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Summary &mdash; This study involved two similar experiments. Thirty-four Bulgarian Brown bullocks
were used in a 2 x 2 factorial design to investigate the effect of the quantity of dry matter intake (DMI)
and dietary source of protein on microbial protein supply, nitrogen utilization and resultant performance. The four isonitrogenous experimental diets consisted of concentrate plus wheat straw: 50%
straw and urea; 22% straw and urea; 50% straw and sunflower oil meal; and 21 % straw and sunflower
oil meal. Increasing the level of DMI through higher proportions of straw in the diet with urea
tended to improve both the microbial protein supply to the small intestine and the average daily
gain (ADG). In addition, the length of the fattening period and the amount of concentrate consumed
per kg of live weight gain were reduced. Higher straw levels in the diets with the sunflower oil
meal lowered the ADG and increased the length of the fattening period. In conclusion, it was found
that adding large quantities of wheat straw to fattening diets containing adequate amounts of natural protein was not justified.
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Résumé &mdash; Effets de l’augmentation de la quantité de paille dans la ration sur la synthèse de
protéines microbiennes et les gains de poids vif des taurillons. Deux expériences ont été effectuées
selon le même schéma. Trente-quatre taurillons bruns bulgares ont été utilisés pour étudier l’influence
de la quantité de matière sèche ingérée et de la source de protéines sur la synthèse de protéines
microbiennes, l’utilisation de l’azote et les performances animales. Les quatre rations expérimentales
*

Correspondence and reprints.
(359) 42 56 102; e-mail: ntodorov@UZVM.U2VM.bg

Fax:

iso-azotées étaient composées de concentré et de paille de blé : 50 % de paille et d’urée, 22 % de paille
et d’urée ; 50 % de paille et de tourteau de tournesol, et 21 % de paille et de tourteau de tournesol.
Les rations avec 50 % de paille ont été offertes à volonté et celles avec 21 % de paille ont été distribuées
en quantité limitée (70 % des quantités ingérées avec les rations à 50 % de paille). L’augmentation
du niveau de consommation de matière sèche entraînée par l’augmentation de la quantité de paille
dans la ration avec de l’urée a amélioré l’entrée de protéines microbiennes dans l’intestin grêle et a
augmenté le gain de poids quotidien (ADG). De même la durée, la période d’engraissement et la quantité de concentré dépensée pour 1 kg de gain de poids vif ont été réduites. La plus grande proportion
de paille dans la ration avec le tourteau de tournesol a exercé une influence négative sur le ADG et
sur la durée d’engraissement. L’introduction de grandes quantités de paille de blé dans les rations des
taurillons recevant suffisamment de protéines naturelles n’est pas justifiée.
de protéines / matière sèche ingérée / synthèse de protéines microbiennes/ performances
animales / taurillon à l’engrais
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INTRODUCTION

MATERIALS AND METHODS

The protein value of feeds for ruminants is determined by measuring the amount of undegraded
feed protein and microbial protein entering the
small intestine (ARC, 1984; Madsen, 1985;
NRC, 1985; Vérité and Peyraud, 1989).

Animals, feeding and management

The amount of microbial protein produced
in the rumen depends mainly on the energy available for the microbes (Demeyer and Tamminga,
1987). The efficiency of microbial protein synthesis could be improved by increasing the dilution rate of the rumen content, thereby decreasing the bacterial protein turnover (Tamminga et
al, 1979; Tamminga, 1980; Zinn and Owens,
1982). The dilution rate could be increased by
increasing the dry matter intake (DMI) (Mudgal et al, 1982) or by grinding and pelleting the

roughage (Forbes, 1986).
It could therefore be expected that an
increased dilution rate would enhance the ruminant performance by providing a better protein
supply due to the increased efficiency of microbial protein synthesis and the depressed degradability of feed protein in the rumen.

The aim of this study was to examine the
effect of increasing the level of dry matter intake
(DMI) in diets supplemented with urea (U) and
sunflower oil meal (SM), on microbial protein
supply, nitrogen utilization and the performance
of fattening bullocks.

Two similar experiments were conducted. Each
experiment used 34 Bulgarian Brown bullocks
which were divided into four groups. All groups
were of the same average age and live weight
(LW). Two groups of eight bullocks had sunflower oil added to their diets while the remaining two groups, consisting of nine bullocks each,
had urea added to their diets. The number of
bullocks in the different groups was not equal
due to the availability of experimental stalls.
The average initial LW was 215 ± 7.8 and 230 ±
8.5 kg for experiments I and 2, respectively.
The bullocks were slaughtered at an average
LW of 542 kg in experiment I and at 486 kg in

experiment 2. The animals were kept tied and
were fed individually. Drinking water was
always available.
The experiments were conducted using the
2 x 2 factorial method with diets of two levels of
DMI and two different protein supplements (U
and SM). All bullocks received a complete pel-

leted diet in two equal portions twice daily (0700
and 1500 hours). The four isonitrogenous experimental diets (on the basis of crude protein equivalent and total nitrogen intake per day) consisted
of concentrate plus wheat straw: 50% straw and
urea (HSU); 22% straw and urea (LSU); 50%

straw and

sunflower oil meal (HSM); and 21 %
sunflower oil meal (LSM) (table I).
The animals on the HSU and HSM diets were
fed ad libitum. The DMI of the bullocks receiving the LSU and LSM rations was restricted to
approximately 74% (experiment 1) and 70%
(experiment 2) of the DMI of the other two
groups. It was attempted, in this ways to equilibrate the net energy intake (NEI) in all groups
regardless of the differences in DMI. However,
the equalization was not completely successful
due to the differences between the net energy
values of the diets calculated on the basis of the
published data for the net energy content of the
straw and

feeds (Todorov, 1991 ) and the real net energy
values calculated on the basis of their chemical
composition and digestibility, such as those
found in these experiments. There were differences in the estimated intake of protein that was
digestible in the small intestine (PDI) among
the groups.
Measurements and

analyses

The bullocks were weighed on 2 consecutive
days at the beginning and every 4 weeks until
the end of the experiments (after 24 h of fasting and 12 h without drinking water). At the end

of the experiments, the animals were slaughtered and the separable inner fat (only for experiment 1 ) and the carcasses were weighed. The
muscle tissue, fat tissue and bones of the 1 lth rib
cut (Zakhariev and Pinkas, 1979) were separated. The chemical composition of the m longi.ssimus dorsi between the 9th and I I th ribs, without the surface membrane, was determined
according to the Weende method (AOAC, 1980).
The morphological composition of the carcass
was estimated using the equations proposed by

Hopper (1944).
In experiment 2, faeces and urine were collected during a 7 and 4 day period, respectively.
The first collection period was at an average
LW of 280 kg and the second at an average LW
of 406 kg. Five percent of the daily faeces were
taken as subsamples and were oven-dried at
65 °C for at least 72 h. Urine

was

collected in

sulphuric acid so that the final pH was between
2 and 3. The daily urine subsamples (10%
aliquots) were stored at -20 °C until analysis.
Feeds, feed refusals and faeces were analysed
according to the Weende method (AOAC, 1980).
mean retention time of feed particles in the
rumen was determined by coloured wheat straw,
counting feed particles in the faeces and calculating the time needed for the passage of 80%
minus 5% of the total particles according to
Balch ( 1950). The solid dilution rate as a fraction
of the rumen content was calculated as a recipThe

rocal of the mean retention time. The digestibility of the nutrients in the whole digestive tract
was determined after a total faeces collection.
The net energy values of the diets were calculated on the basis of the chemical composition
and digestibility of nutrients, according to Kellner for the starch equivalent, and Todorov (1995)
for feed units for growth (FUG).

Urine samples were analysed for allantoin,
uric acid, xanthine and hypoxanthine following
the procedure reported by Fujihara et al (1987).
Microbial protein supply to the small intestine
was calculated on the basis of total purine derivative excretion in urine as proposed by Chen

(1989).
Protein degradability in the rumen was determined in sacco as described by 0rskov and
McDonald (1979). Effective protein degradability was calculated according to McDonald (1981).
Calculations were based on the measured dilution rates in experiment 2. Digestibility coefficients of protein in the small intestine were taken
from INRA tables (Verite and Peyraud, 1989).
On the basis of this data, PDI (equal to PDIE)
was calculated following the French protein evaluation system (Verite and Peyraud, 1989). The
protein balance in the rumen (PBR) was calculated as proposed by Todorov (1995). All data
were subjected to statistical analysis by the Student’s t-test.

RESULTS AND DISCUSSION
Effect of dry matter intake (DMI)
urea supplemented diets

in

The average daily gain (ADG) in the HSU group
was 1 010 g versus 948 g in the LSU group for
experiment 1, and 1 012 g versus 910 g for
experiment 2 (P > 0.05) (table II). Crude protein intake was approximately equivalent for
both groups but the amount of digestible protein in the small intestine (PDI) for the HSU
group was 20% more than for the LSU group
(table III). The increase in ADG for the HSU
group could be explained by the slightly higher
net energy intake (fig 1 ) and protein supply to
the small intestine due to the increased amount
of microbial protein reaching the duodenum and,
probably, to the increased flow of undegraded
feed protein (table IV).
Because of the higher level of net energy and
PDI in the HSU groups compared to the LSU
groups for both experiments, it was not possible

to

distinguish the effects of energy and protein
a previous experiment, conducted on

levels. In

wethers, 60% of the increase in non-ammonia

nitrogen flux to the duodenum was explained
by a decrease in the feed protein degradability at
a higher DMI level (Djouvinov and Todorov,
1994). The higher consumption of dry matter
led to

a

faster dilution rate of the

rumen content

(table V). This effect was probably intensified by
grinding and pelleting the feed (Forbes, 1986).
As a result, the retention time of liquid and the
solid

phase of rumen content was decreased and
microbes could escape the lysis and
).
pass to the duodenum (Tamminga, 1981
more rumen

It is not clear whether the effect of DMI could
be related to the expected shift of digestion from
the forestomachs to the intestine (Zinn and
Owens, 1982). The difference in ADG between
the HSU and LSU groups was not due to the
impact of filling the gastrointestinal tract. This
factor was partly eliminated by a 24 h fasting
period before the bullocks were weighed (see
dressing percentage in table VII). More inner
fat tissue was separated in the HSU group.
Hence, the influence of water retention on the
ADG should be excluded.

The

dressing percentage of the bullocks
slaughtered after 24 h of fasting was not significantly altered by the diet. Sokac et al (1991)
also did not find significant differences in the

dressing proportion in heifers fed rations with
different roughage:concentrate ratios. In contrast, Slabbert et al (1992) found an inverse
between the amount of concentrate in the diet and the dressing percentage of

relationship
steers.

economical point of view, the HSU
successful. Both the amount of
concentrate consumed per kg gain (table VI)
and the fattening period were reduced, the latter
by 2 weeks (table II). The shorter fattening
period decreased the maintenance energy
requirements of the bullocks and other farming
expenditures. There was also a tendency of better feed efficiency (fewer feed units per kg of
LW gain) for animals fed the HSU diet
From
diet was

an

more

(table VI).

Effect of DMI in diets with sunflower
oil meal supplementation
The DMI level had an opposite effect on the
performance of bullocks when sunflower oil
meal was used as a protein supplement instead of
urea. The average daily gain of the LSM group
(low level of DMI) was 12-15% higher than the
HSM group (high level of DMI) (table II). A
similar trend of a decreasing ADG of bullocks
fed a diet with a natural protein source and high
straw content was observed by Platikanov et al
(1985). The difference in the ADG between the
LSM and HSM groups may be due to different
NEI levels (fig 1 Differences in PDI intake for
the two groups were relatively small and probably did not play a significant role due to the
slight surplus of PDI in both the LSM and HSM
diets.
The animals from the LSM group reached

slaughtering weight earlier than those in the
HSM group. Increasing the DMI and straw content in the diet supplemented with sunflower oil
meal resulted in lower energy and protein utilization. More starch equivalents or FUG and
crude protein or PDI were consumed per kg of
LW gain in the HSM group than in the LSM
group (table VI).

The chemical composition of the m longissimus dorsi of animals from the HSM group was
the same as those from the LSM group. No significant differences between the two groups were
found in the morphological tissue composition of
the 11 th rib cut and carcass. In the experiment on
heifers, the carcass composition was also unaffected by the DMI level (Maentysaari, 1993).
A higher carcass yield was obtained in bullocks
fed the LSM diet than those given the HSM diet

(table VII).
It is evident from these two experiments that
adding large quantities of wheat straw to diets
already containing a sufficient amount of natural protein was not justified. Moreover, there
was a trend towards a lower yield of lean carcass
tissue (table VII) when the straw content in the
diets was increased.
It should be noted that the differences
between the groups in these experiments (in
most of the cases) were not statistically significant. However, the differences between the
groups were consistent in both experiments,
thereby validating the results.

CONCLUSION
The increased level of DMI due to the inclusion
of straw in the diet and by feeding ad libitum
versus restricted feeding with a low straw diet
had various effects on the performance of fattening bullocks depending on the nature of the

protein supplement.
A higher DMI and a higher straw content in
the diet supplemented with urea tended to improve
the ADG and increase the energy content in the
carcass as was demonstrated by the greater
amounts of fat. Higher DMI reduced the fattening
period and decreased the amount of concentrates
consumed per kg of LW gain per animal. A higher
ruminal dilution rate increased both the efficiency
of microbial protein synthesis in the rumen and the
bullocks’ protein supply when a diet with a high
straw content was fed to the animals.
In the diets with sunflower oil meal, a high
level of straw adversely affected the ADG. The

probable reason for the lower ADG of anireceiving a diet with a high straw content
(HSM) was the lower NEI. The slight increase in
microbial protein synthesis in the rumen of bullocks fed the HSM diet probably did not affect
the ADG due to the surplus of dietary protein.
most
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