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I .  The effect of energy and protein intake on the nitrogen and energy utilization and carcass composition 
of artificially-reared p i g  was studied between 8 and 32 d of age in an experiment employing a 5 x 3 x 2 
factorial design. The factors were initially energy:N value (I) (250, 355, 460, 565 or 670 kJ/g N), rate of 
increase of I (R) at 8 d intervals (0, 12.5 or 25 %) and plane of nutrition (three times daily to appetite or 
75 % of this intake). 

2. The range of energy:N values was obtained by formulating five diets based on dried skim milk, lactose 
and casein and feeding appropriate combinations of two diets. 

3. The metabolizable energy (ME) intake, carcass dry matter (DM) content, carcass protein gain and carcass 
fat gain exhibited significant (P < 0001) quadratic responses to I. 

4. The carcass fat content in the DM increased from 200 to 342 g/kg (P < 0001) and the carcass crude 
protein (N x 6.25) content decreased from 657 to 519 g/kg with increasing level of I (P < 0001). The fat and 
protein contents were 309 and 556 g/kg and 242 and 610 g/kg respectively on the high and low plane of 
nutrition (PN) and were significantly different (P c 0001). 

5. There was a significant I x R  interaction in relation to carcass protein gain with the maximum gain 
occurring at 460 kJ/g N when I was constant and at  355 kJ/g N when R was 25 % per 8 d. 

6. The proportion of apparent digested N intake retained (N retention (NR):apparent digested N (ADN)) 
was significantly (P < 0.001) affected by all three factors and there were significant I x R (P < o .o~I ) ,  
I x PN (P c 0.01) and R x R x PN (P < 0.01) interactions. The maximum value of NR: ADN was 0.80. 

7. Carcass fat gain and carcass energy gain exhibited quadratic responses to I reaching maximum values 
at 460 kJ/g N. The energy content of the live-weight gain increased linearly (P < 0001) from 5.79 to 7’90 
MJ/kg with increasing level of I. PN and R also produced significant (P < o ~ r )  responses the means being 
respectively 7.52 and 6.39 MJ/kg on the high and low PN and 6 3 5 , 6 9 4  and 7-38 kJ/kg with increasing value 
of R. 
8. Multiple regression analysis of ME intake on liveweight 0, protein gain (PG) and fat gain (FG) yielded 

the equation: 

This result is discussed in relation to  published values for the energy requirements of the young pig. 
ME (MJ) = 0.644 W0Js+32.6 PG+482 FG. 

It is generally accepted that dietary protein and energy intake affect the body composition 
of growing animals (Breirem & Homb, 1972). In the young pig, fat: protein and the energy 
content of the live-weight gain increase as the dietary protein content is reduced (Schneider 
& Sarett, 1969; Kirchgessner & Kellner, 1972; Newport, 1979). However, the extent of 
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the changes in relation to a wide spectrum of protein intakes and the interaction of protein 
and energy intake have not been clearly defined. The experiment described by McCracken et al. 
(1980) provided an opportunity to examine the effect of these two factors on the body 
composition of pigs at 32 d. In addition it afforded a comparison of the retention of protein 
between 8-32 d as determined by the slaughter method with that obtained by nitrogen 
balance. It is well known that large discrepancies may arise between results obtained by 
balance and slaughter (Nehring et al. 1957; Duncan, 1966; Fuller & Boyne, 1971). Whilst 
in the paper of McCracken et al. (1980) absolute values for N retention were of secondary 
importance to the shape of the response curves in estimating the requirement for protein 
it was realized that, if the error incurred with the balance method changed with the level of 
dietary protein, the shape of the response curves and hence the validity of the estimates of 
dietary protein requirement could be in doubt. 

Few estimates of the maintenance requirement and efficiency of utilization of energy for 
growth in the young pig have been reported. Kielanowski (1965) applied multiple regression 
analysis to the results for eight pigs reared from 2-5 to 8.5 kg and reported values of 731 and 
11.75 kcal(31-5 and 48.9 kJ/g) for the energy cost of protein and fat deposition respectively. 
From Kielanowski's (1965) results it is possible to calculate the maintenance requirement as 
575 kJ/kg body-weight W0.76. However, Kielanowski & Kotarbinska (1970) re-analysed 
the results assuming a high efficiency of fat deposition and concluded that the maintenance 
requirement (M : kJ) lay between 450 and 500 kg W0.75 and the energy cost of protein deposi- 
tion between 42 and 48 kJ/g. Muller & Kirchgessner (1974) were unable to use multiple- 
regression techniques due to the small range of body-weight of the experimental animals 
but on the basis of a range of assumed values for maintenance requirement and efficiency 
of fat deposition, estimated the energy cost of protein deposition to be between 44 and 57 
kJ/g over the 4-12 kg live-weight range. Jordan & Brown (1970) using indirect calorimetry 
found the maintenance requirement of pigs aged 15-39 d to be between 500 and 540 kJ/kg 

In order to obtain reasonably precise estimates of maintenance requirement and efficiency 
of protein and fat deposition using multiple-regression techniques, it is desirable to have a 
wide range of inputs for the various terms. The combination of treatments described by 
McCracken et al. (1980) brought about a fairly wide range of live-weight and food intake 
and could also be reasonably expected to produce a range of rates of protein and fat deposi- 
tion. It therefore afforded the opportunity for a comprehensive study of maintenance 
requirement and efficiency of energy utilization in the young pig using multiple-regression 
techniques. 

W0.76. 

EXPERIMENTAL 

Experimental design 
The experiment was conducted as a 5 x 3 x 2 factorial, the factors being initial energy: N 
value (I, kJ/g N; 250, 355,460, 565 or 670), rate of increase of I (R) at 8 d intervals (% I ;  
0,125 or 25) and plane of nutrition (PN; three times daily to appetite or 75 % of this intake). 
The details of the experimental layout, diets and piglet management have been described 
previously (McCracken et al. 1980). 

Initial carcuss composition 
It was originally intended to slaughter thirty pigs at 8 d (six per replicate). However, only 
thirty-six cages were available and in each replicate, some of the pigs died or had to be 
discarded before 8 d of age with the result that only thirteen pigs were available for initial 
carcass analysis. At 8 d of age all the surviving pigs were weighed and the thirty treatments 
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were randomized over the cage positions. The spare pigs were immediately slaughtered and 
stored at -20' for subsequent analysis. 

Slaughter at 32 d 
At 32d of age the pigs were taken off balance at around 09.00 hours, weighed and 
slaughtered. The gut contents were removed and the empty gut, blood and eviscerated 
carcass. were weighed together and stored at -20' for subsequent analysis. 

Preparation of carcasses for analysis 
The carcasses were prepared for analysis by mincing, homogenizing and freeze-drying 
using a slight modification of the procedure of Florence & Mitchell (1972) as described by 
Jordan & Weatherup (1976a). The freeze-dried material was allowed to equilibrate under 
normal laboratory conditions of temperature and humidity before being weighed. It was 
then milled in a Moulinex grinder. 

Analytical methods 
The dry matter (DM) content of milled carcass was determined in a forced-draught oven at 
100'. Crude protein (N x 6.25) was determined on 2-3 g samples of the milled carcass by 
the macro-Kjeldahl method using 0.5 M-acid and alkali, carcass fat by the Soxhlet method 
using 40-60" b.p. petroleum spirit and the mineral content was measured by ashing at 450' 
in a muffle furnace. 

Carcass energy content was calculated from the weights of crude protein, using the factor 
23.8 MJ/kg (Brouwer, 1965), and of fat using the factor 38-91 MJ/kg. The fat factor was 
determined on carcass extracts using an adiabatic bomb calorimeter. 

Calculation of metabolizable energy (ME) intake 
The energy contents of samples of freeze-dried faeces were determined for each balance 
period for all replicates using an adiabatic bomb calorimeter. The digested energy intake 
for each 8 d period was calculated by multiplying the gross energy intake by the digestibility 
obtained during the balance period. Urine energy was determined for the first replicate 
only. A regression equation of energy content on N content was calculated for each balance 
period and in subsequent replicates the urine energy content was calculated from urine 
N content. 

Calculation of mean body-weight and metabolic body-weight 
The mean weight of each pig over the experimental period was estimated on a daily basis 
from the 4 d weights and the daily metabolic body-weight (kg W0.76 or kg W0.=) was com- 
puted and integrated over the experimental period for the calculation of mean metabolic 
body size. 

RESULTS 

The range of body-weights of the pigs slaughtered at 8 d was 1-2-23 kg and the mean 
weight was 1.89 kg. The average carcass composition (g/kg) was 249 DM, 157 crude protein 
and 62 fat. Carcass crude protein content was unaffected by body-weight but DM content 
and fat content were significantly (P  < 0'001) correlated with body-weight. The regression 
equations were respectively: 

and 
D = 202.6f24-8 (f2.58) W, r 0.945, 
I; = 13-14+25*67 (f5-61) W, r 0.810, 

where D is the DM content (g/kg), F is the fat content (g/kg) and W is the weight (kg). 

11-2 
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The intake of ME (Table I) was significantly affected (P < 0.001) by I and by PN. The 

response to I was significantly quadratic (P < 0.001) and there was a significant (P < 0.05) 
I x R interaction in that the maximum intake occurred with an energy: N value of 460 
kJ/g N when the same diet was fed from 8 to 32 d but with an I value of 355 kJ/g N when 
energy:N increased by 25%/8 d. On the high PN the daily ME intake attained a maximum 
of approximately 5.5 MJ. 

The response of carcass DM content to I (Table 2) was significantly quadratic (P < 0001). 
There was also a significant (P < 0.001) response to PN, the means for the high and low 
energy intakes being, respectively 290 and 270f 1.5 g/kg. The crude protein content and fat 
content in the DM were significantly affected by I (P < 0'001) and in the instance of the 
crude protein content there was a significant quadratic response (P < 0.05). Increasing R 
increased carcass fat content and reduced protein content (P < ow1 ) the means being 
respectively 250, 279 and 29854.4 g/kg for fat and 607, 579 and 562h4.0 g/kg for protein 
with increasing levels of R. There were no significant treatment interactions in respect of 
carcass DM content or the proportion of fat and protein in the DM. 

Carcass DM gain (Table 3) paralleled the intake of ME and showed a quadratic response to 
I (P < o.oor) but was unaffected by R. There was a significant I x R interaction (P < 0.05)~  
the maximum gains being achieved with an energy:N value of 460 kJ/g N when R was 
zero and with an I value of 355 kJ/g N when R was 25x18 d. The mean values for the 
high and low PN were 1.76 and 1-25 kg and were significantly different (P < 0.001). 

Carcass protein gain (Table 4) exhibited a quadratic response to I (P < oaox) and was 
significantly affected by R (P < 0 - 0 0 1 )  and PN (P < 0.001). However, the reduction in 
carcass protein gain on the low energy intake was less than the reduction in DM gain, the 
over-all means being 0.94 and 0-75 kg on the high and low PN respectively. There was a 
significant I x R  interaction (P < o.oox) with the maximum protein gain occurring at  
460 kJ/g N when I was constant and at  355 kJ/gN when R was 25 %/8 d. The I x Pinteraction 
just failed to attain statistical significance (P = 0.067) the mean gains of protein being 1-03, 
0.92 and 0.87 respectively with increasing R on the high PN and 0.77, 0.79 and 0.70 kg on 
the low PN. 

The proportion of apparent digested N intake retained (N retention(NR) : apparent 
digested N (ADN)) between 8 and 32 d reached a maximum of 0.80 (Table 5) compared 
with a maximum value of 0.90 obtained by the balance method (McCracken et al. 1980). 
The NR:  ADN value was significantly (P < 0.001) affected by all three factors. The I x R 
interaction was significant (P < 0.001). The NR:ADN value increased from 0.37 to 078  
with increasing value for I when R was zero but when R was 25 % per 8 d, the proportion 
increased from 0-49 to a maximum of 0.80 at 565 kJ/g N and declined to 0-74 at 670 kJ/g N. 
Similarly the I x PN interaction was significant (P < 0-OI), the NR:ADN value increasing 
from 0.42 at 250 kJ/g N to 0.78 at 670 kJ/g N on the high PN but reaching a maximum value 
of 0.80 at 565 kJ/g N and falling to 0.75 at 670 kJ/g N on the low PN. There was also a 
significant I x R x P N  interactim (P < 0.01) which was apparent at  the highest level 
of I. 

Carcass fat gain and carcass energy gain exhibited a quadratic response to I (Table 6) 
and reached a maximum at 460 kJ/g N. There was also a significant (P < 0.05) response of 
fat gain to increasing levels of R the mean values being 0.40, 0.45 and 0-48f0~020 kg. The 
mean values on the high and low PN were 0.58 and 03ofo~o16 kg and the difference was 
significant (P < ooor). Carcass energy gain was also significantly lower (P < 0.001) on the 
low PN the mean values being 45 and 30ho.g MJ. 

The energy content of the live-weight gain increased linearly (P < 0.001) from 5.79 
MJ/kg to 7-90 MJ/kg with increasing level of I. PN and R also produced significant 
( P  < 0.001) responses the means being respectively 7-52 and 6-39fo.081 MJ/kg on the high 
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and low PN and 6.55, 6-94 and 7-38f0101 MJ/kg with increasing value of R. There were 
no significant treatment interactions in respect of the measurements shown in Table 6. 

The proportion of the ME intake retained in the carcass showed a quadratic response 
(P < 0.001) to energy: N reaching a maximum of 041 at 460 kJ/g N. There was a significant 
reduction in the proportion retained on the low PN, the means being 041 and 036fo-005. 

gave the 
relationship : 

Energy retention (ER; MJ/kg WoU79 regressed on ME intake (MJ/kg 

ER = 0.68 ME-0.390, r 0.93. 
f 0.023 

Multiple regression analysis of ME v.  body-weight (W; kg) protein gain (PG; kg) and fat 
gain (FG; kg) yielded the equation: 

ME (MJ) = 0.633 Wo7'+32*8 PG+48-3 FG+002, r 0.978. 
f0077 f2.8 k2-0 

Omitting the intercept term altered the equation to: 
ME(MJ) = 0.644 W0'76+32-6 PG+48.2 FG. 

fo.028 f2-2  f1.9 

DISCUSSION 
The live-weight of the pigs at 8 d (2.0 kg) was low in comparison with that of suckled pigs 
at the same age. The body composition of the pigs slaughtered at 8 d was very different from 
that of pigs aged 7 d analysed by Manners & McCrea( 1963) and those of Wood & Groves (1965) 
aged 8 d which averaged 3.22 and 3-65 kg respectively. In both instances the carcasses 
contained approximately IOO g fat/kg and 14 g protein/kg whereas in the present experi- 
ment with weaned pigs, the mean values were respectively 62 and 157 g/kg. It is notable that 
despite the lack of growth of the weaned pigs to 8 d the normal pattern of maturation 
occurred in relation to body water content. In the pigs of Manners & McCrea (1963) and 
Wood & Groves (1965) the body water: protein values at birth were 6.9 and 7.0 and at 
7-8 d were 5.0 and 4 9  respectively. In the weaned pigs water:protein at 8 d was 48. 

The differences in carcass composition between the pigs at 32 d and the suckled pigs of 
Wood & Groves (1965) are even more striking. At 29 d their pigs weighed 7-60 kg and the 
carcasses contained (g/kg): 328 DM, 160 fat, 131 protein. In the present experiment the pigs 
given a constant energy:N value of 670 kJ/g N (i.e. higher than that normally found in 
sows' milk) weighed 7 5 6  kg at 32 d and the carcasses contained (g/kg) 294 DM, 99 fat, 156 
protein. Kirchgessner & Kellner (1972) fed diets containing less than 1 0 0  g fat/kg and re- 
ported carcass analyses in pigs weighing 11-12 kg at 42 d which are consistent with the 
present results. On the other hand the reports of Braude and co-workers (Braude & Newport, 
1973; Braude et al. 1976; Newport, 1979) who fed diets containing 280-420 g fat/kg are in 
line with the values reported for suckled pigs (Manners & McCrea, 1963; Wood & Groves, 
1965). The possibility that the differences are due to breed or PN is counteracted by reference 
to the results of Whittemore et al. (1978). At 28 d the mean empty-body-weight of suckled 
pigs from Hampshire and Saddleback sows was 6.6 kg and the fat and protein contents in 
the empty-body were 152 and 146 g/kg respectively. Large White/Landrace pigs at 21 d 
weighed 5.5 kg and the fat and protein contents were respectively 148 and 143 g/kg. Jordan 
& Weatherup (19763) found that when diets of the same energy:N value were given to pigs 
at approximately 14 d, increasing the level of dietary fat above 1 0 0  g/kg progressively 
reduced protein deposition and increased fat deposition. It would seem, therefore, that 
there are potential benefits in terms of lean meat production from the use of fairly low levels 
of fat in the diet of early-weaned pigs. 

The response curves of protein gain and NR:ADN in relation to I and R are shown in 
Fig. I .  Despite the differences in the absolute values of protein gain obtained by balance and 
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by slaughter, the shapes of the curves obtained are substantially the same as those reported 
by McCracken et al. (1980). The optimum energy :N values for protein gain can be calculated 
as 422, 345 and 265 kJ/g N for R values of 0, 12.5 and 25%/8 d respectively; at these values 
the NR:ADN values are respectively 0.65,0.59 and 0.52. If on the other hand an NR: ADN 
value of 0.77 is taken as the criterion of satisfactory performance the corresponding energy :N 
values are 560, 500 and 450 kJ/g N and the protein gain in all three instances is approxi- 
mately 88% of the maximum value. It is evident, therefore, that in the young pig there 
is a fairly wide range of dietary protein content which may be regarded as satisfactory and 
that practical recommendations will depend mainly on economic considerations and 
possible long-term effects on lean meat production at present not fully elucidated 
(McCracken et al. 1980). 

Despite the fairly severe restriction of energy intake on the low PN the reduction in 
protein gain was less than the reduction in intake and the NR: ADN value was significantly 
higher (P < 0.001). This is emphasized in Fig. 2 where the protein gain is related to protein 
intake at the two levels of energy intake. Although the PN x R x I interaction failed to attain 
statistical significance, it appeared that the best performance was attained on the low PN 
by the pigs given an I value of 355 kJ/g N changing by 125%/8 d, whereas on the high 
PN the highest rates of protein gain were achieved with a constant energy:N value of 460 
kJ/N. Taken in conjunction with the results reported by McCracken et al. (1980) for the 
NR:ADN value at I 1-16, 19-24 and 27-32 d, this tends to suggest that a low initial dietary 
energy : N value increasing by approximately 10 %/week would provide the best compromise 
in terms of efficiency of NR especially if pigs are being subjected to a mild restriction of 
energy intake. 

Whereas protein gain declined rapidly at the highest levels of energy:N, fat gain was 
almost unaffected with the result that the proportion of fat:protein and hence the energy 
content of the gain increased rapidly with increasing value of t. This observation is in line 
with the results of other workers (Kirchgessner & Kellner, 1972; Newport, 1979). On the 
other hand the effect of PN on fat gain was much greater than on protein gain. On the low 
PN, fat gain at all levels of protein intake was approximately half that on the high PN. 
As a result, the energy content of the gain was, on average, 15% lower on the low PN 
and 22 % lower when the levels of I giving maximum protein gain were compared. This was 
partially offset by a I 2 % reduction in the proportion of ME retained but nevertheless brought 
about an improvement in the FCR as discussed previously (McCracken et al. 1980). 

The values for the proportion of ME retained are similar to those reported by Muller & 
Kirchgessner (1974) but whereas they obtained a linear decrease in efficiency with increasing 
dietary protein content the present results show a maximum proportion of ME retained at an 
energy :protein value of 460 kJ/g N on the high PN and 355 kJ/g N on the low PN, i.e. 
corresponding to the highest rates of crude protein and live-weight gain and of energy intake. 
This difference may be due to the wider range and larger number of energy: N values used 
here. In both experiments, however, there was a marked reduction in efficiency at the highest 
levels of dietary protein presumably due to the cost of urea production under conditions of 
excess protein intake (Kirchgessner & Muller, I 974). 

The regression of energy retention on ME intake yielded a coefficient of 0.68 for the net 
availability of ME for maintenance and production (NAME) and a calculated maintenance 
requirement of 574 kJ/kg W0'76. This value for maintenance is identical to that calculated 
from the original results of Kielanowski (1965) but is somewhat higher than that obtained 
by Kielanowski & Kotarbinska ( I  970) using a modified regression technique and by Jordan 
& Brown (1970) using indirect calorimetry. The value for NAME is higher than that calculated 
by Muller & Kirchgessner (1974) using similar diets and assuming a maintenance require- 
ment of 130 kcal (544 kJ)/kg W0.7s, similar to values reported by B6hme et d. (1976), but 
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Fig. I .  Response curves of nitrogen retention (g/d; NR):apparent digested N (ADN) (NR:ADN) 
in relation to initial energy:nitrogen value (kJ/g N; I) in the diet, calculated from least squares 
regressions. -, constant I; ---, I increased by 12.5 % at 16 and 24 d;  - . - - - , I increased by 
25 % at 16 and 24 d. 

Nitrogen: Y = - 0 6 4 9 + o ~ 0 3 6 3 3 X - o ~ ~ 3 0 3 X 4  
retention Y = 3.047+0.02173X-O0.00003153X* 
(g/d) Y = ~ O O I + O 1 2 I 7 ~ - O ~ 2 2 9 2 ~ '  
NR:ADN: Y -36.363+0.3618X-o.ooo28r9Xa 

Y = -31.081 $0~3760X-O'0003222x' 
Y = - 2 4 8 5 7 + 0 3 8 5 3 X - O ~ 3 5 3 8 X a  

Fig. 2. Effect of the plane of nutrition (PN) and nitrogen intake (g/d) on nitrogen retention 
(NR;g/d) of piglets between 8 and 32 d of age. (0). high PN (3 MJ/d at 2 kg rising to  15 MJ/d 
at 12 kg); (0). low PN (2.25 MJ/d at z kg rising to 11.25 MJ/d at 12 kg). 

much lower than those obtained by Jordan & Brown (1970), Jordan (1974) and Jordan & 
Weatherup (19763) who fed diets based on cow's milk. Part of this difference may be 
explained by the results of Jordan & Weatherup (19764 who found that the NAME increased 
from 0800.89 as the dietary fat content was increased from 16-440 g/kg. 
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Table 7. Estimates of the maintenance ( M )  requirement (kJ/kg b o d y - ~ e i g h t ~ ' ~ ~ )  and the 
energetic eBciency of protein synthesis (k,) in young pigs given milk-based diets, compiled 
from various sources 

Body-wt 
(kg) M k p  Source 
2-9 575 076 Kielanowski (1965) 
2-g 498 0.57 Kielanowski & Kotarbinska (1970) 
4-12 481 

544 
z:::} Muller & Kirchgessner (1974) 

4-1 2 48 1 
544 

Kirchgessner & Muller (1974) 

2-10 644 0.72 Present results 

However, a study of the various reports indicates that most of the differences are attri- 
butable to the partition of energy intake between the maintenance requirement and NAME. 
For example, recalculation of the results of Jordan & Weatherup (19766) using a value of 
570 kJ/kg W0'76 for maintenance reduces the NAME from 0.80 to 0.72 and similarly in the 
present experiment increasing maintenance from 574 to 644 kJ/kg W0'7s increases the NAME 
from 0.68 to 0.76. 

The multiple regression of ME intake on maintenance requirement and protein and fat 
deposition was determined using coefficients of 1.0, 0.75 and 0.56. The equation based on 
W@76 was chosen as it gave the smallest intercept and was more convenient for the purpose 
of comparing with other values in the literature. The maintenance term, 644 kJ/kg W0*76 
is somewhat higher than that obtained by regressing stored energy on ME intake. The partial 
efficiency for fat deposition (0.8 I) remained remarkably constant irrespective of the regres- 
sion function used and is similar to values reported for older pigs (Thorbek, 1970; 
Thorbek, 1975), chicks (Bsnsdorff Petersen, 1970) and lambs (0rskov & McDonald, 
1970; Walker & Norton, 1971). This constancy of the energy cost of fat deposition has been 
previously discussed (Kielanowski, 1967 ; Rreirem & Homb, 1972). 

The energy cost of protein deposition corresponds to a partial efficiency of 0.72 which is 
similar to the original estimate of Kielanowski (1965) for the young pig, to that obtained by 
Walker & Norton (1971) in the milk-fed lamb and to the results of McCracken (1973) 
with young rats given synthetic diets. It is higher than the estimates of Kielanowski & 
Kotarbinska (1970), Muller and Kirchgessner (1974) and Kirchgessner & Muller (1974) 
with young pigs given milk-based diets (Table 7). However, the interdependence of the 
partial efficiency of protein deposition and the maintenance term has been previously 
discussed (Pullar & Webster, 1974; Kielanowski, 1976) and is clearly discernible in the 
results summarized in Table 7. It would seem that a definitive assessment of the energy cost 
of protein deposition in the young pig must await improved estimates of the maintenance 
energy costs. 

The authors wish to thank Messrs L. Jarvis and T. Walker for careful attention to the 
experimental animals and Messrs W. Clarke and P. A. Dinsmore for analytical services. 
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