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Abstract

A feeding trial was carried out with 48 dairy cows in second or later lactation. The experiment
started immediately after parturition and lasted for 13 weeks. Basal diets consisted of a mix-
ture of artificially dried grass and maize silage as roughage components and concentrates
based on a mixture of by-product feeds. Additional to the basal diet, dried beet pulp, ensiled
pressed beet pulp or maize silage was fed. Two groups received either dried beet pulp (DP)
or ensiled pressed beet pulp (PP). The third group received extra maize silage (M). All rations
were fed as totally mixed rations (TMR) to prevent selection. Digestibility of the ration com-
ponents was determined with in vitro and in vivo methods. The feeding value of both types
of beet pulp and maize silages agreed with that reported in literature. Total dry matter intake
differed significantly between DP and the other groups (PP and M). Energy intake was
highest for DP and lowest for group M. Milk yield was similar for all groups. However,
group PP displayed an apparently different pattern with higher peak production than group
M. Fat content and fat yield were similar for all groups. Milk protein yield did not differ sig-
nificantly between groups, group M tended to have the lowest production. Milk protein per-
centage did not differ between the groups, although group M showed a tendency to be lowest.
The calculated energy balance agreed with liveweight changes.

Keywords: cow, digestibility, intake, milk production, beet pulp, pressed beet pulp, maize
silage

Introduction

Use of by-product feeds as animal feedstuffs is very common in the Netherlands.
Concentrates used in dairy cow feeding consist almost exclusively of by-products.
Particularly by-products from the sugar industry, such as beet pulp, are highly ap-
preciated feedstuffs, because of their quality and high level of digestibility. Increas-
ing drying costs have led to the introduction of alternative methods of storage and
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feeding. The moist pulp, directly after processing, has a dry matter content of ap-
proximately 10 %. Pressing this material increases the dry matter content to be-
tween 18 and 25 %, reducing transport costs and improving ensiling characteristics.

Concentrates provide the animal with energy and protein in addition to that sup-
plied by the roughage part of the diet. Part of the concentrate mixture can be
replaced by single energy sources, such as dried or moist ensiled beet pulp. An alter-
native to such energy sources is the increase of an energy-rich roughage component,
such as maize silage. Although a fair amount of information is available on the
nutrition characteristics, such as palatability, digestibility and feeding value of a
new feedstuff, the information on dried and ensiled pressed beet pulp originating
from the same batch is very limited.

Therefore, it was decided to make a comparative study of the influence of ensiled
pressed beet pulp, dried beet pulp and maize silage on production characteristics of
dairy cows in early lactation. Objectives of this study were:

1. To measure the nutritive value of ensiled pressed beet pulp in vitro and in vivo.
2. To evaluate pressed beet pulp as a dietary ingredient in a feeding trial with dairy
COWS. 7

3. To measure the effects of introduction of pressed beet pulp in dairy rations on
rumen fermentation characteristics.

This paper deals with the results of the first two objectives. The results of the ru-
men fermentation study will be reported in a subsequent paper.

Materials and methods

A feeding trial was performed with 3 groups of 16 animals of the Dutch Friesian
Black and White or Dutch Friesian X Holstein Friesian breed. The animals were
in second (approx. 40 %) or later lactation. The average age of the animals at the
start of the experiment was 4 years and 6 months. The animals were grouped in
blocks, based on their previous performances (milk production and composition).
Within each block, animals were allocated at random to one of the treatment
groups. The trial started immediately after parturition and lasted for 13 weeks. Ex-
perimental treatments were the diets. In addition to a basal diet of artificially dried
grass (20 % of DM), maize silage (20 % of DM) and a concentrate mixture (35 %
of DM), 25 % of the dry matter was fed as pressed beet pulp, dried beet pulp or
extra maize silage (treatment groups PP, DP and M, respectively). To avoid selec-
tion by the animals the rations were offered as completely mixed diets and prepared
using a mixing feeding wagon. Feed was offered twice daily; 40 % at 5:00 h and
60 % at 15:00 h. To compensate for the lower energy value of maize silage com-
pared to both beet pulps, the amount of extra maize silage was reduced by 2 % and
substituted with concentrates. The concentrate mixture consisted of coconut ex-
peller (5 %), maize gluten feed (38.5 %), palm kernel expeller (8.3 %), soya bean
meal solv. extract (24.3 %), soya bean hulls (15.0 %), cane molasses (5 %), salt
(1 %), calcium carbonate (0.3 %), dicalcium phosphate (1.3 %), vitamins and
minerals (0.5 %), magnesium oxide (0.8 %).

Ration ingredients were analysed for dry matter, ash, nitrogen, crude fat, neutral
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detergent fibre (NDF), starch and sugars. Ensiled pressed beet pulp and maize
silages were also analysed for volatile fatty acids, lactic acid and pH. DM was deter-
mined at 105 °C and subsequently corrected for losses through volatiles. OM was
calculated as weight loss upon ashing at 550 °C. Nitrogen was determined by the
Dumas method (Merz, 1979). NDF was determined by the procedure described by
Robinson et al. (1986). Starch, crude fat and sugars were determined according to
the procedures of the Netherlands Normalisation Institute (NEN 3574, NEN 3576
and NEN 3571, respectively). Volatile fatty acids and lactic acid were analysed using
gaschromatography as described by Robinson et al. (1986).

In vitro digestibility of organic matter was determined for all components (Tilley
& Terry, 1963; and IVVO modifications, van der Meer, pers. comm.). Artificially
dried grass, dried beet pulp, pressed beet pulp, and some of the maize silages were
also investigated for in vivo digestibility using wethers fed at maintenance, accord-
ing to the method described by van Es & van der Meer (1980).

The amount of feed offered to dairy cows in the feeding trial was based on res-
tricted ad libitum feeding (approx. 2 % residues). Animals were fed individually and
daily refusals recorded. Milk yield was measured each week on two consecutive days
by means of a Tru tester (Moderniek, Soest). At the same time samples were collect-
ed for analysis of milk fat and protein. Milk samples were preserved with sodium
azide and analysed at a commercial laboratory (Stichting melkcontrolestation
‘Noord’, the Netherlands). Liveweight of the animals was measured the day after
parturition and once a week for the duration of the trial. Bodyweight losses were
calculated. The energy balance was calculated and adjusted for mobilization of
body reserves.

Statistical examination of the results using variance analysis techniques was ac-
complished using the statistical programme Genstat (Alvey et al., 1982).

Results

The chemical compositions of the roughages are shown in Table 1 and those of the
concentrate mixture, dried beet pulp and pressed beet pulp in Table 2.

Dried and pressed beet pulp had similar proportions of ash, N-Dumas, crude fibre
and crude fat. The sugar content was lowest in the pressed beet pulp, this is probably
as a result of the conversion of sugars into volatiles during the ensiling process and
due to losses of sugar during the pressing process. The latter would also explain the
difference in NDF content between the dried and pressed beet pulp. Maize silages
from different batches were similar in ash, N-Dumas and crude fat contents, but
varied in crude fibre and NDF, due to time of harvesting and/or stage of maturity.

The in vitro determinations for the organic matter digestibilities of dried beet
pulp, ensiled pressed beet pulp and maize silage (Table 3) agreed favourably with
previous studies (Verite, 1975; Kelly, 1983; de Visser & Tamminga, 1987; Moran et
al., 1988).

The in vivo digestibility of the organic matter of the dried beet pulp and ensiled
pressed beet pulp from the same origin was high and showed a relatively low varia-
tion (Table 4). The results agreed with the literature (Kelly, 1983; de Visser & Tam-

Netherlands Journal of Agricultural Science 38 (1990) 79



H. DE VISSER AND V. A. HINDLE

Table 1. Chemical composition of artificially dried grass and maize silages in feeding trial (g kg-! DM).

Artificially Maize silage
dried grass
11 12 B D large silo

Dry matter 835 265 242 264 286 256
Ash 127 57 56 58 52 60
N-Dumas 36 15 16 14 12 15
Crude fibre 261 209 232 236 215 249
Crude fat (40/60 PE) 30 29 28 29 29 28
Neutral detergent fibre 553 442 464 456 457 495
Starch - 216 220 232 284 226
Sugars 55 — ~— — - -
Acetic acid - 27 32 14 9 17
Lactic acid - 46
pH - 4.0 4.1 4.0 39 4.1

Table 2. Chemical composition of the concentrate mixture, dried beet pulp and pressed beet pulp in feed-
ing trial (g kg-! DM).

Concentrate Dried pulp Pressed pulp

Dry matter 864 897 185
Ash 102 86 86
N-Dumas 38 16 16
Crude fibre 137 206 206
Crude fat (40/60 PE) 36 4 5
Neutral detergent fibre 395 450 530
Starch 84 - -
Sugars 74 111 35
Acetic acid - - 7
Lactic acid - - 35
pH - - 4.1

Table 3. In vitro digestibility and energy value of maize silage, dried beet pulp and pressed beet pulp.

Product In vitro SE NEL!
digestibility [1%0)]
Maize silage 11 72.8 0.8 6.12
12 72.8 0.8 6.15
B 69.1 0.5 5.99
D 73.3 1.1 6.27
large silo 69.9 1.4 5.87
Dried beet pulp 89.5 0.5 7.32
Pressed beet pulp 87.5 0.1 7.18

! NEL = net energy lactation, according to the Dutch energy system (van Es, 1978) by means of in
vitro organic matter digestibility.
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Table 4. The in vivo digestibility and calculated net energy values and digestible crude protein values of
some of the maize silages, dried beet pulp and pressed beet pulp.

Product Digestibility coefficient! NEL2 dep3
MJ kg-1 g kg-1

DM oM cp cfat cf NFE DM DM
Maize silage 11 71 74 61 78 66 78 6.22 57
D 71 73 55 78 67 78 6.29 41
large silo 68 71 55 79 63 76 5.95 52
Dried beet pulp 83 89 68 -25 87 95 7.24 68
Pressed beet pulp 84 90 69 —82 88 95 7.30 69

! DM = dry matter; OM = organic matter; cp = crude protein; cfat = crude fat; cf = crude fibre;
NFE = N-free extract.

2 NEL = net energy lactation, according to the Dutch energy system (van Es, 1978).

3 dcp = digestible crude protein; cp = crude protein.

minga, 1987). The digestibility of the crude protein of both the dried beet pulp and
the ensiled pressed beet pulp was low (68 and 69, respectively), yet agreed favour-
ably with previous experiments (Kelly, 1983; de Visser & Tamminga, 1987). Espe-
cially the digestibility coefficients for N-free extracts and crude fibre were high, yet
in agreement with the results found by Cottyn et al. (1980) and de Visser & Tammin-
ga (1987). In spite of small differences in digestibility and chemical composition be-
tween the dried beet pulp and ensiled pressed beet pulp used in this experiment, the
net energy (NEL) and digestible crude protein (dcp) values were almost equal. Using
the actual in vivo digestibility values to calculate NEL and dcp the results were 7.24,
7.30 NEL and 68, 69 dcp for dried beet pulp and ensiled pressed beet pulp, respec-
tively.

The in vitro digestibilities of the maize silages used were similar (Table 3). The
lower digestibility of the maize silage from the large silo could be explained from
its chemical composition, because this silage was very high in crude fibre content
compared to the other batches. The average digestibility was similar to what was
found in other experiments (Steg, unpublished; Verite, 1975; Moran et al., 1988).
The in vitro digestibility of maize silage was lower than that of the dried or pressed
beet pulp (Table 3). These results agree with other experiments (Steg, unpublished;
Cottyn et al., 1980). The in vivo digestibility of the different batches of maize silage
were similar (Table 4). Again the maize silage from the large silo was lower than
the other batches that were investigated. The in vitro and in vivo organic matter
digestibilities were comparable with each other.

The beet pulps showed a better in vivo digestibility than the maize silage, confirm-
ing earlier findings (Verite, 1975; Cottyn et al., 1980; Steg, unpublished). The most
important differences in digestibility between beet pulp and maize silage were found
in crude fibre and N-free extracts. Both fractions were highly digestible in beet pulp,
but to a lesser extent digestible in maize silage (Table 4). This could be explained
by the fact that maize silage contains a larger rumen-undegradable organic matter
fraction compared to beet pulp, as shown by the results of incubations into the ru-
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men, using nylon bag incubations (Table 5).

The estimated net energy and the digestible crude protein (dcp) values of the
maize silages, dried beet pulp and pressed beet pulp are shown in Table 4. The values
for the artificially dried grass and the concentrates were 5.36 and 6.96 MJ kg-!
DM and 164 and 191 dcp kg-! DM, respectively.

Table 5. Characteristics of degradability of the organic matter.

Rations Soluble Digestible Undigestible Rate of
fraction fraction fraction degradation
(%) (%) (%) (% per hour)

Dried beet pulp 6.3 88.0 5.7 5.59

Pressed beet pulp 345 62.4 3.1 6.16

Maize silage 33.0 48.6 17.7 2.49

Table 6. Feed intake, milk production, milk composition and bodyweight for the experimental period
of 13 weeks (mean from 16 animals).

DP! PP2 M3 SEM Sign
Roughage (kg DM) 9.2a4 8.8a 13.40 0.10 P<0.01
Concentrates (kg DM) 13.72 13.32 8.6b 0.11 P<0.01
Beet pulp (kg DM) 5.7 5.6 — 0.04 NS
Total intake (kg DM) 22.9a 22.1b 22.0b 0.21 P<0.05
Net energy intake (MJ d-1)5 148a 144b 140¢ 1.36 P<0.01
Protein intake (g dcp)é 2871 2768 2788 26.10 NS
Milk (kg) 32.9 335 32.5 0.51 NS
Fat (g) 1459 1473 1458 24.61 NS
Protein (g) 1084 1098 1031 14.87 P<0.10
Fat (%) 4.44 4.41 4.52 0.05 NS
Protein (%) 3.32 3.30 3.19 0.03 P<0.10
FCM 4 % (kg) 35.0 35.5 34.9 0.54 NS
Net energy req. (MJ) 148 150 148 1.94 NS
Protein req. (g dcp) 2607 2638 2598 35.32 NS
Energy intake/req. (%)’ 100.62 97.22 94,9 1.12 P<0.05
Protein intake/req. (%)8 111.3 106.3 108.1 1.29 NS
Body weight (kg) 624 627 626 6.25 NS
Body weight changes (kg) —4a —11ab —18b 2.34 P<0.05

I Dried beet pulp.

2 Pressed ensiled beet pulp.

3 Maize silage.

4 Figures with a different superscript differ significantly from each other.

5 Net energy intake = net energy intake according to Dutch Energy System (van Es, 1978).
6 dcp = digestible crude protein.

7 Energy intake/req. = ratio between energy intake and energy requirements.

8 Protein intake/req. = ratio between protein intake and protein requirements.
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The average results concerning feed intake, milk production and composition
during the first 13 weeks of the lactation are displayed in Table 6. Total dry matter
intake averaged approximately 22 kg DM per animal per day. The level of intake
was equal to that observed in previous trials, when diets were also largely based on
by-product ingredients (de Visser & Tamminga, 1987; de Visser & Steg, 1988). Total
dry matter intake differed significantly between DP and the other treatments.
Group M showed a slightly different pattern (Fig. 1), while the intake of group PP
remained lower for the duration of the experiment.

Because of a lower DM intake the net energy intake was significantly lower for
group PP compared to DP (Table 6). The energy intake was significantly lower for
group M compared to both beet pulp groups (DP and PP). This can be accounted
for by the lower DM intake and the lower energy value of maize silage compared
to both beet pulps (Table 4). Compensation for the lower energy value of the maize
silage with extra concentrates proved to be insufficient. The digestible crude protein
intake did not differ significantly between groups.

Milk yield did not differ between groups, although production in relation to
weeks post partum suggested a flatter curve for cows fed maize silage, while cows
fed pressed beet pulp had a more pronounced peak (Fig. 2). Milk fat yields and per-
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Fig. 1. Dry matter intake (kg). 0 — O dried beet pulp, A — A pressed beet pulp, X — X maize silage.
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Fig. 2. Milk production (kg). 0 — 0 dried beet pulp, A — A pressed beet pulp, X — X maize silage.

centages were not significantly different between groups, although group M tended
(P<0.10) towards a higher fat percentage. Milk protein yield and percentage did not
differ significantly among groups, although cows fed maize silage tended to have
the lowest protein yield and percentage (P<0.10). Protein percentage did differ sig-
nificantly from week 7 post partum onwards, being 3.27, 3.27 and 3.09 for DP, PP
and M, respectively (P<0.05; Fig. 3).

The energy intake/requirement ratio of all groups were in agreement with the
body weight changes, based on group averages and according to the Dutch net ener-
gy lactation system (van Es, 1978). Individual energy balances and body weight
changes were poorly related.

Discussion

The significantly lower DM intake of group PP compared to DP can be made plau-
sible by two explanations. Firstly, due to the lower dry matter content of diet PP,
animals had to consume larger quantities, which is very difficult during early lacta-
tion (Lahr et al., 1983). Secondly, due to the ensiling process, easily fermentable car-
bohydrates were used by micro-organisms in the silo during the ensiling process,
which may have led to changes in the sources of energy available for micro-
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organisms in the rumen (carbohydrates versus volatile fatty acids and lactic acid),
as suggested by van Soest (1982). Hemingway et al. (1986) fed similar amounts of
dried and pressed beet pulp (5 kg DM). The total amount of feed consumed in their
trial was lower than in our experiment, because animals were not fed ad libitum,
but according to their requirements (milk production and bodyweight). In literature,
several authors reported much higher intakes (approaching 10 kg DM) of dried or
pressed beet pulp. They did not mention any problems with regard to intakes at such
high levels (de Brabander et al., 1980; Andries et al., 1984; Haaksma, pers. comm.).
In these trials, beet pulp was fed ad libitum and separately from the other ingre-
dients. The significantly lower intake of group M compared to DP can be explained
by the higher undegradable fraction and the lower rate of degradation of the poten-
tial degradable fraction of the OM (Table 5). Snijders (pers. comm.) found variable
results when comparing rations with maize silage or beet pulp. In his experiments
the DM intake was negatively influenced, when maize silages were fed with a lower
quality (stage of maturity). Several researchers reported reductions in total dry mat-
ter intakes, when the roughage/concentrate ratio was decreased (Broster et al.,
1978; Kirchgessner & Schwarz, 1984). In these experiments the undegradable frac-
tion and/or the rate of fermentation were probably negatively influenced, leading
to a reduction of total DM intake.
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Milk yield did not differ significantly between dried and pressed beet pulp groups,
which confirmed the findings from .other experiments (Hemingway et al., 1986;
Snijders, pers. comm.) when direct comparisons were made between both forms of
beet pulp fed in early lactation. Comparing dried and pressed beet pulp in late lacta-
tion did not result in production differences either (Ronning & Bath, 1962; Castle,
1972; Parkins et al., 1986). However, increasing responses of milk yield due to
higher energy intakes are limited in late lactation (Broster, 1972). De Brabander et
al. (1980) obtained higher milk yields when feeding pressed beet pulp in early lacta-
tion. However, in their trial low-energy concentrate components and even roughage
was replaced by pressed beet pulp. The net energy intake was thus increased, leading
to a higher milk output. After correction for higher energy intakes, differences were
no longer significant. Milk yield did not differ significantly between either beet pulp
groups and the maize silage group, in spite of the lower energy intake. Due to the
lower energy intake the animals of group M showed a lower milk yield peak than
both the beet pulp groups. Snijders (pers. comm.) results showed occasional nega-
tive effects, when feeding maize silage instead of beet pulp, but these differences
could be explained by lower energy intakes. When balanced rations containing large
amounts of maize silage were fed, no negative effects on milk yield were found (Par-
rassin et al., 1979; de Visser & Steg, 1987).

The similarity in fat percentage and yield of both beet pulp groups in our ex-
periment confirmed findings elsewhere (Ronning & Bath, 1962; Castle, 1972;
Hemingway et al., 1986; Parkins et al., 1986). However, de Brabander et al. (1980)
found lower milk fat percentages when feeding pressed beet pulp, probably caused
by a higher roughage/concentrate ratio in the rations containing pressed beet pulp.
The fat percentage was not significantly different between beet pulp groups and
maize silage, but group M tended to be highest (P<0.10). This is in agreement with
Snijders (pers. comm.) who also found a higher fat percentage for those groups fed
maize silage. The companion study with rumen cannulated animals, fed with equal
amounts of feed, showed no difference in total concentration of major volatile fatty
acids or in their ratio. This indicates that no differences in milk fat yield and percen-
tage might be expected, due to ruminal events (de Visser, unpublished results).

The milk protein percentage and yield did not differ significantly among groups
fed beet pulp, which agreed with the results found by Ronning & Bath (1962), Castle
(1972), Hemingway et al. (1986), Parkins et al. (1986). However, de Brabander et
al. (1980) found an increase in milk protein content and milk protein yield, but in
their experiment energy intakes were higher, which might explain the higher milk
protein output. The milk protein percentage over the total experimental period tend-
ed to differ between groups fed beet pulp and those fed maize silage, which agreed
with the results of Snijders (pers. comm.). The lower energy intake is one of the pos-
sible explanations for the lower production and percentage of protein. The results
of the accompanying fermentation study showed significantly increased concentra-
tions of iso-acids and ammonia for the maize silage diet. Since the protein/energy
ratio did not differ between treatments, this could be an indication of lower microbi-
al protein synthesis (Miller, 1982; van Soest, 1982; Robinson et al., 1987).
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