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ABSTRACT

Two experiments were carried out on 212 male Polish Lowland lambs fed a diet containing about
17% crude protein {group C), according to the Polish feeding standards, or a diet with the crude
protein content reduced to 14% in the DM (group L). The lambs ate approximately 80% of the DM
and 72 to 94% of the crude protein recommended by Polish standards. Comparison of the amount of
protiein digestible in the intestine with INRA feeding standards showed that in all of the groups the
PDI requirement was cxceeded by 5 to 24 per cent. The proportion of total N passing to the
duodennm to N ingested was similar in groups C and L {91.5 vs 101.6%, respectively). No significant
differences were found in the daily gains of lambs from groups C (237 and 240 g) and L (226 and
238g), while protein utilization in thc L groups was significantly better (P < 0.01) than in the
C groups (675 and 580 vs 770 and 662 g/kg gain, respectively). The carcass composition of the lambs
was similar, with a slightly higher (P < 0.05) proportion of separable fat in the carcasses of group
L (16.5vs15.2% and 16.6 vs 14.7% in experiments T and I1, respectively), while wool production was
somewhat lower in this group than in group C.
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INTRODUCTION

The earlier studies carried out at Jablonna (Jayaprakash, 1984; Zebrowska et
al., 1992; Pajak et al., 1992) have shown that Polish Merino lambs fed during
fattening period a diet containing 14.5% crude protein in dry matter showed
4 similar gain as those receiving a diet containing 16—17% crude protein, as
recommended by Polish feeding standards. Reduction of the protein level in the
diet also had no effect on the chemical composition of the empty body or the
empty body gain, while protein utilization was improved. Studies of Urbaniak
(1986) have also shown that during fattening period Merino lambs have a lower
protein requirement than given by Polish standards. Nutritional requirements
may vary among lambs of different races, which is associated with, among
others, their different growth rates (ARC, 1980; INRA, 1989). Studies similar to
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the previous ones were undertaken to determine the effect of the dietary protein
level on the performance of Polish Lowland lambs.

MATERIAL AND METHODS

Two experiments were carried out on Polish Lowland male lambs weaned at
about 70 days of age: experiment [ — on 102 and experiment I — on 110
animals. In experiment I, 96 lambs were divided into two groups of 48, given
diets C and L; in experiment II, 106 lambs (single born — 16, twins male — 42
and the male from male + female twin — 48) were also divided into two groups,
C and L, of 53 lambs each, The remaining lambs constituted the ,,zero™ group
and were slaughtered at the beginning of fattening to determine the initial empty
body composition. Six subgroups were formed within each dietary group. Lambs
from the control group were fed a diet containing, according to Polish standards,
16.5% crude protein (CP) in dry matter (DM), lambs in group L were given a diet
containing 14% CP in DM. The lambs were weighed every two weeks in the
morning before feeding. The experiment was continued until the lambs reached
a weight of 38—-40 kg.

The composition of the diets is given in Table 1. The lambs were fed twice daily
and feed intake was recorded. Water was freely available. The rations were
adjusted every two weeks in experiment I on the basis of the mean weight of the
animals in the subgroups. In experiment 1 the ration was additionally increased

TABLE 1
Composition of the rations (%)
Experiment I 11
Group C L C L

Meadow hay 250 25.0 15.0 15.0
Ground oats 350 52.0 44.0 57.5
Concentrate mixture CJ 40.0 23.0 41.0 27.5
Composition of CJ mixture:

wheat bran 24.0 30.0

ground wheat 32.5 45.0

soya bean o1l meal 20.5 22.0

calcium carbonate 0.9 1.2

sodium chloride 1.0 1.0

dicalcium phosphate 0.6 . 0.3

mineral mixture

,.Mikro B-W> 0.5 —

vitamin/mineral supplement
»Polfamix C-starter” : — 0.5
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on days five and nine after weighing assuming that the mean weight of the
antmals had increased by 1 or 2 kg, respectively.

Ruminal protein degradation was determined according to Mehrez and
Arskov (1977} on three wethers of a mean liveweight of 70 kg. The effective
ruminal degradability (ERD) of DM and protein was calculated according to
Orskov and Mc¢Doenald (1979) based on a rate of passage k = 0.06. The PDIN
and PDIE contents were calculated based on ruminal protein degradabitity and
INRA coefficients (1989).

The apparent digestibility of organic matter and protein in the rumen, small
intestine and whole gastrointestinal tract, as well as rumen fluid pH and
ammonia nitrogen content were determined on 10 rams, 5 each from groups
C and L, fitted with rumen cannulae, simple cannulae to the doudenum and the
ileum, as described by Zebrowska et al. (1992). The animals were fed the same
rations as used in experiment II.

The morphological and chemical composition of the empty body and protein
and fat deposttion were determined in experiment [ on 6 representative lambs
from each group, killed at the end of the fattening period. In experiment II,
8 pairs of twin lambs assigned to C and L groups, were killed.

Slaughter analysis, chemical analysis of the feeds and empty body of the lambs
as well as calculation of the energy value of the body weight gains and protein
utihization were carried out as described previously by Pajak et al. (1992).
Preparation of separable fat for analysis was modified: the fat was placed in
sealed polyethylene bags and frozen to a temperature of — 18°C for 3-4 hours
and ground twice immediately after removal from the freezer. Metabolizable
energy utilization was calculated as the ratio of the amount of energy deposited in
the body to the metabolizable energy available for growth, assuming a basal
requirement of 418 kl/kg W34,

The results were subjected to single variable variance analysis.

RESULTS

The chemical composition of the feed is given in Table 2. In experiment 1 the
ration contained 25% hay (Table 1); the lambs refused over half of the offered
amount, and as effect the protein level in the ingested ration was greater than
planned (Table 3). For this reason the propertion of hay in expeniment Il was
reduced to 15 per cent. With the small amount of refusals, the proportion of hay
and concentrates ingested by the lambs in both groups and in both experiments
were similar (Table 3).

The nutritive value of the rations in comparison with recommended allowan-
ces according to Polish and INRA feeding standards are given in Table 4. They
show that the lambs ate 72 to 94% of the crude protein recommended by Polish
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TABLE 2

Chemical composition of feeds, effective rumen degradability of DM and protein (%) and PDIN and

PDIE contents (g)

Meadow Ground CJ
hay oals mixture
Dry matter 86.9 89.3 89.3
Crude ash 7.1 27 5.5
Crude protein 10.7 9.5 21.9
Ether extract 20 5.3 2.5
Crude fibre 26.8 11.0 6.7
N-free extractives 40.3 60.8 52.7
Elfective ruminal degradability*
dry matter 449 70.8 72.9
crude protem 514 87.5 728
PDIN in DM 70 58 155
PDIE 82 66 123
* EDR (k = 0.06)
TABLE 3
Intake of the ration
Experiment H
Group C L C L
In ration: %Yo
meadow hay 13.8 14.6 13.8 [3.9
concenirates 86.2 854 86.2 86.1
In DM of ration: %
crude protein 17.8 15.1 16.2 14.3
degradable 13.5 I1.8 12.3 11.2
non-degradable 43 33 338 3.1
PDIN g 117 95 112 98
PDIE 106 93 103 95
Metabolizable energy Ml 10.99 H)L66 10.89 10.59
ME/GE 0.58 0.56 0.58 0.56

standards. In all of the groups, the PD1 requirements were exceeded by 5to 24 per
cent. The PDIN and PDIE values are given in Table 3; the true protein value of

the diet is represented by the smaller of these figures.

The digestibility of the organic matter in the rumen and in the small intestine
(Table 5) was similar in groups C and L, but large differences within group were
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TABLE 4

The nutritive vaiue of the rations in comparison with reccommended allowances according to Polish
and INRA feeding standards

Experiment 1 1i
Group C L C L
Provided in ration: *
dry matter 99.1 99.6 86.1 977
crude protein 106.4 91.3 87.2 79.0
In ration intake: *
dry matter 84.3 83.3 79.8 79.8
crude protein 94.3 78.8 81.0 72.1
INRA allowances **
PDIN 137.4 110.5 124.9 108.5
PDIE 124.2 107.8 114.7 105.1

* 9% requirement
** % required PDI
found in group L. The amount of the total N passing to the duodenum was
similar to the amount ingested. Somewhat larger amount of ammonia nitrogen
was found in the duodenum and rumen contents (Table 6) of animals from group
C. Non-ammonia nitrogen in the duodenum content made up 94.2 and 95.2% of

TABLE 5

Intake, flow to the duodenum and digestibility of organic matter and nitrogen compounds in the
smuall intestine and entire digestive tract

Indices C L
Organic matter: giday
intake 927.8 921.2
Digestibility of OM in: %
rumen 356 +6.7 305 +£10.2
small intestine 423 44| 50.8 +14.5
whole digestive tract 698 +1.5 675 146
N — intake g/day 253 456 219 +3.8
In the duodenum:
N — total 234 469 227 475
N — NH, 1.4 +0.3 1.1 £0.1
N — non-ammonia 22,1 +68 216 +74
N-total duodenum/N intake % 9.5 +104 101.6 +163
Digestibility of N in: Yo
small tntestine 616 +39 679 +7.
whole digestive tract 730 +1.7 726 3.1

+ -— standard deviation
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TABLE 6
Ruminal N-NH, concentration and pH in lambs two and four hours after feeding
Time C L

N-NH, mM
2 hrs 124 +29 7.1 +49
4 hrs 92 +55 39 +26

pH ruminal content
2 hrs 64 0.1 6.0 +0.3
4 hrs 58 403 57 0.1

the total nitrogen in groups C and L, respectively. The nitrogen passing to the
duodenum was digested in the small intestine by 64 and 68% in groups C and L,
respectively. However, the mitrogen digestibility in the whole gastrointestinal
tract did not differ between the groups and amounted about 73 per cent. The
digestibility of the remaiming dietary nutrients was slightly higher in group
C than L and equalled for DM 66.7 vs 63.6%, organic matter 69.8 vs 67.5%, for
ether extracts 63.8 vs 60.0%, crude fibre 41.0 vs 35.2% and N-free extractives
76.1 vs 74.4%, respectively,

No significant differences in daily gains were found between lambs from
groups C and L in experiments I and IT (Table 7). No differences were found
gither in the daily gains of single — born male lambs (248 4:69g) or as twins

TABLE 7
Liveweight gain and feed uatilization
Experiment I I1
Group C L C L
n 48 43 53 53
Initial body weight kg 18.3 +34 18.1 +3.3 179 429 17.7 430
Final body weight kg 383 4200 369 +48h 393 +20 389 +25
— greasy wool g — — 1360 +250¢ 1300 +320
Days of fattening g4 + 18 83 +18 80 421 89 +22
Daily liveweight gain g 237 +40 226 +48 240 +52 238 146
Feed utilization:
dry matter kg/kg 4,32 448 4.09 4.04
crude protein g/kg T70A 6758 6624 5808
mctabolizable cnergy MJ/kg 47.5 477 445 42.8

Statistically significant differences within experiment
ab — P <005 + — standard deviation
AB — P <001
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(male — twins 237 +45g and male + female 240 +46g), regardless of the dietary
group. The differences within the same dietary group were also insignificant.
With the same mean daily gain of single — born lambs in groups C and L (248g),
the gains of twin — male lambs were better in group C than in L (243 vs 231g).
Males born with a female had the same daily gains in group L as single — born
lambs (248) while in group C they grew slowly (231g). In both experiments
protein utilization was significantly more efficient in subgroups L (P < 0.01)
than in C, differences of DM and metabolizable energy utilization were
nonsignificant. Feed utilization, especially protein, was better in experiment [I
than L.

TABLE 8
Slaughter performance of lambs
Experiment I 1
Group C L C L
n 6 6 8 8
Initial body weight kg 174 074 216 +1.5B 16.6 +1.7 165 +23
Final body weight kg 369 +09r 383 4078 401 +14 193 416
— greasy wool g 1410 +370 1290 +250 1330 +170 1260 =+110
Days of fattening 81 416 76 14 98 112 104 +16
Daily liveweight gain £ 249 +42 219 +24 241 +24 223 32
Empty body weight: kg
— initial 151 +0.5 184 +1.3 141 +1.4 141 +138
— final 288 1.1 299 +1.2 321 413 314 +2.0
Daily empty body gain g 167 +18a 148 +23b 184 +18 167 +24
Wool gain g 1110  +380 9200 4260 950 +170 890 495
Cold carcass kg 145 +0.7a 15.6 +06F 162 408 158 +1.1
lean % 557 +1.1 56.1 3.5 580 4£27¢ 553 42.1b
separable fat % 152 +2.6 165 +2.2 147 420+ 166 +2.0b
bones % 207 13 202 +0.5 199 +1.2 20.2 +0.8

connected tissue % 79 +13 68 +03 7.5 +09 79 +140

ab —P <005 + — standard deviation
AB — P <0.01

The mean daily gain of lambs killed in experiments [ and I {Table 8) was
similar with the remaining animals (Table 7). In both experiments decreased
greasy wool production was found in lambs from groups L in comparison with
C (Table 8). The morphological composition of the carcass of lambs in both
expertments was similar, although the percentage of separable fat of lambs in
group L was higher (P < 0.05) than those in group C (Table 8). The chemical
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TABLE 9
Chemical composition of the emply body
Experiment I 11
Group C L C L
n 6 6 8 8
Empty body weight kg 288 +1.1 299 412 201 £1.3 314 20

dry matter %o 36.7 +1.2 371 +2.0 360 4118 376 +1.5b
crude protein % 182 +06 18.1 +06 185 +05 184 +0.6

ether extract % 144 +1.1 151 +2.1 133 +1.3 149 +1.8b

crude ash %o 33 +04 32 402 33 +03 34 104
Empty body gain kg 137 1.4 s 1.7 180 1.6 173 134
As per cent of empty body gain

dry matter 385 +23 406 +5.7 377 +2.1% 40.5 +3.0b

crude protein 202 +1.2 209 +1.1 197 +0.7 197 +1.2

ether extract 140 +2.2 15.9 +5.7 133 +22 16.1 +4.0

crude ash 34 +07 33 404 35 405 35 407
ab — P <005 + — standard deviation

composition of the empty body and empty body gain of lambs from groups
C and L in both experiments did not differ {(Table 9). Only a tendency towards
a higher percentage of ether extract in the empty body weight and empty body
gain was found in lambs from group L. The protein content in the empty body
weight of group C and L was similar and equalled respectively 18.2 and 18.1% in
experiment | and 18.5 and 18.4% in experiment 1. No greater differences were
found in the daily deposition of energy {1.71; 1.65; 1.82; 1.83 MJ in groups C,
L. — experiment [ and C, L. — experiment I, respectively). The utilization of
metabolizable energy for its deposition in gain equalled to 15-16% in
experiment I and 17-19% in experiment IT and was by 9.3 to 13.3% better in
groups L than Cin both experiments. Similarly, net protein utihzation was better
in experiment 11 (22.7 and 25.4% in groups C and L) than in experiment [ (17.6
and 20.9% in groups C and L, respectively). The utilization of metabolizable
energy available for growth (K ) was: 0.27 and 0.32 in experiment I and 0.33 and
0.43 in experiment II, in groups C and L, respectively.

DISCUSSION

The results of these experiments indicate that Polish Lowland lambs achieve
daily gains of about 230 -240 g during fattening period to about 38 -40 kg when
fed diets containing 14— 15% crude protein in DM. Merino lambs gained about
180 g daily, regardless of the protein level in the diet, when the protein level did
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not fall below 14% in DM of the ration (Jayaprakash, 1984; Zebrowska et al.,
1992). The utilization of protein per | kg gain by Polish Lowland lambs fed diets
containing 16— 18% crude protein was worse of about 14% than by lambs
received diets with lower protein content, which supports results obtained for
Polish Merino lambs (Zebrowska et al., 1992), This was caused by the greater
nitrogen losses from the rumen, as indicated by the higher rumen ammonia level
in group C (Table 6). The amount of nitrogen passing to the duodenum was
lower in lambs from group C than L (91.5 vs 101.6% of N ingested). As the result
of this, the daily amount of nitrogen passing to the duodenum was equal in both
groups, regardless of the amount of mitrogen intake (Table 5). In light of the
stnmlar nitrogen digestibility in the small intestine and whole digestive tract of
lambs from both groups it can be assumed that the amount of nitrogen (amino
acids) absorbed and available for synthesis of structural proteins was similar in
both groups, what is in accordance with the lack of difference in body gain. In
earlier experiment Zebrowska et al, (1992) found that when diets with a similar
protein content as that in groups C and L were given, the nitrogen flow to the
duodenum was higher than its intake by 12% and 20%, respectively; this is in
agreement with the results of Bunting et al. (1987).

Better net protein utilization (by about 19 and 12%) and especially better
metabolizable energy utilization for growth (K, — by about 22 and 30% in
experiments [ and I, respectively) in the L groups could also have been the result
of a smaller metabolizable energy to crude protein ratio; it equalled 61.7 and 70.7
in experiment | and 67.2 and 73.8 kJ/g in experiment Il in groups C and L,
respectively. The poorest energy utilization (K, = 0.27) was found when the
ration contained 61.7 kJ metabolizable energy per gram of crude protein, while
the best (K, = 0.43) was at a ratio of 73.8 kJ/g. Urbanmak (1986} found similar
energy utilization by fattening Merino lambs fed a ration containing 14% crude
protein, while Alam et al. (1991) much worse utilization (0.22) by Dorset Down
x Coopworth lambs.

In both experiments the lambs ate about 80% of the amount of dry matter and
from 72 to 94% of the crude protein as recommended by Polish feeding
standards. The studies of Potkarski et al. (1990) also show that Polish Lowland
lambs did not eat alt of the recommended amounts of dry matter. Comparison of
the amount of protein intake which was digestible in the intestine with INRA
recommendations (1989) shows that the PDI was exceeded in all of the groups by
at least 5% (Table 4).

Feeding diet L to lambs did only slightly affect the results of slaughter analysis.
In comparison with lambs fed diet C a higher separable fat content was found
{Table 8), which could be related to their slower growth rate (Glimp and
Snowder, 1989). As in previous studies (Pajak et al., 1992), a tendency for lower
wool production was observed in lambs from group L. These results confirm
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those of Urbaniak (1986) who demonstrated a linear increase in wool production
in Polish Merino lambs in response to increase of crude protein content from 9 to
16% of DM. The fatness of the carcasses was similar to that of Merino lambs
slaughtered at a simular weight,

There is no data on body composition of the Polish Lowland sheep, whereas
the data of the body composition of Polish Merino lambs (Borys et al., 1986;
Kormanet al., 1986; Pajak et al., 1992; Pakulski and Osikowski, 1986; Urbaniak,
1986) report a higher content of separable fat than attained in the experiments
reported here. In both experiments a similar total protein content in empty body
weight was found, 18.1 to 18.5%, with a very small differences within group
(SD + 0.5-0.6%). This phenomenon has been confirmed in numerous studies
(Blaxter et al., 1982; Fix et al., 1988; Searle et al., 1982; Urbaniak, 1986) which
showed that in spite of significant differences in the body fat content, there are no
experimental factors affecting the empty body protein content. The reported
values differed among these authors, but within their experiments it did not differ
among groups, regardless of the experimental factors.

CONCLUSIONS

The results obtained in this study show that the reduction of protein level in the
diet from about 18 to 15% (as recommended by Polish feeding standards) to 14%
in dry matter did not decrease liveweight gain but significantly improved
utilization of dietary protein and of metabolizable energy available for growth.
An unfavourable effect is the tendency to increase the carcass fat content and
a slight decrease in greasy wool production.
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STRESZCZENIE
Wplyw poziomu bialka w dawce na wyniki tuczu jagniat polskicj owcy nizinnej

Przeprowadzono dwa doswiadczenia na 212 tryczkach polskiej owcy mizinne) zywionych zgodnie
z krajowymi normami dawka zawierajaca okolo 17% bialtka (grupa C) lub dawka o obnizongj do
14% zawartosci biatka ogolnego wsuche) masie (grupa L). Jagnigta zjadaly okoto 80% przewidzianej
dla nich w normach krajowych ilosci suchej masy i od 72 do 94% bialka ogolnego. Z porownania
ilosct biatka strawnego w jelicie 7 normami INRA wykazano, 7e we wszystkich grupach
zapotrzebowanic PDI bylo przekroczone o 5 do 24%. Ilos¢ N-ogdlnego przechodzacego do
dwunastnicy byla zblizona do ilosci pobrangj {91.5 vs 101.6% w grupach C i L, odpowiednio). Nie
stwierdzono istotnych roznic w dziennych przyrostach jagniat grup C (2371240 g1 L {2261 238 g),
natomiast wykorzystanie biatka w grupach L bylo istotnie lepsze (P < 0.01) niz w C (6751 580 vs 770
i 662 g/kg przyrostu, odpowiednio). Morfologiczny sktad tuszy jagnigt byl podobny, nicznacznie
wigkszy (P < 0.05) udzial ttuszczu dysekcyjnego w tuszy stwicrdzono u jagniat grupy L (16.5vs 15.2
i16.6 vs 14.7 w doswiadczeniu i Il odpowiednio), natomiast produkcja wetny byla w tej grupie nieco
mniejsza niz u jagniat grupy C.



