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Abstract 

Four rumen-cannulated dairy cows were fed twice daily with a totally mixed ration (TMR), 
in which the basal diet consisted of artificially dried grass, maize silage and concentrates. In 
addition, 25 % of total dry matter intake was dried beet pulp (BP), ensiled pressed beet pulp 
(PP) or extra maize silage (M). The measurements were performed at approximately 15 
(LLI) and 25 kg (HLI) dry matter feed intake respectively in a 2 x 3 x 4 latin square design. 
Measurements were made of organic matter degradation (nylon bag) of diet ingredients, 
while during 48 hour periods the pattern of intake, pH and osmolality, as well as the concen­
tration of volatile fatty acids (VFA), lactic acid (HL) and ammonia (NH3) were determined. 
The pH and concentration of the major VFA's did not differ significantly between treat­
ments. The concentration of the branched chain fatty acids (BCFA), valerate and ammonia 
were significantly higher for diet M. The level of intake significantly influenced the pH, con­
centration of the major VFA's, 2-methyl-butyrate and valerate. The feed intake pattern dif­
fered between intake levels, but were similar for the three diets. The results of the degrada-
bility of treatments were calculated from individual degradability measurements of diet in­
gredients. The undegradable fraction (U) was highest for diet M. The water-soluble fraction 
(5) was lowest for treatment DP, and the rate of degradation (kd) was lowest for treatment 
M. 
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Introduction 

Beet pulp is a by-product from the sugar beet industry, which is available to farmers 
either moist or as a dehydrated product. The moist product involves lower produc­
tion costs (no drying costs), but is bulky (transport) and must be ensiled. There is a 
shift in utilization of beet pulp in Dutch dairy feeding from dried beet pulp to 
pressed ensiled beet pulp. Recently reported information suggests, that the energy 
values of both beet pulps are high and do not differ significantly from each other 
(Hemingway et al., 1986; de Visser & Tamminga, 1987; de Visser & Hindle, 1990). 

Dutch dairy cow rations usually contain large quantities of partly fermented 
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roughage(s), grass silage and/or maize silage. In early lactation, large amounts of 
compound feeds are fed as supplement to the roughage-based diets of high-yielding 
dairy cows in order to meet requirements. These concentrates can be partially re­
placed by moist-ensiled by-products, such as pressed ensiled beet pulp, ensiled 
maize gluten feed or moist ensiled brewers' grains. Dried beet pulp on the other 
hand is used by the compound feed industry as an important energy rich ingredient 
in concentrate mixtures. An alternative for dairy farmers may be the use of an ener­
gy-rich roughage, such as maize silage. 

Replacing concentrates with pressed ensiled beet pulp or maize silage (both part­
ly fermented by micro-organisms in the silo) may have a negative influence on ru­
men fermentation. During the ensiling process part of the energy in the feed (carbo­
hydrates) is converted into the end-products of fermentation such as volatile fatty 
acids and lactic acid. These fermentation products cannot be used as efficiently as 
the original carbohydrates by the micro-organisms in the rumen (van Soest, 1982; 
Robinson et al., 1987). 

Therefore a comparative study was performed, in which pressed ensiled beet 
pulp was compared to dried beet pulp and maize silage. The objectives were: 
I. To measure the influence of pressed ensiled beet pulp, dried beet pulp or maize 

silage on rumen fermentation patterns. 
2. To measure the influence of two feeding levels (15 and 25 kg DM per animal per 

day) on these patterns. 
3. To measure the degradation characteristics of the organic matter of pressed en­

siled beet pulp, dried beet pulp and maize silage using nylon bag incubations. 
4. To explain the results of a feeding trial, in which the same dietary ingredients 

were applied (de Visser & Hindle, 1990). 

Materials and methods 

Rumen fermentation 

The 4 animals used in this experiment were of the Dutch Friesian and Dutch Frie-
sian x Holstein breed and were each equipped with a rumen cannula. One cow was 
fitted with a PVC cannula of 5 cm i.d. (Eriks, Alkmaar, the Netherlands). The 
other three animals were equipped with a large rumen cannula of 10 cm i.d. (Bar-
Diamond Inc., Parma, ID, USA). The animals were housed in a tie stall and in or­
der to avoid selection they were offered a totally mixed ration (TMR), using a mix­
er-forage wagon. 

The diets corresponded to those of the accompanying feeding trial (de Visser & 
Hindle, 1990) and are shown in Table 1. The treatments were dried beet pulp (DP), 
pressed ensiled beet pulp (PP) and extra maize silage (M). The animals were fed in­
dividually twice daily; at 5:00 h (40 % of the diet) and at 14:00 h (60 % of the diet). 
The composition of the concentrate mixture was as described by de Visser & Hindle 
(1990) and consisted of coconut expeller (5 %), maize gluten feed (38.5 %), palm 
kernel expeller (8.3 %), soya bean meal solv. extracted (24.3 %), soya bean hulls 
(15 %), cane molasses (5 %), minerals and vitamins (3.9 %). Rumen fermentation 
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Table 1. Diet ingredients and chemical composition, after correction for volatiles (g kg"1 DM). 

Dried beet pulp Pressed beet pulp Maize silage 
(DP) (PP) (M) 

Diet ingredient 

Artificially dried grass 200 200 200 
Maize silage 200 200 430 
Dried beet pulp 250 - -

Pressed beet pulp - 250 -

Concentrate mixture1 350 350 370 

Chemical composition 

Dry matter 746 568 599 
Ash 94 94 88 
N-Dumas 27 28 28 
Crude fat 25 25 31 
Crude fibre 198 198 202 
Neutral detergent fibre 455 475 459 
Starch 76 76 132 
Sugar 64 45 38 

1 De Visser & Hindle, 1990. 

Table 2. Experimental design. 

Period Cow No 

744 773 829 1338 

1 H1 PP2 LDP HDP LM 
2 H M L PP H PP LDP 
3 H DP LM HM L PP 
4 L DP HDP L PP HM 
5 L PP H PP LM HDP 
6 L M HM LDP H PP 

1 Feeding levels: H = HLI (high level), L = LLI (low level). 
2 Diets: DP = dried beet pulp, PP = pressed ensiled beet pulp, M = maize silage. 

pattern was investigated at two feeding levels. During the first 5 months after partu­
rition the animals were fed at a high level (approx. 25 kg DM) (HLI), while a low 
level (approx. 15 kg DM) (LLI) was fed between the 6 and 11th month after partu­
rition. 

The experiment was performed as a change over 3x4 latin square design, which 
is outlined in Table 2. It was not possible to perform a complete 6x4 latin square 
design, because the animals may have refused the high level of intake during the 
second part of lactation, or probably had suffered from ketosis when feeding the 
low level of intake during early lactation. Each period lasted at least 5 weeks. Mea­
surements were made on two consecutive days during the last week of each experi­
mental period. These measurements involved taking 9 samples per day of the ru­
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men fluid at 5:00, 7:00, 10:00, 14:00, 16:00, 19:00, 22:00, 2:00 and 5:00 h using a 
plastic tube 60 cm long with a diameter of 4 cm, which was perforated over the last 
40 cm with holes of 1 mm. A Record syringe was used for the suction of 100 ml ru­
men fluid, from the inside of the tube. Samples were directly analysed for pH and 
osmolality, using a pH meter (Philips 2000) and an osmometer (Osmomat 300, Go-
no tec). Subsamples were taken for analysis of volatile fatty acids (VFA), lactic acid 
(HL) and ammonia (NH3). The preservation of these subsamples and the analytical 
methods used were as described by Robinson et al. (1986). 

The results of the individual volatile fatty acids were used to calculate the ratio 
between the lipogenic and glucogenic volatile fatty acids (NGR) as described by 
0rskov (1975). The diets were analysed for dry matter (DM), ash, nitrogen (N), 
crude fibre, Neutral Detergent Fibre (NDF), sugar and starch as described by de 
Visser & Hindle (1990). 

During the fermentation study the feed intake pattern of the diets at the two 
feeding levels was measured by recording the amount of feed consumed between 
the various rumen sampling times. 

All data of the daily rumen samples were used to calculate daily mean values 
(weighted for time intervals), while the variation during the day was expressed as 
the standard error of the values measured at the various sampling times during the 
day. Variance analysis on mean daily values and daily variations in rumen param­
eters, using the statistical package Genstat (Alvey et al., 1982) were performed 
using diet and intake levels as independent variables. 

Rumen degradation 

Three cows fitted with a large rumen cannula were used. Two of the animals were in 
early lactation, while the third one was in mid lactation. The animals were fed the 
intermediate diet (1/3 DP + 1/3 PP + 1/3 M) from the fermentation study (Table 1). 
The two animals in early lactation were fed 24 and 22 kg DM per day, respectively, 
while the third animal was fed 15 kg DM per day. The animals were housed in the 
same stall and fed as the animals in the rumen fermentation study. 

Rumen incubations were performed for 0, 3, 6,12, 24, 48 and 216 hours to deter­
mine the degradation of organic matter (OM). Rumen degradability was measured 
for all dietary ingredients (Table 1), used in the fermentation study and the feeding 
experiment of de Visser & Hindle (1990). The results of the individual feedstuffs 
were used to calculate the degradability of the three treatment diets (DP, PP, M), 
using the original data at the various incubation times. 

Small samples (approx. 5 g DM) of all ingredients were put into nylon bags mea­
suring 10 x 19 cm with a pore size of 41 nm. The dried beet pulp and the compound 
feed were ground through a 5 mm sieve. The pressed beet pulp and the maize silage 
were homogenized with a meat cutter (Duker); the artificially dried grass was 
chopped into particles of approx. 10 mm length with a paper guillotine. The proce­
dure for nylon bag incubations and the analytical and mathematical methods em­
ployed were as described by van Vuuren et al. (1989). 

As a result of these procedures the OM of the feedstuffs was divided into the wa­
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ter-soluble fraction (5), the potentially degradable fraction ( D )  and the undegrada-
ble fraction (U), while the rate of degradation (kd) was estimated as the first deriva­
tive of the degradation curve. The total potentially fermentable fraction (F), was 
defined as the sum of 5 and D. Significance tests were performed for differences be­
tween feedstuffs and between diets with analysis of variance using the statistical 
package Genstat (Alvey et al., 1982). 

Results 

Rumen fermentation 

The results obtained from the rumen fermentation study are shown in Table 3. The 

Table 3. Rumen pH and concentrations of volatile fatty acids, lactic acid, ammonia (mmol l"1) and os­
molality (meq l"1), between diets containing dried beet pulp (DP), pressed beet pulp (PP) or extra maize 
silage (M) and the effects due to level of feed intake (LLI versus HLI). 

Component Rations SED1 Level of intake SED 

dried pressed maize HLI LLI 
pulp pulp silage high low 

pH mean 6.03 6.00 6.11 0.05 5.93a2 6.19b 0.04 
range3 0.38 0.38 0.32 0.03 0.32a 0.41b 0.02 

Osmolality mean 0.304 0.311 0.310 0.01 0.313 0.303 0.01 
range 0.022 0.022 0.021 0.002 0.021 0.023 0.001 

Ammonia mean 7.32" 6.93a 9.06b 0.88 7.36 8.29 0.73 
range 5.31 5.26 5.21 0.56 4.71a 5.94b 0.46 

Lactate mean 1.46 1.75 1.38 0.24 1.26a 1.87b 0.19 
range 2.25 2.91 2.40 0.57 1.47a 3.84b 0.46 

Total VFA mean 118 120 119 4.21 126a 110b 3.46 
range 15.7 16.4 15.4 1.43 13.7a 18.7b 1.17 

NGR4 mean 4.60 4.52 4.38 0.19 4.26a 4.80b 0.15 
range 0.50 0.41 0.47 0.07 0.33a 0.62b 0.06 

Acetate mean 74.7 76.0 73.3 2.42 78.7a 69.7b 1.98 
range 9.45 9.80 8.77 1.19 8.1a 10.8b 0.98 

Propionate mean 22.7 23.1 23.3 1.02 25.3a 19.6b 0.84 
range 4.16 4.25 4.28 0.38 3.50a 5.15b 0.31 

Isobutyrate mean 0.71a 0.71a 1.00" 0.11 0.84 0.77 0.09 
range 0.21 0.19 0.24 0.08 0.23 0.19 0.06 

Butyrate mean 16.3 15.9 16.4 0.75 17.2a 14.9b 0.61 
range 2.00 2.19 2.31 0.20 2.15 2.19 0.12 

2-Methyl-butyrate mean 0.32a 0.48a 1.12b 0.15 0.80a 0.43b 0.12 
range 0.17a 0.22a 0.61b 0.16 0.42 0.24 0.14 

3-Methyl-butyrate mean 0.54a 0.53a 0.86" 0.10 0.67 0.62 0.08 
range 0.20 0.22 0.27 0.06 0.23 0.24 0.05 

Valerate mean 1.54a 1.57a 1.92b 0.16 1.89a 1.41b 0.13 
range 0.38a 0.37a 0.61b 0.09 0.45 0.46 0.08 

1 SED = Standard error of difference. 
2 Figures with a different superscript are significantly (P < 0.05) different. 
3 Range = calculated as standard error during the day (SE). 
4 NGR = Nonglucogenic Glucogenic Ratio (0rskov, 1975). 
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HIGH (HLI)  LOW (LLI)  

kg  DM kg DM 

.  „rtf ,  ,  ,  . . .  
6  8  1 1  1 6  1 8  2 2  2  5  6  1 6  

t ime of  the  day t ime of  the  day 

ES3 Dried beet pulp (DP) 

• Pressed ensiled beet pulp (PP) 

V7X Maize silage (M) 

Fig. 1. Feed intake pattern during the day. 

mean pH, osmolality, HL, total VFA, NGR, and the major VFA's did not differ 
significantly between diets. The daily variation in these parameters did not differ 
significantly either. The concentrations of NH3, the branched-chain fatty acids 
(BCFA) (iso-butyrate, 2-methyl-butyrate, 3-methyl-butyrate) and valerate were 
significantly higher for diet M, compared to both beet pulp diets (DP and PP), as 
was daily variation of 2-methyl-butyrate and valerate. 

There was no significant interaction between diet and feeding level. However, 
feeding level itself significantly influenced most of the rumen parameters. At HLI 
the concentration of the major VFA's, 2-methyl-butyrate and valerate was signifi­
cantly higher, while the pH of the rumen fluid was significantly lower. The daily 
variation on LLI was significantly higher for pH, NH3, HL, total VFA, NGR, ace­
tate, propionate and butyrate. 

Feed intake pattern did not differ between diets, but feeding level had a large in­
fluence on feed intake pattern. Animals fed the LLI consumed their feed within one 
hour, while those at HLI consumed their feed in several smaller meals (Figure 1). 

Degradability 

The fractions S, D, U and F together with kd of the OM of the dietary ingredients 
and the calculated values for the total diets are shown in Table 4. The 5 fraction was 
much lower for dried beet pulp than for pressed beet pulp or maize silage. As a re­
sult the calculated 5 fraction of diet DP was also lower. The U fractions of the maize 
silages used were significantly higher than that of dried beet pulp or pressed beet 
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Table 4. The soluble (5), potentially fermentable (D), undegradable fraction (if) and total potentially 
rumen fermentable fraction (F) (%), rate of degradation (kd) (% h"1) and lag time (L) (h) in the organic 
matter of various feeds and rations as measured or estimated in sacco. 

Component Fraction ki L 

S D U F 

Ingredient 

Dried beet pulp 6.3a3 88.0a 5.7" 94.3a 5.59a 3.36 
Pressed beet pulp 34.5" 62.4b 3.1" 96.9a 6.16a 0.53 
Maize silage No ll1 38.8" 33.1e 28. lb 71.9b 3.45b 3.82 

No 12 32.4" 41.5e 26.lb 73.9b 2.62" 0.00 
NoD 27.8b 47.2e 25.0" 75.0b 2.15b 0.27 

Artificially dried grass 27.5b 55.9" 16.6e 83.4b 3.09" 1.19 
Concentrate 51.0e 42.2e 5.7a 93.2" 4.48 0.39 
SED2 2.09 2.62 3.72 3.76 0.25 

Diets (average) 

Dried beet pulp (DP) 31.5a 56. la 12.4a 86.6" 4.40" 1.49 
Pressed beet pulp (PP) 38.6b 49.7b 11.7a 88.3a 4.40a 0.78 
Maize silage (M) 38.6b 44.3b 17.2b 82.9b 3.40b 0.97 
SED 1.40 1.45 1.81 1.94 0.23 

1 Maize silage No 11 = maize silage used in fermentation and feeding trial which was stored in silo No 
11. 

2 SED = standard error of difference. 
3 Figures with a different superscript are significantly (P < 0.05) different. 

pulp, resulting in a higher U fraction for diet M, which resulted in a lower F fraction 
for diet M. The rate of OM degradation was lowest for maize silage and slightly 
higher yet similar for both beet pulps. The calculated kd was lowest for diet M, while 
diets DP and PP were similar. 

Discussion 

The three diets compared favourably in their ash, N, crude fibre and NDF contents. 
The differences observed in sugar and starch contents are not considered to be in­
fluential (Table 1), because of the relatively low levels of these components in total 
rations. The rumen fermentation characteristics of the three TMR rations did not 
differ significantly in pH, total VFA, NGR and the major VFA's. This is in agree­
ment with the chemical composition of the diets presented to the animals (Table 1, 
Table 3). The results of this experiment agreed with previous findings. Only small, 
if any differences were observed in rumen fermentation characteristics for dried 
beet pulp and pressed beet pulp diets (Battacharya & Lubbadah, 1971; Castle, 
1972; Huhtanen, 1988) or between diets based on beet pulp or maize silage (Verite, 
1975). 

Results from the nylon bag incubation study showed differences in the S fraction 
between diet DP on the one hand and the diets PP and M on the other. The chemi-
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cal composition of the S fraction was not analysed, but the fraction in dried beet 
pulp was very small and probably consisted mainly of sugars. The ground dry mate­
rial probably swelled during the washing programme, increasing particle size and 
therefore reducing the number of very small particles, which could be rinsed out of 
the nylon bags. Pressed beet pulp and maize silage had higher S fractions, yet again 
the chemical composition of these fractions was not analysed. However, the re­
maining sugars, part of the starch and the fermentation end-products of pressed en­
siled beet pulp and maize silage may have been removed from the nylon bags during 
washing. Furthermore, these components do not account for all the material which 
was measured as the soluble fraction. Fermentation processes in the silo may con­
vert other components into more soluble fractions and/or reduce their particle size, 
increasing their possibility of being washed out of the bags. Courtin & Spoelstra 
(1989) suggested that pectins, present to a large extent in beet pulp, could be de­
graded by enzymes produced by yeasts and species of the bacterial genus Bacillus 
into smaller particles during the ensiling process, which could explain differences in 
the 5 fraction between dried beet pulp and pressed beet pulp. 

A larger quantity of soluble OM, which is assumed to be available for fermenta­
tion immediately after feed intake, was expected to affect rumen fermentation 
characteristics. The S fraction was higher for diets PP and M than for diet DP. Nev­
ertheless, this was not reflected in the concentration of the major VFA's, the pH of 
the rumen fluid, or the daily variation of these parameters. 

When using the results of the degradation study to explain rumen fermentation 
characteristics, it seems therefore acceptable to use the total rumen degradable 
fraction (F), because this fraction was similar for both beet pulp diets. The results of 
the nylon bag incubation study showed a significant difference in the U fraction be­
tween maize silage and both beet pulps. This is in agreement with differences in or­
ganic matter digestibility measured in vivo and in vitro, for maize silage (72 %) and 
beet pulp (89 %) (de Visser & Hindle, 1990). 

The higher U fraction for diet M, in comparison to both beet pulp diets (Table 4) 
did not result in differences in pH or concentration of the major VFA's (Table 3). 

A lower rate of degradation (kd) was calculated for diet M, when compared to 
both beet pulp diets (Table 4), but it did not affect rumen fermentation, with regard 
to pH and the concentration of the major VFA's (Table 3). 

In this experiment only the OM degradation was measured. 
Probably the difference in fermentation pattern between NDF and starch, the in­

crease of VFA, due to a reduced liquid/OM ratio (Sutherland, 1988) and the neg­
ative influence of a lower degradability were compensating each other, resulting in 
similar concentrations of VFA between both beet pulp and the maize silage diets. 

The higher U fraction of the OM and the lower rate of OM degradation were 
thought to be responsible for the reduced total dry matter intake of diet M, com­
pared to both beet pulp rations, as measured in the feeding trial of de Visser & Hin­
dle (1990), because those animals were fed ad libitum. In this experiment the ani­
mals were restricted in intake and no differences in DM intake were found. 

The lower F fraction and the reduced kd of diet M resulted in a lower availability 
of energy components for the synthesis of microbial protein (van Straalen & Tam-
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minga, 1990), leading to increased concentrations of BCFA, valerate and ammonia 
(Table 3), which agreed with the results of Miller (1982), van Soest (1982) and Rob­
inson et al. (1986). 

The results of the feeding trial of de Visser & Hindle (1990), in which a reduced 
milk protein content was found on the maize silage diet, might have been the result 
of the lower microbial protein synthesis, especially in early lactation, when the ani­
mals are fed below both energy and protein requirements. 

The level of feed intake significantly influenced rumen fermentation, which can 
be explained by the larger quantity of rumen fermentable OM, which was available 
at HLI, compared to LLI (Table 3). This agrees with the results of Hodgson et al. 
(1976), who also found increased concentrations of VFA at higher levels of intake. 
Robinson et al. (1986) showed a linear relationship between the OM intake and ru­
men pool size. The ratio liquid/solids was reduced at higher intakes, increasing con­
centrations of VFA. At LLI the daily variation of the concentrations were signifi­
cantly higher for ammonia, total VFA, NGR, acetate and propionate. This is 
thought to be a result of the difference in feed intake patterns (Fig. 1), providing a 
more constant supply of rumen degradable OM at the high level of intake. 

The results of the fermentation and degradation studies confirmed the results of 
the feeding trial, but more information concerning the degradation of the various 
OM fractions is required to enable a more precise explanation of fermentation pat­
terns. 
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