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ABSTRACT

The chemical and amino acid composition of the empty bodies of 4 lambs slaughtered belore
fattening and of |2 lambs from 3 gropus (4 in each group) fattened for 113 day with a diet containing
17 (H), 14 {M) or 11%(L) crude protein were determined. The amount of nitrogen and individual
amino acids apparently absorbed in the small intestine during fattening was calculated on the basis of
data on their passage to the duodenum and digestibility in the small intestine. No differences were
found in empty body composition depending on the protein content of the diel. The mean daily
deposition of protein in the cmpty body was: 29.7, 31.4 and 27.3 gin groups H, M and L, respectively.
The utilization of protein for deposition into the empty body weihgt rose (P <0.01) from about 18 to
27% when the prolein contenl was decreased from 17 to 11%. The utilization of metabolic energy
available for growth (Kf) was best in group M and amounted to 0.41 in comparison with 0.38 and
0.33 in groups H and L, respectively. The lowering of the protein lcvel in the dicts improved the
efficiency of utilization of amino acids absorbed in the small intestine for their deposition in the
empty body weight. Essential amino acids and semi-essential amino acids were best utilized by lambs
from group M. From all of the amino acids, cystine and glycine were utilized best, with cystine being
utilized better in groups H and M than in L. Reducing the protein content in group L to about 11%
resulted in decreasing the percentage of essential amino acids in protein deposited in the body,
especially in comparison with the group fed diet M.

It seems that the most effective utilization of protein takces place at a 14% crude protein content in
the diet.
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INTRODUCTION

Earlier studies (Jayaprakash, 1984) have shown that the chemical com-
position of the empty body of Polish Merino lambs fattened from about 18 to 35
kg liveweight on diets containing from 14.5 to 19% crude protein was similar.
The amount and source of crude protein also did not significantly affect the
empty body gain. The degree to which lambs utilize nitrogen and individual
amino acids apparently absorbed in the small intestine is not well known.
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The aim of this study was to elucidate the effect of reduced protein content in
the diet on the chernical composition of fatiened Merino lambs and to determine
the utilization of nitrogen and amino acids apparently absorbed in the small
intestine on liveweight gain and wool growth.

MATERIAL AND METHODS

The chemical and amino acid composition was determined of the empty
bodies of 4 lambs killed at the beginning of the experiment {group 0) and of 12
lambs, 4 in each group. killed after being fed for 113 days on diets containing 17
(group H}, 14 (group M) and 11% (group L) crude protein in dry matter. Details
of their feeding and maintenance were described in part 1 of this study
(Zebrowska et al., 1992). All of the lambs were shorn before slaughter, the greasy
wool yield was determined and samples were taken for chemical analysis.

The slaughter and dissection procedures were similar to those descibed by
Osinska et al. (1970) for calves. with the exception that the lambs were starved for
only 24 hours before slaughter; the control lambs were not starved. Bones and
connective tissue were weighed separately. The samples were autoclaved at
a pressure of about (.18 MPa, the head, legs and skin for 12 hours, the bones and
connective tissue for 10 hours. Empty body weight was determined according to
Garret and Hinman (1969) iaking into account the amount of greasy wool,

The amino acid composition of the empty body was determined in pooled
samples representative for each lamb, dried at 60°C and defatted by ether
gxtraction in a Soxhlet apparatus for 18h. The samples were hydrolysed in 6N
hydrochloric acid for amino acid determination; the hydrolysates were prepared
according to a modified Moore procedure (1963) for determination of sul-
phur-containing aming acids, while tryptophan was determined following
alkaline hydrolysis. The amino acids were determined using a Beckman
Unichrom Amino Acid Analyser. The chemical composition of the wool and
body constituents were estimated by the Weende method, taking 6.25 as the
coefficient for nitrogen.

The amounts of nitrogen and amino acids apparently absorbed in the small
intestine during fattening were calculated on the basis of data on their passage to
the duodenum and digestibility in the small intenstine, presented in the first part
of this study (Zebrowska et al., 1992).

Net protein atilization was calculated as the protein deposition in the body
and wool expressed as a percentage of protein intake. Energy utilization was
similarly calculated. The energy value of the live weight gain was calculated
assuming the following coefficients: 23.6 MJ/kg for protein and 39.3 Ml/kg for
fat (ARC, 1980): The efficiency of protein and amino acid utilization was
calculated as the percentage of the nitrogen or amino acids absorbed in the small
intesting that was deposited in the liveweight gain.
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The results were subjected to statistical analysis using single factor variance
analysis.

RESULTS - s ept levels of mitk production

The protein level in the diet did not significantly affect the empty body gain,
although it was lower in the lambs fed the low protein diet.than in the others.

The carcass weight as a percentage of net body weight was equal in the groups
fed diets H and L and amounted to 53%. In the lambs fed diet M, the carcass
constituted only 51.2% of the empty body weight and contained slightly more
meat in comparison with the lambs from the remaining groups. The carcasses of
lambs from group H contained somewhat more separable fat than the remaining
ones, with the fat content being highly variable. The carcasses were rather poorin
muscle and had an average separable fat content. Lowering the protein level in
the diet somewhat decreased the production of greasy wool (Table 1}.

The type of diet did not affect either -the empty body chemical composition
(Table 2) or gain (Table 3).

The mean daily protein deposition in the empty body amounted to: 29.7; 31.4
and 27.3 gin'groups H, M and L, respectively. Significant differences were found

TABLE 1
Slaughter performance of lambs, kg (mean and 8D}
Dicts
H M L
Live weight:
initial 17.2 + 1.7 160 + 1.0 167 + 1.0
final 387 + 3.7 378 + 106 374 + 34
Vi s Empty body weight:
mitial 144 + 1.5 133 + 09 140 + 1.0
N - final . Fee el 326 £ 32 322 4 Ld . . 302 £ 328t i
in this: cow nnmpbition oot
) . greasy wool orali .+ L1+ 01 0.9 £ 01 0.8 + 0.2
WTMEE N0l carcass - YOI 173 19 165 + 1.3 166 + 15
lean ‘ 100 + 06 9.8 = 11 96 + 10
separable fat C26+ 12 23 +£ 02 23 +£03 X ’
REET bone - apoducin 13;7\&-0‘513!}81{3.5 + 0.1 38 + 03 AdBIencs
connected tissde 0.9 + 0.2 " 0.9 + 0.1 09 £ 02
As per cent of cold carcass: cre
lean aui e 581 59.3 579 . thanthat
ekt v 'Sﬁparable fat 151 138 13.8
bone 21.5 212 227

conneeted tissue 53 5.6 5.6
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TABLE 2
Chemical composition of the empty body weight (mean + SD)
Diets
H M L
Empty body weight, kg 326 +£32 322+ 14 312 +32
dry matter 122 + 2.0 11.8 + 0.6 112+ 14
crude protein 61 +04 60 +02 58 +06
ether extract 52+15 50+04 47+ 06
As per cent of empty body weight:
dry matter 374+ 26 367+19 360+ 1.5
crude protein 18.6 + 09 187+ 0.6 187+ 0.7
ether extract 159+ 32 155+ 16 151+ 14
TABLE 3
Chemical composition of the empty body gain (mean + 5D}
Diets
H M L
Empty body pain, kg 182+ 24 189 + 2.2 172 + 24
dry matter 75+ 20 7.7+ 06 68+ 14
crude protein 344+ 04 36+02 32+06
ether extract 37+ 15 38+04 34406
Energetic value of empty
body gain, MJ 226.5 2338 209.1
As per cent of empty body gain
dry matter 411+ 46 41.1 + 35 3934+ 26
crude protein 187 + 1.5 189 +1.1 185+12
ether extract 20.1 + 51 203 + 30 199+ 26
TABLE 4
Protein and energy utilization
Diets
H M L
Crude protein in DM
Crude protein intake, g 18598 14713 11663
Protein absorbed, g 14284 12030 10002
Protein deposition, g 3367 3561 3177
Net utilization of, %:
crude protein intake 181 242 272
protein ahsorbed 238 2.6 318
£TUSs CRergy 11.2 L7 104

metabolizable energy 19.2 203 17.9
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TABLE 5
Amino acid composition (g/16 g N) of fleece free empty
body and clean wool of fattecning lambs

Amino acid body wool
Asp 8.2 84 6.9
Thr 38 41 6.1
Ser 4.1-43 10.1
Glu [55 158 16.6
Pro 6.6 6.8 6.6
Gly 8.9-10.1 5.6
Ala 65-6.8 39
Val 48-5.1 55
Itc 32-34 34
Leu 6.6-7.1 8.0
Tyr 27-29 5.5
Phe 14 37 40
Lys 71-73 34
His 22-24 1.2
Arg 5968 9.7
Cys 12-13 10.6
Met 1.4-1.8 0.6
Trp 08 09 0.8

N, g in EBW 849 -870 97.7

(P <0.01) between groups H and L in the net protein utilization: when the protein
content was lowered from 17 to 11%, utilization rose from about 18 to 27%
(Table 4). A similar increase was found in the net protein utilization (Nx6.25)
absorbed in the small intenstine, with groups H and L differing only slightly (29.6
and 31.8%, respectively).

The amino acid composition of the lamb empty body in all of the dietary
groups was similar and differed markedly from the amino acid composition of
the wool (Table 5). The wool protein was markedly richer in cystine and serine
and poorer in lysine and methionine. The utilization of crude protein and amino
acids absorbed in the small intestine was highest upon feeding the lambs diet
L (Table 6). The utilization of essential amino acids by lambs in group M was
better than in groups H and L. Endogenous amino acids, with the exception of
serine and alanine, were utilized best by the lambs in group L.

Among all of the amino acids, cystine was best utilized, with the lambs in
groups H and M ultilizing it better than those in group L.

The utilization od isoleucine, methionine, tryptophan, phenylalanine and
tyrosine was worse than of the remaining amine acids.

The percentages of essential amino acids in the duodenum content, in the
,.protein™ absorbed in the small intestine and deposited in the empty body of
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Lo 1 Sk tog s dE moad TABLE 6
Utilization of crude protein (N % 6.25) and amino acids absorbed in the
- small intestine for deposition in empty body gain, %

ey Dicts el ty sali
WL H M L Habia
"N x 6.25) 238 96 ., 316 '
e P T A
‘ ’ Thr 213 320 279 LV GS d ks Dk
.. Vval 20.2 258 242 ‘
L | S 146 20.5 203
Poaad Len YW gy 19.6 274 27.4
iy, Phe Sau v CK. Y35 156 228 212 i Ver ang Voo
" Lys 254 329 28.5 :
His 23,7 334 28.0
Met 14.4 20.7 20.1 L
Tep 15.3 25 214 Sebaie tu destnte
Asp . 19.3 248 260 et
" Ser 249 334 31.8 POk
o0 Glo 22.1 244 313
5 Pro s rine e 302 357 440 e hegw -
Gly 310 55.2 64.2
_ Ala 26.1 347 338 ‘
oeag e TENE o : 17.8 24.7 225 ve BEdT AR G
Arg N 259 398 3157

R TE) BT

Cys 525 5352 354

TABLE 7
Meun content of essential amino acids in the duodenum conteni (d), in the protein
ahsorbed in the small intestine (a) and deposited in the empty body gain (g), g/16 g N

H M L

AA

d a g d a 2 d a B
Thr 4.7 4.6 4.2 4.5 4.1 4.5 4.6 4.4 39
Val 57 6.2 5.3 5.7 59 51 5.8 6.2 4.8
lle 4.6 5.2 33 4.5 5.0 15 44 49 3.2
Leu 7.3 8.2 6.9 7.2 79 74 7.0 7.8 08
Phe 4.6 5.3 3.5 45 51 39 453 5.0 34
Lys 5.8 6.3 6.8 58 6.2 6.9 6.5 7.3 6.6
His 223 23 21 21 24 2222 20
Cys 1,7 12 27 16 11 21 16 16 20
Met 19 22 1.3 1.7 {9 18 1.9 1.9 1.2
Trp 1.3 14 09 1.2 12 09 12 12 08

[ :
lambs fed diets H, M and L werc similar {Table 7). Certain differences di
become noticeable in the propertion of some of the amino acids in the content of

the duodenum and deposited protein, that is, in all of the groups the proportion
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ofisoleucine and phenylalanine was significantly lower, while that of cystine higher
in the deposited protein than in the duodenum content and absorbed protein.

DISCUSSION

The lowering of the crude protein content from 17 to 14% in dry matter of
feed did not affect the empty body weight and empty body gain; when the protein
content was lowered to about 11%, the empty body gain was slightly decreased.
The studies of Urbaniak (1986) also showed that Merino lambs which received
less than §3.8% crude protein in their diets grew less than those given a diet with
a higher protein content (15.9%).

The decreased production of greasy wool as the result of lowering the protein
content is corroborated by the results of Urbaniak study cited above; he obtained
a linear increase in wool production upon increasing the protein content from 9.3
to 15.9%.

The carcasses of lambs from group H contained somewhat more separable fat
than the remaining lambs, with a very high variability of fat content being found.
Veress et al. (1984) among others point out the fact that the intramuscular fat
content of the carcasses of the Hungarian Merino is very variable. A similar
conclusion can be drawn from the paper by Blaxter et al. (1982). The error of the
regression formula for calculating the body fat content given by them is almost
four times greater than for their formula for calculating the protein content; this
indicates that the fat content is significantly more variable.

Shindarska (1987) showed that increasing the energy content of a feed
containing 16% crude protein caused an increase in fat deposition in Bulgarian
lambs from 13.7 to 27.0 g per day.

The carcasses of the lambs from the current experiment were relatively low in
meat content but had an average amount of separable fat. In the carcasses of
Polish Merino lambs fed diets containing 10.5 to 11.5 or 19% in the initial phase
and 16.5% crude protein in dry matter in the final phase of fattening, the
separable fat content was higher than in ourstudy (13.8 — 15.1%) and amounted
to about 20% regardless of the protein content of the ration (Pakulski and
Osikowski, 1986, Pakulski et al., 1986a).

When Polish Merino lambs were fed according to our standards, lambs
weighing 44.3 kg before slaughter had 23.1% separable fat in the empty bodies
(Borys et al., 1986). In some studies {Borys et al., 1986, Korman ¢t al., 1986,
Pakulski and Osikowski, 1986, Pakulski et al., 1986b) a lower bone content was
found (from about 17.5 to about 19.3% of the carcass) than in the present study
(21.5-22.7%) as well as a lower meat and connective lissue content (59.3-62.0%
vs 63.4-64.9%).

The chemical composition of the empty body weight and empty body gain did
not depend on the protein content of the feed. Fix et al. (1988) report a similar
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chemical composition of the empty body weight of the German Merino and its
hybrids. The empty body weight of that Merino contained: 36.4% dry matter,
18.5% protein and 13.9% ether extract.

Many studies have demonstrated that at significant differences in fat content,
experimental factors had no influence on the protein content of the empty body
(Searle et al., 1982, Blaxter et al., 1982, Fix ¢t al., 1988, Urbaniak, 1986). The
protein content in the empty body of the lambs in this experiment amounted to,
on average, 18.5% and was higher than in the studies of Chomyszyn et al. (1960},
17.5%; Urbaniak (1986), 15.5%; Searle et al. (1982), 15%. The fat content in the
empty body of lambs in the studies cited above was higher than in our
experiment. Jayaprakash (1984) found a higher protein content, about 19.7%, at
a similar fat content (15.6-16.5%) in the Polish Merino lambs.

Results similar to ours on the daily deposition of fat were obtained by
Urbaniak (1986) when feeding diets containing from 12.1 to 15.9% protein,
while when lambs were fed a diet of 10.2%, the protein content in dry matter was
lower (21.1 g).

A significant increase in the utilization of crude protein (P <0.01) was found
when the protein content was decreased from 17 10 11% dry matter in the feed.
Improvement in utilization of protein taken up by calves and deposited in empty
body weight was found by Ziolecka et al. (1977), while in the studies of Urbaniak
(1986) on lambs, no such relationship was found. Lambs fed 9.3 t0 13.8% protem
deposited from 20.3 to 21.4% of the protein taken up, while at a protein content
of 15.9%. its deposition in empty body weight gain dropped and amounted to
17.1%.

Energy utilization was best in group M, worst in group L. Afier deducting the
energy used for maintenance (418 kJ EM per metabolic body weight), the
utilization of metabolic energy available for growth (Kf) was: 0.38;0.41 and 0.33 in
gropus H, M and L, respectively; this corroborates the results of Urbaniak (1986)
for diets M and L, but is worse for diet H than in the cited study (0.38 vs 0.45).

The results of this study show that the most effective utilization of protein
was at an approximate 14% crude protein content of the ration. It may be that
this was affected by the energy level of the consumed diets, especially by the ratio
of metabolic energy to total protein, which equalled: 65.0; 79.4 and 101.6 kJ/gin
groups H, M, L, respectively.

Literature data (ARC, 1980) suggest that 65-70% of the amino acids
absorbed by lambs are used for growth, If to assume that during fattening lambs
utilize amino acid nitrogen to a similar degree, then the results of this experiment
may suggest that about 40% of the nitrogen of amino acids absorbed was used to
cover the maintenance requirement of these animals. It may be concluded that
the lambs fed diet M, whose carcasses contained somewhat more meat, had
better utilization of amino acids; they utilized slightly less amino acid nitrogen
for maintenance processes than the lambs in the remaining groups.
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In summarising the results obtained in this study it may be concluded that
feeding Polish Merino lambs diets containing 14% crude protein in dry matter,
did not affect the composition of the empty body, but did improve the utilization
of protein and amino acids, especially the essential amino acids: their content in
the deposited protein increased. Improved energy utilization was also found.
Further reduction of the protein content to about 11% dry matter caused a shight
deterioration of the analysed parameters, with the exception of the utilization of
protein and endogenous amino acids, which were best in this group.
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STRESZCZENIE

Poziom bialka w dawkach dla tuczonych jagniat. 2. Sktad chemiczny i aminokwasowy ciala
oraz wykorzystanie aminokwasow pozornie wchionigtych w jelicie cienkim

Oznaczono sktad chemiczny i aminokwasowy masy ciala netto 4 jagniat ubitych przed
rozpoczeciem tuczu oraz 12 jagnigt z trzech grup (po 4 7 kazdej} Zywionych w ciagu 113 dni tuczu
dawky zawierajaca 7 {H), 14 (M) lub 11 (L) % biatka ogolnego w suchej masie. Tlos¢ azotu
i poszezegdlnych aminokwasow pozornie wehlonigtych w jelicie cienkim w okresie tuczu obliczono
na podstawie danych o ich przeplywie do dwunastnicy i strawnosci w jelicie cienkim. .

Nie udowodniono roznic w sktadzie ciata w zaleznosci od poziomu biatka w dawkach. Srednie
odlozenic biatka w ciele wynosilo: 29.7; 31,4 1 273 g w grupach H, M i [., odpowiednio.
Wykorzystanie biatka na jego odlozenie w masie ciala netto wzrastalo (P < 0,01) 2z ok. 18 do 27%
przy obnizeniu poziomu biatka w dawce z 17 do 11 %. Wykorzystanie cnergii metaboliczne)
dostepnej dla wzrostu (K1) bylo najlepsze w grupie M i wynosito 0,41 w poréwnaniu z 0,38 i 0,33
w grupach I i L, odpowiednio. Obnizenie poziomu biatka w dawkach poprawilo efektywnosé
wykorzystania aminokwasow wchionigiyeh w jelicie cienkim na ich odioZenie w masie ciala netto.
Aminokwasy niczbedne najlepicj byly wykorzystywane przez jagnigta grupy M. Ze wszystkich
aminokwasow najlepiej wykorzystywana byla cystyna i giicyna, przy czym cystyna byla lepiej
wykorzystywana w grupach H 1 M niz w L. ObniZenie poziomu biatka w dawce L do ok. 11 %
spowodowalo zmnigjszenic udziatlu aminokwasow niezbgdnych w biatku odlozonym w ciele,
zwlaszcza w stosunku do grupy zywionej dawka M.

Wydaje sie, ze najefektywnicj jest wykorzysiywane bialko przy ok. 14 % jego zawartosci w dawce.



