumination) and the others in the caecum 
and proximal colon (Pond et al., 1988; Mambrini 
and Peyraud, 1997). The distribution of retention 

times between sub-compartments depends on the 
properties of the material under evaluation. Prange 
et al. (1982) calculated that the particles remained 
for 40% of the total CMRT1 value in the caecum 
and in the proximal colon. According to Mambrini 
and Peyraud (1997) particles of ingested hay and 
concentrate remained in the intestinal mixing 
compartment for 3.5 hours. For hay and concen-
trate, these values accounted for 20.7% and 37.2% 
of the total CMRT1 value, respectively. CMRT1 
of labelled silage, as calculated on the basis of our 
data (i.e. 8.5 h), was shorter than that of labelled 
hay (16.9 h) but similar to the value of labelled 
concentrate 9.4 h (Mambrini and Peyraud, 1997). 
It was also in agreement with the value (8.8 h) pub-
lished by Udén and Sutton (1994). CMRT1 values 
of nylon capsules were not different from CMRT1 
of labelled silage.

The sum of CMRT1 and CMRT2 results in 
CMRTS. According to Wylie et al. (2000), due to 
a mixing flow in the forestomach digesta CMRTS 
amounted to 94.2% of that for the entire gastroin-
testinal tract. From the results of the detailed com-
partmental analysis mentioned above it stands to 
reason that the shorter mean retention time of 
nylon capsules in the reticulo-rumen (CMRTS) 
was caused in particular by the short CMRT2 (de-
scending part of the passage curve), thus by the 
high outflow rate (k) of nylon capsules from the 
reticulo-rumen (see different faecal excretion pat-
terns of nylon capsules and Cr-labelled silage in 
Figure 1. The influence of CMRT2 was strong and 
the mean retention time of nylon capsules in the GI 
tract (TMRT) was shorter than that of Cr-labelled 
silage although the nylon capsules remained in the 
intestines for a longer time period (τ).

CONCLUSION

The calculated mean retention time of nylon cap-
sules in the reticulo-rumen was shorter and in the 
intestines it was longer than that of digesta repre-
sented by Cr-labelled maize silage. The short mean 
retention time of nylon capsules in the reticulo-ru-
men was the main cause of the shorter total mean 
retention time of these ones. For this reason the 
estimation of digestibility using the nylon capsule 
method can be questionable. For more authentic 
interpretation of the results, parameters of the pas-
sage of nylon capsules obtained from cannulated 
animals are necessary.



457

Czech J. Anim. Sci., 50, 2005 (10): 450–458 Original Paper

Acknowledgements 

The authors would like to thank Ing. Jiří Kotásek, 
Václav Hlaváček and Marie Mojžíšová for their as-
sistance in the research and to RNDr. Petr Zobač, 
CSc. for his constructive comments. 

REFERENCES

Campling R.C., Freer M. (1962): The effect of specific
gravity and size on the mean time of retention of inert 
particles in the alimentary tract of the cow. Brit. J. Nutr., 
16, 507–518.

Colucci P.E., Macleod G.K., Grovum W.L., McMillan I., 
Barney D.J. (1990): Digesta kinetics in sheep and cattle 
fed diets with different forage to concentrate ratios at
high and low intakes. J. Dairy Sci., 73, 2143–2156.

Ehle F.R. (1984): Influence of feed particle density on
particular passage from rumen of Holstein cow. J. Dairy 
Sci., 67, 693–697.

Ehle F.R., Stern M.D. (1986): Influence of particle size
and density on particular passage through alimentary 
tract of Holstein heifers. J. Dairy Sci., 69, 564–568.

Faichney G.J. (1975): The use of markers to partition di-
gestion within the gastro-intestinal tract of ruminants. 
In: McDonald I.W., Warner A.C.I. (eds.): Digestion and 
Metabolism in the Ruminant. Armidale, University of 
New England Publishing Unit, 227–291.

Firkins J.L., Allen M.S., Oldick B.S., St-Pierre N.R. (1998): 
Modelling ruminal digestibility of carbohydrates and 
microbial protein flow to the duodenum. J. Dairy Sci.,
81, 3350–3369. 

Grovum W.L., Williams V.J. (1973): Rate of passage of 
digesta in sheep 4. Passage of marker trough the ali-
mentary tract and the biological relevance of rate-con-
stants derived from the changes in concentration of 
marker in faeces. Brit. J. Nutr., 30, 313–329.

Huhtanen P., Kukkonen U. (1995): Comparison of meth-
ods, markers, sampling sites and models for estimating 
digesta passage kinetics in cattle fed at two levels of 
intake. Anim. Feed Sci. Technol., 52, 141–158.

Kaske M., Engelhardt W.V. (1990): The effect of size and
density on mean retention time of particles in the gas-
trointestinal tract of sheep. Brit. J. Nutr., 63, 457–465.

Mambrini M., Peyraud J.L. (1997): Retention time of feed 
particles and liquids in the stomachs and intestines of 
dairy cows. Direct measurement and calculations based 
on faecal collection. Reprod. Nutr. Dev., 37, 427–442.

Moore J.A., Pond K.R., Poore M.H., Goodwin T.G. (1992): 
Influence of model and marker on digesta kinetic es-
timates for sheep. J. Anim. Sci., 70, 3528–3540.

Pond K.R., Ellis W.C., Matis J.H., Ferreiro H.M., Sutton 
J.D. (1988): Compartment models for estimating at-
tributes of digesta flow in cattle. Brit. J. Nutr., 60, 
571–595.

Poore M.H., Moore J.A., Eck T.P., Swingle R.S. (1991): 
Influence of passage model, sampling site, and marker
dosing time on passage of rare earth-labelled grain 
through Holstein cows. J. Anim. Sci., 69, 2646–2654.

Prange R.W., Jorgensen N.A., Satter L.D. (1982): Rate of 
passage calculation based on duodenal or faecal col-
lection sites. J. Dairy Sci., 65 (Abstr.), 145. 

Quiroz R.A, Pond K.R., Tolley E.A., Johnson W.L. (1988): 
Selection among nonlinear models for rate of passage 
studies in ruminants. J. Anim. Sci., 66, 2977–2986.

Ramanzin M., Bittante G., Bailoni L. (1991): Evaluation 
of different chromium-mordanted wheat straws for
passage rate studies. J. Dairy Sci., 74, 2989–2996.

Rothfuss H., Südekum K.H., Stangassinger M. (1997): 
Ermittlung der passage eines markers im verdauung-
strakt von milchkühen mit hilfe unterscheidlicher 
schätzverfahren: Einfluss von laktationsstadium, füt-
terungsniveau und rationszusammensetzung. Arch. 
Anim. Nutr., 50, 43–61.

Siciliano-Jones J., Murphy M.R. (1991): Specific gravity
of various feedstuffs as affected by particle size and in
vitro fermentation. J. Dairy Sci., 74, 896–901.

Sommer A. (ed.) (1994): Nutrient Requirements and Ta-
bles of Nutrients for Ruminants. ČAZ, Pohořelice. 
197 pp.

Taylor J.R. (1997): An Introduction to Error Analysis. 
Mill Valey, University Science Books, 327 pp.

Thielemans M.F., Francois E., Bodart C., Thewis A. (1978):
Mesure du transit gastrointestinal chez le porc á l´aide 
des radiolanthanides. Comparaison avec le mouton. Ann. 
Biol. Anim., Biochem., Biophys., 18 (2A), 237–243.

Třináctý J., Svozil B., Šimek M. (1995): Digestibility eval-
uation of neutral sugars from hemicellulose of alfalfa 
hay by nylon capsule method. In: IV. Int. Symp. Nutri-
tion of Herbivores, Clermont-Ferrand, September. 
Ann. Zootech, Suppl., 44, 189.

Třináctý J., Šimek M., Homolka P. (1999): Nylon capsule 
method and alfalfa hay crude protein digestibility 
evaluation. Anim. Feed. Sci. Technol., 79, 269–278.

Třináctý J., Šimek M., Loučka R., Takahashi J. (2000): Total 
tract digestibility of alfalfa hay minerals evaluated by 
nylon capsule method. Czech J. Anim. Sci., 45, 65-69.

Třináctý J., Homolka P., Richter M., Šustala M., Vymětal 
A. (2002): Influence of the load of nylon capsules on
their passage through the digestive tract and specific
gravity. Reprod. Nutr. Develop., 42, 295–305.

Třináctý J., Homolka P., Zeman L., Richter M. (2003): 
Whole tract and post ruminal digestibility determined 



458

Original Paper Czech J. Anim. Sci., 50, 2005 (10): 450–458

Corresponding Author

Dr. Ing. Jiří Třináctý, Research Institute for Cattle Breeding, Ltd., Rapotín, Workplace Pohořelice, Vídeňská 699,  
691 23 Pohořelice, Czech Republic
Tel. +420 519 424 547, fax +420 519 424 548, e-mail: trinacty@vuvz.cz

by in situ ruminal, intestinal mobile nylon bag and 
whole tract nylon capsule methods. Anim. Feed Sci. 
Technol., 106, 59–67.

Udén P. (1984): The effect of intake and hay: concentrate
ratio upon digestibility and digesta passage. Anim. 
Feed. Sci. Technol., 11, 167–179.

Udén P., Sutton J.D. (1994): Retention of Cr-labelled grass 
hay and silage in different segments of the gastrointesti-
nal tract of dairy cows. Livest. Prod. Sci., 37, 297–309.

Udén P., Colucci P.E., Van Soest P.J. (1980): Investigation of 
chromium, cerium and cobalt as markers in digesta. Rate 
of passage studies. J. Sci. Food. Agric., 31, 625–632.

Wattiaux M.A., Mertens D.R., Satter L.D. (1991): Effect
of source and amount of fibre on kinetics of digestion
and specific gravity of forage particles in the rumen. J.
Dairy Sci., 74, 3872–3883.

Williams C.H., David D.J., Iismaa O. (1962). The deter-
mination of chromic oxide in faeces samples by atomic 
absorption spectrophotometry. J. Agric. Sci., 59, 381–
385.

Wylie M.J., Ellis W.C., Matis J.H., Bailey E.M., James W.D., 
Beever D.E. (2000): The flow of forage particles and
solutes through segments of the digestive tracts of cat-
tle. Brit. J. Nutr., 83, 295–306.

Received: 05–02–16
Accepted after corrections: 05–05–09


