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Relations between passage rates of rumen fluid and particulate 
matter and foam production in rumen contents of cattle fed on 

different diets ad lib. 
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1. A group of six cattle, three of which had a non-bloating history (group A) and had been ruminally 
cannulated for the previous 2 years, and three with a history of being bloat-prone (group B) and which had been 
ruminally cannulated only 3 months before the study, were fed adlib. on chopped lucerne (Medicago sotiva) hay, 
lucerne pellets, or a 100 g chopped hay and 900 g rolled barley grain/kg diet over three periods of 30 d each. Flow 
of rumen digesta, by reference to CoEDTA and chromium-mordanted fibres, and foam production from samples 
of rumen contents were measured. 

2. Samples of rumen contents (50 ml) from group A produced foam heights of 150 and 60 mm, 2 and 4 h after 
feeding respectively, compared with 240 and 150 mm for group B (P < 0.05). 

3. The fractional passage rate of the 1-2 mm particles mordanted with Cr did not differ (P > 0.05) between 
groups. 

4. The fractional outflow rates (FOR) for CoEDTA @-2 h and 2-7 h after feed was offered were 0.205 and 
0160/h for group A and 0.093 and 0.086/h for group B respectively (P i 0.05). 

5. Rumen-fluid FOR 0-2 h and 2-7 h after provision of feed were significantly (P < 0.05) inversely correlated 
(r -0.74 and -0.85 respectively) with the amount of foam produced from rumen contents at  these times. 

Feedlot and legume bloat have both been postulated to be caused by complex interrelations 
between plant, animal, environmental, and microbial factors (Mendel & Boda, 1961 ; 
Howarth et al. 1986). Among the numerous animal factors, bloat-prone cattle in 
comparison with non-bloating cattle have been reported to secrete less saliva during feeding 
and resting (Mendel & Boda, 1961), have a higher particulate-matter content in the rumen, 
as estimated by chlorophyll content (Majak et al. 1983, 1986a; Howarth el al. 1986), and 
also have larger rumen volumes (Cockrem et al. 1983). 

Indeed the evidence of a higher chlorophyll concentration in digesta contents, in spite of 
a larger volume of rumen digesta in bloat-prone cattle compared with non-bloating cattle, 
is consistent with a slower overall rate of passage of liquid markers from the rumen of the 
susceptible cattle (Majak et al. 19866). However, differences in overall rate of passage may 
be inadequate to explain differences between bloat-susceptible and non-susceptible animals. 
Although both types of cattle show increases in rumen particulate matter, as indicated by 
chlorophyll concentration 2 h after feeding, chlorophyll concentration in bloat-prone cattle 
continues to increase until 4 h after feeding, while the concentration remains approximately 
the same as at 2 h in non-bloating cattle (Majak et al. 1983). This would indicate differential 
passage rates from the rumen for the bloat-types of cattle at different times after feeding 
or differential rates of digestion. 

The present study was designed to obtain information on the relations between 
particulate-matter (rumen-particle) and rumen-fluid passage rates (PPR and FPR 
respectively) and foam production between two different groups of cattle in situations 
reflecting normal ingestive behaviour. It was also designed to examine the effects of changes 
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in marker-dilution curves before, during, and after feeding on the amounts of foam 
produced from rumen contents of cattle given various feeds. 

M A T E R I A L S  A N D  M E T H O D S  

Three cattle (539 kg) of Hereford breeding with a history of not being susceptible to bloat 
(group A), and which had been cannulated 2 years previously, and three cattle (386 kg) also 
of Hereford breeding with a history of being bloat-susceptible (group B) and which had 
been ruminally cannulated for 3 months were used in this study. Each of the three group 
A cattle were randomly paired with the group B cattle, forming three pairs of animals. 
These pairs were used in a split-plot experiment with whole plots being a 3 x 3 Latin square 
with three periods, three diets and three animal pairs. The split-plots of the experiment were 
the two animal groups. Each period consisted of 30 d with one animal from each group 
receiving one of the three different diets. 

The three diets used in the experiment were (1) lucerne (Medicago sativa) pellets (pellets) 
which contained (g/kg) 30.2 nitrogen and 450 cell-wall contents (CWC) on a dry matter 
(DM) basis, (2) chopped lucerne hay (hay) which contained 22.1 N and 505 CWC, and 
(3) 900 g rolled barley grain (20 N and 172 CWC) and 100 g chopped hay fed as a mixture 
(concentrate). 

Voluntary feed intake measurements 
The diets were offered ad lib. twice daily at 09.00 hours and at 16.00 hours. The first 
allocation of feed was about 75% of the total with the remainder being offered at 16.00 
hours. Trace-mineralized salt blocks and water were available ad lib. Voluntary feed 
consumption was measured over 12 d by offering the diets in sufficient amounts to allow 
for 10% rejection. Thereafter the feed was offered at the maximum eaten by day 12 for 
another 9 d before measurements commenced. On two separate occasions during each 
period measurements were recorded of the initial intake of individual cattle, after provision 
of fresh feed, until the cattle first left the feedbunk. In addition, the number of visitations 
made by the animals to feed were recorded and these were used to calculate the average 
meal size over an 8-12 h period. 

Foam measurements 
The foaming properties of rumen fluid from the various cattle were examined according to 
the procedure of Pressey et al. (1963). Briefly, 50 ml fresh rumen fluid were poured into a 
glass cylinder (20 mm internal diameter and 500 mm in length) and carbon dioxide gas was 
bubbled through a bottom inlet at 2 kPa for 2 min, resulting in conversion of most of the 
fluid to foam. Foam height, measured as the height of foam at the interface of fluid and 
foam in the cylinder, was used as a measure of foam production. Foam instability was 
calculated as the difference between intial foam height and the foam height 5 min after 
cessation of gassing, expressed as a percentage of initial foam height. 

Passage rate studies 
FPR was determined using crystalline CoEDTA prepared according to the procedures of 
Uden et al. (1980). The particulate marker used in the present study for PPR was 
chromium-mordanted to fibre. The fibres for mordanting were’prepared by soaking about 
2 kg ground lucerne in water overnight. The material was then fractionated using a wet- 
sieving procedure. The particles retained on the 1 mm screen after passing through the 2 
mm were mordanted with Cr according to the method of Uden et al. (1980). The particles 
contained about 32 mg Cr/kg after this procedure. 

FPR studies were conducted on days 22 and 30 of each period, while PPR was 
determined from Cr-mordanted particles introduced on day 22. The animals were dosed 
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intraruminally with 5 g cobalt and 50 g Cr-mordanted particles simultaneously at 06.00 
hours on the day of passage-rate studies, 3 h before feeding. In this procedure 
approximately half the rumen contents were removed, mixed with Co and Cr-mordanted 
particles, and returned to the rumen. 

Rumen-fluid samples for FPR were taken from various sections of the rumen at 0.5, 1 ,  
2 and 3 h after dosing with markers 3-0 h before provision of feed, then every 0.5 h for the 
next 2 h, and then hourly from 2 to 7 h after feed was offered. The contents were squeezed 
through four layers of cheesecloth, the filtrate was frozen and the solid particles returned 
to the rumen. Rumen samples for PPR determination were collected at 4, 24, 48 and 72 
h after administration of the mordanted particles, subsampled and frozen for subsequent 
analysis. 

Laboratory procedures 
The DM of feed and rumen digesta were determined by oven drying at 80" to constant 
weight. N concentration of feed was determined by standard procedures (Association of 
Official Analytical Chemists, 1975). CWC were determined by the method of Goering & 
Van Soest (1970). 

A subsample of the rumen fluid (15 ml) was thawed, centrifuged (39000 g for 10 min) 
and the Co concentration determined after 1 : 5 dilution with 0.1 M-hydrochloric acid by 
atomic absorption spectrophotometry (AAS) (model 4000; Perkin Elmer Corp., Nonvalk, 
Conn. 06856, USA). Cr in rumen samples was determined according to the procedure of 
P. H. Robinson (personal communication) after oven drying 50 g of the rumen digesta for 
3 d at 60" and grinding the material to pass a 1 mm screen. The ground material (500 mg) 
was soaked in 60 m14 M-nitric acid for 4 h at room temperature and then for 12 h at 75". 
The resultant solution was centrifuged (39000 g for 5 min) with the supernatant fraction 
being analysed for Cr using the AAS. 

Calculations and statistical analysis 
Movement of digesta from the rumen was calculated with reference to the CoEDTA and 
Cr-mordanted particle concentrations in the digesta. No correction was made for 
absorption of Co across the rumen wall, since no significant amounts of Co were detected 
in the urine. 

The passage rate-constants for each marker were calculated as first-order rate-constants 
since first-order kinetic equations described more than 90 % of the variance in the decline 
in concentration of each marker with time in thirty-three out of the thirty-six situations. 
Separate regressions were employed to determine the fractional outflow rates (FOR) during 
each sampling phase: 2 . 5 4  h before feeding, (r% h after provision of feed and 2-7 h after 
feed was offered. Initial rumen volumes were calculated from the weights of CoEDTA given 
and the concentration of the marker at zero time as estimated by extrapolation using 
regression points before feeding (Stokes et al. 1985). 

The rate-constants of both markers, foam heights, foam instabilities and rumen volumes 
were analysed as a split-plot with the whole plots being a 3 x 3 Latin square with three 
periods, three diets and three animal pairs. The two animal groups were the split-plot. 

Rumen-fluid FOR 2 . 5 4  h before feeding, and &2 h and 2-7 h after provision of feed 
were regressed against foam height and foam instabilities for these times. Differences 
between means were determined using analyses of variance procedures. When significant 
diet effects were detected, the diet means were compared using the Student-Newman-Keuls' 
range statistic (Steel & Torrie, 1980). 
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R E S U L T S  

Voluntary feed intake measurements 
DM intakes by cattle in group A for all the diets were greater (P < 0.05) than intakes by 
cattle in group B, although the differences lacked significance when expressed relative to 
body-weight (Table 1).  Also, although both mean initial intakes and average size of meal 
were greater (P < 0.05) for groups A than B, there were no differences (P > 0.05) when 
both were expressed relative to body-weight (Table 1). 

Passage rate studies 
Multiple-component marker-concentration curves were obtained when the liquid marker 
was introduced 3 h before feeding (Fig. 1 as a representative example), with a sharp decline 
in Co concentration tending to occur during feeding. 

Before feeding no differences were seen in FOR between animal groups or between diets. 
However, the FOR &2 h and 2-7 h after provision of feed were higher ( P  < 0.05) for group 
A than for group B (Table 2). 

Rumen-fluid FOR 2-7 h after feed was offered were not different (P > 0.05) between 
animals given the hay and pellet diets, with both diets resulting in a higher (P < 0.05) FOR 
than the concentrate diet. 

Mean reticulo-rumen volumes (litres, or litres/kg body-weight) were higher (P < 0.05) in 
group B than in group A (Table 2). Diet had no influence (P > 0.05) on rumen 
volumes. 

The passage rate-constants of the 1-2 mm Cr-mordanted particles were greater (P < 
0.05) for cattle fed on the concentrate diet compared with those in cattle given either hay 
or pellets (Table 2). Cr-mordanted PPR constants were not significantly influenced by cattle 
group type. 

Foam measurements 
Amount of foam produced from rumen fluid 3 h before feeding was not different (P > 0.05) 
between the animal groups (Table 3), however, the mean foam heights after provision of 
feed were higher (P < 0.05) in group B than in group A ( I  50 and 240 mm at 2 h and 60 and 
I50 mm at 4 h respectively). The foam heights recorded 2 and 4 h after feeding for all diets 
were negatively correlated (r - 0.74 and - 0.85 respectively ; P < 0.05) (Table 4) with FOR 
of rumen fluid ( r 2  h and 2-7 h after feed was offered for both groups of animals. FOR 
before feeding described only 6 % of the variation in amount of foam produced 3 h before 
feeding. 

The amount of foam produced was higher (P < 0.05) for the concentrate diet than for 
the hay and pellet diets 3 h before feeding (Table 3) .  No differences in foam heights were 
detected between diets at 4 h after feeding. Foam heights showed significant negative 
correlations (r  -0.89 and -0.99 respectively; P < 005) with rumen-fluid FOR for all cattle 
given hay 2 and 4 h after feeding (Table 4). However, for the pellet diet the correlation 
reached significance (r -0.89; P < 0.05) only at 2 h after feeding. For the concentrate diet, 
the correlation was significant ( r  -083 ; P < 0.05) only at 4 h after feeding (Table 4). There 
was a lack of significance between the correlations of rumen-fluid FOR and amounts of 
foam produced from rumen contents 3 h before feeding in all diets. 

Cattle in the different groups and cattle fed on different diets showed similar percentage 
decreases in foam heights 5 min after initial foam formation at both 3 h before and 4 h after 
feeding, therefore only measurements made 2 h after feeding are shown (Table 3) .  There 
were no ( P  > 0.05) differences in foam instability between the two groups. Differences 
between the hay and pellet diets also lacked significance, although both diets resulted in less- 
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Table 1. Feed consumption patterns of bloat-resistant (group A )  and bloat-susceptible (group 
B) cattle ,fed on chopped lucerne (Medicago sativa) hay (hay), lucerne pellets (pellets) and 
high-barley-grain (concentrate) diets 

(Means with pooled standard errors) 

Group.. . A B SE * 

Body-wt (kg) 5398 386b 10 
Daily dry matter (DM) intake 

kg 1 3.0a 10.Ob 0.29 
kg/kg body-wt 0.024" 0026" 0.00 16 

kg/d 5.2a 3.8" 0.30 
kg/kg body-wt 0,0097" 00098" 00004 

Mean initial DM intake? 

Average DM size of meal$ 
kg/d 2.1" 1.7h 0.05 
kg/kg body-wt 0.0039a 0.0044" 00003 

-. 

Within horizontal rows, means with different superscript letters were significantly different (P < 005). 
* SE of cattle group means (n 9, df 6). 
t Intake after provision of fresh feed until animals left feedbunk. 
$ Values obtained from total feed intake and number of visitations made to feed in an 8-12 h period. 

-2.0 I I I I 

-3 -1 1 3 5 7 9 11 
Time-interval after feeding (h) 

Fig. 1. Example of a multiple-component marker-concentration curve of CoEDTA in the rumen of 
cattle. Marker was given 3 h before feeding. 
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Table 2. Rumen digesta kinetics in bloat-resistant (group A )  and bloat-susceptible (group B) 
cattle fed  on chopped lucerne (Medicago sativa) hay (hay), lucerne pellets (pellets) and high- 
barley-grain (concentrate) diets 

(Means with pooled standard errors) 

Group Diets 

Concen- 
A B SE* Hay trate Pellets S E t  

Rumen volume 
Litres 87.9" 95.6b 1.20 97.1" 87.8" 90.0" 3.1 
kg/kg body-wt 0.163" 0.233b 0.011 0.209" 0189' 0.194' 0.01 

2.54 h before feeding 0.077" 0.049' 0.009 0.08' 007" 0.063" 0.056 
&2 h after feed offered 0205" 0093b 0.007 0.173" 0.13" 0.145b 0.004 
2-7 h after feed offered 0.16" 0.086b 0,005 0.143" 0.093" 0134" 0.003 

Fluid passage rate constant (/h) 

Fluid outflow rate 

Passage rate of 1-2 mm 
(I/h)S 

Cr-MP (/h) 

7.4' 4.5b 0.50 7.9" 6.0" 5.6" 054 

0.067" 0.050a 0.012 0.047" 0.072b 0.055" 0002 

a. 

Cr-MP, Cr-mordanted particles. 
* SE of cattle group means (n 9, df 6). 
t SE of diet means (n 6, df 2). 
1 Fluid outflow rate was estimated for the time period from 2.5 to 0 h before feeding. 

Within horizontal rows and comparisons, means with different superscript letters were significantly different 
(P < 0.05). 

Table 3.  Foam stability and foam heights (mm) produced in samples of rumen contents taken 
before and after feeding from bloat-resistant (group A )  and bloat-susceptible (group B) cattle 
fed  on chopped lucerne (Medicago sativa) hay (hay), lucerne pellets (pellets) and high-barley- 
grain (concentrate) diets 

(Means with pooled standard errors) 

Foam heights (mm) 
Foam 

-3 2 4 instability* Time after feeding (h) . . . 

Group 
A 79" 150" 69" 43" 
B 82" 240b 1 50" 40" 
SET 9.9 12-1 11.9 1.6 

Diet 
Hay 32' 148" 76" 54" 
Concentrate 122b 236b 135" 22b 

SEf 2.7 7.8 160 1.1 1 
Pellets 87' 1 94ab 102" 50" 

a s  Within vertical columns and comparisons, means with different superscript letters were significantly 

* Values represent the difference between initial foam height after gassing for 2 min and the foam height 5 min 

t SE of mean (n 9, df 6). 
1 SE of mean (n 6, df 2). 

different (P < 0.05). 

after gassing, expressed as a percentage of initial foam height measured 2 h after feeding. 
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Table 4. Correlation coeficients (r), slopes and intercepts of linear regressions between 
foam heights (mm) and rumen-fluid fractional outfow rates ( l h )  at various times after 
feeding 

Time after feeding (h). . . 

Diet? - 3  2 4 

All diets 
Intercept 8.77 273 18.0 
Slope -018 - 9.63 - 0.63 
SES 0.18 014 0096 
r - 024 - 074* -0.85* 

Intercept 120 39.4 20.6 

SE§ 0.15 038 006 
r -070 - 089* -099* 

Intercept 6.33 8.5 17.1 

SE§ 0.40 0.85 P19 
r - 0.30 - 040 -0.83. 

Intercept 3.67 33.9 16.6 
Slope - 0.3 1 - 1.00 -0.50 
SE§ 083 0.25 0.26 
r - 040 --0.89* - 072 

Hay 

Slope -0.28 - 1.49 -096 

Concentrate 

Slope -0.05 - 0.24 -0.55 

Pellets 

* P < 005. 
t For details, see p. 388. 
$ SE of slope (n 18, df 16). 
§ SE of slope (n 6, df 4). 

stable foam (P c 0.05) than the concentrate diet. Rumen-fluid FOR during all the sampling 
phases described at most only 15 YO of the variation in foam instabilities. 

D I S C  US S I 0  N 

The decision to use cattle with previous histories of bloating only 3 months after rumen 
cannulation and to compare these with normal cattle which had been cannulated for 2 years 
and were larger was made deliberately to try to ensure that differences between the two 
groups of animals would exist. Because the groups of cattle were dissimilar it is not possible 
to make firm conclusions concerning the causes of bloating in cattle of group B, but 
relations between the tendency of rumen contents to foam and the FOR of rumen fluid and 
particulate matter can be examined, and it would be expected that cattle with more foam 
in their reticulo-rumen contents would be more susceptible to bloat (Howarth et al. 
1986). 

The greater amount of foam produced by samples of rumen contents from cattle fed on 
the concentrate diet accords with reports of higher incidence of bloat in cattle when fed on 
combinations of lucerne hay and barley grain (Geissler & Thomas, 1966; Howarth, 
1975). 

Since there was no significant difference in foam instability between groups A and B, 
clearance of foam produced during and after feeding for a particular diet would be expected 
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to be dependent on rumen-fluid FOR for that diet. Thus, in cattle with a significantly higher 
rumen-fluid FOR during and after feeding, e.g. group A of the present study, the 
accumulation of microbial and plant by-products, and therefore bloat, may be prevented. 
On the other hand, a lower rumen-fluid FOR during and after feeding, such as in group B, 
may not be high enough to prevent such accumulations of stable foam and, therefore, 
bloat. 

of the 
variation in amount of foam produced. Corresponding values for the pellet diet were 79 
and 51 % respectively. Rumen-fluid FOR accounted for only 16 and 69 % of the variation 
in amount of foam produced 0-2 h and 2-7 h after feeding for cattle on the concentrate 
diet. The low correlation between FOR and foam production for the (k2 h post-feeding 
sample for cattle fed on this diet is difficult to explain. However, it could be due to animal 
variability and the small number of animals involved in the present study, or it could 
indicate that for concentrate diets the relation between FOR and foam production is more 
complex than that for hay diets. For example, viscosity of rumen fluid has been shown to 
be positively correlated with the incidence of bloat in animals fed on a high-grain diet 
(Meyer & Bartley, 1971). Also cattle spend less time eating a grain-based diet than a hay 
diet and saliva production during eating is less (Bartley, 1973). Reductions in anti-foaming 
salivary mucins entering the rumen and increases in mucinolytic bacteria in rumen fluid 
have also been reported in cattle fed on concentrate diets (Bartley & Yadava, 1961). 

Across all diets the FOR 0-2 h and 2-7 h after provision of feed accounted for 55 and 
72 % of the variation respectively, in the amount of foam produced from rumen contents 
of cattle. This suggests that the relation between FOR and foam production holds under 
a variety of post-feeding situations. 

Feeding caused a sharp decline in CoEDTA concentration (Fig. 1), a decline which could 
be related to the initial intake of the cattle after provision of fresh feed. Feeding causes 
declines in marker concentrations through expanded rumen volume or increased rate of 
passage, or both (Warner & Stacy, 1968; Stokes et al. 1985). 

The higher FOR for the hay diet 0-2 h after feeding could be attributed to increased 
mastication and salivation with the chopped hay compared with the concentrate and pellet 
diets. However, when the cattle were no longer actively eating (2-7 h after provision of 
feed) the FOR was not significantly different between the animals given the chopped and 
pelleted hay diets. 

The slower FOR of rumen fluid for group B at the various sampling phases are in 
agreement with the results of Majak et al. (1986b) who, during our analysis of the results 
from this study, reported first-order rate-constants of 0.043 and 0*092/h for bloat- 
susceptible and bloat-resistant cattle respectively. However, results in our study indicate 
that, although overall FOR may be important in explaining bloat differences, it may be 
more important to consider the relations between the various components which contribute 
to the overall FOR and foam production. Thus, an overall slower FOR for group B could 
be attributed to significantly slower rates of passage of CoEDTA during and after feeding 
and the concomitant higher foam production, but not to a slower FOR before feeding. It 
is during and after feeding that most animals normally bloat (Howarth, 1975). 

Group B had significantly larger reticulo-rumen volumes than group A. Cockrem et al. 
(1983) reported significant differences in rumen volumes between high-susceptible and low- 
susceptible cattle, and indicated that a greater volume of rumen fluid could be associated 
with a high susceptibility to bloat. 

The mean fractional passage rates of the 1-2 mm Cr-mordanted particles, though higher 
in group A, were not significantly different from those of group B. Particles which could 
be responsible for frothiness by causing an increase in the viscosity of the lamellae fluid, 

For the hay diet the FOR 0-2 and 2-7 h after feeding accounted for 79 and 98 
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thus preventing drainage of the fluid, as suggested by Majak et al. (1986a), could be smaller 
than 1 mm and thus would move with the liquid phase. 

In conclusion, in the present experiment the study of animal factors involved in bloat 
susceptibility in cattle have been expanded to include the relation between FOR of fluids 
before feeding, during feeding and after active feeding and the amounts of foam produced 
from rumen contents during these times. Cattle with a history of being bloat-susceptible 
(group B) had greater foam productions from rumen contents and slower liquid FOR after 
feeding than cattle which were not bloat-susceptible (group A), whereas before feeding 
there was no significant difference in FOR and in amount of foam produced. The low FOR 
in group B could cause foaming agents to accumulate and account for increased tendency 
for animals to bloat. 

This study was part of a research programme supported by the ‘Farming for the Future’ 
programme of the Agricultural Research Council of Alberta. E. K. 0. is a recipient of a 
Commonwealth Scholarship while on study leave from the University of Ghana, Legon, 
Ghana. 
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