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HIGH LEAN CONTENT OR HIGH LEAN GROWTH RATE -
IMPLICATIONS FOR NUTRITION

K. J. MCCRACKEN

SUMMARY

The effects of selection for high lean content in the carcass versus selection for
high lean growth rates, on parameters such as voluntary food intake, relationship
between protein deposition and liveweight, the net efficiency of utilization of
apparently digested ideal protein, maintenance energy requirements and changes in
the body water:protein ratio were examined. It was concluded that selection for
high lean content had been effective in producing animals which attained high lean
growth rates at lower energy intakes than those observed where high lean growth
rate had been the main basis for selection. Consequently there were marked
differences in body composition. Animals selected for high lean content had high
maintenance energy requirements which could be “explained” by the higher
proportion of lean tissue and possibly by higher rates of protein turnover. They also
had higher water:protein  ratios in the empty body at slaughter presumably
reflecting a younger physiological age. Pigs treated with exogenous growth
hormone (GH) showed high rates of lean growth similar to those observed with the
best selected animals. The effects on maintenance energy requirements and
water:protein ratios were not so marked, presumably due to the limited periods of
treatment imposed.

It appeared that the efficiency of utilization of absorbed ideal protein (e,) was
constant for a particular weight range when energy intake was restricted. However,
there is clearly an effect of liveweight/age and possibly an effect of genotype which
require further research before the (e,) term can be fully defined. The approach of
using a minimum 1ipid:protein  ratio related to genotype is not completely
satisfactory and it is probably more scientifically correct to consider lipid deposition
purely as the end product of the residual energy available for production after
protein gain and maintenance needs have been met, provided that a sufficiently
accurate means of predicting ep can be established. Thereafter the main factor
separating different genotypes m terms of growth rates, feed efficiency and body
composition is the voluntary food intake.

INTRODUCTION

Genetic selection during the past 30 years has had a dramatic effect on the
growth, feed efficiency and body composition of pigs. For example, at the Northern
Ireland Pig Testing Station growth rates of gilts improved by 28% and feed
conversion ratios by 35% during the period 1970-1992. Eye muscle areas increased
by 40% and backfat measurements were halved. Ollivier (1986) reported that an
intensive selection programme between 1965 and 1985 resulted in annual increases
in lean gain of 6.4 g/d and reductions in feed/lean gain ratios of 0.03.

Food and Agricultural Chemistry, Department of Agriculture, N Ireland and The
Queens University of Belfast, Newforge  Lane, Belfast, BT9 5PX, Northern Ireland



224

From the producer’s side of the fence the main aim is to play the system to
maintain or improve profit. Because feed costs are such a major component of
production improving feed efficiency is the key factor. Since the energy content of
lean meat is much lower than that of fat, selection for improved feed efficiency
tends to go hand in hand with increased lean growth rates. To some extent
therefore, the title of the paper is misleading in that high lean growth rate is a must -
not an optional extra. However, it is possible to achieve high lean growth rates and
improved feed efficiency but still end up with a reasonably fat carcass if feed
intakes are high.

In recent years the increased pre-occupation of consumers with the arguments
about dietary fat and health has increased the demand for lean meat in many
countries and this has had an impact on selection targets. For example, in the UK,
the maximum P2 for top grade pigs in 1983 was 16 mm and today it is 10. However,
very high lean contents are frequently associated with low feed intakes and hence
not necessarily with the highest rates of lean growth.

The purpose of this paper is to compare the available data on animals of high
lean growth potential where selection has been mainly against fat content (as in UK)
or for high growth rates (as exemplified in the studies of Campbell and colleagues
in Australia). Five specific aspects which are of particular importance to the
prediction of nutrient requirements and/or growth will be considered: voluntary
food intake, the relationship between liveweight and protein deposition under
conditions of adequate nutrition, the efficiency of utilization of absorbed ideal
protein, the energy requirement for maintenance and the water:protein ratio in the
gain. Where possible comparisons will also be made with pigs treated with growth
hormone. In order to simplify discussion only results for boars will be considered.

VOLUNTARY

Growth rates increase up to the
However, it is well known that, with pigs
rates reach a plateau at intakes below
Campbell and Taverner 1988).

Two recent studies with improved boars (Campbell and Taverner 1988; Rao

FOOD INTAKE

highest levels of feed intake achieved.
of mediocre genetic potential, lean growth
the appetite limit (Dunkin et al. 1986;

and McCracken 1992) demonstrated linear responses in lean growth rate up to the
appetite limit and similar maximum rates of lean deposition. Direct comparisons of
maximum feed intake are complicated by the different starting weights in the two
studies. However, by converting energy intakes on the basis of metabolic body
weight (Wo.63) it is clear (Fig. 1) that the pigs of Rao and McCracken (1992) attained
much lower levels of intake. At similar energy intakes, daily protein gains were
about 20% higher than for the strain A pigs of Campbell and Taverner (1988) and
50% higher than for strain B pigs. Consequently, there were marked differences in
the lipid/protein ratios in the gain (Fig 2) and the L:P ratio in the whole body of
strain A boars at 90 kg was double the value for the Belfast boars. It is difficult to
find studies using growth hormone over equivalent weight ranges. The results of
Campbell et al. (1989) over the 60-90 kg range have been included in Figs 1 and 2 for
comparison. It is satisfying to note that the protein gains of the controls fit perfectly
with the strain A pigs of Campbell and Taverner (1988). The GH-treated group did
show a reduction in feed intake relative to strain A but still some 10% higher than
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those of Rao and McCracken (1992) and the protein gain was above the extrapolated
values for the Belfast pigs. The lipid/protein ratio in the gain was similar to that in
the pigs of Rao and McCracken (1992) but was higher in the whole body (1.0 vs 0.7),
presumablv due to a higher fat content at the start of the exDerimenta1 Deriod.A /

RELATIONSHIP BETWEEN PROTEIN DEPOSITION AND LIVEWEIGHT

Whittemore and Fawcett (1976) proposed that, for all practical purposes, a
linear/plateau model would describe the relationship between maximum protein
deposition and liveweight with the plateau extending between 40-120 kg. This was
supported by the results of Whittemore et al. (1988) that rates of protein retention
were maintained within 10 g of the maximum over the 45-125 kg range. Rao and
McCracken (1991) studied the relationship between protein deposition and energy
intake at five stages between 40-90 kg using N balance. The mean values at the two
highest levels of energy intake employed (averaging 2.7 MJ DE/We.@) were 204,
220, 230,238,238 g/d for pigs weighing 40, 50, 60, 70 and 80 kg respectively. This
suggests that, even at relatively high intakes with pigs of high genetic potential,
protein deposition rates plateau between 60-80 kg and contrasts with the result of de
Greef (1992) with ad libitum fed pigs where protein gains of 159, 198, 221 and 250
g/d were estimated respectively for the weight ranges 25045,45-65,65085  and 85-105
kg.

In a recent experiment (Urquhart and McCracken 1993) one litter of pigs
exhibited unusually high intakes by Northern Ireland standards, more in line with
Australian feed intakes. Table 1 summarises the performance of the pig which was
fed ad libitum and taken to 140 kg. Whilst it is recognised that one swallow does not
make a summer the results support the general conclusion that protein deposition
rates do plateau between 60-100 kg. They also indicate that it is possible, by natural
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selection, to obtain animals capable of at least 250 g/d ie. as high as those observed
following GH treatment.

Table 1 Performance of boar 8251 fed ad libitum from 40-140 kg

Whittemore (1993) argues that a Gompertz function provides a suitable single
expression for the relationship between the potential rate of protein retention (IV )
and body mass. Where Pr = B. Pt In (Pt /I?), the potential daily protein deposition
(IV ) at any given protein mass (I?) may be estimated from a knowledge of the rate
parameter B and the mature protein mass (Pt ). Over the range 40-120 kg body
mass the Gompertz equation gives a relatively flat-topped response for Pi:. The
above data would fit reasonably comfortably with such a relationship, as did that of
Whittemore et al. (1988) although the maximum values would seem to occur at
lighter weights than would be predicted by the Gompertz relationship.

NET EFFICIENCY OF PROTEIN UTILISATION

The efficiency of utilisation of absorbed ideal protein is one of the most
difficult and important factors in computing protein requirements and has been the
subject of much research and debate. Whittemore and Fawcett (1976) proposed a
linear-plateau model to describe the interaction between energy intake and protein
deposition in the pig and this has been demonstrated in a number of studies. This,
coupled with the concept of a minimum lipid/protein ratio in the gain, varying with
genotype, has been the basis of most pig growth models. However, it has been clear
for a long time that young pigs do not adhere to this concept, being prepared to lose
body fat to maintain positive protein balance (eg. McCracken and McAllister 1984).
A number of studies on older pigs also demonstrate that the lipid/protein ratio in
the gain decreases with restriction of energy intake. This is seen in Fig. 2 from the
results of Campbell and Taverner (1988) and was demonstrated in the studies of
‘de Greef (1992). In contrast, the net efficiency of utilisation of apparently digested
ideal protein (e$ remains constant when the variable is energy intake (Fig 2) as
shown by the results of Campbell and Taverner (1988) and Rao and McCracken
(1992). It is notable, however, that the value in both studies is about 0.6. This is in
sharp contrast to the statement of Whittemore (1983) that, for all practical purposes,



227

the value for net efficiency is about 0.85 and is supported by calculations (Table 2) of
the probable value for ep at maximum protein deposition or liveweight gain in a
number of studies.

Figure 2 Relationship between energy intake and lipid : protein ratio in the gain
of growing boars (m) Rao and McCracken 1992 (0) Campbell and
Taverner 1988 (strain A) (A,& Campbell et al. 1989 (control, GH-
treated) and calculated values for ep (El) Rao and McCracken 1992 (0)
Campbell and Taverner 1988.

Table 2 Estimates of ep at maximum rate of live weight gain or protein deposition

Recently Kyriazakis and Emmans (1992) have proposed that ep is linearly
related to the energy/protein ratio of the diet under conditions where protein is
adequate and energy is limiting and constant at about 0.82 when protein is limiting.
This is similar to the observations of Black and Griffiths (1975) with growing lambs
except that the latter authors showed conclusively that the slope of the relationship
between protein deposition and energy intake decreased with increasing weight of
the animals. Fig 1 also demonstrates different slopes of protein deposition and
energy intake with different genotypes indicating that the efficiency of protein
utilisation is animal driven as well as diet driven. This is further illustrated in Fig 3
where the slope of the relationship between ep and the ME:DCP ratio is compared
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for the young pigs of Kyriazakis and Emmans (1992) and the older animals of Rao
and McCracken (1990) and is also evident in the study of Rao and McCracken (1991)
where it was observed that ep decreased from 0.69 at 38 kg to 0.51 at 80 kg when the
same diet was fed at a series of levels of energy intake (Fig 4.). It is clear from the
above discussion that the interpretation of Kyriazakis and Emmans  (1992) is too
simplistic and that further research is needed to establish an adequate basis for
calculating ep based on both dietary and animal factors. However, the similarity of
the values shown in Table 2 for pigs of different genetic potential, coupled with the
recent observation of Kyriazakis and Emmans (1993) that similar relationships exist
between ep and the ME:DCP ratio for young Landrace and Chinese Meishan pigs,
suggest that liveweight/age rather than genetic potential may be the major animal
factor. If so, it should be possible to develop an appropriate relationship linking
diet and liveweight to be used in combination with Pr .

.

Figure 3 Relationship between ep and ME : DCP ratio in the study of
(1) Kyriazakis and Emmans 1992 with young pigs (12-30 kg)
(2) Rao and McCracken 1990 with older pigs (33-90 kg).

Figure 4 Relationship between ep and liveweight  m tne study of Rao and
McCracken 1991 where the same diet was fed at a series of levels of
energy intake ranging from 80 to 160 g p,er kg Wo.63 at each of five
liveweights.
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MAINTENANCE ENERGY REQUIREMENTS

The factorial approach to energy requirements identifies requirements for
maintenance, protein deposition and fat deposition and is backed up by a large
body of data based on calorimetry and slaughter. The values proposed by ARC
(1981) for the maintenance requirement, ME, were 0.458 Wo.75 or 0.719 Wo.63.
Whittemore (1983) criticised this approach suggesting that the major metabolic
processes contributing to the maintenance requirement are associated with the
intestines, liver and muscle mass and that an equation of the type MEm = 1.85
Pt 0.78 where Pt is total body protein mass, would be more appropriate since this
would increase the maintenance requirement for lean pigs such as entire males.
Black et al. (1986) proposed a relationship based on protein mass and growth rate.
McCracken and Rao (1989) observed that the “maintenance requirement”, ie.
residual heat production after correcting for the ARC (1981) costs of fat and protein
deposition, was much higher than the predicted ARC (1981) value for maintenance.
Similar high values were obtained by Rao and McCracken (1991) using the linear
regression approach and it was observed that they were higher than that calculated
from the Whittemore (1983) equation but agreed well with the Black et al. (1986)
prediction (Table 3). It would therefore appear that the maintenance requirements
of boars selected for high rates of lean gain are higher than in unselected pigs thus
reducing the energy available for productive purposes.

Table 3 Calculated maintenance requirement (MJ/d) for 60 kg pig

Interestingly, Campbell and Taverner (1988) reported a large difference in the
maintenance requirement of strain A and B pigs. However, recalculation of the data
using ARC (1981) costs for protein and fat deposition gives values of 842 vs 775
Woo63 which differ by only 8% (not 28% as indicated by regression) and which lie
between the ARC (1981) value of 719 Wo.63 and the value of 982 Wo.63 determined
by Rao and McCracken (1991).

The effect of growth hormone on maintenance requirements is still open to
debate. Although Campbell et al. (1988) and Campbell et al. (1991) reported
increases of 17 and 28% respectively for GH-treated pigs by linear regression,
recalculation of the “residual heat production” using ARC (1981) costs for protein
and fat deposition gives identical mean values (10.9 MJ) for the controls and GH-
pigs in the first study. Similar calculations also show no effect of GH on
“maintenance” in the study of Campbell et al. (1989). However, in the experiment
on the effects of dietary protein (Campbell et al. 1990) the mean residual heat
production of GH-treated  pigs was 23% higher than for controls.
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BODY WATERPROTEIN RATIO

Water is by far the largest component of body mass. In modelling pig growth
and nutrient requirements it is normally predicted by an equation relating to body
protein mass (Pt). The water:protein  ratio declines sharply with increasing weight
and Kotarbinska (1969) obtained the relationship:

Stranks et al. (1988) predicted that the water:protein  ratio would change with
genetic potential for lean deposition and proposed the relationship W = 4.85 I@*@
for pigs of high genetic potential. The results of Campbell and Taverner (1988) .
indicated that the ratio was higher at 90 kg in strain A boars compared with strain B
(3.40 vs 3.12). However, the values observed by Rao and McCracken (1990; 1992)
are 10% higher than those for strain A boars, 15% higher than predicted by the
Kotarbinska (1969) equation and 20% higher than the strain B boars or those of
Whittemore et al. (1988). De Greef (1992) studied the relationship over the range 4-
18 kg and obtained the equation W = 5.4 Pt0*855.  This equation agrees quite well
with the high values observed in Northern Ireland but tends to underestimate,
particularly at high weights. McCracken et al. (1991) studied a range of Pt from 6-52
kg and the relationship which best fits the rather limited data is W = 5.3 Pt0*8?

These higher values for the water:protein  ratio at 90 kg in improved pigs are
consistent with the expectation of higher mature weight and protein mass and hence
a younger physiological age at 90 kg. This view is confirmed by the results of
McCracken et al. (1991) who predicted a mature protein mass of 55 kg compared
with the earlier estimates of 38 kg for the unimproved pigs of Whittemore et al.
(1988). What then of pigs treated with GH? It would seem that they are not
significantly different from controls despite the large shifts in lipid/protein ratios.
For example the mean values for control and GH-treated were respectively 3.76 and
3.80 (Campbell et al. 1988), 3.38 and 3.43 (Campbell et al. 1989), 3.43, and 3.47
(Campbell et al. 1990). It can perhaps be concluded that exogenous GH does not
alter mature body mass but the rate at which this is attained. On the other hand it
may be that the periods of GH administration have been too short to demonstrate
the effect on mature weight. To the author’s knowledge these hypotheses have not
yet been tested to their ultimate conclusion.

CONCLUSIONS

The high rates of protein gain shown by animals selected for high lean content
and feed efficiency, coupled with the tendency for animals treated with growth
hormone to show reduced feed intakes and increased rates of lean deposition,
suggest that a reduction in voluntary food intake may be an inevitable consequence
of selection for high lean growth rate and improved feed efficiency. The associated
increase in ‘maintenance requirement’ gives rise to a reduction in productive energy
and hence to a reduction in gross energetic efficiency: However the increased rate
of protein deposition in combination with higher water:protein  ratios gives rise to
the paradox of reduced energetic efficiency but improved feed conversion
efficiency.
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The results reviewed suggest that changes in genetic potential for protein
deposition do not, pu se, alter the net efficiency of utilisation of absorbed protein.
Further, there is good evidence that eP is unchanged as the feeding level of a
particular diet is reduced. Since it is clear that the concept of a minimum
1ipid:protein ratio is not strictly correct, it would be preferable to predict the
response of protein gain to changes in feed intake through ep provided that an
acceptable means of calculating ep could be determined. This would permit the
calculation of lipid retention as the end product of meeting the energy needs for
maintenance and protein deposition. The results in Table 2 suggest that ep is about
0.6 for maximum rates of protein deposition in pigs between 40-90 kg whereas it is
possible that values of up to 0.8 may apply with younger pigs (Kyriazakis and
Emmans  1992). Although in the study of McCracken and Rao (1990) protein
deposition increased linearly and the 1ipid:protein ratio in the gain fell linearly to
the highest level of protein employed it is likely that such levels of protein would
not always provide the best economic return. Until a more scientific approach can
be devised it is suggested that a value for ep of about 0.7 would be a reasonable
compromise for pigs above 30 kg.

Having calculated crude protein requirements on a daily basis it is easy to
convert them to dietary concentration provided that sound information is available
about the expected level of feed intake. In this respect three points need to be borne
in mind. Firstly, feed intakes of group-housed pigs fed ad libitum are generally
lower (up to 15%) than those fed individually as was the case in the experiment
discussed above. Secondly, there is a wide range of individual intakes within a
herd and even within litters (McCracken and Stockdale 1989) and any formulation
must necessarily be something of a compromise. Thirdly, the required dietary
crude protein concentration falls rapidly with increasing liveweight and unless a
sophisticated system for adjusting the crude protein content can be applied, any diet
will be a compromise probably undersupplying protein at the start of the feeding
period and oversupplying at the end.

REFERENCES

ARC (1981). “The nutrient requirements of farm livestock No 3.“, Pigs. Tech. Rev.,
[ARC, London).

BLACK, J.L. and GRIFFITHS, D.A. (1975). Br. 1. Nutr., 33: 399-413.
BLACK, J-L., CAMPBELL, R.G., WILLIAMS, I.H., JAMES, K.J. and DAVIES, G.T.

(1986). Res. Devel. A=., 3: 121-145.
CAMPBELL, R.G. and TAVERNER, M.R. (1988). J. Anim Sci, 66: 676-686.
CAMPBELL, R.G., TAVERNER, M.R. and CURIC, D.M. (1988). Anim Prd., 46:

283-290.
CAMPBELL, R.G., TAVERNER, M.R. and RAYNER, C.J. (1988). Anim. Prod., 46:

283-290.
CAMPBELL, R.G., STEELE, N.C., CAPERNA, T.J., McMURTRY, J.P., SOLOMON,

M.B. and MITCHELL, A.D. (1988). I. Anim. Sci., 66: 16431655.
CAMPBELL, R.G., STEELE, N.C., CAPERNA, T.J., McMURTRY, J.P., SOLOMON,

M.B. and MITCHELL, A.D. (1989). J. Anim. Sci., 67: 177-186.
CAMPBELL, R.G., JOHNSON, R.J., KING, R.H., TAVERNER, M.R. and

MEISINGER, D.J. (1990). J. Anim. Sci., 68: 32173225.



232

CAMPBELL, R.G., JOHNSON, R.J., TAVERNER, M.R. and KING, R.H. (1991).
J Anim. Sci., 69: 1522-1531.

De GREEF, K.H. (1992). PhD thesis, Wageningen Agricultural University, The
Netherlands.

DUNKIN, A.C., BLACK, J.L. and JAMES, K.J. (1986). Br. J. Nutr., 55: 201-207.
GILES, L.R., BATTERHAM, E.S., DETTMANN, E.B. and LOWE, R.F. (1987).

Anim. Prod., 45: 283-290.
KOTARBINSKA, (1969). Wydaw Wlasne. Inst. Zootech., Warsaw, No 238 pp 169.
KYRIAZAKIS, I. and EMMANS, G.C. (1992). Br. J. Nutr., 68: 615-625.
KYRIAZAKIS, I. and EMMANS, G.C. (1993). Anim. Prod., (in press).
MCCRACKEN, K.J. and MCALLISTER, A. (1984). Br. J. Nutr., 58: 225-234.
MCCRACKEN, K.J. and STOCKDALE, R.I. (1989). BSAP Occas. Publ. No. 13: 117-

118.
MCCRACKEN, K.J. and RAO, D.S. (1989). Proc. 11th Svmp. Energy Metabolism,VI

EAAP Publ. No. 43: 13-16.
MCCRACKEN, K.J., RAO, D.S. and URQUHART, R. (1991). Proc 12th Svmp. Enera*

Metabolism., EAAP Publ. No. 58: 111-114.
OLLIVIER, C. (1986). In “3rd World Congress on Genetics Applied to Livestock

Production”, USA, July 1986, pp 168175,  editors G.E. Dickenson and R.K.
Jh0 nson.

RAO, D.S. and McCRACKEN, K.J. (1990). Anim. Prod., 51: 389-397.
RAO, D.S. and McCRACKEN, K.J. (1991). Anim. Prod., 52: 499-507.
RAO, D.S. and MCCRACKEN, K.J. (1992). Anim. Prod., 54: 83-93.
STRANKS, M.H. COOKE, B.C., FAIRBAIRN, C.B., FOWLER, N.G., KIRBY, P.S.,

MCCRACKEN, K. J., MORGAN, C.A., PALMER, F.G. and PEERS, D.G.
(1988). Res. Devel. A=., 5: 71-88.

URQUHART, R., and McCRACKEN, K.J. (1993). Proc. Nutr. Soc. (in press).
WHITTEMORE, C.T. (1983). Agr. Svstems, 11: 159-186.
WHITTEMORE, C.T. (1993). “Recent Advances Animal Nutrition”, Nottingham

Easter School (in press).
WHITTEMORE, C.T. and FAWCETT, R.H. (1976). Anim. Prod., 22: 87-96.
WHITTEMORE, C.T., TULLIS, J.B. and EMMANS, G.C. (1988). Anim. Prod, 46:

437446.
YEN, H.T., COLE, D.J.A. and LEWIS, D. (1986a). Anim. Prod., 43: 141-154.
YEN, H.T., COLE, D.J.A. and LEWIS, D. (1986b). Anim Prod., 43: 155-166.


	contents_1993
	home

